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2017 - 28th Annual Molecular Parasitology Meeting
Sunday, September 10
2:00-5:00p

Registration

Swope Center

5:00-6:30p

Dinner

Swope Terrace

7:00-7:15p

Welcome to MPM

Lillie Auditorium

7:15-9:00p

Session I

Lillie Auditorium

9:00-11:00p

Poster Session A’

Swope Center

9:00-11:00p

Mixer

Swope Meigs Room

Monday, September 11
7:00-8:30a

Breakfast

Swope Terrace

9:00-11:30a

Session II

Lillie Auditorium

11:30-1:00p

Lunch

Swope Terrace

1:00-3:30p

Session III

Lillie Auditorium

4:00-5:00p

Free Time

5:00p-7:00p

BBQ Dinner

7:00-9:00p

Poster Session: A

8:00-10:00p

Swope Terrace

and A’

Swope Center

Mixer

Swope Meigs Room

Tuesday, September 12
7:00-8:30a

Breakfast

Swope Terrace

9:00-11:30a

Session IV

Lillie Auditorium

11:30-1:00p

Lunch

Swope Terrace

1:00-3:45p

Session V

Lillie Auditorium

4:00-5:00p

Free Time

5:00p-7:00p

Dinner

Swope Terrace

7:00-9:00p

Poster Session: B

Swope Center

8:00-10:00p

Mixer

Swope Meigs Room

Wednesday, September 13
7:00-8:30a

Breakfast

Swope Terrace

9:00-11:30a

Session VI

Lillie Auditorium

11:30-1:00p

Lunch

Swope Terrace

1:00-3:00p

Free Time

3:00-5:00p

Poster Session: C

Swope Center

4:00-5:30p

Mixer

Swope Meigs Room

5:30p-7:00p

Keynote Lecture

Lillie Auditorium

7:30-9:00p

Lobster Banquet

Swope Terrace

9:00-12:00a

Dance Party/Mixer

Captain Kidd

Thursday, September 14
7:00-8:30a

Breakfast

Swope Terrace

10:00a

Housing Checkout by 10:00a

9:00-11:30a

Session VIII

Lillie Auditorium

11:30-1:00p

Lunch & Departure

Swope Terrace

*Note: Please remove your Poster by Lunch time the day following
your presentation.

Science at the 2017 Molecular Parasitology Meeting
Code of Conduct
PRINCIPLES: Scientific meetings are important mechanisms for rapid advancement
and dissemination of new ways of thinking, particularly for pressing public health
challenges such as parasitology. Clarity and openness from meeting participants is
necessary for useful community feedback, appreciation, and debate.
THE CODE: To meet the goals of this meeting, it is each presenter’s responsibility
and duty to make claims that are exact and transparent. These claims should be
supported with as much specific documentation as possible, within the time frame of
the presentations.
SPECIFIC EXAMPLES: Conclusive functional genetic studies should be
accompanied by gene names and database references. Discovery of new inhibitors or
drug candidates should be accompanied by structures and quantitative descriptions of
potency and selectivity. New diagnostic approaches should be accompanied by actual
names, structures, or signatures of key analytes, when known. It should be possible
to evaluate the value of new experimental methods for manipulating cells or analyzing
their content, based on the experimental details provided.
WHY A CODE? The organizers merely offer some reminders for scientific conduct
based on some time-proven principles. The 2007 MPM involved passionate pleas
from many for more openness in some basic research presentations. Others argued
for the need to protect potentially important intellectual property (IP). This simple code
was assembled in close consultation with key leaders in the molecular parasitology
community.
INTELLECTUAL PROPERTY AND CHOICES: In an age of translational research,
the community fully recognizes the need for IP protection. Important data, or an
experimental approach, that is not ready for disclosure can be protected until it is
time. Yet, one cannot have it both ways: Vague descriptions of critical data or method
should not be the central part of one’s premature published abstract or public
presentation.
REWARDS AND PENALTIES: The MPM is organized and supported by practicing
scientists who choose to engage. No individual has judicial powers. Abstracts and
talks that lack specifics, and merely posture, may meet community-wide
disappointment. In contrast, detailed presentations which offer new insights of general
use have always been promoted and celebrated.
We hope an understanding and regular observance of this code of conduct will add to
another exciting scientific meeting.
Jayne Raper, Kirk Deitisch & Markus Meissner

ACKNOWLEDGEMENTS:
The organizers appreciate and thank the following:
Site support at the MBL, Woods Hole, MA:
 Melina Hale and Neil Shubin, Interim Directors, Marine Biological
Laboratory;
 Kerri Mills and Katy Dern for Conference support;
 Deb Deering, Suzanne Livingstone, Cindy MacDonald,
Barbara Stackhouse and Nancy Hadway for Housing and
the Front Office;
 Erin Hummetolgu and Sodexo Dining Services staff;




Noreen McNamara, Crystal Santiago, Cathy Hannigan, Jessica
Berrios and all of the staff in Housekeeping;
Richard Boudreau of the IT/AV Department for Web booths and
other support, and all the staff in the Information Technology
Department.

Award sponsors:
 Travel Awards: Special thanks to all the participants who donated
$10 and more.
 The American Society for Tropical Medicine and Hygiene and
Burroughs Wellcome Fund facilitated travel and speaking slots at
ASTMH meetings.
 Cash awards, open access waivers and rapid decisions: PLos
Pathogens
Elsevier

Enjoy the meeting!
Jayne Raper
Kirk Deitisch
Markus Meissner

In Memoriam

Ching C. “CC” Wang was an outstanding scientist, an inspirational
leader, a dedicated mentor and a great advocate of the parasitology
community. On August 22, 2017 at the age of 81, we lost our dear friend
to a prolonged battle with cancer. His impact on our field and lives was
transformative and we are truly in his debt. CC had an infectious
enthusiasm for science and for life. He always had a big smile, a kind
word for everyone and he made science fun for all those around him. He
had a kid’s wonderment with the process of scientific discovery. He was
a giant in our field, who made both seminal scientific discoveries and
who ceaselessly supported our community through public service. He
was a generous mentor to not only students and postdocs, but also to
fellow faculty and scientists in the community. He will be greatly missed
by all of us who knew and loved him.
CC was born in Beijing China during the turmoil of the Japanese
invasion. In those tough years before his family fled to Taiwan, the young
CC learned firsthand the terrible impact and the suffering that that was
caused by parasitic diseases. He immigrated to the US after obtaining a
BS in Chemistry from the National Taiwan University, and earned his
Ph.D. in Biochemistry from the University of California, Berkeley, where

he met his future wife and partner in science Dr. Alice Wang. After
postdoctoral stints in Columbia and Princeton he accepted a position in
the Parasitology division at Merck in Rahway, New Jersey with the
idealized notion that he would be able to work on finding cures for the
parasitic diseases that afflicted the world’s poor. CC played an
instrumental role in Merck’s development of the transformative
antiparasitic, drug Ivermectin by discovering its mode of action.
Longing to have the freedom to chart his own course of scientific
discovery that would make an impact on parasitic diseases, in 1981 he
accepted a faculty appointment as a tenured Professor in the
Department of Pharmaceutical Chemistry at UCSF. He focused his
biochemical training on the study of a diverse set of single celled
eukaryotic pathogens – Giardia lamblia, Trypanosoma brucei and
Trichomonas vaginalis. Throughout his career, CC made many seminal
discoveries that fostered a greater understanding of these organisms,
advancing our knowledge of nucleotide and sugar metabolism,
discovering together with Alice a novel RNA-based virus in Giardia and
illuminating the fundamental process of cell cycle regulation in T. brucei
and translation initiation in Giardia. He wrote himself about his scientific
journey, in a story that is an inspiration to all of us and well worth reading
(https://tinyurl.com/y7k7jfnk).
CC was a tireless champion of our field and fought for its recognition
within the greater scientific community. He advocated that eukarotic
pathogens provided an opportunity to study and uncover unique aspects
of eukaryotic biology, and that these organisms should be recognized for
the diversity of important scientific discovery, and not just for the
diseases they caused. As forums to promote this recognition he started
the journal Eukaryotic Cell and together with Alice donated funds to
endow the Alice and CC Wang Award in Molecular Parasitology, which is
awarded yearly by American Society of Biochemistry and Molecular
Biology (ASBMB). CC and Alice created this award to recognize
outstanding novel and ground breaking biological discovery in the field of
parasitology. The award is currently in its seventh year
(http://www.asbmb.org/awards/wang/ ).

The Molecular Parasitology Meeting (MPM), and indeed the scientific life
at Woods Hole including the Biology of Parasitism course, where he was
an instructor from 1984-86, were very special to CC. We all remember
CC as the engaged scientist, who sat in the front row of every talk and
was always prepared with the most informative questions. He loved to
participate in feisty scientific debates. He also loved a good party, he
never missed an opportunity to get out on the dance floor during the
meeting social hours, and he was always the last to go to bed.
CC lived a full, purposeful life, and one that we can all take inspiration
from throughout our own lives. He will be sorely missed.

https://upenn.box.com/s/ulvs4t7w89yik0gbrfck5ulq3oa4bjgt

Meg Phillips, Ph.D. (Wang Lab Alumna)
Professor and Chair, Department of Biochemistry
University of Texas Southwestern Medical School

Molecular Parasitology Keynote Lectures
2017: African trypanosomes and the art of being social
Isabel Roditi, Institute of Cell Biology, University of Bern, Switzerland
2016: Malaria sexual development: A challenging journey from the shadows into the
spotlight
Robert Sinden Emeritus Proefssor, Imperial College, London UK
2015: A Physician-scientist’s investigtion of amebiasis
Bill Petri University of Virginia, Charlottesville, VA, USA
2014: Molecular Malariology and Global Health: Discoveries, Predictions, Tests of
Time
Thomas Wellems NIAID, NIH, Bethesda, MD, USA
2013: Navigating the trypanosome RNA jungle.
Elisabetta Ullu Yale School of Medicine, New Haven, CT, USA
2012: Pit bull or poodle? How are different breeds and developmental forms of
Toxoplasma perfectly suited (or not...) to the challenge de jour.
John Boothroyd Stanford School of Medicine, Stanford, CA , USA
2011: Antigenic variation: it's all about persistence.
George Cross The Rockefeller University, New York, NY, USA
2010: The Major Challenges to Global Health in the Tropics & Beyond— from Insect
Vectors of Malaria & of Other Parasitic or Viral Diseases
Fotis Kafatos Imperial College London, London, United Kingdom
2009: Understanding Parasites: A Foundation for their Elimination.
Ken Stuart Seattle Biomedical Research Institute, Seattle, WA, USA
2008: J, etcetera
Piet Borst The Netherlands Cancer Institute, Netherlands
2007: Rationale for the development of a malaria vaccine
Victor Nussensweig New York University, New York, NY, USA
2006: From genes to genomes: Insights into parasite biology
Dyann Wirth Harvard University, Cambridge, MA, USA
2005: How trypanosomes make fatty acids.
Paul Englund The Johns Hopkins University, Baltimore, MD, USA
2004: Should Today’s Molecular Parasitologists Focus More on New Drug Discovery
or Basic Research?
C. C. Wang University of California San Francisco, CA, USA

MPM Organizers 1990 – 2017
Molecular Parasitology Meeting XXVIII, September 2017.
Meeting organizers: Jayne Raper, Kirk Deitsch, Markus Meissner
Molecular Parasitology Meeting XXVII, September 2016.
Meeting organizers: Kirk Deitsch, Jayne Raper, Markus Meissner
Molecular Parasitology Meeting XXVI, September 2015.
Meeting organizers: Isabel Roditi, Upi Singh, Akhil Vaidya
Molecular Parasitology Meeting XXV, September 2014.
Meeting organizers: Upi Singh, Isabel Roditi, Akhil Vaidya
Molecular Parasitology Meeting XXIV, September 2013.
Meeting organizers: Akhil Vaidya, Upi Singh, Isabel Roditi
Molecular Parasitology Meeting XXIII, September 2012.
Meeting organizers: Artur Scherf, Kami Kim, Noreen Williams
Molecular Parasitology Meeting XXII, September 2011.
Meeting organizers: Noreen Williams, Kami Kim, Artur Scherf
Molecular Parasitology Meeting XXI, September 2010.
Meeting organizers: Kami Kim, Noreen Williams, Artur Scherf
Molecular Parasitology Meeting XX, September 2009.
Meeting organizers: Pradip Rathod, Dominique Soldati, Jay Bangs
Molecular Parasitology Meeting XIV, September 2008.
Meeting organizers: Dominique Soldati, Pradip Rathod, Jay Bangs
Molecular Parasitology Meeting XVIII, September 2007.
Meeting organizers: Jay Bangs, Dominique Soldati, Pradip Rathod
Molecular Parasitology Meeting XVII, September 2006.
Meeting organizers: David Sibley, Meg Phillips, Andy Waters
Molecular Parasitology Meeting XVI, September 2005.
Meeting organizers: David Sibley, Meg Phillips, Andy Waters
Molecular Parasitology Meeting XV, September 2004.
Meeting organizers: David Sibley, Meg Phillips, Andy Waters
Molecular Parasitology Meeting XIV, September 2003.
Meeting organizers: Steve Hajduk, David Roos, Debbie Smith
Molecular Parasitology Meeting XIII, September 2002.
Meeting organizers: Steve Hajduk, David Roos, Debbie Smith

Molecular Parasitology Meeting XII, September 2001
Meeting organizers: Steve Hajduk, David Roos, Debbie Smith
Molecular Parasitology Meeting XI, September 2000.
Meeting organizers: Christine Clayton, Kasturi Haldar, and Buddy Ullman
Molecular Parasitology Meeting X, September 1999.
Meeting organizers: Christine Clayton, Kasturi Haldar, and Buddy Ullman
Molecular Parasitology Meeting IX, September 1998.
Meeting organizers: Christine Clayton, Kasturi Haldar, and Buddy Ullman
Molecular Parasitology Meeting VIII, September 1997.
Meeting organizers: Daniel Goldberg, Marilyn Parsons, and Elisabetta Ullu
Molecular Parasitology Meeting VII, September 1996.
Meeting organizers: Daniel Goldberg, Marilyn Parsons, and Elisabetta Ullu
Molecular Parasitology Meeting VI, September 1995.
Meeting organizers: Daniel Goldberg, Marilyn Parsons, and Elisabetta Ullu
Molecular Parasitology Meeting V, September 1994.
Meeting organizers: Stephen Beverley, Paul Englund, and Barbara Sollner-Webb
Molecular Parasitology Meeting IV, September 1993.
Meeting organizers: Stephen Beverley, Paul Englund, and Barbara Sollner-Webb
Molecular Parasitology Meeting III, September 1992.
Meeting organizers: Jeffrey Ravetch, Lex Van der Ploeg, and Dyann Wirth
Molecular Parasitology Meeting II, September 1991.
Meeting organizers: Jeffrey Ravetch, Lex Van der Ploeg, and Dyann Wirth
Molecular Parasitology Meeting I, September 1990.
Meeting organizers: Jeffrey Ravetch, Lex Van der Ploeg, and Dyann Wirth

Travel Awardees
Elucidating the functions of plasmepsin VIII in Plasmodium berghei
SOMEPALLI, MASTANBABU; Narwal, Sunil Kumar; Dey, Sandeep; Mishra,
Satish; Kumar, Kota Arun
Overcoming Artemisinin Resistance by means of Chemical Genetics
Kumpornsin, Krittikorn; de Cozar, Cristina ; Gallardo, Pablo ; Gamo, Francisco
Javier; Sanz, Laura Maria; Chookajorn, Thanat
Putative heterotetramer structure of the Trypanosoma cruzi mitochondrial
calcium uniporter Chiurillo, Miguel A.; Lander, Noelia; Bertolini, Mayara; Storey,
Melissa; Vercesi, Anibal; Docampo, Roberto
The role of calcium-stimulated pyruvate dehydrogenase phosphatase in
trypanosomes Lander, Noelia M.; Chiurillo, Miguel; Bertolini, Mayara; Vercesi,
Anibal; Docampo, Roberto
Bio-ecology of malaria vectors: DNA barcoding to detect natural plant
sources of Anopheles gambiae Nyasembe, Vincent O.; Tchouassi, David P.;
Pirk, Christian W. W.; Sole, Catherine L.; Torto, Baldwyn
Eps15 homology domain containing protein of Plasmodium falciparum
(PfEHD) associates with endocytosis and vesicular trafficking towards
neutral lipid storage site Thakur, Vandana; Mohmmed, Asif
Analysis of the Redox Status and its Effect on the Proliferation of
Plasmodium falciparum in Glucose-6-Phosphate Dehydrogenase Deficient
Erythrocytes Meissner, Kamila A.; Schettert, Isolmar; Stefanello, Eliezer;
Liebau, Eva; Wrenger, Carsten
Calmodulin and Calcineurin Regulate Flagellar Motility in Leishmania
Mukhopadhyay, Aakash G.; Dey, Chinmoy S.
Allosteric Site Inhibitor Disrupting Auto-processing in Falcipains, Cysteine
Proteases of Malaria Parasite Pant, Akansha; Kumar, Rajendra; Wani, Naiem
A; Verma, Sonia; Sharma, Supriya; Sharma, Ruby; Pande, Veena; Saxena, Ajay;
Dixit, Rajnikant; Rai, Rajkishore; Pandey, Kailash C.

BioPalMar BEST TALKS – Registration Awards
Dissecting the role of PfAP2-G in the regulation of gametocytogenesis
Josling, Gabrielle; Venezia, Jarrett; Orchard, Lindsey; Painter, Heather; Llinás,
Manuel
Understanding artemisinin action in Plasmodium falciparum
Spillman, Natalie J.; Bridgford, Jessica; Crisafulli, Emily; Xie, Stanley; Tilley,
Leann

Session I: Location, Location, Location
And
Cool Techniques
Chairs: Kimberly Paul & Scott Lindner
Sunday, September 10, 2017
7:00 pm – 9:00 pm

1a: In vivo imaging of pathogen viability and proliferation to dissect the
different modes of Leishmania major containment during acute and chronic
infection Formaglio, Pauline; Stettin, Juliane; Heyde, Sandrina; Gintschel,
Patricia; Bousso, Philippe; Müller, Andreas
1b: Super resolution: a closer look at remodelling in Plasmodium
falciparum infected red blood cells. Looker, Oliver; Blanch, Adam; McMillan,
Paul Liu, Boyin Dixon, Matthew; Tilley, Leann
1c: Stability and function of a putative microtubule organizing center in the
human parasite Toxoplasma gondii Leung, Jacqueline M.; He, Yudou; Zhang,
Fangliang; Hwang, Yu-Chen; Nagayasu, Eiji; Liu, Jun; Murray, John M.; Hu, Ke
1d: From solitary swimmers to swarms and back - trypanosomes on their
journey through the tsetse fly Schuster, Sarah; Krüger, Timothy; Subota,
Ines;Thusek, Sina; Rotureau, Brice; Kollmannsberger, Philip; Beilhack, Andreas;
Engstler, Markus
Coffee Break
TT1: An improved CRISPR/Cas9 gene editing system in Plasmodium
falciparum Crater, Anna; Ito, Mai; Desai, Sanjay
TT2: Ribozyme-Based CRISPR System for Robust and Marker-less Gene
Editing in Plasmodium Walker, Michael; Josling, Gabrielle; Singh, Suprita;
Llinas, Manuel; Lindner, Scott
TT3: High-resolution mapping of Toxoplasma gondii spatial proteome
Barylyuk, Konstantin; Koreny, Ludek; Ke, Huiling; Breckels, Lisa; Gatto, Laurent;
Pain, Arnab; Lilley, Kathryn; Waller, Ross
TT4: Auxin-Dependent Degradation System: A new tool to study essential
genes in Cryptosporidium Pawlowic, Mattie C.; Myers, Emily; Studstill, Caleb;
Herbert, Gillian; Brooks, Carrie; Striepen, Boris
TT5: Antimalarial drug target identification through Cellular Thermal Shift
Assay (CETSA) Dziekan, Jerzy; Han, Yu; Sobota, Radoslaw; Nordlund, Par;
Bozdech, Zbynek
TT6: Real-time in vivo Global Transcriptional Dynamics During Plasmodium
falciparum Development Painter, Heather; Chung, Neo; Sebastian, Aswathy;
Albert, Istvan; Storey, John D.; Llinás, Manuel

Session II: Signals and Sensors
Chairs: Dawn Wetzel & Jeffrey Dvorin
Monday, September 11, 2017
9:00 am – 11:30 am

2a: The role of calcium-stimulated pyruvate dehydrogenase phosphatase in
trypanosomes Lander, Noelia M.; Chiurillo, Miguel; Bertolini, Mayara; Vercesi,
Anibal; Docampo, Roberto
2b: Phosphatidic acid produced in the parasitophorous vacuole of
Toxoplasma gondii acts as molecular clock to trigger natural egress Bisio,
Hugo; Lunghi, Matteo; Di Cristina, Manlio; Soldati-Favre, Dominique
2c: The Toxoplasma Endoplasmic Reticulum tunnels Calcium entering via
plasma membrane channels and delivers it to other organelles. Asady,
Beejan; Chang, Le; Li, Zhuhong; Li, Catherine; Moreno, Silvia N.J.
TT7: A Novel Dense Granule Protein Plays a Role in Calcium-dependent
Signaling Events in Toxoplasma gondii LaFavers, Kaice; Marquez-Nogueras,
Karla; Coppens, Isabelle; Moreno, Silvia; Arrizabalaga, Gustavo
TT8: The T. gondii protein Active Serine Hydrolase 4 (Ash4) is important for
parasite growth and the formation of ordered vacuoles in vitro. Foe, Ian;
Onguka, Ouma; Amberg-Johnson, Katie; Bogyo, Matthew
Coffee Break
TT9: Data mining and analysis using EuPathDB resources Brunk, Brian;
Warrenfelz, Susanne; Harb, Omar; Roos, David; Díaz-Miranda, María Alejandra
TT10: All about BOP and MeBop Sinnis, Photini; Harb, Omar
2d: Interactor of RAC functions as a potential sensor of encystation in
Giardia Shih, Han-Wei; Paredez, Alexander
2e: Calmodulin and Calcineurin Regulate Flagellar Motility in Leishmania
Mukhopadhyay, Aakash G.; Dey, Chinmoy S.
TT11: Identification and Characterization of PfCDPK5 Interacting Factors
Rudlaff, Rachel M.; Blomqvist, Karin; Helmel, Michaela; Adapa, Swamy; Wang,
Changqi; Jiang, Rays; Steen, Hanno; Dvorin, Jeffrey D.
TT12: In vitro genetic analysis in Babesia divergens reveals of cGMPdependent protein kinase (PKG) as essential for parasite egress and a
druggable target Elsworth, Brendan; Moreira, Cristina; Paul, Aditya; Duraisingh,
Manoj

TT13: Toxoplasma gondii has two distinct O-fucosyltransferases: the
nucleocytosolic SPY and the ER-localized POFut2 Bandini, Giulia; Hichikawa,
Travis; Haserick, John; Leon, Deborah; Hoppe, Carolin; Routier, Francoise;
Costello, Catherine; West, Christopher; Samuelson, John

Session III: Catching the Ride – Parasites in
Endopterygota
Chairs: Gunnar Mair & Katarzyna Modrzynska
Monday, September 11, 2017
1:00pm – 3:30 pm

3a: A seven-helix protein acts as a key regulator of translation during
human-to-mosquito transmission of Plasmodium falciparum Bennink,
Sandra; von Bohl, Andreas; Ngwa, Che J.; Henschel, Leonie; Kühn, Andrea;
Pilch, Nicole; Scheuermayer, Matthias; Repnik, Urska; Orchard, Lindsey M.;
Griffiths, Gareth; Llinas, Manuel; Pradel, Gabriele
TT14: Bio-ecology of malaria vectors: DNA barcoding to detect natural
plant sources of Anopheles gambiae Nyasembe, Vincent O.; Tchouassi, David
P.; Pirk, Christian W. W.; Sole, Catherine L.; Torto, Baldwyn

TT15: Identifying proteins up-regulated in infectious Plasmodium
sporozoites by mass spectrometry-based proteomics Swearingen, Kristian
E.; Lindner, Scott; Shears, Melanie; Sinnis, Photini; Kappe, Stefan; Moritz,
Robert

TT16: Identification of Novel Protein Glycosylation in Plasmodium
sporozoites Shears, Melanie; Kasper, Brian; Zhang, Lauren; Swearingen,
Kristian E.; Mortiz, Robert L.; Mahal, Lara K.; Sinnis, Photini

TT17: Plasmodium Transmission is Critically Regulated by
CAF1/CCR4/NOT Deadenylase Assembly and Function Hart, Kevin; Walker,
Michael; Kennedy, Mark; Lindner, Scott

3b: Breaching borders without a visa: understanding trypanosome
migration within the tsetse. What can 3D microscopy tell us about parasite
movement through the vector? Rose, Clair; Dyer, Naomi; Acosta-Serrano,
Alvaro
Coffee Break
3c: Leishmania metacyclics dedifferentiate to replicative retromonads
exposing a hidden cycle that amplifies infectivity of sand flies ensuring
transmission efficacy Donatelli Serafim, Tiago; Coutinho-Abreu, Iliano; Oliveira,
Fabiano; Meneses, Claudio; Kamhawi, Shaden; Valenzuela, Jesus

3d: Patterns of gene expression modulation in Leishmania-infected sand
fly midgutsCoutinho-Abreu, Iliano; Serafim, Tiago; Oliveira, Fabiano; Kamhawi,
Shaden; Valenzuela, Jesus

TT18: The Leishmania mRNA-bound proteome changes throughout the
lifecycle; candidate trans-regulators of parasite differentiation
Pablos, Luis M.; Dowle, Adam; Ferreira, Tiago R.; Newling, Katherine; Forrester,
Sarah; Walrad, Pegine B.

TT19: GDV1 triggers sexual conversion and differentiation in malaria
parasites by antagonizing HP1-dependent gene silencing Filarsky, Michael;
Fraschka, Sabine A.; Carrington, Eilidh; Niederwieser, Igor; Moes, Suzette;
Jenoe, Paul; Bartfai, Richard; Voss, Till S.

TT20: Using metabolic profiling to define gametocytocidal modes of action
Allman, Erik; Llinas, Manuel

TT21: Transcriptional profiling defines histone acetylation as a regulator of
gene expression during human-to-mosquito transmission of the malaria
parasite Plasmodium falciparum
Kiesow, Meike; Ngwa, Che J.; Papst, Olga; Orchard, Lindsey M.; Filarsky,
Michael; Rosinski, Alina N.; Voss, Till S.; Llinás, Manuel; Pradel, Gabriele
TT22: Dissecting the role of PfAP2-G in the regulation of
gametocytogenesis Josling, Gabrielle; Venezia, Jarrett; Orchard, Lindsey;
Painter, Heather; Llinás, Manuel

Session IV: Poetry in Motion
And
I’ve Got the Power
Chairs: Ellen Yeh & James Morris
Tuesday, September 12, 2017
9:00 am – 11:30 am

4a: F-actin bundle formation controls long vesicle transport in Toxoplasma
gondii Periz, Javier; Gras, Simon; Minina, Mario; Meissner, Markus
4b: Plasmodium falciparum rhoptry proteins and their contribution to PSAC
formation Counihan, Natalie; Sudhakar, Smitha; Bullen, Hayley; Crabb,
Brendan; Gilson, Paul; de Koning-Ward, Tania

4c: Trafficking and Topology Identification of Plasmodium falciparum
Maurer’s Cleft two Transmembrane protein Yadavalli, Raghavendra;
Peterson, John; Drazba, Judith; Sam-Yellowe, Tobili

TT23: Investigating the role of PfHsp70x, the sole parasite exported Hsp70,
in the display of antigens on the surface of the P. falciparum infected RBC
Cobb, David; Florentin, Anat; Krakowiak, Michelle; Muralidharan, Vasant

TT24: Investigating the role of Exp2 in small molecule transport across the
parasitophorous vacuole membrane of Plasmodium falciparum Garten,
Matthias; Beck, Josh R.; Glushakova, Svetlana; Nasamu, Armiyaw S.; Niles,
Jacquin C.; Goldberg, Daniel E.; Zimmerberg, Joshua

TT25: PTEX component EXP2 is crucial to transport across the P.
falciparum parasitophorous vacuolar membrane Beck, Josh R.; Garten,
Matthias; Glushakova, Svetlana; Nasamu, Armiyaw; Niles, Jacquin; Zimmerberg,
Joshua; Goldberg, Daniel

TT26: Unraveling the function of EXP1 in the asexual development of P.
falciparum parasites Mesén-Ramírez, Paolo; Bergmann, Bärbel; Spielmann,
Tobias

TT27: Plasmodium yoelii S4/CelTOS is important for oocyst survival and
sporozoite gliding motility Steel, Ryan; Pei, Ying; Camargo, Nelly;
Kaushansky, Alexis; Dankwa, Dorender; Vigdorovich, Vladimir Dambrauskas,
Nicholas; Vaughan, Ashley; Sather, Noah; Kappe, Stefan
Coffee Break

TT28: Increased Ca++ uptake by malaria-infected cells: evidence for
exported proteins and novel inhibitors Kushwaha, Ambuj K.; Apolis, Liana;
Ito, Daisuke; Desai, Sanjay A.

TT29: Unconventional mitochondrial ribosomes in malaria parasites Ke,
Hangjun; Dass, Swati; Morrisey, Joanne; Mather, Michael; Vaidya, Akhil

TT30: Putative heterotetramer structure of the Trypanosoma cruzimitochondrial calcium uniporter Chiurillo, Miguel A.; Lander, Noelia; Bertolini,
Mayara; Storey, Melissa; Vercesi, Anibal; Docampo, Roberto
TT31: Analysis of the Redox Status and its Effect on the Proliferation of
Plasmodium falciparum in Glucose-6-Phosphate Dehydrogenase Deficient
Erythrocytes Meissner, Kamila A.; Schettert, Isolmar; Stefanello, Eliezer;
Liebau, Eva; Wrenger, Carsten
TT32: Comparative genomics of P. falciparum and P. berghei using
metabolic modeling Carey, Maureen; Papin, Jason; Guler, Jennifer
TT33: Elucidating the metabolic proof-reading capacity of P. falciparum
Dumont, Laure; Hliscs, Marion; Dixon, Matt; McFadden, Geoff; McConville,
Malcolm; Tilley, Leann; Cobbold, Simon
TT34: Disruption of the de novo heme biosynthesis pathway leads to
severe defects of growth and acute virulence in Toxoplasma gondii
Dameron, Carly; Teehan, Paige; Floyd, Katherine; Villano, Martha Alexis; Dou,
Zhicheng
TT35: Reprogramming of the host metabolism during T. gondii infection
Gendlina, Inessa; Kim, Kami

Session V: Don’t Shoot the Messenger
And
Silence of the Lambs
Chairs: Pegine Walrad & Laura Kirkman
Tuesday, September 12, 2017
1:00 pm – 3:45 pm

5a: Parasitic flatworms use evolutionarily conserved machinery to generate
their "skin"
Wendt, George R.; Collins, James J
5b: Essential aspects of RNA metabolism for P. falciparum blood-stage
survival Oberstaller, Jenna; Zhang, Min; Wang, Chenqi; Otto, Thomas; Liao,
Xiangyun; Swanson, Justin; Adapa, Swamy; Udenze, Kenneth; Bronner, Iraad;
Li, Suzanne; Rayner, Julian; Jiang, Rays; Adams, John
5c: Single-cell RNA-seq reveals hidden signature of sexual commitment in
malaria parasites Nötzel, Christopher; Poran, Asaf; Aly, Omar; Trinchant, Nuria
M.; Harris, Chantal T.; Hassane, Duane; Guzman, Monica; Elemento, Olivier;
Kafsack, Björn F.C.
TT36: Lysine acetylation readers coordinate different transcriptional
complexes in Toxoplasma gondii Jeffers, Victoria; Sullivan Jr, William J
TT37: Bird’s eye view of trypanosomatid RNA editing Gerasimov, Evgeny;
Gasparyan, Anna; Zimmer, Sara L.; Flegontov, Pavel
TT38: Comparative methyl-SILAC reveals PRMT7 impact on RNA-binding
protein function in Leishmania major Ferreira, Tiago R.; Dowle, Adam; Cruz,
Angela; Walrad, Pegine
TT39: Regulation of PfEMP1-VAR2CSA by a Plasmodium translation
enhancing factor Chan, Sherwin CL
TT40: Ex vivo phenotyping reveals genes upregulated in gametocytecommitted ring stage parasites Prajapati, Surendra; Ayanful-Torgby, Ruth;
Acquah, Fetsus; Cudjoe, Elizabeth; Kakaney, Courage; Amponsah, Jones;
Obboh, Evans; Arku, Andrea; Usui, Miho; Abuaku, Benjamin; Amoah, Linda;
Williamson, Kim
Coffee Break
5d: Identification and characterization of a new DNA base modification, 5hmC in Plasmodium falciparum Hammam, Elie; Ananda, Guruprasad; Papouli,
Efterpi; Schneidig-Benatar, Christine; Sridhar Vembar, Shruthi; Scherf, Artur
TT41: Approaches to study Toxoplasma gondii oocyst formation and
maturation Agop Nersesian, Carolina; Branchini, Bruce; Castello, Catherine E.;
Samuelson, John C.

5e: Chemically Induced Differentiation in Apicomplexan Parasites
Hussain, Tahir; Marche, Hélène; Sindikubwabo, Fabien; Canella, Dominique;
Coute, Yohann; Botté, Cyrille; Hakimi, Mohamed Ali
TT42: Development of an in vitro non-human primate malaria liver model
for evaluation of new therapies targeting Plasmodium pre-erythrocytic
stages Roth, Alison; Vesely, Brian; Aylor, Samantha; Kooken, Jennifer;
Pichyangkul, Sathit; Spring, Michelle; Kobylinski, Kevin; Davidson, Silas; Ubalee,
Ratawan; Waters, Norman; Kreishman-Deitrick, Mara; Adams, John
5f: A natural mouse model for cryptosporidiosis
Sateriale, Adam; Slapeta, Jan; Baptista, Rodrigo; Herbert, Gillian; Brooks, Carrie;
Pulusu, Ravi; Kissinger, Jessica; Striepen, Boris

Session VI: Is Cleavage Really Necessary?
And
Life on the Pharm
Chairs: Zhicheng Dou & Paul Sigala
Wednesday, September 13, 2017
9:00 am – 11:30 am
Keynote Lecture 5:30 pm – 7:00 pm

6a: A first-in-class inhibitor of apicomplexan FtsH1 disrupts plastid
biogenesis in human pathogens Amberg-Johnson, Katie; Hari, Sanjay; M.
Ganesan, Suresh; A. Lorenzi, Hernan; T. Sauer, Robert; Niles, Jacquin C.; Yeh,
Ellen
TT43: Allosteric Site Inhibitor Disrupting Auto-processing in Falcipains,
Cysteine Proteases of Malaria Parasite Pant, Akansha Kumar, Rajendra;
Wani, Naiem A; Verma, Sonia; Sharma, Supriya; Sharma, Ruby; Pande, Veena;
Saxena, Ajay; Dixit, Rajnikant; Rai, Rajkishore; Pandey, Kailash C.

6b: Plasmepsins IX and X are essential and druggable mediators of malaria
parasite egress and invasion Nasamu, Sebastian; Glushakova, Svetlana;
Vaupel, Barbara; Oksman, Anna; Beck, Josh; Meyers, Marvin; Niles, Jacquin;
Zimmerberg, Joshua; Goldberg, Daniel
TT44: Unusual cysteine protease as a potential modulator of programme
cell death in P. falciparum Pandey, Kailash C.; Kumari, Vandana; Singh, Agam;
Singh, Jitendra; Sharma, Ruby; Akhter, Mymoona; Mishra, Pradyumna; Saxena,
Ajay; Dixit, Rajnikant; Katayal, Anju
TT45: Genetic validation, assessment of biological role and insight into
druggability of the Plasmodium falciparum aspartic protease plasmepsin V
Polino, Alexander; Nasamu, Armiyaw; Niles, Jacquin; Goldberg, Daniel
TT46: CHARACTERISATION OF THE PARASITOLOGICAL ACTIVITY AND
MECHANISM OF RESISTANCE OF THE AMINOMETHYLPHENOL, JPC-3210
FOR MALARIA TREATMENT AND PREVENTION Chavchich, Marina; Van
Breda, Karin; Rowcliffe, Kerryn; Birrell, Geoff; Heffernan, Gavin; Ager, Arba;
Chavchich, Marina; Schiehser, Guy; Jacobus, Laura; Shanks, Dennis; Jacobus,
David; Edstein, Michael
Coffee Break
6c: Is PfATP4 a conduit for Na+ Influx in spiroindolone and pyrazoleamide
treated P. falciparum? Das, Sudipta; Morrisey, Joanne M.; Bhatanagar,
Suyash; Ganesan, Suresh; Niles, Jacquin; Vaidya, Akhil B.
TT47: Interrogating the Mechanism of Non-genetic Drug Resistance in
Plasmodium falciparum Fagbami, Lola; Deik, Amy; Herman, Jon; Lukens,
Amanda; Clish, Clary; Mazitschek, Ralph; Wirth, Dyann

6d: A homeostatic pathway of artemisinin resistance triggered by PI3P,
independent of K13. Suresh, Niraja; Mbengue, Alassane; Ghorbal, Mehdi;
Haldar, Kasturi
TT48: Metabolomics helps to unravel the mode of action of novel antimalarial compounds Srivastava, Anubhav; Todd, Matthew; Creek, Darren
TT49: Chem-seq, Chemical Muatgenesis Coupled to Next Generation
Sequencing for Finding Mode of Action and Resistance genes of Drugs in
the Parasite Leishmania Bhattacharya, Arijit; Leprohon, Philippe; Mestdagh,
Anais; Ouellette, Marc
TT50: Using kinase regression to identify host cell determinants of
infection Glennon, Elizabeth; Arang, Nadia; Kain, Heather; Gujral, Taran;
Sherrid, Ashley; Hybiske, Kevin; Kaushansky, Alexis
TT51: Understanding artemisinin action in Plasmodium falciparum
Spillman, Natalie J.; Bridgford, Jessica; Crisafulli, Emily; Xie, Stanley; Tilley,
Leann
Keynote Lecture: African trypanosomes and the art of being social
Isabel Roditi, Institute of Cell Biology, University of Bern, Switzerland

Session VII: The Last Supper
Chairs: Elizabeth Egan & Mathieu Gissot
Thursday, September 14, 2017
9:00 am – 11:30 am

7a: The bone marrow is a major reservoir for Plasmodium vivax parasites
Obaldia, Nicanor; Meibalan, Elamaran; Sa, Juliana Martha; Ma, Siyuan; Mejia,
Pedro; Moraes Barros, Robertto; Clarke, Martha; Otero, William; Mitchel, James;
Milner, Danny; Huttenhower, Curtis; Wirth, Dyann F.; Duraisingh, Manoj;
Wellems, Thomas E.; Marti, Matthias
7b: African Trypanosomes confer protection against Plasmodium liver
infection Sanches-Vaz, Margarida; M. Mendes, António; M. Figueiredo, Luisa;
Prudêncio, Miguel
7c: Multiple cohort validation of human protein markers in plasma for
severe malaria Bergström, Sofia; Reuterswärd, Philippa; Ayoglu, Burcu;
Orikiiriza, Judy; Lindquist, Elisabeth; Bergström, Sven); Wahlgren, Mats;
Normark, Johan; Ribacke, Ulf; Nilsson, Peter
7d: Trypansome Lytic Factor 2 Formation is Driven by Haptoglobin-Related
Protein Verdi, Joey; Zipkin, Ronnie; Hetesy, Gabriella; Sternberg, Jeremy;
Raper, Jayne
Coffee Break
7e: The Trichomonas vaginalis homologue of human macrophage
migration inhibitory factor induces the parasite survival during
Chen, Yi-Pei
7f: Phosphorylation of the extracellular region of VAR2CSA plays an
important role in P. falciparum cytoadhesion DORIN -SEMBLAT, Dominique;
TETARD, Marilou; CLAES, Aurélie; DECHAVANNE, Sébastien; NUNES-SILVA,
Sofia; NUNES-SILVA, Sofia; HAMELIN, Romain; ARMAND, Florence;
SEMBLAT, Jean-Philippe; Srivastava, Anand; Stéphane, Gangnard; LOPEZRUBIO, Jose-Juan; MONIATTE, Marc; DOERIG, Christian; SCHERF, Artur;
GAMAIN, Benoît
7g: What makes Toxoplasma gondii such an extraordinary generalist?
Naor, Adit; Boothroyd, John

Poster Session A’
Sunday, September 10, 2017
9:00 pm – 10:00 pm
Poster Numbers 1 - 6

Poster Session A and A’
Monday, September 11, 2017
7:00 pm – 9:00 pm
Poster Numbers 1 - 52

1: An improved CRISPR/Cas9 gene editing system in Plasmodium
falciparum Crater, Anna; Ito, Mai; Desai, Sanjay
2: Ribozyme-Based CRISPR System for Robust and Marker-less Gene
Editing in Plasmodium Walker, Michael; Josling, Gabrielle; Singh, Suprita;
Llinas, Manuel; Lindner, Scott
3: High-resolution mapping of Toxoplasma gondii spatial proteome
Barylyuk, Konstantin; Koreny, Ludek; Ke, Huiling; Breckels, Lisa; Gatto, Laurent;
Pain, Arnab; Lilley, Kathryn; Waller, Ross
4: Auxin-Dependent Degradation System: A new tool to study essential
genes in Cryptosporidium Pawlowic, Mattie C.; Myers, Emily; Studstill, Caleb;
Herbert, Gillian; Brooks, Carrie; Striepen, Boris
5: Antimalarial drug target identification through Cellular Thermal Shift
Assay (CETSA) Dziekan, Jerzy; Han, Yu; Sobota, Radoslaw; Nordlund, Par;
Bozdech, Zbynek
6: Real-time in vivo Global Transcriptional Dynamics During Plasmodium
falciparum Development Painter, Heather; Chung, Neo; Sebastian, Aswathy;
Albert, Istvan; Storey, John D.; Llinás, Manuel
7: A Novel Dense Granule Protein Plays a Role in Calcium-dependent
Signaling Events in Toxoplasma gondii LaFavers, Kaice; Marquez-Nogueras,
Karla; Coppens, Isabelle; Moreno, Silvia; Arrizabalaga, Gustavo
8: The T. gondii protein Active Serine Hydrolase 4 (Ash4) is important for
parasite growth and the formation of ordered vacuoles in vitro. Foe, Ian;
Onguka, Ouma; Amberg-Johnson, Katie; Bogyo, Matthew
9: Data mining and analysis using EuPathDB resources Brunk, Brian;
Warrenfelz, Susanne; Harb, Omar; Roos, David; Díaz-Miranda, María Alejandra
10: All about BOP and MeBop Sinnis, Photini; Harb, Omar
11: Identification and Characterization of PfCDPK5 Interacting Factors
Rudlaff, Rachel M.; Blomqvist, Karin; Helmel, Michaela; Adapa, Swamy; Wang,
Changqi; Jiang, Rays; Steen, Hanno; Dvorin, Jeffrey D.

12: In vitro genetic analysis in Babesia divergens reveals of cGMPdependent protein kinase (PKG) as essential for parasite egress and a
druggable target Elsworth, Brendan; Moreira, Cristina; Paul, Aditya; Duraisingh,
Manoj
13: Toxoplasma gondii has two distinct O-fucosyltransferases: the
nucleocytosolic SPY and the ER-localized POFut2 Bandini, Giulia; Hichikawa,
Travis; Haserick, John; Leon, Deborah; Hoppe, Carolin; Routier, Francoise;
Costello, Catherine; West, Christopher; Samuelson, John
14: Bio-ecology of malaria vectors: DNA barcoding to detect natural plant
sources of Anopheles gambiae Nyasembe, Vincent O.; Tchouassi, David P.;
Pirk, Christian W. W.; Sole, Catherine L.; Torto, Baldwyn

15: Identifying proteins up-regulated in infectious Plasmodium sporozoites
by mass spectrometry-based proteomics Swearingen, Kristian E.; Lindner,
Scott; Shears, Melanie; Sinnis, Photini; Kappe, Stefan; Moritz, Robert

16: Identification of Novel Protein Glycosylation in Plasmodium
sporozoites Shears, Melanie; Kasper, Brian; Zhang, Lauren; Swearingen,
Kristian E.; Mortiz, Robert L.; Mahal, Lara K.; Sinnis, Photini

17: Plasmodium Transmission is Critically Regulated by CAF1/CCR4/NOT
Deadenylase Assembly and Function Hart, Kevin; Walker, Michael; Kennedy,
Mark; Lindner, Scott
18: The Leishmania mRNA-bound proteome changes throughout the
lifecycle; candidate trans-regulators of parasite differentiation
Pablos, Luis M.; Dowle, Adam; Ferreira, Tiago R.; Newling, Katherine; Forrester,
Sarah; Walrad, Pegine B.

19: GDV1 triggers sexual conversion and differentiation in malaria
parasites by antagonizing HP1-dependent gene silencing Filarsky, Michael;
Fraschka, Sabine A.; Carrington, Eilidh; Niederwieser, Igor; Moes, Suzette;
Jenoe, Paul; Bartfai, Richard; Voss, Till S.

20: Using metabolic profiling to define gametocytocidal modes of action
Allman, Erik; Llinas, Manuel

21: Transcriptional profiling defines histone acetylation as a regulator of
gene expression during human-to-mosquito transmission of the malaria
parasite Plasmodium falciparum
Kiesow, Meike; Ngwa, Che J.; Papst, Olga; Orchard, Lindsey M.; Filarsky,
Michael; Rosinski, Alina N.; Voss, Till S.; Llinás, Manuel; Pradel, Gabriele
22: Dissecting the role of PfAP2-G in the regulation of gametocytogenesis
Josling, Gabrielle; Venezia, Jarrett; Orchard, Lindsey; Painter, Heather; Llinás,
Manuel
23: APPROACHING THE ROLE OF THREE APIAP2 TRANSCRIPTION
FACTORS IN THE CONTROL OF GENE TRANSCRIPTION IN
INTRAERYTHOCYTIC AND SEXUAL STAGES OF Plasmodium falciparum
GALINDO CUBILLOS, ELIANA; WUNDERLICH, GERHARD
24: Eps15 homology domain containing protein of Plasmodium falciparum
(PfEHD) associates with endocytosis and vesicular trafficking towards
neutral lipid storage site Thakur, Vandana; mohmmed, Asif
25: An early bio-marker for the detection of artemisinin-resistance in
malaria Plasmodium falciparum XIONG, Aoli; Han, Jongyoon; Preiser, Peter
26: Liver stage malaria parasites escape host cell autophagy
Niklaus, Livia; Heussler, Volker T.
27: LC3-association with the parasitophorous vacuole membrane of
Plasmodium berghei liver stages follows a non-canonical autophagy
pathway Wacker, Rahel; Schmuckli-Maurer, Jacqueline; Heussler, Volker T.
28: Functional characterization of PPM5C, a membrane associated PPM
family protein phosphatase in Toxoplasma gondii Yang, Chunlin;
Arrizabalaga, Gustavo
29: The endoplasmic Ca2+ ATPase pump (PfATP6) is involved in SC83288
resistance Duffey, Maelle; Lanzer, Michael; Sanchez, Cecilia
30: Altered cell mechanics affect adhesion dynamics of Plasmodium
falciparum-infected heterozygous sickle cell erythrocytes Lansche,
Christine; Dasanna, Anil; Fröhlich, Benjamin; Tétard, Marilou; Schwarz, Ulrich;
Lanzer, Michael
31: The central role of a plant hormone in regulating egress of human
malaria parasite Plasmodium falciparum Agarwal, Shalini

32: Structural characterization of Plasmodium falciparum choline kinase
Buhrow, Leann; Phillips, Margaret A
33: A coiled-coil protein is required for coordination of karyokinesis and
cytokinesis in Toxoplasma gondii. Courjol, Flavie; GISSOT, Mathieu
34: Erythrocyte binding-like protein is essential for the erythrocyte invasion
by the rodent malaria parasite Plasmodium yoelii Kegawa, Yuto; Asada,
Masahito; Yahata, Kazuhide; Kaneko, Osamu
35: Identification of P. falciparum ABCI3, a putative ABC transporter with
unique features using a chemogenomic approach Gomez-Lorenzo, Maria G;
Franco, Virginia; Thomas, Pamela; Mata, Lydia; Palomo, Sara; Gamo, Javier
36: Initial characterisation of the ApiAP2 transcription factor
PF3D7_1456000 in Plasmodium falciparum Carrington, Eilidh; Keller,
Dominique; Filarsky, Michael; Niederwieser, Igor; Moes, Suzette; Jenoe, Paul;
Voss, Till S.
37: Generation of pfap2-g promoter reporter cell lines to study sexual
commitment in Plasmodium falciparum Carrió, Elvira; Brancucci, Nicolas
M.B.; Boltryk, Sylwia D.; Niederwieser, Igor; Voss, Till S.
38: NGS Cluster Analysis of GP60 gene polyserine tract in Cryptosporidium
parvum IIcA5G3b Chilean Isolate Peña, Sebastián; Mercado, Rubén; Ozaki,
Luiz Shozo
39: Plasmodium falciparum GDV1 gene is essential for sexual commitment
upstream ApiAP2-G regulatory pathway Tiburcio, Marta; Schwach, Frank;
Billker, Oliver; Treeck, Moritz
40: Deciphering the biology of the dormant malaria parasite, Plasmodium
vivax, via an in vitro platform Gural, Nil; Miller, Alex; Mancio-Silva, Liliana;
March, Sandra; Sattabongkot, Jetsumon; Bhatia, Sangeeta
41: Metabolic modeling of Toxoplasma gondii: toward a tachyzoite-specific
network Krishnan, Aarti; Chiappino-Pepe, Anush; Pandey, Vikash; Tymoshenko,
Stepan; Lourido, Sebastian; Hehl, Adrian; Hatzimanikatis, Vassily; Soldati-Favre,
Dominique
42: MitoNEETs: mitochondrial redox sensitive iron-sulfur cluster transfer
proteins in malaria parasites Dass, Swati; Morrisey, Joanne; Mather, Michael;
Vaidya, Akhil; Ke, Hangjun

43: Role of DNA Repair Machinery in Artemisinin Induced Dormancy of
Ring Stage P.falciparum Chopra, Garima; Moch, J. Kathleen; Waters, Norman
C.
44: The coccidian parasites Toxoplasma and Neospora dysregulate
mammalian lipid droplet biogenesis Hu, Xiaoyu; Binns, Derk; Reese, Michael
45: Over-Expression of Lipid Droplet Targeting Constructs Alters Cellular
Morphology in Procyclic T. brucei Pazzo, Kyle L.; Paul, Kimberly
46: Genetic exploration of the Plasmodium falciparum ATP synthase
complex: a target for the antimalarial activity of proguanil? Pershing, April;
Morrisey, Joanne; Balabaskaran Nina, Praveen; Mather, Michael; Vaidya, Akhil
47: A two-step approach to transcriptional interrogations of genetic
crosses in Plasmodium falciparum Foster, Gabriel; Davis, Sage; Checkley,
Lisa; McDew-White, Marina; Nosten, Francois; Anderson, Timothy; Ferdig,
Michael
48: Identification of a Helix-Turn-Helix Protein Critical for Development of
Malaria Gametocytes Campelo-Morillo, Riward A.; Tong, Xinran; Kafsack, Björn
F.C.
49: Elucidating the functions of plasmepsin VIII in Plasmodium berghei
SOMEPALLI, MASTANBABU; Narwal, Sunil Kumar; Dey, Sandeep; Mishra,
Satish; Kumar, Kota Arun
50: Assessing the presence of functional trypanosome lytic factors in
human breast milk Ebenezer, Karen; Verdi, Joey; Raper, Jayne
51: Heterologous expression of Trichomonas vaginalis Equilibrative
Nucleoside Transporter Family Members in Trypanosoma brucei Natto,
Manal J.; Koning, Harry de P.
52: A novel vaccine delivery model of a protozoan expressing affinis
antigen protects chickens against infection of both species
Suo, Xun; Tang, Xinming; Liu, Xianyong; Yin, Guangwen; Tao, Geru; Zhang,
Sixin; Suo, Jingxia

Poster Session B
Tuesdsay, September 12, 2017
7:00 pm – 9:00 pm
Poster Numbers 53 - 102

53: Investigating the role of PfHsp70x, the sole parasite exported Hsp70, in
the display of antigens on the surface of the P. falciparum infected RBC
Cobb, David; Florentin, Anat; Krakowiak, Michelle; Muralidharan, Vasant

54: Investigating the role of Exp2 in small molecule transport across the
parasitophorous vacuole membrane of Plasmodium falciparum Garten,
Matthias; Beck, Josh R.; Glushakova, Svetlana; Nasamu, Armiyaw S.; Niles,
Jacquin C.; Goldberg, Daniel E.; Zimmerberg, Joshua

55: PTEX component EXP2 is crucial to transport across the P. falciparum
parasitophorous vacuolar membrane Beck, Josh R.; Garten, Matthias;
Glushakova, Svetlana; Nasamu, Armiyaw; Niles, Jacquin; Zimmerberg, Joshua;
Goldberg, Daniel

56: Unraveling the function of EXP1 in the asexual development of P.
falciparum parasites Mesén-Ramírez, Paolo; Bergmann, Bärbel; Spielmann,
Tobias

57: Plasmodium yoelii S4/CelTOS is important for oocyst survival and
sporozoite gliding motility Steel, Ryan; Pei, Ying; Camargo, Nelly;
Kaushansky, Alexis; Dankwa, Dorender; Vigdorovich, Vladimir Dambrauskas,
Nicholas; Vaughan, Ashley; Sather, Noah; Kappe, Stefan
58: Increased Ca++ uptake by malaria-infected cells: evidence for exported
proteins and novel inhibitors Kushwaha, Ambuj K.; Apolis, Liana; Ito, Daisuke;
Desai, Sanjay A.

59: Unconventional mitochondrial ribosomes in malaria parasites Ke,
Hangjun; Dass, Swati; Morrisey, Joanne; Mather, Michael; Vaidya, Akhil

60: Putative heterotetramer structure of the Trypanosoma cruzimitochondrial calcium uniporter Chiurillo, Miguel A.; Lander, Noelia; Bertolini,
Mayara; Storey, Melissa; Vercesi, Anibal; Docampo, Roberto

61: Analysis of the Redox Status and its Effect on the Proliferation of
Plasmodium falciparum in Glucose-6-Phosphate Dehydrogenase Deficient
Erythrocytes Meissner, Kamila A.; Schettert, Isolmar; Stefanello, Eliezer;
Liebau, Eva; Wrenger, Carsten
62: Comparative genomics of P. falciparum and P. berghei using metabolic
modeling Carey, Maureen; Papin, Jason; Guler, Jennifer
63: Elucidating the metabolic proof-reading capacity of P. falciparum
Dumont, Laure; Hliscs, Marion; Dixon, Matt; McFadden, Geoff; McConville,
Malcolm; Tilley, Leann; Cobbold, Simon
64: Disruption of the de novo heme biosynthesis pathway leads to severe
defects of growth and acute virulence in Toxoplasma gondii
Dameron, Carly; Teehan, Paige; Floyd, Katherine; Villano, Martha Alexis; Dou,
Zhicheng
65: Reprogramming of the host metabolism during T. gondii infection
Gendlina, Inessa; Kim, Kami
66: Lysine acetylation readers coordinate different transcriptional
complexes in Toxoplasma gondii Jeffers, Victoria; Sullivan Jr, William J
67: Bird’s eye view of trypanosomatid RNA editing Gerasimov, Evgeny;
Gasparyan, Anna; Zimmer, Sara L.; Flegontov, Pavel
68: Comparative methyl-SILAC reveals PRMT7 impact on RNA-binding
protein function in Leishmania major Ferreira, Tiago R.; Dowle, Adam; Cruz,
Angela; Walrad, Pegine
69: Regulation of PfEMP1-VAR2CSA by a Plasmodium translation
enhancing factor Chan, Sherwin CL
70: Ex vivo phenotyping reveals genes upregulated in gametocytecommitted ring stage parasites Prajapati, Surendra; Ayanful-Torgby, Ruth;
Acquah, Fetsus; Cudjoe, Elizabeth; Kakaney, Courage; Amponsah, Jones;
Obboh, Evans; Arku, Andrea; Usui, Miho; Abuaku, Benjamin; Amoah, Linda;
Williamson, Kim
71: Approaches to study Toxoplasma gondii oocyst formation and
maturation Agop Nersesian, Carolina; Branchini, Bruce; Castello, Catherine E.;
Samuelson, John C.

72: Development of an in vitro non-human primate malaria liver model for
evaluation of new therapies targeting Plasmodium pre-erythrocytic stages
Roth, Alison; Vesely, Brian; Aylor, Samantha; Kooken, Jennifer; Pichyangkul,
Sathit; Spring, Michelle; Kobylinski, Kevin; Davidson, Silas; Ubalee, Ratawan;
Waters, Norman; Kreishman-Deitrick, Mara; Adams, John
73: Bioenergetic analysis reveals increasing OXPHOS activity during
gametocyte development of Plasmodium falciparum KATO, TOMOYO;
WIRTH, DYANN
74: Parasites as an Alternative Model for Lipid Metabolism: Gene
Expression Analysis of an Oyster Parasite Perkinsus marinus During Lipid
Starvation. Noell, Kristin; Coit, Nakia; Pitula, Joe
75: Targeting translational control as a means to reduce Toxoplasma tissue
cyst burden Martynowicz, Jennifer; Wek, Ronald; Sullivan Jr, William
76: Targeting the Naegleria Glucokinase as a Therapeutic Target: an
Amoeba Achilles Heel? Milanes, Jillian; Morris, James
77: Assessment of mitochondrial gene copy numbers in P. falciparum lines
and atovaquone-selected mutants Lane, Kristin D.; Mu, Jianbing; Windle,
Sean T; Wellems, Thomas E.
78: Investigation of IMC2A: A Secreted Phosphatase of Toxoplasma gondii
Blakely, William; Holmes, Michael; Arrizabalaga, Gustavo
79: iCharacterization of TgDrpC, an atypical dynamin related protein in
Toxoplasma gondii HEREDERO BERMEJO, IRENE; VARBERG, JOSEPH;
SULLIVAN, WILLIAM; ARRIZABALAGA, GUSTAVO
80: Acanthamoeba cyst walls likely contain unique cellulose-binding
lectins, as well as proteins obtained from bacteria by lateral gene transfer
Yousuf, FNU; Haserick, John R.; Lopez, Angelo; Banidini, Giulia; Magistrado,
Pamela; Costello, Catherine E.; Samuelson, John
81: Functional dissection of mitochondrial c-type cytochromes in
Plasmodium parasites Marvin, Rebecca; Nalder, Shai-anne; Sigala, Paul

82: ACT partner drug erosion: bimodal drug response of piperaquineresistant Plasmodium falciparum in Cambodia
Bopp, Selina; Magistrado, Pamela; Wong, Wesley; Mukherjee, Angana; Lim,
Pharath; Woodrow, Charles; Ashley, Elizabeth; White, Nicholas; Dondrop, Arjen;
Fairhurst, Rick (National Institutes of Health, USA); Ariey, Frederic; Menard,
Didier; Wirth, Dyann; Volkman, Sarah
83: Discovery of Novel Antimalarials through Ring Distortion: Teaching Old
Drugs New Tricks
Perry, David; Paciaroni, Nicholas G.; Norwood, Verrill M.; Roberts, Bracken F.;
Collins, Jennifer; Eldeeb, Mazeen; Chakrabarti, Debopam; Huigenes III, Robert
84: Targeting Aurora-related Kinases in Plasmodium falciparum
Vienneau-Hathaway, Jannelle; Chakrabarti, Debopam
85: ves1 a genes expression is correlated with cytoadhesion of Babesia
bovis to endothelial cell Hakimi, Hassan; Yamagishi, Junya; Sakaguchi, Miako;
Kaneko, Osamu; Asada, Masahito
86: The GCN5b Chromatin Remodeling Complex in Toxoplasma gondii
Harris, Michael T.; Martynowicz, Jennifer; Sullivan, William
87: A multiplexed Point of Care Test for assessment of children’s risk of
severe malaria Reuterswärd, Philippa; Bergström, Sofia; Ayoglu, Burcu;
Orikiiriza, Judy; Lindquist, Elisabeth; Bergström, Sven; Wahlgren, Mats;
Normark, Johan; Ribacke, Ulf; Nilsson, Peter; Gantelius, Jesper; Andersson
Svahn, Helene
88: Resolving mechanisms that mediate environmental regulation of two
unique kinetoplastids peroxins, TbPex13.1 and TbPex13.2 Crowe, Logan;
Bauer, Sarah; Nicholson, Kathleen; Patel, Terral; Morris, Meredith
89: Methods Matter: Influential purification and analysis parameters for
Plasmodium falciparum metabolomics Covelli, Vincent; Carey, Maureen;
Brown, Audrey C.; Guler, Jennifer
90: Mining the O-linked mannose glycoproteome of Trichomonas vaginalis
Lopez, Angelo; Nocerino, Roberta; Melchiorre, Chiara; Amoresano, Angela;
Costello, Catherine; Samuelson, John; Carpentieri, Andrea

91: Binding properties and transcriptomic analysis of VAR2CSA-PfEMP1expressing Plasmodium falciparum parasites grown in HbAA, HbAS or
HbAC red cells TETARD, Marilou; Vembar, Shruthi Sridhar; Lelandais, Gaëlle;
Scherf, Artur; Gamain, Benoit
92: Targeting of mitochondrial-encoded proteins into inner mitochondrial
membrane of Naegleria gruberi Pyrih, Jan; Tsaousis, Anastasios; Doležal,
Pavel; Lukeš, Julius
93: The localization and functional analysis of TgCentrin 2 Liu, Jun; Leung,
Jacqueline; Wetzel, Laura; Zhang, Ying; Murray, John; Florens, Laurence; Hu,
Ke
94: Investigating the antimalarial properties of purified compounds from
the Madagascan plant, Cinnamosma fragnans Rogers, Abubakarr;
Kasinathan, Hema; Rakotundraibe, Liva; Drew, Mark
95: TgPhyB: An Oxygen Sensing Protein Required For Toxoplasma Growth
And Infection At High Oxygen Levels. Florimond, Celia L.; Berg, Rachel;
Blader, Ira
96: A systematic knockout screen in Plasmodium berghei identifies
regulators of sexual development. Bushell, Ellen; Sanderson, Theodore;
Russell, Andrew J.C.; Talman, Arthur M.; Montandon, Ruddy; Modrzynska,
Kasia; Kent, Robyn S.; Bronner-Anar, Burcu; Herd, Colin; Girling, Gareth;
Schwach, Frank; Lawnizcak, Mara K.; Rayner, Julian C.; Waters, Andrew P.;
Billker, Oliver
97: Investigating the function of erythrocyte CD55 during Plasmodium
falciparum invasion using CRISPR-Cas9
Shakya, Bikash; Lin, Carrie; Egan, Elizabeth (Stanford University, USA)
98: Developing a genome-wide CRISPR-based functional genetics platform
for P. falciparum McGuffie, Bryan (Broad Institute, Boston Children’s Hospital);
Doench, John (Broad Institute); Root, David (Broad Institute); MacInnis, Bronwyn
(Broad Institute); Wirth, Dyann (Broad Institute, Harvard T.H.Chan School of
Public Health); Niles, Jacquin (Broad Institute, MIT); Dvorin, Jeffrey (Broad
Institute, Boston Children’s Hospital)
99: A Novel Approach to Identifying Unknown Protein Complexes from
Endogenous Sources by Cryo Electron Microscopy and Mass Spectrometry
Ho, Chi-Min; Beck, Josh R.; Egea, Pascal F.; Goldberg, Daniel; Zhou, Hong Z.

100: DNA-loaded cationic liposomes efficiently function as a vaccine
against malarial proteins L. Fotoran, Wesley; Santangelo, Rachele; N. M. de
Miranda, Beatriz; J. Irvine, Darrell; Wunderlich, Gerhard
101: Killing the malaria parasite quickly - a simple and rapid approach to
support antimalarial drug discovery
Horrocks, Paul; Famodimu, Mufuliat
102: How APOL1 Builds a Pore and Makes African Trypanosomes Pay for It
Schaub, Charles M; Thomson, Russell; Limon, Gina; Finkelstein, Alan (Albert
Einstein College of Medicine, USA); Raper, Jayne
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103: Allosteric Site Inhibitor Disrupting Auto-processing in Falcipains,
Cysteine Proteases of Malaria Parasite Pant, Akansha Kumar, Rajendra;
Wani, Naiem A; Verma, Sonia; Sharma, Supriya; Sharma, Ruby; Pande, Veena;
Saxena, Ajay; Dixit, Rajnikant; Rai, Rajkishore; Pandey, Kailash C.

104: Unusual cysteine protease as a potential modulator of programme cell
death in P. falciparum Pandey, Kailash C.; Kumari, Vandana; Singh, Agam;
Singh, Jitendra; Sharma, Ruby; Akhter, Mymoona; Mishra, Pradyumna; Saxena,
Ajay; Dixit, Rajnikant; Katayal, Anju
105: Genetic validation, assessment of biological role and insight into
druggability of the Plasmodium falciparum aspartic protease plasmepsin V
Polino, Alexander; Nasamu, Armiyaw; Niles, Jacquin; Goldberg, Daniel
106: CHARACTERISATION OF THE PARASITOLOGICAL ACTIVITY AND
MECHANISM OF RESISTANCE OF THE AMINOMETHYLPHENOL, JPC-3210
FOR MALARIA TREATMENT AND PREVENTION Chavchich, Marina; Van
Breda, Karin; Rowcliffe, Kerryn; Birrell, Geoff; Heffernan, Gavin; Ager, Arba;
Chavchich, Marina; Schiehser, Guy; Jacobus, Laura; Shanks, Dennis; Jacobus,
David; Edstein, Michael
107: Interrogating the Mechanism of Non-genetic Drug Resistance in
Plasmodium falciparum Fagbami, Lola; Deik, Amy; Herman, Jon; Lukens,
Amanda; Clish, Clary; Mazitschek, Ralph; Wirth, Dyann
108: Metabolomics helps to unravel the mode of action of novel antimalarial compounds Srivastava, Anubhav; Todd, Matthew; Creek, Darren
109: Chem-seq, Chemical Muatgenesis Coupled to Next Generation
Sequencing for Finding Mode of Action and Resistance genes of Drugs in
the Parasite Leishmania Bhattacharya, Arijit; Leprohon, Philippe; Mestdagh,
Anais; Ouellette, Marc
110: Using kinase regression to identify host cell determinants of infection
Glennon, Elizabeth; Arang, Nadia; Kain, Heather; Gujral, Taran; Sherrid, Ashley;
Hybiske, Kevin; Kaushansky, Alexis
111: Understanding artemisinin action in Plasmodium falciparum
Spillman, Natalie J.; Bridgford, Jessica; Crisafulli, Emily; Xie, Stanley; Tilley,
Leann
112: HSP101 overexpression aborts Plasmodium berghei pre-erythrocytic
development Kreutzfeld, Oriana; Müller, Katja; Matuschewski, Kai

113: Trypanosoma cruzi RNA pol I subunit RPA31: Nuclear distribution
during growth and metacyclogenesis, and characterization of its nuclear
localization signal. Canela, Israel; Hernández, Roberto; Cevallos, Ana-Maria;
López-Villaseñor, Imelda

114: Identifying Protein-Protein Interactions between translation initiation
factors in Giardia Lamblia using Yeast-Two Hybrid Assay
Adedoja, Adebanjo
115: Finding Antimalarials Under the Sea Collins, Jennifer; Roberts, Bracken;
Winder, Priscilla; Roberts, Jill; Perry II, David; Wright, Amy; Chakrabarti,
Debopam
116: Overcoming Artemisinin Resistance by means of Chemical Genetics
Kumpornsin, Krittikorn; de Cozar, Cristina; Gallardo, Pablo; Gamo, Francisco
Javier; Sanz, Laura Maria; Chookajorn, Thanat
117: Proteomic mapping of the Plasmodium falciparum apicoplast
identifies an essential parasite protein required for organelle biogenesis
Boucher, Michael J.; Ghosh, Sreejoyee; Zhang, Lichao; Lutze, Julian B.; Ralph,
Stuart A.; Elias, Joshua E.; Yeh, Ellen
118: Characterizing the role of transcriptional regulator PfAP2-G2 in
Plasmodium falciparum gametocytogenesis Singh, Suprita; Llinas, Manuel
119: ROLE OF A CALCIUM ACTIVATED POTASSIUM CHANNEL IN
TRYPANOSOMA CRUZI PHYSIOLOGY AND INFECTIVITY Skorka,
Christopher; Boktor, Michael; Jimenez, Veronica
120: Characterization of putative calcium-binding proteins in the human
parasite Toxoplasma gondii Meepe, Imara; Sandoval-Olmos, Dalia;
Chetsawang, Jason; Pace, Douglas
121: The Host Response to Injection with Rhoptry Effector Proteins by the
Parasite Toxoplasma gondii Rastogi, Suchita; Ribelles, Mariona; Espenel,
Cedric; Steinmetz, Lars; Boothroyd, John
122: Carotenoid Biosynthesis as a Probe of Apicoplast Function in Malaria
Parasites Okada, Megan
123: Functional roles of lipoylated enzymes in the mitochondria of human
malaria parasites. Nair, Sethu C.; Prigge, Sean

124: Proximity-dependent biotin labeling for proteomics in Plasmodium
Rios, Kelly; Munoz, Elyse; Hart, Kevin; Lindner, Scott
125: The Role of Epigenetic Mechanisms and DNA Modifications in
Antigenic Variation in Giardia lamblia Orozco, Daniel R.; Garlapati, Srinivas
126: Identifying specific DNA binding factors associated with orphan motifs
in Plasmodium Russell, Timothy J; Painter, Heather
127: Illuminating the role of MAPK signing in the lytic cycle of Toxoplasma
gondii Goodman, Kyle; Wazir, Farah; Reese, Michael
128: Development of a CRISPR system for genome editing in Entamoeba
histolytica Morgado, Pedro; Singh, Upinder
129: Structural basis for mRNA cap-binding modulation by an IF4E
interacting protein in Leishmania major Meleppattu, Shimi; Arthanari,
Haribabu; Zinoviev, Alexandra; Wagner, Gerhard; Shapira, Michal; LegerAbraham, Melissa
130: Dynamic translational control during the development of latent
toxoplasmosis Holmes, Michael J.; Wek, Ronald C.; Sullivan, William J. Jr.
131: T. brucei TRF binds the telomeric transcript TERRA and suppresses
its level Gaurav, Amit); Nanavaty, Vishal; Sandhu, Ranjodh; Pandya, Unnati; Li,
Bibo
132: Exploring Toxoplasma gondii Centrin2’s subcellular localizations by
proximity-dependent biotin identification (BioID)
Engelberg, Klemens; Debasitis, Alexandria; Bechtel, Tyler; Weerapana, Eranthie;
Gubbels, Marc-Jan
133: The Role of Antibodies Targeting Plasmodium Sporozoites: Is the
Greatest Impact at the Inoculation Site? Nasir, Gibbs; Zavala, Fidel; Sinnis,
Photini
134: Plasmodium falciparum Whole Transcriptome Amplification (WTA)
from Ultra-Low RNA Input Tripathi, Jaishree; Bozdech, Zbynek

135: Plasmodium falciparum Methyltransferase SET1: high throughput
screening strategies to discover new antimalarial drugs Tallant, Cynthia;

Mata, Lydia; Li, Fengling; Hajian, Taraneth; Vedadi, Masoud; Arenaz, Maria Pilar;
Rodríguez, Beatriz; Segura, Delfina; Martin, Julio; Phelps, Chris; Evindar,
Ghotas; Gamo, Javier; Hui, Raymond; Gómez-Lorenzo, Maria G; Huber, Kilian
136: Characterization of the cytochromes of Giardia intestinalis
Sajer, Bayan; Dayer, Guillem; Batoff, G. William; Hoekstra, Julianne; Rafferty,
Steven; Yee, Janet
137: The basis for selective toxicity of maduramicin, an anti-coccidal
ionophore and screening for cholesterol disruptors.
Bhatnagar, Suyash; Morrisey, Joanne M.; Nicklas, Sezin; Das, Sudipta; Vaidya,
Akhil B.
138: Bromodomain protein localization varies during the course of T.
brucei differentiation from the bloodstream form to the procyclic form.
Dillon, Moira; Liao, Jingwen; Schulz, Danae
139: Plasmodium knowlesi genome assembly based on PacBio and Hi-C
technologies and RNA-Seq transcriptome analysis across the rhesus
macaque ex vivo life cycle Lapp, Stacey
140: Evolutionary dynamics of resistance emergence in Plasmodium
falciparum Mandt, Rebecca E.K.; Kato, Tomoyo; Lafuente-Monasterio, Maria
Jose; Ross, Leila; Gupta, Purva; Winzeler, Elizabeth; Gamo, F. Javier; Wirth,
Dyann; Lukens, Amanda
141: Evaluation of Plasmodium falciparum hexokinase inhibitors by
measuring intracellular glycolytic flux Kasinathan, Hema; Rogers, Abubakarr;
Lee, Olivia; Hall, Matthew; Min, Shen; Milanes, Jillian; Morris, James; Drew, Mark
142: CULTURE OF MARINE PROTOZOANS USING INDUSTRIAL
BIOREACTORS Fernandez-Robledo, Jose A.; van Walsum, Peter; Ehrenfeld,
Elizabeth E.
143: Characterization of nuclear receptors in the parasitic flatworm
Schistosoma mansoni Romero, Aracely A.; Kliewer, Steven; Mangelsdorf,
David; Collins, James
144: Molecular reprogramming of malaria parasites by AP2-G
overexpression triggers synchronous gametocytogenesis. Modrzynska,
Katarzyna K.; Kent, Robyn; Cameron, Rachael; Waters, Andy; Billker, Oliver
145: A novel putative amino acid transporter is essential for successful
replication of Toxoplasma gondii during the lytic cycle.

Wallbank, Bethan; Staines, Henry; Treeck, Moritz
146: Babesia bovis BOV57, a Theileria parva P67 homolog, is an invasionrelated, neutralization-sensitive antigen Ishizaki, Takahiro; Sivakumar,
Thillaiampalam; Hayashida, Kyoko; Igarashi, Ikuo; Yokoyama, Naoaki
147: Global remodeling and virulence enhancement by artemisinin
resistance in Plasmodium falciparum malaria. Haldar, Kasturi; Bhattacharjee,
Souvik; Coppens, Isabelle; Mengue, Alassane; Suresh, Niraja; Ghorbal, Mehdi
148: What separates us from the baboons? Channels formed by primate
trypanolytic factor apolipoprotein L-I (APOL1) in planar lipid bilayers
Thomson, Russell; Verdi, Joseph; Finkelstein, Alan; Raper, Jayne
149: Heterologous Expression, Purification, and Functional Analysis of
Plasmodium falciparum Phosphatidylinositol 3'-Kinase
Hassett, Matthew; Sternberg, Anna; Riegel, Bryce; Thomas, Craig; Roepe, Paul
150: Identification and visualization of secreted effectors
Mayoral, Joshua A.; Tu, Vincent; Yakubu, Rama; Tomita, Tadakimi; Ma, Yanfen;
Weiss, Louis M.
151: The activity and function of TgDCX, a component of non-tubular
tubulin polymers in the human parasite, Toxoplasma gondii Hu, Ke;
Nagayasu, Eiji; Hwang, Yu-Chen; Leung, Jacqueline M.; Liu, Jun; Pierce, P.G.;
Murray, John
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1a: In vivo imaging of pathogen viability and proliferation to dissect
the different modes of Leishmania major containment during acute
and chronic infection
Formaglio, Pauline (Otto-von-Guericke Universität Magdeburg,
Magdeburg,DEU); Stettin, Juliane (Otto-von Guericke Universität
Magdeburg); Heyde, Sandrina (Otto-von-Guericke Universität
Magdeburg); Gintschel, Patricia (Otto-von-Guericke Universität
Magdeburg); Bousso, Philippe (Institut Pasteur, Paris); Müller, Andreas
(Otto-von Guericke Universität Magdeburg and Helmholtz-Zentrum für
Infektionsforschung Braunschweig)

The successful establishment of an infection critically depends on the
ability of pathogens to survive and proliferate within their host. During an
immune response, direct killing and sub-lethal growth inhibition therefore
constitute efficient mechanisms of pathogen containment and can govern
both the course and outcome of a disease. However, the contributions of
these distinct modes of control, in particular at different stages of an
infection, have so far remained difficult to dissect in vivo. Here, we
measured by intravital 2-photon microscopy both pathogen proliferation
and viability during Leishmania major infection using genetically encoded
reporter systems. We show that the development of an adaptive immune
response translates into distinct modes of pathogen containment over
time. Specifically, while pathogen killing is mainly observed during acute
infection at the peak of a functional adaptive immune response,
decreased immune activation during chronic infection correlates with the
persistence of a parasite population largely unaffected by direct killing.
We also show that reduced parasite proliferation rates instead control the
size of the persistent pathogen population. Altogether, our results
indicate that the immune response can exhibit distinct modes of action
ranging between direct killing of the pathogen and proliferation
dampening during different phases of the infection.
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1b: Super resolution: a closer look at remodelling in Plasmodium
falciparum infected red blood cells.
Looker, Oliver (The University of Melbourne, Melbourne, VIC, AUS);
Blanch, Adam (The University of Melbourne); McMillan, Paul (The
University of Melbourne); Liu, Boyin (The University of Melbourne);
Dixon, Matthew (The University of Melbourne); Tilley, Leann (The
University of Melbourne)

After invading the human red blood cell (RBC), Plasmodium falciparum
modifies the host cell surface by exporting proteins to the RBC periphery.
The physical properties of the RBC are altered and parasite derived
structures called knobs arrive at the cell periphery where they are
anchored to the RBC membrane skeleton. These knobs are comprised
mainly of the Knob-Associated Histidine Rich Protein (KAHRP), which
acts as a scaffold for the presentation of the major virulence protein, P.
falciparum Erythrocyte Membrane Protein 1 (PfEMP1), through the
membrane. A method has been developed for exposing the innersurface of the infected RBC membrane allowing for the organisation of
the RBC membrane skeleton to be visualised by scanning electron
microscopy and for protein location to be examined using super
resolution localization microscopy. This has allowed us to visualise knob
assembly at the RBC membrane skeleton. In a major advance, we have
combined these two imaging modalities in a CLEM (correlative light and
electron microscopy) based approach to investigate membrane
remodelling and virulence complex assembly. The development of CLEM
techniques has allowed visualisation of PfEMP1 at the membrane and
will allow investigation of how this protein arrives at knobs to drive
parasite virulence. By modulating the membrane skeleton structure
before imaging the remodelling events by CLEM we are investigating the
involvement of membrane skeleton remodelling in the process of knob
formation. Through combining multiple imaging modalities, with cellular
biology and biophysical measurements we aim to understand the
remodelling events that underpin parasite virulence.
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1c: Stability and function of a putative microtubule organizing
center in the human parasite Toxoplasma gondii
Leung, Jacqueline M. (Indiana University Bloomington, Bloomington, IN,
USA); He, Yudou (Indiana University Bloomington); Zhang, Fangliang
(University of Miami); Hwang, Yu-Chen (Nikon Instruments Inc);
Nagayasu, Eiji (Department of Infectious Diseases, University of
Miyazaki, Miyazaki); Liu, Jun (Indiana University Bloomington); Murray,
John M. (Indiana University Bloomington); Hu, Ke (Indiana University
Bloomington)

Toxoplasma gondii tachyzoites have an array of 22 regularly spaced
cortical microtubules thought to be templated and nucleated by the apical
polar ring, a hypothesized organizing center at the apex of the
parasite. We have characterized two novel components of the apical
polar ring, a putative kinesin (KinesinA) and a protein without any known
motifs, apical polar ring protein 1 (APR1). KinesinA is recruited to the
apical polar ring during early stages of daughter assembly, whereas
APR1 is recruited to the ring of late stage daughters, and localizes basal
to KinesinA by super-resolution live imaging. Tachyzoites that lack both
KinesinA and APR1 (ΔkinesinAΔapr1) are capable of generating 22
cortical microtubules. However, the apical polar ring is fragmented in live
ΔkinesinAΔapr1 parasites, and is undetectable by electron microscopy
after detergent extraction. Disintegration of the apical polar ring results
in the detachment of groups of microtubules from the apical end of the
parasite, and the structural defects are linked to defects in motility,
invasion and microneme secretion. These findings demonstrate that the
putative role of the apical polar ring in templating can be separated from
its mechanical stability, as well as illustrate the importance of the
structural integrity of the apical polar ring and microtubule array in the
Toxoplasma lytic cycle. Efforts are currently underway to identify the
protein(s) responsible for nucleating and templating the 22 cortical
microtubules by biochemical and proteomic methods, as well as to
reconstitute activity of the putative organizing center in vitro.
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1d: From solitary swimmers to swarms and back - trypanosomes on their
journey through the tsetse fly
Schuster, Sarah (Cell and Developmental Biology, Biocentre, University of
Würzburg, Germany); Krüger, Timothy (Cell and Developmental Biology,
Biocentre, University of Würzburg, Germany); Subota, Ines (Cell and
Developmental Biology, Biocentre, University of Würzburg, Germany); Thusek,
Sina (Department of Medicine II, University Hospital Würzburg, Germany);
Rotureau, Brice (Trypanosome Cell Biology Unit, Institut Pasteur, France);
Kollmannsberger, Philip (Centre for Computational and Theoretical Biology,
University of Würzburg, Germany); Beilhack, Andreas (Department of Medicine
II, University Hospital Würzburg, Germany); Engstler, Markus (Cell and
Developmental Biology, Biocentre, University of Würzburg, Germany)
Trypanosoma brucei undergoes a complex life cycle in the tsetse fly vector. The
parasite´s development occurs during a journey through the different
microenvironments of the fly´s internal organs. For the trypanosomes this
involves crossing various barriers, confined surroundings, and swimming against
flow and peristaltic movement. Additionally, they undergo major and drastic
morphological changes. The parasite´s motility, which is directly dependent on
morphology, is essential for its survival and successful development.
This work details cell morphology, motility, and collective behaviour of different
developmental stages from the tsetse fly using high spatiotemporal resolution
microscopy. Using fluorescently-labelled parasites, swimming patterns of solitary
swimmers were analysed in vivo and in vitro, as well as collective motion at the
single cell level in vivo. We show that trypanosomes are able to synchronise their
flagellar beats and produce superordinate wave patterns at high cell
concentrations, probably by hydrodynamic self-organisation inside the fly
interstices.
Additionally, light sheet fluorescence microscopy was established as a powerful
tool for the 3D-analysis of the infection process in the tsetse fly´s digestive tract.
The results provide information about tissue geometry and topology with
unprecedented resolution. We were able to visualise fluorescent trypanosomes
inside the surprisingly complex folds of the peritrophic matrix at a single cell level.
Calculations using 3D Euclidean distance mapping allows us to measure the void
space for trypanosomes to navigate within this labyrinth.
In summary, we provide a detailed view on trypanosome motile behaviour as a
function of development in diverse host surroundings. We propose that the
infection process is an alternating succession of solitary and collective motions,
adapted to the varying and convoluted microenvironments inside the vector.
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TT1: An improved CRISPR/Cas9 gene editing system in
Plasmodium falciparum
Crater, Anna (NIAID, National Institutes of Health, Rockville, MD, USA);
Ito, Mai (NIAID NIH); Desai, Sanjay (NIAID NIH)

The CRISPR (clustered regularly interspaced short palindromic
repeats)/Cas9 system has become a powerful molecular tool to edit
genes though targeted reverse genetics. Use of this system has allowed
for improved genetic manipulation of many organisms including the once
largely intractable genome of Plasmodium falciparum. Nevertheless,
genetic engineering in Plasmodium spp. can still be labor-intensive and
time-consuming. Because CRISPR/Cas9 technology in malaria
parasites has followed generic methods only recently developed for
higher organisms, improved methods should enable greater efficiency
and simpler implementation. To explore possible improvements, we
quantified the kinetics of gene editing and examined the two required
components: the Cas9 nuclease and a single guide RNA (sgRNA). We
used the piggyBac transposase to produce a cloned transfectant parasite
line that expresses an inducible Cas9 from S. pyogenes. Induction with
trimethoprim significantly upregulated Cas9 expression and enabled
kinetic studies. With this line, along with a robust NanoLuc luciferase
reporter gene and a promoter-trap strategy, we successfully tracked the
two-step process of Cas9-induced genomic break and homologydirected repair. Our studies revealed that selection of sgRNAs that
interact efficiently with both Cas9 and the target locus improves gene
editing by up to 250-fold, allowing detection of gene editing as early as
two days after transfection. Interestingly, parasite outgrowth after
transfection was inversely related to sgRNA efficiency, implicating
attrition due to unrepaired genomic breaks. These kinetic studies are
enabling improved CRISPR/Cas9 gene editing in malaria parasites; they
should also accelerate examination of parasite targets for new
antimalarial therapies and vaccines.
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TT2: Ribozyme-Based CRISPR System for Robust and Marker-less
Gene Editing in Plasmodium
Walker, Michael (Pennsylvania State University, USA); Josling, Gabrielle
(Pennsylvania State University); Singh, Suprita (Pennsylvania State
University); Llinas, Manuel (Pennsylvania State University); Lindner,
Scott (Pennsylvania State University)

Efforts to characterize essential genes in Plasmodium largely rely on
genetic manipulation to regulate expression of genes-of-interest.
However, these approaches are limited by the time needed to generate
transgenic parasite lines and the ability to utilize exogenous components
without disturbing native regulatory elements. Furthermore, some
Plasmodium species, such as Plasmodium yoelii, a rodent-infectious
species favored for rapid transfection and selection procedures, are
significantly hampered by only having a single drug-selectable marker.
Here, we demonstrate an improved CRISPR/Cas9 dual guide RNAbased strategy to rapidly and effectively edit genes-of-interest. In this
new system, we use a Ribozyme-Guide-Ribozyme (RGR) strategy to
efficiently package all of the essential CRISPR/Cas9 elements on a
single plasmid. Furthermore, we have also determined a minimal size
requirement for the homology-directed repair (HDR) template to optimize
introductions of both “knock-outs” and “knock-ins” in P. yoelii. Because
this system utilizes plasmid expression of the editing elements, genetic
modification is marker free. After editing and removal of drug pressure,
parasites lose the plasmid and regain sensitivity to the drug, allowing for
subsequent editing with the same drug-selectable marker. The
development of our ribozyme-based strategy provides a “plug-and-play”
gene regulation system where a synthetic DNA fragment can be rapidly
inserted into a single plasmid to generate a panel of RGR-produced
sgRNAs. This robust and flexible system opens the door for in-depth
genetic investigations with increased efficiency in both rodent- and
human-infectious Plasmodium species.
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TT3: High-resolution mapping of Toxoplasma gondii spatial proteome
Barylyuk, Konstantin (Department of Biochemistry, University of Cambridge,
Cambridge, GBR); Koreny, Ludek (Department of Biochemistry, University of
Cambridge); Ke, Huiling (Department of Biochemistry, University of
Cambridge); Breckels, Lisa (Department of Biochemistry, University of
Cambridge); Gatto, Laurent (Department of Biochemistry, University of
Cambridge); Pain, Arnab (Biological and Environmental Science &
Engineering Division, King Abdullah University of Science and Technology);
Lilley, Kathryn (Department of Biochemistry, University of Cambridge);
Waller, Ross (Department of Biochemistry, University of Cambridge)
Apicomplexans are parasitic protists that invade cells of all animals including
humans. Unique biology and structure of apicomplexan cells enabled their
adaptation to parasitism. This includes several subcellular compartments
populated by ensembles of proteins that play important roles in metabolism,
morphogenesis, motility, invasion, and parasite-host interactions. Localising
proteins to subcellular niches is therefore of paramount interest in
apicomplexan research. Despite continuous efforts to determine the
subcellular localisation of proteins in model apicomplexans by microscopy,
approximately half of all predicted proteins have unknown function and/or
location, which significantly limits our understanding of the apicomplexan
biology.
Here we apply a novel spatial proteomics technology termed LOPIT
(Localisation of Organelle Proteins by Isotopic Tagging) to simultaneously
map the localisation of several thousand proteins on a cell-wide scale in a
model apicomplexan, Toxoplasma gondii. Key elements of the approach
include mechanical, detergent-free disruption of cells, fractionation of the cell
homogenate by density-gradient centrifugation, identification and quantitation
of proteins from the gradient fractions by high-resolution tandem mass
spectrometry, and protein clustering and classification to organelles by
sophisticated bioinformatic methods. We performed three independent
LOPIT experiments on T. gondii extracellular tachyzoites. Over 3500
proteins were identified and quantified in all three experiments allowing us to
measure protein abundance distribution profiles along the density gradient,
identify protein clusters, and assign them to subcellular locations based on
co-clustering with known organellar markers. The resulting draft map of
T. gondii spatial proteome resolved all major subcellular compartments and
predicted localisation of several hundred previously uncharacterised
proteins, delivering new insights in apicomplexan cell biology. The LOPITpredicted localisation of selected hypothetical proteins was validated by gene
tagging and fluorescent microscopy.
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TT4: Auxin-Dependent Degradation System: A new tool to study
essential genes in Cryptosporidium Pawlowic, Mattie C. (University of
Georgia, Athens, GA, USA); Myers, Emily (University of Georgia);
Studstill, Caleb (University of Georgia); Herbert, Gillian (University of
Georgia); Brooks, Carrie (University of Georgia); Striepen, Boris
(University of Georgia)

Diarrheal disease is responsible for ~10% of the deaths of children under
five years of age, of which cryptosporidiosis is the second leading cause.
There are no vaccines and the only drug approved to treat
cryptosporidiosis is not effective in immunocompromised patients—the
group most at risk for severe disease. Unlike other apicomplexans,
Cryptosporidium complete the entire life cycle within a single host.
Oocysts, the product of sexual cycle, are transmitted via ingestion of
contaminated food or water. The Cryptosporidium oocyst has a hardy,
resilient shell that renders the parasite resistant to most disinfectants,
including chlorination. Synthesis of the oocyst wall is a huge feat in an
otherwise metabolically streamlined parasite. In light of development of
new molecular tools, it is now possible to interrogate genes and describe
their functional role in oocyst wall development. Here we describe the
role of polyketide synthase (PKS) and trehalose-6-phosphate synthase
(T6PS) in oocyst development. Expression of both PKS and T6PS are
localized to females and were refractory to knockout, necessitating a
conditional gene expression system. We selected the TIR-Auxin system,
where addition of the small molecule, auxin, renders the protein of
interest susceptible to degradation by the proteasome. This system was
validated to tightly control stability of several Cryptosporidium proteins in
vitro and current efforts are underway to evaluate this conditional
expression system in vivo. Future work will determine the role of PKS
and T6PS in oocyst formation with the eventual goal to identify targets
that may be exploited for drug or water treatment interventions.
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TT5: Antimalarial drug target identification through Cellular Thermal
Shift Assay (CETSA)
Dziekan, Jerzy (Nanyang Technological University, Singapore, Singapore,
SGP); Han, Yu (Nanyang Technological University, Singapore); Sobota,
Radoslaw (Institute of Molecular Cell Biology, A*STAR, Singapore);
Nordlund, Par (Nanyang Technological University, Singapore); Bozdech,
Zbynek (Nanyang Technological University, Singapore)

Despite decades of research, surprisingly little is known about exact
mechanisms of action of the vast majority of antimalarial drugs. Identifying
cellular binding partners and downstream effectors of existing and potential
therapeutics is essential for better understanding of the parasite’s biology,
molecular mechanisms of drug action and characterization of new druggable
targets. Thermal shift assay has traditionally been used in the drug discovery
industry for high-throughput screening of molecule libraries for protein target
engagement. The technique employs thermal denaturation to measure the
change in protein stability upon ligand binding. The CETSA approach is
based on the same principle but allows direct detection of drug-protein
interaction through simultaneous monitoring of the entire proteome.
In this study, we present an adaptation of the CETSA protocol and its variant
‘Isothermal Dose Response CETSA’ (ITDR) for antimalarial drug-target
identification, through two independent approaches. The first, involving drug
exposure of P.falciparum infected Red Blood Cell cultures in vitro, the
second of the parasite lysate. Following drug treatment each experimental
set is incubated on a thermal gradient to denature and irrevocably precipitate
unstable proteins and in case of the whole-cell approach – lysed thereafter.
Soluble fractions containing remaining stable proteins are trypsinized,
labelled with TMT10 isobaric tags and analyzed by quantitative mass
spectrometry. Identified Plasmodium & human proteins are ranked based on
the change in their thermal stability between treated and untreated
conditions.
As a proof of principle, we demonstrate interaction of Pyrimethamine and
E64d with their known molecular targets: Dihydrofolate Reductase (DHFR)
and Falcipain 3 respectively. Additionally, we identify Purine Nucleoside
Phosphorylase as the candidate protein target for Mefloquine, demonstrating
CETSA’s potential for antimalarial drug target discovery.
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TT6: Real-time in vivo Global Transcriptional Dynamics During Plasmodium
falciparum Development
Painter, Heather (Biochemistry and Molecular Biology Department, Huck Center
for Malaria Research, Pennsylvania State University, University Park, PA 16803,
USA, University Park, PA); Chung, Neo (Lewis-Sigler Institute for Integrative
Genomics, Molecular Biology Department, Princeton University, Princeton, NJ
08544, USA); Sebastian, Aswathy (Biochemistry and Molecular Biology
Department, Pennsylvania State University, University Park, PA 16803, USA);
Albert, Istvan (Biochemistry and Molecular Biology Department, Pennsylvania
State University, University Park, PA 16803, USA); Storey, John D. (Lewis-Sigler
Institute for Integrative Genomics, Molecular Biology Department, Princeton
University, Princeton, NJ 08544, USA); Llinás, Manuel (Biochemistry and
Molecular Biology Department, Huck Center for Malaria Research, Pennsylvania
State University, University Park, PA 16803, USA)

Genome-wide analysis of transcription in Plasmodium falciparum has revealed
robust variation in steady-state mRNA abundance throughout the
intraerythrocytic developmental cycle (IDC) suggesting that this process is highly
dynamic and tightly regulated. However, the precise timing of mRNA
transcription and decay remains poorly understood due to strategies that
measure total RNA from populations of parasite-infected red blood
cells. Therefore, these measurements do not differentiate between newly
transcribed RNA, decaying RNA and stable cellular RNAs. Here we utilize rapid
thiol-modified nucleotide incorporation via pyrimidine salvage (HJ Painter et al.,
Genome Res 2017) to specifically label and capture newly-synthesized P.
falciparum RNA transcripts at every hour throughout the IDC following
erythrocyte invasion. Our analysis of thiol-modified RNAs enables “real-time”
global analysis of Plasmodium transcription and reveals the timing of regulation
for each newly-synthesized mRNA in vivo. Surprisingly, contrary to other
methods, we detect active transcription during the ring-stages of
development. In addition, by comparing the unlabeled RNA (pre-existing) to the
total RNA abundance we can determine the stability of each transcript throughout
the IDC and demonstrate that a small subset of transcripts necessary for
invasion are highly transcribed and/or stabilized during schizogony. These data
were fit to determine the fraction of active transcription and/or transcript
stabilization contributing to the total mRNA abundance at each timepoint and
thereby expand our understanding of P. falciparum mRNA
dynamics. Additionally, our results provide new insight into co-transcription or
co-stabilization of genes throughout the IDC through regulatory DNA/RNA
sequence motifs associated with these processes. Rapid biosynthetic mRNA
capture provides a new and powerful tool for studying Plasmodium transcription
dynamics throughout development and under various environmental conditions.
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Session II: Signals and Sensors
Chairs: Dawn Wetzel & Jeffrey Dvorin
Monday, September 11, 2017
9:00 am – 11:30 am
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2a: The role of calcium-stimulated pyruvate dehydrogenase
phosphatase in trypanosomes
Lander, Noelia M. (Universidade Estadual de Campinas, Campinas, SP,
Brazil, Campinas, SP, GA, BRA); Chiurillo, Miguel (Universidade
Estadual de Campinas); Bertolini, Mayara (Universidade Estadual de
Campinas); Vercesi, Anibal (Universidade Estadual de Campinas);
Docampo, Roberto (University of Georgia, Athens, GA)

2+

Calcium ion (Ca ) is an important second messenger that regulates a
vast repertoire of cellular processes in trypanosomatids, such as host
cell invasion, differentiation, osmoregulation and cell bioenergetics. In
2+
vertebrate cells, mitochondrial Ca uptake is required to provide
reducing equivalents to support oxidative phosphorylation through
2+
activation of dehydrogenases. Intramitochondrial Ca stimulates
pyruvate dehydrogenase phosphatase (PDP) that activates the pyruvate
dehydrogenase (PDH), resulting in increased ATP production. This
enzyme has not been studied in either Trypanosoma cruzi or T. brucei,
the causative agents of American and African trypanosomiasis,
2+
respectively. In this work, we investigated the Ca sensitivity of
recombinant T. cruzi and T. brucei PDPs and the role of TcPDP in cell
bioenergetics and survival. TcPDP and TbPDP were expressed in E. coli
2+
and affinity purified for assaying their activity at different Ca
concentrations. To study endogenous TcPDP we generated a C-terminal
tagged (TcPDP-3xHA) and a knockout (TcPDP-KO) cell line by
CRISPR/Cas9 genome editing. Our results indicate that TcPDP is an
intramitochondrial phosphatase that exhibits a peak of activity at 100 nM
2+
Ca , while TbPDP is less sensitive, showing maximum activity at 1 μM
2+
Ca . TcPDP-KO epimastigotes showed a slower growth rate than
control cells, exhibited a lower oxygen consumption rate, reduced citrate
synthase activity, and reduced differentiation into infective metacyclic
forms. Their mitochondrial membrane potential was unaffected. Taken
together our results indicate that TcPDP and TbPDP are sensitive to
2+
physiological Ca concentrations in vitro, and they could be also
calcium-stimulated in vivo to specifically activate mitochondrial pyruvate
dehydrogenase. Moreover, TcPDP is important for growth, differentiation
and cell bioenergetics. Work funded by FAPESP (2013/50624-0 and
2014/08995-4).
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2b: Phosphatidic acid produced in the parasitophorous vacuole of
Toxoplasma gondii acts as molecular clock to trigger natural egress
Bisio, Hugo (University of Geneva, Geneva, CHE); Lunghi, Matteo; Di
Cristina, Manlio; Soldati-Favre, Dominique

Timing is a key factor in any pathogenic infection and the balance
between replication, spreading, disease onset and clearance by the
immune system determines the efficiency of the pathogen propagation.
Apicomplexan parasites are obligate intracellular parasites and rely on a
fine regulation between intracellular growth and egress from the host cell
in order to calibrate multiplication and dissemination. Egress from the
host cell, a microneme-dependent process, is controlled by the cGMPdependent protein kinase G (PKG), which acts as key regulator of
microneme secretion by a calcium and phosphatidic acid-mediated (PA)
signaling. Here, we identify a genetically enconded clock-like system
which intrinsically regulates natural egress in Toxoplasma gondii.
Members of the coccidian subgroup of Apicomplexa possess an active
diacylglycerol kinase (DGK2) that is secreted into the parasitophorous
vacuole (PV) and forms a complex with two other dense granules
proteins, the Matrix Antigen-1 (MAG1) and GRA12. DGK2 critically
controls natural egress in T. gondii tacyzoites and exposure of
extracellular parasites to nanomolar concentrations of PA is sufficient to
trigger microneme secretion, an event that is blocked by a highly
selective inhibitor of PKG. MAG1, while low expressed and dispensable
in the fast spreading tachyzoites, accumulates in the slow growing
bradyzoites acting as a negative regulator of DGK2 activity, avoiding
premature egress of the bradyzoites from the cyst. Overall, the
MAG1/DGK2/GRA12 complex regulates the production of PA in the PV
triggering natural egress in a timely controlled fashion to accommodate
proliferation and dormancy to the different stages of the parasite life
cycle.
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2c: The Toxoplasma Endoplasmic Reticulum tunnels Calcium
entering via plasma membrane channels and delivers it to other
organelles.
Asady, Beejan (Center for Tropical and Emerging Global Diseases,
University of Georgia, USA); Chang, Le (Center for Tropical and
Emerging Global Diseases, University of Georgia); Li, Zhuhong (Center
for Tropical and Emerging Global Diseases, University of Georgia); Li,
Catherine (Center for Tropical and Emerging Global Diseases, University
of Georgia); Moreno, Silvia N.J. (Center for Tropical and Emerging
Global Diseases, University of Georgia)

Toxoplasma gondii, an obligate intracellular parasite, progresses its
infection of the host via a lytic cycle, exposing itself to vastly different
(20,000 fold) extracellular calcium concentrations. The importance of
calcium in the furtherance of the lytic cycle has been shown but little is
understood about the organelles and enzymes involved in the initial
uptake and storage of calcium and their roles in providing calcium at
specific sites. We propose that the ER is the major store of calcium in T.
gondii and plays a central role by rapidly uptaking calcium and tunneling
it to other organelles. The T. gondii Sarcoplasmic Reticulum Calcium
ATPase (SERCA) plays a major role thanks to its high efficiency and
high affinity for calcium. We used the low sensitivity calcium indicator
MagFLuo4-AM to study directly the characteristics of ER Calcium uptake
and release. The ER plays a major role in taking up calcium directly from
the cytosol immediately after it enters the parasite via plasma membrane
channels. We studied mitochondrial calcium by following the
fluorescence changes of the Genetically Encoded Calcium Indicator
GCaMP6f, stably expressed in the mitochondria of Toxoplasma.
Similarly, studied apicoplast calcium via a GCaMP6 expressed in the
apicoplast. We find that these two organelles take up calcium when it
leaks from the ER, but both are unable to take calcium directly from the
cytoplasm. We created a clonal cell line where the TgSERCA gene is
conditionally expressed to study its function in the biology of toxoplasma.
TgSERCA plays an essential role in uptaking calcium into the ER and
this function is vital for the parasite, as parasite growth is arrested
without this enzyme.
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TT7: A Novel Dense Granule Protein Plays a Role in Calciumdependent Signaling Events in Toxoplasma gondii
LaFavers, Kaice (IUSM Dept of Pharmacology & Toxicology,
Indianapolis, IN, USA); Marquez-Nogueras, Karla (University of
Georgia); Coppens, Isabelle (Johns Hopkins); Moreno, Silvia (University
of Georgia); Arrizabalaga, Gustavo (Indiana University School of
Medicine)

Toxoplasma gondii is an obligate intracellular eukaryotic pathogen that
causes severe neurologic disease in immunocompromised adults and
congenitally infected neonates. Events critical to the propagation of T.
gondii, such as invasion and egress, are regulated by calcium-dependent
signaling. In order to identify unique components of the parasite’s
calcium signaling networks, we used a forward genetics approach to
isolate mutants with altered sensitivity to the ionophore induced calcium
fluxes. Exposing extracellular parasites to A23187 induces protein
secretion, motility and cytoskeletal rearrangements and prolonged
treatment causes exhaustion of factors required for invasion, which
results in what is referred to as ionophore induced death (iiDeath).
Mutants capable of surviving this treatment were isolated from a
chemically mutagenized population. Whole genome sequencing of one
such mutant, MBD2.1, identified a nonsense mutation in a protein of
unknown function (TGGT1_069070, ToxoDBv7.2) Complementation of
MBD 2.1 with a wild-type copy of TGGT1_069070 restored sensitivity to
iiDeath treatment. Endogenous tagging of this locus revealed that the
encoded protein is secreted from a unique parasite secretory organelle
known as the dense granule into the parasitophorous vacuole, leading to
its designation as TgGRA41. Complete knockout of
TgGRA41recapitulates the resistance to iiDeath observed in MBD2.1 but
also exhibits a dramatic decrease in propagation in tissue culture. The
knockout shows defects in multiple steps of the lytic including
compromised invasion efficiency and premature egress of parasites from
host cells. Cytosolic calcium measurements of extracellular parasites
show enhanced uptake of calcium in the knockout strain as compared to
parental and complemented, suggesting that the loss of TgGRA41
results in calcium dysregulation. Current efforts include validating
interactors from a recently performed yeast two-hybrid screen and
characterizing the role of TgGRA41 during in vivo virulence and
establishment of a chronic infection.
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TT8: The T. gondii protein Active Serine Hydrolase 4 (Ash4) is
important for parasite growth and the formation of ordered
vacuoles in vitro.
Foe, Ian (Department of Pathology, Stanford University, School of
Medicine, Stanford, California, USA); Onguka, Ouma (Department of
Pathology, Stanford University, School of Medicine, Stanford, California);
Amberg-Johnson, Katie (Department of Microbiology and Immunology,
Stanford University, School of Medicine, Stanford, California); Bogyo,
Matthew (Department of Pathology, Stanford University, School of
Medicine, Stanford, California)

Toxoplasma gondii is an obligate intracellular pathogen that is thought to
infect 30% of the world’s population. Recent work has demonstrated that
a dynamic posttranslational modification, called palmitoylation, is critical
for many aspects of the T. gondii life cycle. Palmitoylation is carried out
by a group of enzymes called Palmitoyl Acyl Transferase (PATs); and
the removal of palmitate is carried out by a class of enzymes called Acyl
Protein Thioesterases (APTs). Previous studies have demonstrated that
the T. gondii genome encodes at least one APT (TgPPT1). A recent
study has identified 3 serine hydrolases called the Active Serine
Hydrolases (ASHs) that are homologous to TgPPT1; the biological
function of these enzymes is currently unknown. Mutational studies in
our lab have demonstrated that Active Serine Hydrolase 4 (ASH4) is
important for T. gondii growth in vitro.The deletion of ASH4 also causes
parasites to form disorganized vacuoles. We show that ASH4’s apical
localization is dependent on a lipid modification called myristoylation
which is important for the formation of ordered vacuoles. Intriguingly,
apical localization of ASH4 is not necessary for normal in vitro growth of
parasites. Additionally, parasites lacking ASH4 appear to display both
motility and attachment defects in vitro.
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TT9: Data mining and analysis using EuPathDB resources
Brunk, Brian (EuPathDB); Warrenfelz, Susanne (EuPathDB); Harb,
Omar (EuPathDB); Roos, David (EuPathDB); Díaz-Miranda, María
Alejandra (EuPathDB)

* Authors are presenting on behalf of the entire EuPathDB team
The Eukaryotic Pathogen Database (EuPathDB, http://eupathdb.org) is a
free, online data mining resource that facilitates data mining across a
wide variety of datatypes. Pre-analyzed omics data can be interrogated
through an advanced search strategy system and results can be
visualized or analyzed further. In addition, primary data maybe be
analyzed using a private Galaxy workspace where all EuPathDB
genomes have been pre-loaded. EuPathDB supports over 230
organisms within Amoebazoa, Apicomplexa, Chromerida, Diplomadida,
Trichomonadida, Kinetoplastida, oomycetes and fungi. For these
organisms, EuPathDB integrates a wide range of data including genome
sequence and annotation, transcriptomics, proteomics, epigenomics,
metabolomics, population resequencing clinical and field isolates and
host-pathogen interaction data. Data are analyzed using standard
workflows and an in-house genome analysis pipeline generates data
including domain predictions, orthology profiles across all genomes and
GO term associations. Our unique strategies system offers over 100
structured searches that query the pre-computed data. Individual search
results can be combined into strategies that easily merge evidence from
diverse data types and across organisms. Easily accessible tools
enhance the search strategy system and include dynamic data
visualization, comparative genome analysis, population genetics tools,
and functional or pathway enrichment. This comprehensive resource
empowers the scientific community to mine data and develop hypothesis
driven research. To learn more about what is new, ask us questions,
contribute user comments or to provide suggestions visit our booth
during all poster sessions.
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TT10: All about BOP and MeBop Sinnis, Photini; Harb, Omar
Biology of Parasitism: Modern Approaches
Directors: Photini Sinnis, Johns Hopkins School of Public Health, and Gary Ward,
University of Vermont College of Medicine
Course Description - A unique 7-week course for advanced graduate students, postdocs,
and independent investigators, who are seeking in-depth training in modern approaches to
the study of protozoan parasites and parasitic worms.
This course is focused on the cellular and molecular mechanisms by which human and
animal parasites cause disease and the host responses to infection. The course consists of
daily lectures by distinguished leaders in the field juxtaposed with intensive experimental
work. The lectures cover most areas of active research in modern parasitology and are
designed to complement the laboratory work. Ample opportunity is provided for students to
interact informally with visiting lecturers and course faculty. In the laboratory, the students
work together in small groups, gaining hands-on experience and working collaboratively
with the faculty to explore new questions and discover new knowledge. In 2018, students
will use advanced imaging, flow cytometry, biophysical methods and a variety of state-ofthe-art molecular and cell biological techniques to study mechanisms of nutrient uptake,
drug resistance, parasite motility, host-to-host transmission by insect vectors and immune
responses to infection. Students will gain experience working with malaria parasites,
Toxoplasma gondii, African trypanosomes, Entamoeba histolytica, parasitic worms and the
mosquitoes that transmit malaria. The course is international by design, with students and
faculty coming from around the world. Students will complete the course with a new set of
experimental tools to apply to their own research, a greatly expanded network of
international colleagues, and a deep and broad appreciation for the remarkable interactions
that occur at the host–parasite interface. Website: http://www.mbl.edu/biology-ofparasitism/
Middle East Biology of Parasitism (MeBOP)
Directors: Lilach Sheiner [Lilach.Sheiner@glasgow.ac.uk], and Omar Harb
[oharb@upenn.edu]
This is a high-caliber scientific course (2-week) that would cover various aspects of
parasitology from molecular biology and epidemiology to genomics, targeted for students in
the Middle East as well as North and Sub-Saharan Africa
The Goal of MeBoP: 1. To provide high-caliber scientific training covering various aspects
of parasitology research from molecular biology and epidemiology to genomics. We
believe that it is critical that scientific skills that are well established elsewhere in the world
are disseminated to endemic areas where they can be put into practice to face local issues.
2. To provide an environment where young scientists from conflicted political areas are
given the opportunity to focus on their mutual professional interests and goals, and to
promote networking and the building of professional collaborations across these areas.
Website: https://www.middle-eastbop.com/ Youtube: https://youtu.be/BGECO_dgASY
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2d: Interactor of RAC functions as a potential sensor of encystation
in Giardia
Shih, Han-Wei (Department of Biology, University of Washington, Seattle
WA 98115, USA); Paredez, Alexander (Department of Biology,
University of Washington, Seattle WA USA 98115)

Giardia trophozoites possess tremendous capacities for survival.
Trophozoites, in response to increased bile and alkaline pH, encyst and
survive for significant periods outside of host. Importantly, the molecular
mechanisms governing perceived stimulation and activating signal
transduction of encystation remain unknown. Our previous study
indicated that small GTPase, RAC, is necessary for trafficking and
deposition of cyst wall protein (CWP). Here, we identify a novel interactor
of RAC, which we have named Encystation receptor (EncystR). EncystR
was shown to localize to plasma membrane of Trophozoites, and where
the knockdown of EncystR reduces production of CWP following
exposure to encysting medium. Interestingly, the encystation medium
2+
not only triggered an increase of [Ca ]cyt, but also caused dramatic
internalizations of EncystR and RAC to the same subcellular
compartment within 30 minutes. Knockdown of RAC reduced the
percentage of encystations-induced internalization of EncystR, and
ca
overexpression of RAC significantly activated the internalization of
EncystR without increased bile and alkaline pH, implicating an integral
role by RAC in the regulation of the endocytosis of EncystR. In total, our
results implicate EncystR as a potential sensor and modulator of Giardia
encystation.
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2e: Calmodulin and Calcineurin Regulate Flagellar Motility in
Leishmania
Mukhopadhyay, Aakash G. (Kusuma School of Biological Sciences,
Indian Institute of Technology Delhi, New Delhi, IND); Dey, Chinmoy S.
(Kusuma School of Biological Sciences, Indian Institute of Technology
Delhi)

The flagellum of the protozoan parasite Leishmania is a highly versatile
organelle that performs numerous functions beyond simple swimming.
We have previously reported a demembranated ATP-reactivated model
of Leishmania which allowed us to discover a cAMP mediated "wave
reversal" from tip-to-base flagellar waves to base-to-tip ciliary waves.
Here, we investigated the roles of calcium and its downstream mediators
in flagellar motility regulation in L. donovani by fast-capture
videomicroscopy. In the non-pathogenic protozoa Crithidia, an increase
in calcium levels have been reported to induce wave reversal to ciliary
waves. Using the calcium ionophore A23187, we observed that neither
an increase nor a decrease in calcium levels induced ciliary waves in live
parasites. Surprisingly, pharmacological inhibition of calmodulin (CaM)
led to 3 and 7 fold increase in the number of parasites displaying at least
one ciliary beat in live and reactivated parasites respectively. The CaMdependent phosphatase calcineurin (CaN) has been reported to play
critical roles in the adaptive response of Leishmania parasites towards
environmental stresses. Inhibition of CaN in live parasites induced
approximately 3 fold increase in the number of parasites displaying at
least one ciliary beat. Taken together, our results indicate the presence
of a calcium-independent, CaM-dependent CaN-mediated mechanism by
which Leishmania parasites regulate the waveform of the flagellum. Data
further suggests that CaM and CaN operate antagonistically to cAMP
signalling in Leishmania, as inhibition of either CaM or CaN mimics the
effects of an increase in cAMP levels. These two signalling pathways are
possibly involved in maintaining the balance between the two
waveforms, essential for responding to environmental cues, survival and
infectivity.
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TT11: Identification and Characterization of PfCDPK5 Interacting
Factors
Rudlaff, Rachel M. (Biological and Biomedical Sciences, Harvard
University, USA); Blomqvist, Karin (Department of Microbiology, Tumor
and Cell Biology, Karolinska Institutet); Helmel, Michaela (Department of
Pathology, Boston Children’s Hospital); Adapa, Swamy (Department of
Global Health, University of South Florida); Wang, Changqi (Department
of Global Health, University of South Florida); Jiang, Rays (Department
of Global Health, University of South Florida); Steen, Hanno (Department
of Pathology, Boston Children’s Hospital); Dvorin, Jeffrey D. (Division of
Infectious Diseases, Boston Children’s Hospital and Department of
Pediatrics, Harvard Medical School)

Successful egress from a host red blood cell is required for Plasmodium
propagation. We have previously shown that P. falciparum calciumdependent protein kinase 5 (PfCDPK5) is critical for this process. In
more recent work, we have demonstrated that microneme secretion is
impaired in PfCDPK5-deficient parasites, and that this defect directly
causes the egress block. To further elucidate the mechanism by which
PfCDPK5 promotes egress we utilized the BioID system. For these
experiments, we fused the promiscuous biotin ligase, BirA*, to PfCDPK5
to identify proteins in close proximity to PfCDPK5 during late schizogony.
These candidate PfCDPK5-interacting proteins include myosins, a
phosphatase, several conserved proteins of unknown function, and
interestingly, four candidate PfCDPK5 substrates identified in a series of
phosphoproteomics experiments. In our ongoing work to characterize
these proteins we have observed that several co-localize with PfCDPK5,
providing additional evidence for a bona fide interaction. We will further
characterize interactions between candidate proteins and PfCDPK5 by
co-immunoprecipitation, additional co-localization assays, in vitro kinase
assays, and functional genetic experiments. These studies will allow us
to develop a more cohesive understanding of the pathways that lead to
egress and determine the precise mechanism by which PfCDPK5
promotes egress.
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TT12: In vitro genetic analysis in Babesia divergens reveals of
cGMP-dependent protein kinase (PKG) as essential for parasite
egress and a druggable target
Elsworth, Brendan (Harvard School of Public Health, Boston, MA, USA);
Moreira, Cristina (Harvard School of Public Health, USA); Paul, Aditya
(Harvard School of Public Health); Duraisingh, Manoj (Harvard School of
Public Health)

Infection of the blood-stream with Babesia parasites results in significant
veterinary and zoonotic human disease. Our understanding of the
essential processes of Babesia infection is severely limited. In the
evolutionarily-related parasites P. falciparum and T. gondi, the cGMPdependent protein kinase (PKG) is a central signal transduction molecule
required to initiate processes required for egress from host cells,
including the mobilization of secretory organelles, parasitophorous
vacuole breakdown, and for gliding motility required for T. gondii
invasion. We sought to determine the role of B. divergens PKG in
parasite egress and invasion, and to assess its druggability. However,
genetic tools to study Babesia have been limited, preventing the study of
many essential processes. Here, we describe rapid stable transfection in
B. divergens, with integration occurring in 1-2 weeks, as well as the
development of genetic tools to study essential genes. We targeted the
B. divergens PKG gene using the glmS system to regulate gene
expression. BdPKG knockdown results in reduced parasite proliferation
in erythrocytes. Combination of the apicomplexan PKG-specific inhibitors
Compound 1 and 2 (C1 and C2) with BdPKG knockdown produced a
significant synthetic lethal effect. Following treatment with C2, B.
divergens parasites fail to egress, but continue to divide intracellularly for
at least three additional cycles. Further, we established CRISPR/Cas9
gene editing to introduce the gatekeeper residue mutation T651Q in
BdPKG, predicted to reduce C1 and C2 binding in B. divergens.
Parasites harboring this mutation demonstrated reduced sensitivity to
both C1 and C2. With our new in vitro genetic approaches we have
validated BdPKG as an essential parasite target required for parasite
egress from host cells.
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TT13: Toxoplasma gondii has two distinct O-fucosyltransferases:
the nucleocytosolic SPY and the ER-localized POFut2
Bandini, Giulia (Boston University, Boston, MA, USA); Hichikawa, Travis
(University of Georgia); Haserick, John (Boston University); Leon,
Deborah (Boston University); Hoppe, Carolin (Hannover Medical
School); Routier, Francoise (Hannover Medical School); Costello,
Catherine (Boston University); West, Christopher (University of Georgia);
Samuelson, John (Boston University)

Nucleocytosolic O-GlcNAc transferase (OGT) is sensitive to the nutrient
status of the cell and modifies Ser/Thr residues of many host proteins
involved in transcription, translation and signaling. Toxoplasma
gondii encodes an OGT paralog, SPINDLY, which is absent in the host
but present in plants. Here we show that T. gondii SPINDLY (TgSPY) is
the nucleocytosolic O-fucosyltransferase that tranfers fucose
monosaccharides on Ser/Thr residues of >70 proteins involved in mRNA
processing, nuclear transport, and signaling. These O-fucosylated
proteins form assemblies in close proximity to the nuclear pore
complexes, which are themselves modified with O-fucose. Stable
knockout of spy in tachyzoites causes loss of nuclear binding by the
fucose-specific Aleuria aurantia lectin (AAL) by IFA and loss of AAL
binding to Western blots of total cell lysates.
The T. gondii genome also encodes a homolog of the host peptide:Ofucosyltransferase 2, which transfers fucose to thrombospondin type I
repeats (TSRs). TgPOFut2 localizes to the endoplasmic reticulum by in
situ tagging. Knockout of pofut2 and nst2, the GDP-Fucose sugar
nucleotide transporter, has no effect on nuclear O-fucosylation
but causes a reduction in growth in culture, likely due to a defect in
parasite invasion. Mass spectrometry analysis shows the TSR1 on MIC2
is modified with O-fucose and knockout of either pofut2 or nst2 results in
reduced cellular MIC2 levels. Furthermore, in both knockouts MIC2 is
mislocalized to the early secretory pathway in a fraction of the cells.
In summary, our data shows that T. gondii has two Ofucosyltransferases: SPY that modifies proteins that accumulate adjacent
to the nuclear pore complexes, and POFUT2 that modifies secreted
proteins with TSRs.
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Session III: Catching the Ride – Parsites in
Endopterygota
Chairs: Gunnar Mair & Katarzyna Modrzynska
Monday, September 11, 201
1:00 pm – 3:30 pm
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3a: A seven-helix protein acts as a key regulator of translation during
human-to-mosquito transmission of Plasmodium falciparum
Bennink, Sandra (Division of Cellular and Applied Infection Biology, RWTH
Aachen University, Aachen, DEU); von Bohl, Andreas (Division of Cellular and
Applied Infection Biology, RWTH Aachen University); Ngwa, Che J. (Division of
Cellular and Applied Infection Biology, RWTH Aachen University); Henschel,
Leonie (Division of Cellular and Applied Infection Biology, RWTH Aachen
University); Kühn, Andrea (Research Center for Infectious Diseases, University
of Würzburg); Pilch, Nicole (Division of Cellular and Applied Infection Biology,
RWTH Aachen University); Scheuermayer, Matthias (Research Center for
Infectious Diseases, University of Würzburg); Repnik, Urska (Department of
Biosciences, University of Oslo); Orchard, Lindsey M. (Department of
Biochemistry and Molecular Biology, The Pennsylvania State University);
Griffiths, Gareth (Department of Biosciences, University of Oslo); Llinas, Manuel
(Department of Biochemistry and Molecular Biology, The Pennsylvania State
University); Pradel, Gabriele (Division of Cellular and Applied Infection Biology,
RWTH Aachen University)

The complex life-cycle of the human malaria parasite Plasmodium falciparum
requires a high degree of tight coordination allowing the parasite to adapt to
changing environments. One of the major challenges for the parasite is the
human-to-mosquito transmission, which starts with the differentiation of blood
stage parasites into gametocytes, followed by the rapid conversion of the
gametocytes into gametes, once they are taken up by the blood-feeding
Anopheles vector. We here report on a novel seven-helix protein of P.
falciparum, termed 7-Helix-1, which is specifically expressed in the maturing
female gametocytes, located in granular structures. The protein shares 38%
homologies with human LanC-like 2, a master regulator of Akt-kinase-mediated
signaling pathways. Malaria parasites lacking 7-Helix-1 (7-Helix-1KO) form
significantly reduced numbers of emerged macrogametes, resulting in impaired
transmission of 7-Helix-1KO parasites to mosquitoes. Microarray analyses
revealed that in female gametes the loss of 7-Helix-1 particularly leads to an
altered expression of genes related to stress granules, pointing to impaired
protein biosynthesis in these stages. In accord with these findings, inhibitors of
translation are able to mimick the 7-Helix-1KO phenotype in wildtype parasites.
Among the genes up-regulated in 7-Helix-1KO we identified a gene encoding the
plasmodial elongation factor eEF1β. While eEF1β is expressed both in asexual
blood stages and gametocytes, the protein levels are significantly decreased in
the latter stages, when 7-Helix-1 is missing. We hypothesize that 7-Helix-1 is part
of stress granules in female P. falciparum gametocytes and here acts as a key
regulator of translation during female gametogenesis, when translational
repression of stored transcript is released to initiate the synthesis of proteins
important for parasite development in the mosquito midgut.
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TT14: Bio-ecology of malaria vectors: DNA barcoding to detect
natural plant sources of Anopheles gambiae
Nyasembe, Vincent O. (International Center of Insect Physiology and
Ecology, USA); Tchouassi, David P. (International Center of Insect
Physiology and Ecology); Pirk, Christian W. W. (University of Pretoria);
Sole, Catherine L. (University of Pretoria); Torto, Baldwyn (International
Center of Insect Physiology and Ecology)

The role of plant sources in the ecology of malaria vectors is
underscored by their contribution to vector fitness through provision of
nutrients vital for various metabolic processes. In addition, these vectors
imbibe other secondary metabolites which are likely to modulate their
vectorial capacity either by enhancing parasite development and
replication in the vector, thereby increasing transmission potential, or by
deterring parasite development in the vector. This last phenomenon has
recently been demonstrated in malaria vector Anopheles gambiae
feeding on Parthenium hysterophorus-derived metabolite parthenin,
which deterred the sporogonic development of Plasmodium falciparum.
Despite their prominent impact on disease transmission potential,
information on the natural plant sources of the malaria vectors remain
scarce, largely due to lack of appropriate tool to accurately identify them.
My presentation will provide insight into molecular identity of the
preferred natural host plants of the malaria vector, An. gambiae and their
nutritional value. I will further present evidence of chemical cues
mediating the interactions of the malaria vector with its natural host
plants.
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TT15: Identifying proteins up-regulated in infectious Plasmodium
sporozoites by mass spectrometry-based proteomics
Swearingen, Kristian E. (Institute for Systems Biology, Seattle, WA,
USA); Lindner, Scott (Pennsylvania State University); Shears, Melanie
(Johns Hopkins University); Sinnis, Photini (Johns Hopkins University);
Kappe, Stefan (Center for Infectious Disease Research); Moritz, Robert
(Institute for Systems Biology)

Malaria infection is initiated when Plasmodium sporozoites are deposited
in the skin by the bite of an infected mosquito. Though morphologically
similar, sporozoites isolated from mosquito salivary glands are 10,000fold more infectious than oocyst sporozoites taken from the mosquito
mid-gut as measured by a delay in the time to patency. Differences in
gene expression between these two stages are expected to reveal genes
and proteins critical to development of sporozoite infectivity. Here, we
have used mass spectrometry-based proteomics to survey the proteins
present in P. falciparum and P. yoelli salivary gland sporozoites and
oocyst sporozoites, identifying over 2,000 proteins in each species.
Using label-free quantitative methods, we have identified proteins that
exhibit significantly different expression levels between oocyst and
salivary gland sporozoites, including many that have not previously been
identified as such from transcriptomics studies. We further examined the
mass spectrometry data for evidence of post-translational modification of
proteins. Consistent with our previous studies of P. falciparum and P.
vivax salivary gland sporozoites, we found that the sporozoite surface
proteins CSP and TRAP were also glycosylated in P. yoelii salivary gland
sporozoites as well as in P. falciparum and P. yoelii oocyst sporozoites.
Additionally, we found that the TRAP-like protein TREP, a surface
protein that is up-regulated in oocyst sporozoites, was similarly
glycosylated. We also identified hundreds of sporozoite proteins
exhibiting acetylation of protein N-termini, including at sites of cleaved
signal peptides, information that will help to identify proteins targeted for
secretion in infective sporozoites.
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TT16: Identification of Novel Protein Glycosylation in Plasmodium
sporozoites
Shears, Melanie (Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD, USA); Kasper, Brian (New York University Department of
Chemistry, New York, NY); Zhang, Lauren (New York University
Department of Chemistry, New York, NY); Swearingen, Kristian E.
(Institute for Systems Biology, Seattle, WA); Mortiz, Robert L. (Institute
for Systems Biology, Seattle, WA); Mahal, Lara K. (New York University
Department of Chemistry, New York, NY); Sinnis, Photini (Johns Hopkins
Bloomberg School of Public Health, Baltimore, MD)

Protein glycosylation is an important post-translational modification that
modulates protein function in many organisms. Protein glycosylation in
Plasmodium was previously thought to be limited to glycophosphatidyl
inositol anchors, but recent discoveries have revealed the presence of Nglycans and identified O- and C-linked glycans on the essential
sporozoite vaccine antigens CSP and TRAP. Other studies have
identified a range of sugar nucleotide precursors in parasites that could
be used for these modifications. These findings suggest protein
glycosylation in Plasmodium may be more extensive than previously
assumed, and indeed may be relevant for anti-malarial vaccine design.
To probe for novel protein glycosylation on the surface of malaria
sporozoites, we performed a screen using an array of carbohydratebinding proteins (lectins) with known glycan binding specificities. We
identified several lectins with affinity for sporozoites, and confirmed their
binding was sensitive to competition with corresponding
monosaccharides. We further showed that although these lectins were
identified based on their binding to the sporozoite surface, they
predominantly recognize glycans on intracellular proteins. These findings
pave the way for lectin pull down experiments to identify these
glycosylated proteins and more fully characterize their glycans. In a
complimentary line of investigation, we have begun generating antiglycan antibodies targeting the O- and C- linked glycan modifications of
CSP and TRAP to better probe the function of these modifications. This
work will further our understanding of protein glycosylation in
Plasmodium and help uncover the role of both novel and recently
described glycans in malaria parasites.
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TT17: Plasmodium Transmission is Critically Regulated by
CAF1/CCR4/NOT Deadenylase Assembly and Function
Hart, Kevin (Pennsylvania State University, USA); Walker, Michael
(Pennsylvania State University); Kennedy, Mark (Pennsylvania State
University); Lindner, Scott (Pennsylvania State University)

The transmission of the malaria parasite between mosquitoes and
mammals requires translational repression to ensure that only the proper
proteins are expressed at the right time, while still allowing the parasite
to prepare the mRNAs it will need for the next developmental stage. With
relatively few known specific transcription factors (ApiAP2 family) that
may specifically initiate gene transcription, Plasmodium also regulates
the stability and turnover of transcripts to provide more comprehensive
gene regulation. The CAF1/CCR4/NOT complex has been shown in
model organisms to be important for not only mRNA degradation, but
also translational control through its deadenylases CAF1 and CCR4.
However, few proteins that impose TR in Plasmodium sexual stages are
known, and those that are characterized primarily affect female
gametocytes. We have identified and characterized CCR4-1, which we
show plays a role in activating male gametocytes, stabilizing transcripts
in gametocytes, and regulating host-to-vector transmission. We find that
when ccr4-1 is knocked-out, there is a loss in the coordination of male
gametocyte activation and a reduction in the ability of the parasite to
productively infect the mosquito that is independent of its effect upon
male activation. Comparative RNA-seq shows that the deletion of ccr4-1
affects many transcripts that are translationally repressed and important
for early mosquito stage development. While genetic deletion of the
major deadenylase Caf1 is lethal, we find that expression of the Nterminal Caf1 domain is permissive, but prevents proper complex
assembly and phenocopies the ccr4-1 deletion. We therefore conclude
that the general and transmission-specialized deadenylases of the
CAF1/CCR4/NOT complex play critical and intertwined roles in parasite
growth and transmission.
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3b: Breaching borders without a visa: understanding trypanosome
migration within the tsetse. What can 3D microscopy tell us about
parasite movement through the vector?
Rose, Clair (Liverpool School of Tropical Medicine, Liverpool, GBR);
Dyer, Naomi (Liverpool School of Tropical Medicine); Acosta-Serrano,
Alvaro (Liverpool School of Tropical Medicine)

Trypanosoma brucei undergoes a complex life cycle within the tsetse
vector, which involves migration and colonization of different fly
tissues. Establishment of a trypanosome infection occurs after the
parasites reach the ectoperitrophic space (ES), which is in direct contact
with the gut epithelium and is separated from the lumen by the 3-layered
peritrophic matrix (PM). Although unproven, the most widely accepted
hypothesis on how T. brucei reaches the ES is by direct crossing of the
tsetse PM. However, PM degradation by trypanosomes is unlikely
considering that this is a chitin-rich tissue and T. brucei lacks chitinase
activity. Furthermore, while previous microscopy experiments show
trypanosomes confined between PM layers, evidence of degradation
from the midgut lumen or towards the ES have so far been elusive. We
re-studied this event by a combination of 3D-fluorescent and -electron
microscopy. We found no evidence supporting PM degradation by
trypanosomes. Instead, we discovered that trypanosomes invade the ES
via the proventriculus (PV - point of PM synthesis), a process that also
accounts for the formation of “parasite pockets”, which are then carried
along the entire length of the gut as the PM gets synthetized. We
propose that after the fly takes an infected bloodmeal, trypanosomes first
enter the ES via the PV, which is crucial to establish a midgut infection.
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3c: Leishmania metacyclics dedifferentiate to replicative
retromonads exposing a hidden cycle that amplifies infectivity of
sand flies ensuring transmission efficacy
Donatelli Serafim, Tiago (NIAID/NIH, Rockville, MD, USA); CoutinhoAbreu, Iliano (NIAID/NIH); Oliveira, Fabiano (NIAID/NIH); Meneses,
Claudio (NIAID/NIH); Kamhawi, Shaden (NIAID/NIH); Valenzuela, Jesus
(NIAID/NIH)

The life cycle of Leishmania in the sand fly midgut has been well studied.
The parasites undergo several developmental stages that give rise to
infectious metacyclics, forms adapted for transmission to mammalian
hosts. To date, metacyclics have been considered as a final terminally
differentiated stage in the sand fly midgut. Here, we reveal a hidden
developmental cycle that drives continued augmentation of metacyclics
within an infected fly. It is established that a sand fly harboring a mature
infection transmits the parasite as it takes a bloodmeal. Remarkably,
blood causes Leishmania metacyclics to dedifferentiate into a
replicative leptomonad-like stage within the thoracic anterior midgut in a
process we refer to as reverse metacyclogenesis. This newly observed
phenomenon resets the infection inside the vector significantly increasing
the number and homogeneity of the parasites through additional rounds
of multiplication prior to redifferentiating back to infective metacyclics.
Moreover, haptomonad promastigotes significantly increase in number
forming a larger and more distinct spheroid structure, the haptomonad
plug, that physically blocks the stomodeal valve further promoting
transmission. The effect of taking a subsequent bloodmeal after
acquiring Leishmania parasites is equally critical for early infections. Our
data shows that only a median of 52 (L.longipalpis) and 80 (P.papatasi)
parasites are taken up by a sand fly naturally feeding on an infected
host. In the absence of a second bloodmeal, the large majority of
infections are poor or lost, and the sand fly cannot transmit the parasites.
In contrast, the majority of flies that obtain another bloodmeal 6 days
after infection, as they would naturally, develop transmissible infections.
Together, our data reveal the critical role of multiple bloodmeals in
Leishmania development within sand flies that extends beyond
metacyclics to expose a novel cycle of parasite amplification that
enhances vector infectivity with every bloodmeal.
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3d: Patterns of gene expression modulation in Leishmania-infected sand
fly midguts
Coutinho-Abreu, Iliano (National Institutes of Health, USA); Serafim, Tiago
(National Institutes of Health); Oliveira, Fabiano (National Institutes of Health);
Kamhawi, Shaden (National Institutes of Health); Valenzuela, Jesus (National
Institutes of Health)

Leishmania completely develops in the sand fly midgut, where it undergoes
morphological and molecular changes leading to the differentiation into the
mammalian-infective metacyclic form. The leishmania journey in the sand fly also
faces the hurdles imposed by the midgut, such as the harmful action of
proteolytic enzymes, immune system, and peritrophic matrix, as well as docking
to the epithelium and migration to the anterior midgut. Despite the complexity of
the biological processes that lead to a successful transmission of leishmania by
sand flies, little is known about the molecular events that underlies the
leshmania-sand fly interaction. In order to fill this gap and further understand the
molecular plasticity of the infected sand fly midgut transcriptome, we carried out
a broad RNA sequencing investigation of Lutzomyia longipalpis midguts infected
with Leishmania infantum using the Illumina Technology. The expression profiles
were also validated by nCounter (Nanostring). Fourteen libraries were
constructed, encompassing seven time points during the parasite development in
the sand fly midgut along with seven matched uninfected midgut controls.
Overall, eleven thousand genes were identified in the RNASeq libraries, being
roughly seven thousand sand fly genes, three thousand leishmania genes, and
the remaining ones mammalian genes. By focusing on the sand fly-specific
genes, we identified signatures of gene expression pointing that leishmania finetunes gene expression in the sand fly midgut in order to survive. In leishmania
infected midguts: (1) A greater proportion of genes are down-regulated in the
beginning of the digestive process when digestive enzymes and the immune
system are fully active; (2) There is a greater proportion of up-regulated genes at
the end of the digestive process, when leishmania needs to escape from the
peritrophic matrix; (3) When the infective metacyclic forms are most abundant a
higher proportion of genes are down-regulated; (4) The presence of leishmania
manipulates more the frequency of differential expressed genes than the
intensity of expression; and (5) There is a strong bias toward up-regulation of the
low abundance midgut genes by the presence of leishmania throughout its
development. All in all, this study answers an intriguing question of parasite
manipulating its vector, and opens the doors for understating a plethora of
biological processes essential for a successful leishmania development in the
sand fly vector. Such findings will also be of interest to inform future
immunological and genetic strategies for sand fly vector control.
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TT18: The Leishmania mRNA-bound proteome changes throughout
the lifecycle; candidate trans-regulators of parasite differentiation
Pablos, Luis M. (University of York, USA); Dowle, Adam (University of
York); Ferreira, Tiago R. (University of York); Newling, Katherine
(University of York); Forrester, Sarah (University of York); Walrad,
Pegine B. (Centre for Immun. and Infection, Univ. of York, University of
York, GBR)

Leishmania spp. parasites adapt to drastic changes in environments
during their transmission between insect vectors and human hosts.
These adaptions require precise gene regulation to coordinate the timely
expression of stage-specific proteins essential for survival. Gene
regulation in Leishmania spp. parasites demonstrates near complete
reliance on post-transcriptional genetic control, yet insight into transregulators
which control lifecycle progression is limited. In comparison to
Trypanosomes, the molecular regulators behind Leishmania spp.
differentiation remain elusive.
To isolate key trans-regulators implicit in parasite differentiation and
infectivity, we crosslinked RNA binding proteins (RBPs) to bound mRNAs
in vivo using an optimised method with reduced stress, then
quantitatively identified the mRNA-bound and total proteomes of culturederived procyclic and metacyclic promastigotes and macrophage- and
lesion-derived amastigotes using mass spectroscopy. To verify RBP
expression profiles we endogenously tagged genes of differentiallyexpressed RBPs and performed western blot analyses and RNA
immunoprecipitation.
Over 1400 proteins display differential enrichment in the crosslinked
versus non-crosslinked mRNA-associated L.mexicana proteome, nearly
300 of which are lifecycle stage regulated. In line with our molecular
data, the transcriptome shows only 30% correlation to total protein levels
and no correlation to mRNA association. Our identification and
characterization of stage-specific RBPs provides novel insight into transregulatory mRNP complexes which drive lifecycle progression to human
infective forms.

38

TT19: GDV1 triggers sexual conversion and differentiation in malaria
parasites by antagonizing HP1-dependent gene silencing
Filarsky, Michael (Swiss Tropical and Public Health Institute, University of
Basel, Basel, Switzerland, Basel, CHE); Fraschka, Sabine A. (Department of
Molecular Biology, Radboud University, Nijmegen, The Netherlands);
Carrington, Eilidh (Swiss Tropical and Public Health Institute, University of
Basel, Basel, Switzerland); Niederwieser, Igor (Swiss Tropical and Public
Health Institute, University of Basel, Basel, Switzerland); Moes, Suzette
(Biozentrum, University of Basel, Basel, Switzerland); Jenoe, Paul
(Biozentrum, University of Basel, Basel, Switzerland); Bartfai, Richard
(Department of Molecular Biology, Radboud University, Nijmegen, The
Netherlands); Voss, Till S. (Swiss Tropical and Public Health Institute,
University of Basel, Basel, Switzerland)

Asexual blood-stage Plasmodium parasites proliferate through iterative
cycles of intra-erythrocytic replication. During each cycle a small number of
parasites commit to sexual development and differentiate into gametocytes,
the only forms able to infect the mosquito vector and transmit malaria.
Recent studies provided a first insight into the complex mechanisms inducing
sexual conversion in Plasmodium falciparum. The AP2-G transcription factor
was identified as master transcriptional regulator of gametocytogenesis.
Heterochromatin protein 1 (HP1)-dependent silencing of ap2-g prevents
sexual conversion on an epigenetic level and secures proliferation. Despite
these advances, the events and players leading to the activation of AP2-G
expression remain unknown.
Here, we identify gametocyte development 1 (GDV1) as HP1 interaction
partner and the first upstream activator of the sexual differentiation pathway
in P. falciparum. We show that induction of GDV1 expression is sufficient to
activate AP2-G expression and sexual differentiation. We furthermore found
that GDV1 targets heterochromatin and triggers HP1 eviction preferentially at
ap2-g and other gametocyte-specific genes. In addition we demonstrate that
GDV1-dependent activation of ap2-g is controlled via a gdv1 antisense RNA.
In summary, we identify GDV1 as an unprecedented cell fate decision factor
that induces sexual differentiation by antagonizing HP1-dependent gene
silencing. With these results we offer novel insights into the mechanisms
involved in the activation of sexual conversion in P. falciparum and provide a
basis for further investigation of this key step in parasite biology.
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TT20: Using metabolic profiling to define gametocytocidal modes of
action
Allman, Erik (Penn State University, University Park, PA, USA); Llinas,
Manuel (Penn State University)

Transmission-blocking approaches are considered a major intervention
strategy against malaria as they target significant bottlenecks in the
parasite’s lifecycle. To complete the transition from the human host to
the mosquito, blood stage Plasmodium parasites must sexually
differentiate into mature gametocytes, providing a critical juncture with
potentially profound therapeutic opportunities for reducing the spread of
infected mosquitoes and limiting the propagation of drug resistant
parasites. Surprisingly, the gametocyte stage has not been readily
targeted from a clinical standpoint and has been considered largely
quiescent. Currently, primaquine is the only clinically approved
antimalarial active against gametocytes, although its true mode of action
(MoA) and usage in individuals with G6PD deficiency remains
controversial. While several ‘omics’ approaches have begun to explore
the process of gametocyte maturation, these studies fail to address the
fundamental clinical question of what are the key pathways that can be
successfully targeted therapeutically. Using LC-MS-based metabolomics,
we are re-examining the specific metabolic requirements for proper
sexual differentiation as well as gametocyte sensitivity to certain
pharmacophores. We have recently focused on using defined metabolite
profiling methods which allows us to predict the mode of action for any
antimalarial compound by coupling the measurement of endo- and
exometabolites from sexual stage parasites. Our results using a series of
validated antimalarial compounds suggest MoA conservation across
asexual and sexual stages, although gametocytes display a markedly
reduced metabolic response. Interestingly, this abatement does not
appear to be the result of drug accessibly. Combined, this LC-MS-based
approach will serve to define gametocyte metabolism, characterizing
essential metabolites and biochemical pathways, and to elucidate critical
drug targets for transmission blocking strategies.
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TT21: Transcriptional profiling defines histone acetylation as a regulator of
gene expression during human-to-mosquito transmission of the malaria
parasite Plasmodium falciparum
Kiesow, Meike (Division of Cellular and Applied Infection Biology, RWTH Aachen
University, Aachen, DEU); Ngwa, Che J. (Division of Cellular and Applied
Infection Biology, RWTH Aachen University); Papst, Olga (Division of Cellular
and Applied Infection Biology, RWTH Aachen University); Orchard, Lindsey M.
(Department of Biochemistry and Molecular Biology, The Pennsylvania State
University); Filarsky, Michael (Department of Medical Parasitology and Infection
Biology, Swiss Tropical and Public Health Institute); Rosinski, Alina N. (Division
of Cellular and Applied Infection Biology, RWTH Aachen University); Voss, Till S.
(Department of Medical Parasitology and Infection Biology, Swiss Tropical and
Public Health Institute); Llinás, Manuel (Department of Biochemistry and
Molecular Biology, The Pennsylvania State University); Pradel, Gabriele (Division
of Cellular and Applied Infection Biology, RWTH Aachen University)

Transmission of Plasmodium falciparum from human to mosquito is mediated by
intraerythrocytic gametocytes. Because gametocytes are the only parasite stages
able to establish an infection in the mosquito, they are crucial for spreading
malaria. During gametocyte maturation, different repertoires of genes are wellcoordinated switched on and off, pointing to regulatory mechanisms of gene
expression. While epigenetic gene control has been studied during erythrocytic
schizogony, little is known about this process during human-to-mosquito
transmission. To unveil the potential role of histone acetylation during gene
expression in gametocytes, microarray-based transcriptome analysis on
gametocytes treated with the histone deacetylase inhibitor TSA were performed.
TSA-treatment impaired gametocyte maturation and lead to histone hyperacetylation. Comparative transcriptomics identified 294 transcripts more than 2fold up-regulated during gametocytogenesis following TSA-treatment, activated
gametocytes were less sensitive to TSA. TSA-treatment further led to repression
of approximately 145 genes in immature and mature gametocytes, 7 genes in
activated gametocytes. Up-regulated genes are mainly associated with functions
in invasion, cytoadherence, and protein export, while down-regulated genes
could particularly be assigned to transcription and translation. ChIP-qPCR
demonstrated a link between gene activation and histone acetylation for selected
genes. Among genes up-regulated in TSA-treated mature gametocytes was a
gene encoding the ring finger (RING)-domain protein PfRNF1, putative E3 ligase
of the ubiquitin-mediated signalling pathway. Immunochemistry demonstrated
PfRNF1 expression mainly in sexual stages with peak expression in stage II
gametocytes localized to nucleus and cytoplasm. Pfrnf1 promoter and coding
regions associated with acetylated histones, and TSA-treatment resulted in
increased PfRNF1 levels. Our combined data point to an essential role of histone
acetylation for gene regulation in gametocytes, which can be exploited for
malaria transmission-blocking interventions.
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TT22: Dissecting the role of PfAP2-G in the regulation of
gametocytogenesis
Josling, Gabrielle (Department of Biochemistry and Molecular Biology and
Huck Center for Malaria Research (CMaR), Pennsylvania State University,
PA, USA, University Park, PA, USA); Venezia, Jarrett (Department of
Biochemistry and Molecular Biology and Huck Center for Malaria Research
(CMaR), Pennsylvania State University, PA, USA); Orchard, Lindsey
(Department of Biochemistry and Molecular Biology and Huck Center for
Malaria Research (CMaR), Pennsylvania State University, PA, USA);
Painter, Heather (Department of Biochemistry and Molecular Biology and
Huck Center for Malaria Research (CMaR), Pennsylvania State University,
PA, USA); Llinás, Manuel (Department of Biochemistry and Molecular
Biology and Huck Center for Malaria Research (CMaR), Pennsylvania State
University, PA, USA)
PfAP2-G is a DNA-binding protein which has been shown to play a crucial
role in gametocytogenesis. Conditional knockdown (DD-FKBP) of PfAP2-G
allowed us to identify mRNAs that may be regulated by PfAP2-G using whole
genome transcriptomics. In addition to many known gametocyte-specific
genes, we identify a small group of potentially new early markers of
gametocytogenesis that are rapidly upregulated after PfAP2-G stabilisation
and thus are likely to be direct targets.
We have also performed chromatin immunoprecipitation followed by next
generation sequencing (ChIP-seq) to identify genes that are directly
regulated by PfAP2-G binding. ChIP-seq was performed at three timepoints:
schizonts, early rings, and stage I gametocytes. These data show that
PfAP2-G binds upstream of several hundred genes and confirm that it binds
the promoters of early gametocyte genes, clarifying its role in initiating the
gametocyte transcriptional program. As proposed previously, PfAP2-G is
highly enriched in its own promoter, suggesting that it may regulate its own
expression. Unexpectedly, our results also show that PfAP2-G is associated
with the promoters of the majority of known invasion genes. Coupled with our
transcriptional data, this suggests that PfAP2-G may play a dual role as both
a transcriptional activator and repressor. To better understand the role of
PfAP2-G in regulating gene expression in both gametocytogenesis and
invasion, we are using CRISPR-Cas9 to mutate predicted binding sites in the
promoters of several target genes and will test the effects of these mutations
on both mRNA levels and PfAP2-G binding. Overall, this work demonstrates
that PfAP2-G plays a central role in the commitment of malaria parasites to
gametocytogenesis as the parasite transitions away from an asexual
developmental program.
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4a: F-actin bundle formation controls long vesicle transport in
Toxoplasma gondii
Periz, Javier (Wellcome Trust Centre for Molecular Parasitology,
University of Glasgow, Glasgow, GBR); Gras, Simon (Welcome Trust
centre for Molecular Parasitology, University of Glasgow); Minina, Mario
(Wellcome Trust Centre for Molecular Parasitology, University of
Glasgow); Meissner, Markus (Wellcome Trust Centre for Molecular
Parasitology, University of Glasgow)

Apicomplexan is a phylum that include major human pathogens such as
Plasmodium spp and Toxoplasma gondii, responsible for malaria and
toxoplasmosis respectively. Like in other eukaryotes, actin motors in
Apicomplexa parasites are thought to exhibit a plethora of functions
which are central to the biology of the parasite such as cell motility,
cytoskeleton remodelling and cell replication. However, the role of actin
has remained obscure due to the lack of robust visualisation tools to
image actin in live cells. Here, we use Toxoplasma gondii as a model to
investigate the role of F-actin motors in intracellular trafficking and cell
communication in the parasitophorous vacuole of Apicomplexa.
Here we designed a two-colour assay consisting of actin chromobodies a new method to image live F-actin, and HALO-tagged adhesins, and
combined it with super-resolution microscopy implementations, SIM and
STORM. Using these tools we were able to do super-resolution live
imaging of F-actin dependent transport in the parasitophorous vacuole.
The individual cells consist of a dynamic cytoskeleton connected to the
nanotubular network. Actin in both the cell and the nanotubular network
contains a highly organised F-actin bundle structure. The actin network
forms complex tracks to support long directional collective vesicle
trafficking along the PVs. The importance of these results are discussed
in the context of the current models of actin motor organisation and the
emergent roles of adhesins and cell communication in the
parasitophorous vacuole.
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4b: Plasmodium falciparum rhoptry proteins and their contribution
to PSAC formation
Counihan, Natalie (Deakin University); Sudhakar, Smitha (Deakin
University); Bullen, Hayley (Burnet Institute); Crabb, Brendan (Burnet
Institute); Gilson, Paul (Burnet Institute); de Koning-Ward, Tania (Deakin
University)

Upon invasion of host cells, plasmodium parasites release the contents
from the rhoptries, which are a pair of specialized and unique secretory
organelles. Rhoptry proteins participate in a wide range of functions,
including invasion and other downstream events. The RhopH complex
resides in the rhoptry and contains 3 proteins (RhopH1, RhopH2 and
RhopH3) that are essential for parasite survival. Along with RhopH1,
RhopH2 and RhopH3 have recently been implicated in the formation of a
channel on the erythrocyte surface (plasmodial surface anion channel or
PSAC), which serves to increase erythrocyte permeability to allow for
supplementary nutrient uptake from the plasma. Here, we are
investigating how each member of the RhopH complex contributes to
PSAC formation. Conditional knockdown lines have been created in
human and murine models to dissect the function of each component. In
addition, pulldown assays with HA-tagged RhopH proteins have been
completed to investigate additional proteins important for PSAC
formation, and these will be further analyzed using SLI-TGD to determine
which are essential for parasite survival. These results highlight the
importance of PSAC formation to parasite survival.
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4c: Trafficking and Topology Identification of Plasmodium
falciparum Maurer’s Cleft two Transmembrane protein
Yadavalli, Raghavendra (Cleveland State University, Cleveland, OH,
USA); Peterson, John (The Cleveland Clinic); Drazba, Judith (The
Cleveland Clinic); Sam-Yellowe, Tobili

The multigene family member, PfA0680c (PF3D7_0114100), identified in
a proteomic study encodes a PEXEL positive integral membrane protein
Plasmodium falciparum Maurer’s Cleft (MC) 2 transmembrane (PfMC2TM). Colocalization confocal microscopy with ring exported protein 1
(REX1) showed that the protein is associated with MCs. Trafficking and
patterns of association of the proteins with the MC membrane is
unknown. In the present study, antibodies generated against N and Cterminal peptides of PfMC-2TM were used to investigate protein traffic
and topology following export of the endogenous protein into the
erythrocyte cytoplasm. We performed stage specific brefeldin A (BFA)
treatment, streptolysin O (SLO) and digitonin permeabilization of mature
parasites and solubility studies using sodium carbonate and urea to
characterize protein solubility during association with the MC and
erythrocyte membrane. Protease access was used to determine protein
orientation in association with MC and erythrocyte membrane.
Immunofluorescence and immunoblotting showed that PfMC-2TM is
synthesized by 4 hours post invasion and sensitive to BFA in the ring
and trophozoite stages, suggesting traffic through the classical secretory
pathway. Permeabilization and trypsin accessibility data shows that
PfMC-2TM is associated with the MC, with the N and C-termini exposed
to the erythrocyte cytoplasm. Solubility studies show that PfMC-2TM
remains as an integral membrane protein during its traffic across the
parasitophorous vacuole membrane. Solubility characteristics of PfMC2TM do not change even upon association with the MC and erythrocyte
membrane. PfMC-2TM lacks a canonical signal sequence and
possesses three transmembrane domains with a myristoylation site
predicted in the N-terminus (Plasmodb.org). Our data is suggestive of
protein-lipid interaction of PfMC-2TM with the MC and infected
erythrocyte membrane.
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TT23: Investigating the role of PfHsp70x, the sole parasite exported
Hsp70, in the display of antigens on the surface of the P. falciparum
infected RBC
Cobb, David (University of Georgia, USA); Florentin, Anat; Krakowiak,
Michelle; Muralidharan, Vasant

Molecular chaperones are essential for asexual P. falciparum survival.
Accordingly, chaperones are found in most compartments of the
parasite, including the cytoplasm, ER, apicoplast, and parasitophorous
vacuole. The P. falciparum-infected red blood cell also houses a number
of parasite chaperones, nearly all of which are identified as Hsp40 cochaperones. PfHsp70x is the only parasite-encoded Hsp70 identified in
the host cell, and therefore represented an attractive target for disrupting
parasite survival in the host cell. Using CRISPR/Cas9 gene editing in P.
falciparum, we have investigated the essentiality of PfHsp70x. We first
generated a conditional knockdown cell line for PfHsp70x by inserting
the glmS ribozyme sequence into the genomic locus of the chaperone.
Protein export and parasite survival were assessed during PfHsp70x
knockdown and were found to be unaffected. We next produced
pfhsp70x knockout parasites and similarly found that export to the host
cell and parasite survival were unaltered by absence of the protein. As
the sole exported parasite Hsp70, PfHsp70x is likely important for
parasite survival, despite the results generated with our PfHsp70x
mutants. Alternative hypotheses are being explored, including PfHsp70x
involvement in critical in vivo processes, such as PfEMP1 display at the
red blood cell surface. Assays to probe defects in the display of antigens
on the infected red blood cell membrane are underway, along with
identification of PfHsp70x interacting partners to reveal more detail about
the function of this exported parasite chaperone.
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TT24: Investigating the role of Exp2 in small molecule transport across the
parasitophorous vacuole membrane of Plasmodium falciparum
Garten, Matthias (Section on Integrative Biophysics, National Institutes of Health,
Eunice Kennedy Shriver National Institute of Child Health and Human
Development); Beck, Josh R. (Department of Molecular Microbiology,
Washington University School of Medicine); Glushakova, Svetlana (Section on
Integrative Biophysics, National Institutes of Health, Eunice Kennedy Shriver
National Institute of Child Health and Human Development); Nasamu, Armiyaw
S. (Department of Molecular Microbiology, Washington University School of
Medicine); Niles, Jacquin C. (Department of Biological Engineering,
Massachusetts Institute of Technology); Goldberg, Daniel E. (Department of
Molecular Microbiology, Washington University School of Medicine);
Zimmerberg, Joshua (Section on Integrative Biophysics, National Institutes of
Health, Eunice Kennedy Shriver National Institute of Child Health and Human
Development)

During erythrocyte invasion, Plasmodium falciparum (Pf) surrounds itself with the
parasitophorous vacuole membrane (PVM). While it is known that protein
transport across the PVM is mediated by the Plasmodium translocon of exported
proteins (PTEX), a previously described pore allowing small molecule/nutrient
permeation remains unidentified. Here we test the hypothesis that the putative
pore-forming component of PTEX and only channel forming protein identified in
the PVM, EXP2, has an unprecedented second role in facilitating small molecule
transport.
To characterize vacuole permeability, we used on-cell patch clamp of osmotically
extruded parasites that remain in their vacuole. To correlate EXP2 expression
with permeability, we used conditional EXP2 knockdown and overexpression
lines with 10%, 50%, 100% (WT) and 150% EXP2 content as determined by
western blot. The probability of finding the channel signature in a patch-clamped
vacuole scaled with EXP2 content. To exclude the possibility that reduction of
channel occurrence is due to defective protein export, we tested that interference
with a different PTEX component, HSP101, does not reduce the probability of
finding a channel. To directly implicate EXP2 in conductance, we truncated its
highly charged C-terminal end, speculating that this would change gating or
conductance characteristics of the channel. We find the gating of the truncated
channel to be shifted away from 0mV.
The most likely interpretation of the above data is that EXP2 is itself the PVM
pore, implicating EXP2 directly in small molecule transport across the PVM. It
remains to be shown if the ion permeation pathway is part of the translocon, is
created by EXP2 alone or as part of a different complex.
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TT25: PTEX component EXP2 is crucial to transport across the P.
falciparum parasitophorous vacuolar membrane
Beck, Josh R. (Washington University School of Medicine, St Louis, MO,
USA); Garten, Matthias (National Institutes of Health); Glushakova,
Svetlana (National Institutes of Health); Nasamu, Armiyaw (Washington
University School of Medicine); Niles, Jacquin (Massachusetts Institute
of Technology); Zimmerberg, Joshua (National Institutes of Health);
Goldberg, Daniel (Washington University School of Medicine)

Intraerythrocytic malaria parasites reside within a parasitophorous
vacuolar membrane (PVM) generated during host cell invasion.
Erythrocyte remodeling requires export of effector proteins across this
barrier and depends on the Plasmodium translocon of exported proteins
(PTEX). PTEX consists of three core proteins including the AAA+
ATPase chaperone HSP101 and two novel proteins known as PTEX150
and EXP2. EXP2 has been hypothesized to form a membrane-spanning
channel but its contribution to parasite biology has remained obscure. To
interrogate EXP2 function in Plasmodium falciparum, we employed the
TetR-DOZI-aptamer system to achieve regulatable EXP2 translation.
Knockdown of EXP2 revealed critical roles in protein export, small
molecule transport and blood-stage parasite survival. Surprisingly,
functional complementation studies with EXP2 mutants showed that a
highly charged C-terminal stretch of >50 residues is dispensable for
blood-stage function. Visualization of PTEX components in live parasites
revealed a patchwork distribution within the PVM suggestive of discrete
sites of export. However, split-GFP assays showed that PTEX
components are freely accessible to non-exported proteins residing in
the PV lumen, arguing against the existence of export-dedicated subcompartments. The expression timing of HSP101 and PTEX150 are
closely mirrored, peaking early in the ring stage, while EXP2 peaks in the
trophozoite stage. This corresponded with an increased ratio of EXP2 to
other PTEX components in the later part of the cycle as assessed by
western blot. Furthermore, co-immunoprecipitation
assays suggested substantial quantities of EXP2 exist outside of PTEX,
which may function in small molecule transport. Our results demonstrate
that EXP2 is necessary for translocation of molecules across the malaria
parasite PVM and provide support for its proposed role as a PVM pore.
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TT26: Unraveling the function of EXP1 in the asexual development
of P. falciparum parasites
Mesén-Ramírez, Paolo (Bernhard Nocht Institute for Tropical Medicine,
Hamburg, DEU); Bergmann, Bärbel (Bernhard Nocht Institut for Tropical
Medicine); Spielmann, Tobias (Bernhard Nocht Institute for Tropical
Medicine)

Malaria parasites replicate inside a parasitophorous vacuole (PV)
separated from the erythrocyte cytosol by the PV membrane (PVM). The
PVM serves as interface between erythrocyte and parasite and controls
crucial functions in parasite propagation. EXP1 is an integral PVM
protein expressed in erythrocytic and hepatic stages and has been
known for more than 3 decades. Previous work postulated that EXP1
possess glutathione S- transferase (GST) activity involved in the
detoxification of products of the hemoglobin metabolism, protecting the
parasite from oxidative damage. However, so far EXP1 has not been
directly targeted in blood stage parasites to corroborate this function.
We here used selection linked integration to generate P. falciparum
parasites where the exp1 gene can be conditionally knocked-out using
inducible DiCre recombinase. Knock-out parasites (∆EXP1) showed a
strong growth defect, evident by the accumulation of ring stages and
young aberrant trophozoites that cannot complete the schizogony.
Results obtained with fluorescent probes indicated that ∆EXP1 parasites
were not under elevated oxidative stress. Accordingly, complementation
with EXP1 constructs containing a mutated N-terminal catalytic site
important for the proposed GST activity rescued ∆EXP1 parasites to a
nearly similar extent than a wild type copy of EXP1. In contrast, EXP1
with a C-terminally fused fluorescent protein failed to rescue the knockout, suggesting an important role of the C-terminus. With the aim to
identify domains important for EXP1 function, we tested a series of
mutated and deletion EXP1 constructs for their capacity to complement
∆EXP1 parasites.
Taken together, our data does not support a vital role of EXP1 as a
membrane GST but demonstrates that EXP1 is essential for P.
falciparum asexual development.
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TT27: Plasmodium yoelii S4/CelTOS is important for oocyst survival and
sporozoite gliding motility
Steel, Ryan (Center for Infectious Disease Research, formerly Seattle Biomedical
Research Institute, USA); Pei, Ying (Center for Infectious Disease Research,
formerly Seattle Biomedical Research Institute); Camargo, Nelly (Center for
Infectious Disease Research, formerly Seattle Biomedical Research Institute);
Kaushansky, Alexis (Center for Infectious Disease Research, formerly Seattle
Biomedical Research Institute); Dankwa, Dorender (Center for Infectious Disease
Research, formerly Seattle Biomedical Research Institute); Vigdorovich, Vladimir
(Center for Infectious Disease Research, formerly Seattle Biomedical Research
Institute); Dambrauskas, Nicholas (Center for Infectious Disease Research,
formerly Seattle Biomedical Research Institute); Vaughan, Ashley (Center for
Infectious Disease Research, formerly Seattle Biomedical Research Institute);
Sather, Noah (Center for Infectious Disease Research, formerly Seattle
Biomedical Research Institute); Kappe, Stefan (Center for Infectious Disease
Research, formerly Seattle Biomedical Research Institute)

Gliding motility and cell traversal are important biological activities of the
Plasmodium parasites’ ookinete and sporozoite invasive stages, allowing
penetration of cellular barriers to establish infection of the mosquito vector and
mammalian host. The micronemal protein S4, described as critical for Cell
Traversal by Ookinetes and Sporozoites (CelTOS), is shared by these infectious
forms although analysis of the role in sporozoites was greatly encumbered by a
significant mosquito infection defect in knockout parasites. We generated rodent
malaria parasites either lacking S4/CelTOS (S4/CelTOS¯), or expressing
CTRP
S4/CelTOS under the ookinete-specific CTRP promoter (S4/CelTOS
). We
show that S4/CelTOS¯ parasites suffer significantly reduced salivary gland
sporozoite numbers not solely because of the previously described midgut
invasion defect, but also because the early oocyst stages that do form do not
CTRP
survive. The S4/CelTOS
parasites showed significant rescue of the mosquito
stage defects observed in S4/CelTOS¯ parasites and generated large numbers
of salivary gland sporozoites deficient in S4/CelTOS that were suitable for a
robust phenotypic analysis. Failure to develop blood stage infection and delays to
CTRP
patency were seen when BALB/cJ mice were infected with S4/CelTOS
sporozoites by intravenous and mosquito bite routes, with a greater defect seen
when infection was by mosquito bite. In addition to the previously reported defect
in cell traversal, we also show that sporozoites deficient in S4/CelTOS exhibit a
defect in gliding motility. We conclude that the molecular action of S4/CelTOS is
not limited to traversal per se, but includes roles critical for sporozoite motility and
oocyst development. Our findings should guide the further functional analysis of
this important protein and its potential use as a vaccine target.
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TT28: Increased Ca++ uptake by malaria-infected cells: evidence for
exported proteins and novel inhibitors
Kushwaha, Ambuj K. (National Institutes of Health (NIH), USA); Apolis,
Liana (National Institutes of Health (NIH); Ito, Daisuke (National Institutes
of Health (NIH); Desai, Sanjay A. (National Institutes of Health)

To facilitate survival within erythrocytes, malaria parasites remodel their
host cells by exporting proteins and increasing membrane permeability to
++
++
diverse solutes, including Ca . Although Ca uptake is essential for
parasite development, the mechanisms responsible for this ion’s
transport at each of the membranes within infected cells are largely
unexplored. To examine these mechanisms, we have developed a cell++
based assay that uses fluorescent Ca indicator dyes non-destructively
loaded into infected cells. Cell surface labeling with membraneimpermeant N-hydroxysulfosuccinimide esters revealed differing effects
++
on transport into infected and uninfected cells, indicating that Ca
uptake at the infected cell surface is mediated by new or altered proteins
at the host membrane. Conditional knockdown of PTEX, a parasitederived translocon for export of parasite proteins into the host cell,
++
significantly reduced infected cell Ca permeability, suggesting
involvement of parasite-encoded proteins trafficked to the host
membrane. A high-throughput screen of a 50,000-compound library was
++
then used to identify the first Ca transport inhibitors specific to
Plasmodium-infected cells. These novel chemical scaffolds inhibit both
uptake and parasite growth; improved in vitro potency of some hits at
++
reduced free [Ca ] is consistent with parasite-killing specifically via
++
action on one or more Ca transporters. These inhibitors should
++
uncover the precise functions of Ca within infected cells and enable
++
identification of genes involved in Ca transport; they may also be the
starting points for novel antimalarial drugs that interfere with parasite
++
Ca acquisition.
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TT29: Unconventional mitochondrial ribosomes in malaria parasites
Ke, Hangjun (Drexel University College of Medicine, Philadelphia, PA,
USA); Dass, Swati (Drexel University College of Medicine); Morrisey,
Joanne (Drexel University College of Medicine); Mather, Michael (Drexel
University College of Medicine); Vaidya, Akhil (Drexel University College
of Medicine)

The mitochondrial ribosome (mitoribosome) in malaria parasites
translates three genes encoded in the mitochondrial DNA (mtDNA). It is
composed of mtDNA-encoded small rRNA fragments (20-200 nt) and
nuclear-encoded ribosomal proteins. We aim to identify the protein/RNA
components of the malarial mitoribosome and to investigate
mitochondrial translation machinery. Here we characterized the
localization, essentiality, and function of one annotated large subunit of
the Plasmodium falciparum mitoribosome, PfmtRL13. Ectopic expression
of PfmtRL13-3HA localized it to the mitochondrion in the parasites. Blue
native gel electrophoresis and Western blot analysis of mitochondria
isolated from the transgenic parasites showed PfmtRL13-3HA to be
present in a large-molecular-weight complex (~1 MDa). Attempts to
knock out the gene using CRISPR/Cas9 in wildtype D10 and NF54attByDHOD (yeast dihydroorotate dehydrogenase) lines failed in numerous
attempts. Transgenic parasites conditionally expressing the PfmtRL13
were generated using the aptamer-TetR-DOZI system facilitated with
CRISPR/Cas9. Upon removal of anhydrotetracycline (ATc), these
parasites exhibited a severe growth arrest after three asexual cycles,
although the defect in the first two cycles was not dramatic. ATc
withdrawal also caused a loss of the mitochondrial membrane potential.
Remarkably, PfmtRL13 knockdown resulted in a dramatic change of the
mitochondrial morphology as determined by transmission electron
microscopy. The mitochondria appeared to become larger and longer
with more branches, suggesting an increase in mitochondrial mass upon
PfmtRL13 knockdown. Attempts to complement the knockdown parasites
with provision of decylubiquinone or yDHOD gene to bypass the
mitochondrial electron transport chain did not reverse the growth
inhibition phenotype. These results represent first investigation of
biological significance of the mitoribosome in malaria parasites.
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TT30: Putative heterotetramer structure of the Trypanosoma cruzi
mitochondrial calcium uniporter
Chiurillo, Miguel A. (Universidade Estadual de Campinas, São Paulo,
Brazil, Campinas, BRA); Lander, Noelia (Universidade Estadual de
Campinas, São Paulo, Brazil); Bertolini, Mayara (Universidade Estadual
de Campinas, São Paulo, Brazil); Storey, Melissa (University of Georgia,
Athens, GA.); Vercesi, Anibal (Universidade Estadual de Campinas, São
Paulo, Brazil); Docampo, Roberto (University of Georgia, Athens, GA.)
Trypanosoma cruzi (agent of Chagas disease) possesses a
mitochondrial calcium uniporter (MCU) with similar characteristics to
those of mammalian mitochondria. However, besides the absence of
EMRE and MCUR1 orthologs of the MCU complex, we found that T.
cruzi, and other trypanosomatids, possesses 3 paralogs of MCU that we
named TcMCUb, TcMCUc, and TcMCUd. The predicted structure
indicated that all of these paralogs are composed of two helical
membrane-spanning domains, connected by a short loop containing a
DIME motif, suggesting that they could form the pore of the MCU
complex as a heterotetramer. Therefore, we aimed at investigating the
role of these four TcMCU subunits in T. cruzi by analyzing
overexpression and knockout mutant cell lines. Overexpressing
epimastigotes of the four TcMCU subunits showed an increased capacity
2+
to take up Ca by their mitochondria. Additionally, by coimmunoprecipitation assays we observed that at least TcMCU and
TcMCUb form oligomers. Moreover, TcMCU, TcMCUb and TcMCUd
CRISPR/Cas9-mediated knockout cells showed impaired ability to take
2+
up Ca without affecting the mitochondrial membrane potential.
However, different to TcMCU-KO and TcMCUd-KO epimastigotes,
TcMCUb KO cells show reduced growth rate, ability to differentiate into
metacyclic trypomastigotes, and to efficiently infect host cells. Additional
evidence of the MCU pore conformation and other phenotypic
characteristics such as respiration and AMP/ATP ratio are also
presented. Finally, the predicted hetero-oligomeric structure of the T.
cruzi MCU complex, including structural and regulatory differences
compared to those suggested for mammalian cells could be exploited for
chemotherapeutic purposes.
Funded by: FAPESP N° 2013/50624-0 and 2014/13148-9
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TT31: Analysis of the Redox Status and its Effect on the
Proliferation of Plasmodium falciparum in Glucose-6-Phosphate
Dehydrogenase Deficient Erythrocytes
Meissner, Kamila A. (University of São Paulo, São Paulo, BRA);
Schettert, Isolmar (Hospital Novo Atibaia); Stefanello, Eliezer (University
of São Paulo); Liebau, Eva (University of Münster); Wrenger, Carsten
(University of São Paulo)

Malaria, caused by Plasmodium spp., remains with more than 400.000
deaths per year one of the vastest diseases of our time. Plasmodium
falciparum is the most dangerous species leading to severe malaria.
Nevertheless there are some native resistances known like sickle cell
trait or enzymopathies such as glucose-6-phosphate dehydrogenase
deficiency. However the precise mechanism of action is still unknown.
Several hypotheses like a better innate immune response or the
increased oxidative stress inside the altered erythrocytes are discussed.
This work is focusing on the oxidative defence system of P. falciparum
using transgenically modified parasites cultured in wild type and glucose6-phosphate dehydrogenase deficient red blood cells. Elevated
expression of different anti-oxidant systems in P. falciparum will give
insights in the mechanism of resistance of the pathogen during infection
of altered erythrocytes. Several transgenic cell lines have been
generated and analysed in proliferation assays. However, only the
plasmodial glutathione-S-transferase (GST) facilitates equivalent growth
in wild-type as well as in altered erythrocytes which clearly demonstrates
the importance of the GST in detoxification of redox metabolites in
glucose-6-phosphate dehydrogenase deficiency.
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TT32: Comparative genomics of P. falciparum and P. berghei using
metabolic modeling
Carey, Maureen (University of Virginia, Charlottesville, VA, USA); Papin,
Jason (University of Virginia); Guler, Jennifer (University of Virginia)
Mouse models of malaria are used to interrogate the causal parasite and
disease. However, few studies have characterized functional differences
between parasite species, limiting the generalizability of in vitro and in
vivo results. We aim to formalize and identify similarities and differences
in Plasmodium berghei and falciparum metabolism. We present a
functional comparative genomics analysis using metabolic modeling to
cross leverage genome annotations and gene essentiality found in each
species. The berghei and falciparum genomes contain 86 and 408
unique enzymes, respectively, but it is unclear whether these differences
arise from divergent functionality or incomplete genome annotation.
Thus, we generated a metabolic reconstruction of berghei to compare
with our recently published and well-curated falciparum reconstruction.
Using this approach, bioinformatic data is supplemented with genetic and
biochemical studies.
With these models, we make phenotypic predictions and validate the
networks by comparing predictions to experimental findings, such as
gene knockouts. By exploring where each network fails to predict
essentiality, we generate targeted experimental hypotheses for
improving genome annotation. Many in silico/in vitro discrepancies
involve enzymes in under-characterized pathways or in redundant
pathways. By comparing where the two species’ networks differ, we
generate hypotheses for exploring species differences. When using the
falciparum network to predict in vitro blood-stage berghei gene
essentiality, accuracy decreases by 20% relative to performance when
predicting falciparum essentiality. Falciparum predictions of gene
essentiality disagree with berghei experiments particularly in central
carbon metabolism, suggesting the two species have divergent
phenotypes during the blood stage. By contextualizing discrepancies
between predictions and experimental observations across related
organisms, this approach can be used to generate hypotheses that
explain and reconcile those differences.
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TT33: Elucidating the metabolic proof-reading capacity of P.
falciparum
Dumont, Laure (Department of Biochemistry and Molecular Biology,
University of Melbourne, Kensington, VIC, AUS); Hliscs, Marion (School
of BioSciences, University of Melbourne); Dixon, Matt (Department of
Biochemistry and Molecular Biology, University of Melbourne);
McFadden, Geoff (School of BioSciences, University of Melbourne);
McConville, Malcolm (Department of Biochemistry and Molecular
Biology, University of Melbourne); Tilley, Leann (Department of
Biochemistry and Molecular Biology, University of Melbourne); Cobbold,
Simon (Department of Biochemistry and Molecular Biology, University of
Melbourne)

The malaria parasite has high metabolic demands to facilitate its rapid
growth and cellular division during blood-stage development. The
parasite meets these requirements primarily via glycolysis, using glucose
as its main energy source and carbon supply for biomass production.
However, glycolysis is an imperfect process with several enzymatic
reactions producing toxic by-products that negatively impact metabolism
and cellular development. We investigated two proof-reading pathways
in Plasmodium, capable of detoxifying these unwanted metabolites. The
glyoxalase system is found ubiquitously across organisms and facilitates
the detoxification of methylgloxal, generated via incorrect functioning of
the glycolytic enzyme triose phosphate isomerase. Using CRISPR/Cas9
in P. falciparum, we successfully disrupted two genes, which encode the
cytosolic glyoxalase I (GloI) and apicoplast targeted glyoxalase II (tGloII)
enzymes, respectively. The evidence presented indicates that GloI is
non-essential despite a clear disruption of methylglyoxal detoxification in
knockout parasites. In contrast, disruption of tGloII induces a significant
growth defect in both asexual and sexual development. We also
investigated the proof-reading capacity of phospho-glycolate
phosphatase (PGP), and its ability to eliminate toxic metabolic byproducts. The non-standard metabolites phospho-lactate and 4-phosphoerythronate are derived from incorrect enzyme functioning and
accumulate when PGP is genetically disrupted. The accumulation of 4phospho-erythronate inhibits the pentose phosphate pathway and
thereby disrupts normal parasite metabolism. Altogether, we present two
independent case studies on the importance of metabolic proof-reading
in the malaria parasite and its positive impact on parasite development.
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TT34: Disruption of the de novo heme biosynthesis pathway leads to
severe defects of growth and acute virulence in Toxoplasma gondii
Dameron, Carly (Clemson University, USA); Teehan, Paige (Clemson
University); Floyd, Katherine (Clemson University); Villano, Martha Alexis
(Clemson University); Dou, Zhicheng (Clemson University)

Toxoplasma gondii is an Apicomplexan parasite that may cause severe
infectious disease in humans, with the ability to use foodborne, zoonotic, and
congenital routes of transmission. Toxoplasma de novo biosynthesizes and
also scavenges small nutrient molecules from host cells, such some amino
acids, nucleotides, and simple lipids, to support its intracellular growth. Heme
is an essential nutrient in all organisms, serving as a prosthetic
group conjugated to many proteins for many fundamental subcellular
activities. Toxoplasma encodes all the enzymes in the de novo heme
biosynthesis pathway in its genome. Mass spectrometry and endogenous
gene tagging evidence establish the expression of these genes during acute
infection. In this study, we focused on the
gene encoding the coproporphyrinogen III oxidase enzyme (TgCPOX) that
catalyzes the antepenultimate reaction within the pathway
in Toxoplasma. Among the entire pathway in Toxoplasma, this step is the
only reaction occurring in the cytosol. However, mammals generate the
products of all reactions upstream of the step CPOX catalyzes in the cytosol
of their own cells. Therefore, the deletion of TgCPOX blocks the utilization of
host cytosolic heme intermediates. We
also functionally complemented TgCPOX in the yeast mutant (∆hem13),
which lacks the ortholog of TgCPOX, proving TgCPOX is a functional
enzyme. We successfully ablated the TgCPOX gene by homologous
recombination. The resulting TgCPOX-null mutants showed smaller
plaques and slower replication than wild type parasites. The addition of
heme to the growth medium did not rescue the defects in plaque formation,
which excludes the possibility that Toxoplasma can access extracellular free
heme. The reported ingestion pathway of macromolecular
molecules raises a possibility of incorporation of host hemoproteins as a
strategy of supplementing heme needs in Toxoplasma. Most strikingly, the
mutant parasites displayed severely decreased virulence in a murine model,
suggesting that the de novo heme biosynthesis pathway plays a key role in
the pathogenesis of toxoplasmosis. Collectively, our findings will shed light
on the development of novel strategies to block heme production and
acquisition in order to benefit clinical management of Toxoplasma infection.

60

TT35: Reprogramming of the host metabolism during T. gondii
infection
Gendlina, Inessa (Albert Einstein College of Medicine, Montefiore, USA);
Kim, Kami (Albert Einstein College of Medicine, Montefiore)

Toxoplasma gondii is an obligate intracellular eukaryotic parasite able to
infect mammals including humans. Inside the host, T. gondii has to
acquire nutrients and subvert host machinery to their benefit, yet protect
itself from the host response. Host-parasite interplay is complex with
significant amount of crosstalk, as both host and parasite factors are
responsible for disease. Studies have demonstrated that T.
gondii infection induces significant changes to the host transcriptome,
and some of these changes occur in genes involved in the nutrient
pathways of glucose and lipid metabolism. Furthermore, one of the main
pathways altered during parasite infection includes Hypoxia-inducible
Factor - a central regulator of host metabolism. T. gondii additionally
remodel subcellular localization of host organelles and alter
mitochondrial localization, with recruitment of mitochondria to
parasitophorous vacuole by some T. gondii strains. Metabolic landscape
restructuring is essential to a wide range of processes including immune
cell activation and in cancer. Oncogenic transformation causes cellular
metabolic shift away from oxidative phosphorylation toward glycolysis
under aerobic conditions – known as the “Warburg effect”. Recent
studies revealed that metabolic shifts also occur during infection with
viruses, bacteria and other parasites. We characterize metabolic
landscape in the host cell during infection with T. gondii parasites. We
use extracellular flux analysis to examine metabolic perturbations during
infection. Our results demonstrate that similar to other pathogens,
infection with T. gondii induces metabolic alteration in infected
cells. However, unlike metabolic reprogramming in cancer and immune
cells, T. gondii lead to increase in both host glycolysis and mitochondrial
respiration. Ongoing work focuses on elucidating mechanism of this
metabolic interplay between the parasite and its host.
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5a: Parasitic flatworms use evolutionarily conserved machinery to
generate their "skin"
Wendt, George R. (University of Texas Southwestern Medical Center,
Dallas, TX, USA); Collins, James J (University of Texas Southwestern
Medical Center)

Schistosomiasis is a devastating neglected tropical disease caused by
parasitic flatworms of the genus Schistosoma. Schistosomes are related
to highly regenerative free-living flatworms called planarians. The
planarians’ regenerative capabilities rely upon a pluripotent population of
stem cells known as "neoblasts". We recently described a population of
stem cells found in Schistosoma mansoni that resembles the neoblasts
found within planarians. In schistosomes, these stem cells give rise to a
population of progenitor cells which are ultimately responsible for
generating the epithelium-like tegument of the parasite. The tegument is
widely thought to be a key virulence factor contributing to the
schistosome’s success as a parasite. We identified two transcription
factors, zfp-1 and zfp-1-1, that are required for the production and
maintenance of the tegument. Interestingly, these transcription factors
are conserved across all flatworms, including planarians. The planarian
homolog of zfp-1 has already been shown to be required for planarian
epidermal biogenesis. We found that the planarian homolog of zfp-1-1 is
also required for production and maintenance of the planarian epidermis.
This suggests that the schistosome has co-opted common molecular
machinery to create a tissue important to its function as a parasite.
Further study of tegument biology may lead to novel therapeutics to help
combat schistosomiasis.
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5b: Essential aspects of RNA metabolism for P. falciparum blood-stage
survival
Oberstaller, Jenna (University of South Florida, Tampa, FL, USA); Zhang, Min
(University of South Florida); Wang, Chenqi (University of South Florida); Otto,
Thomas (Wellcome Trust Sanger Institute); Liao, Xiangyun (University of South
Florida); Swanson, Justin (University of South Florida); Adapa, Swamy
(University of South Florida); Udenze, Kenneth (University of South Florida);
Bronner, Iraad (Wellcome Trust Sanger Institute); Li, Suzanne (University of
South Florida); Rayner, Julian (Wellcome Trust Sanger Institute); Jiang, Rays
(University of South Florida); Adams, John (University of South Florida)

Post-transcriptional and translational regulatory mechanisms have been shown
to play important roles in Plasmodium gene expression, particularly during the
sexual stages and the mosquito-to-human host transition. The role of these
mechanisms during the blood stage has been less certain though mounting
evidence suggests their utilization, particularly for invasion-related genes that
appear to be regulated in a just-in-time fashion at the protein level. We have
recently achieved P. falciparum blood-stage saturation-level mutagenesis with
the recovery of ~40,000 single-insertion piggyBac transposon mutants, allowing
us to assign probability scores for the essentiality of nearly all P. falciparum
genes based on whether or not the coding sequence could be disrupted. We
found that the essential genome is highly enriched for RNA-metabolic processes;
>40% of the previously identified P. falciparum blood stage RNA-associated
proteome are highly likely to be essential, with essentiality scores of RNA-binding
proteins associated with centers for RNA degradation (P-bodies), translational
regulation (stress granules), the exosome (involved in RNA surveillance and
processing), or splicing being among the top quartile of all P. falciparum
genes. In addition to conserved RNA metabolism genes, we identified ~50
uncharacterized potential RNA-binding proteins with no human orthologs that are
likely to be essential. We report further validation and characterization of one
such putative RNA-binding protein via immunofluorescence assay and coimmunoprecipitation/mass spec to identify interacting protein partners. Taken
together, these observations suggest the essentiality of post-transcriptional
regulatory mechanisms to ensure the parasite’s survival in the blood stage, and
further interrogation of these putative essential regulatory proteins promises
important insights into Plasmodium biology and possible avenues for
intervention.
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5c: Single-cell RNA-seq reveals hidden signature of sexual commitment in
malaria parasites
Nötzel, Christopher (Weill Cornell Medicine, USA); Poran, Asaf (Weill Cornell
Medicine); Aly, Omar (Weill Cornell Medicine); Trinchant, Nuria M. (Weill Cornell
Medicine); Harris, Chantal T. (Weill Cornell Medicine); Hassane, Duane (Weill
Cornell Medicine); Guzman, Monica (Weill Cornell Medicine); Elemento, Olivier
(Weill Cornell Medicine); Kafsack, Björn F.C. (Weill Cornell Medicine)

Plasmodium falciparum parasites have to balance continuous asexual replication
within red blood cells with differentiation into non-replicating sexual stages, called
gametocytes. Commitment to either fate is already determined during the
preceding cell cycle that begins with invasion by a single, asexually-committed
merozoite and ends, 48-hours later, with a schizont releasing newly formed
merozoites, all of which are committed to either continued asexual replication or
differentiation into gametocytes. Sexual commitment requires activation of ap2-g,
the transcriptional master regulator of sexual development, from its epigenetically
silenced state during asexual replication. Expression of AP2-G during this
“commitment cycle” poises gene expression in nascent merozoites to initiate
sexual development through a hitherto unknown mechanism.
In order to maintain a persistent infection, ap2-g expression is limited to a subpopulation of parasites (1-30%, depending on genetic background and growth
conditions). As sexually-committed schizonts comprise only a sub-population and
are morphologically indistinguishable from their asexually-committed
counterparts, defining their characteristic gene expression has been difficult
using traditional, bulk transcriptome profiling.
To determine the transcriptional changes induced by AP2-G within this subpopulation, we applied highly-parallel, single-cell RNA sequencing (scRNA-seq)
to malaria cultures undergoing sexual commitment. In this first application of
scRNA-seq to eukaryotic pathogens, we surveyed over 19,000 single parasite
transcriptomes from a conditional AP2-G knockdown (AP2-G-DD) line and NF54
wildtype parasites in multiple stages of development and found that sexually
+
committed, AP2-G mature schizonts specifically up-regulate additional
regulators of gene expression, including AP2 transcription factors, histone
modifying enzymes, and regulators of nucleosome positioning. These epigenetic
regulators likely act to poise the expression of genes necessary for initiation of
gametocyte development in the subsequent cell cycle.
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TT36: Lysine acetylation readers coordinate different transcriptional
complexes in Toxoplasma gondii
Jeffers, Victoria (Indiana University School of Medicine, USA); Sullivan
Jr, William J (Indiana University School of Medicine)

Lysine acetylation is an abundant and critical post-translational
modification in eukaryotic cells, including Toxoplasma gondii. We have
established that garcinol, an inhibitor of lysine acetyltransferases (KATs)
and I-BET151, an inhibitor of bromodomain (BRD) function have antiparasitic activity, underlining the essential nature of this process to the
parasite. To further explore the function of lysine acetylation in
Toxoplasma we have endogenously tagged the BRD protein, TgBDP3
and another putative acetylated lysine reader, the YEATS domaincontaining protein GAS41. Co-immunoprecipitation experiments indicate
that each reader protein is associated with different regulatory
complexes that function in distinct processes. The association of
TgBDP3 with transcriptional initiation factors implies its role in linking
acetylated lysines to transcriptional activation. The YEATS domain
protein, GAS41 was consistently found in complex with the MYST KATs,
TgMYSTa and TgMYSTb, which we have previously found to regulate
DNA damage responses. GAS41 was also found to associate with a
number of proteins that are homologous to components of the chromatin
remodeling SRCAP complex in other species. These results suggest that
GAS41 is found in an array of different regulatory complexes and that its
function depends on the context of its associated factors. The acetylation
of histone tails is well documented to regulate transcription, however the
study of chromatin readers and their interacting proteins is illuminating
how many other DNA processes are coordinated.
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TT37: Bird’s eye view of trypanosomatid RNA editing
Gerasimov, Evgeny (Lomonosov Moscow State University); Gasparyan,
Anna (Lomonosov Moscow State University); Zimmer, Sara L. (University
of Minnesota Medical School, Duluth, MN); Flegontov, Pavel (University
of Ostrava)
RNA editing by insertion and deletion of uridines (U-indel editing)
generates translatable mRNAs from trypanosomatid mitochondriallyencoded cryptogenes. A cascade of editing reactions generally
proceeding from 3’ to 5’ on a transcript results in transcript populations
containing pre-, partially- and fully-edited molecules. The editing
mechanism also allows uridine insertions and deletions that do not
contribute to an open reading frame (ORF). Therefore, analysis of
trypanosomatid mitochondrial transcriptomes is difficult, hindering
comparisons of U-indel editing and its products between mitochondrial
genomes of trypanosomatids. A specialized new tool allows for such
comparisons. T-Aligner maps sequences with uridines omitted, classifies
and visualizes editing sites, and performs assembly to reconstruct
translatable mRNAs from deep sequencing reads. Leptomonas
pyrrhocoris is an emergent model species of the monoxenous
trypanosomatids. Fully-edited L. pyrrhocoris mRNA sequences were
unknown and thus it was a perfect analysis target. We characterized the
L. pyrrhocoris mitochondrial mRNA transcriptome and compared it with
that of Trypanosoma cruzi. Our analyses show U-indel RNA editing to be
chaotic and ‘noisy’, as most cryptogene-derived reads exhibit editing
patterns inconsistent with a translatable sequence. These results mirror
T. brucei single-gene studies, extending them across species and across
the mitochondrial transcriptome. Interestingly, ORF reconstruction
revealed alternative editing of various types. We observed a background
level of greatly divergent ORFs represented by one or a few overlapping
reads. There was higher read support for isolated instances of editing
that resulted in a few internal amino acids deviating from the most
canonical ORF reconstruction. Some 5’ truncations and alternatives were
also well-supported, as was an upstream-initiating edited product of the
T. cruzi RPS12-encoding cryptogene utilizing a different reading frame
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TT38: Comparative methyl-SILAC reveals PRMT7 impact on RNAbinding protein function in Leishmania major
Ferreira, Tiago R. (Centre for Immunology and Infection, Dept of Biology,
University of York, UK, York, GBR); Dowle, Adam (Metabolomics and
Proteomics Lab, Technology Facility, Dept of Biology, University of York,
UK); Cruz, Angela (Dept of Cell and Molecular Biology, Ribeirao Preto
Medical School, University of São Paulo, Brazil); Walrad, Pegine (Centre
for Immunology and Infection, Dept of Biology, University of York, UK)

Protein aRginine MethylTransferases (PRMTs) catalyze the arginine
methylation of a diverse set of proteins which impact many cellular
processes. Leishmania spp. genomes encode five PRMT homologs.
PRMT7, implicated in parasite virulence (Ferreira et al., 2014), is the only
enzyme known to exclusively catalyze monomethyl arginine (MMA). To
investigate the impact of PRMT7 levels upon monomethylation in
Leishmania parasites, we performed comparative methyl-SILAC of wildtype versus PRMT7 knockout parasites (Deltaprmt7). We find 2.6% of
the L. major predicted proteome carry at least one MMA modification
with a strong selection of trans-regulatory RNA-binding proteins (RBPs).
Forty candidate target proteins were hypomethylated in the absence of
the PRMT7 enzyme, isolating putative methylation sites. To identify
direct PRMT7 interactors we immunoprecipitated proteins that associate
with wild-type PRMT7 versus catalytically inactive forms. We confirmed
the direct monomethylation of candidate targets RBP16 and Alba3 by
PRMT7 in vitro and validated amino acids essential to this modification.
To evaluate the impact of arginine methylation on protein function, we
endogenously tagged candidate target RBPs to examine expression and
RNA binding capacity in response to PRMT7 levels. Expression levels of
three PRMT7 candidate target RBPs reveal altered expression in
Deltaprmt7 parasites, implicating monomethylation in protein stability. In
contrast, the RNA-binding capacity of Alba3 is reduced in Deltaprmt7
mutant parasites despite unchanged protein levels. Ongoing experiments
will identify transcripts regulated by PRMT7 target proteins of potential
relevance to parasite virulence. Our results suggest MMA modification by
LmjPRMT7 epigenetically regulates Leishmania virulence by altering the
function of trans-regulatory RBPs which control parasite gene
expression.
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TT39: Regulation of PfEMP1-VAR2CSA by a Plasmodium translation
enhancing factor
Chan, Sherwin CL (Karolinska Insitutet, Stockholm, SWE)

Sequestration of Plasmodium falciparum-infected erythrocytes to the
placenta is commonly observed in placental malaria. The binding is
mediated by the parasite expressing PfEMP1–VAR2CSA proteins.
Expression of VAR2CSA is translationally repressed by an upstream
open reading frame. Here, we show that the P. falciparum translation
enhancing factor (PTEF) can de-repress VAR2CSA translation.
VAR2CSA protein levels in var2csa-transcribing parasites are dependent
on the expression level of PTEF, and the alleviation of upstream open
reading frame repression requires the proteolytic processing of PTEF by
calpain protease. Cleavage generates a C-terminal domain that contains
a sterile-alpha-motif-like domain. The C-terminal domain is permissive to
cytoplasmic shuttling and interacts with ribosomes. Using gene reporter
assay as well as knockout and complementation experiments, we
demonstrated that the C-terminal domain can promote VAR2CSA
translation. Our results implicate PTEF in regulating placental CSA
binding of infected erythrocytes.
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TT40: Ex vivo phenotyping reveals genes upregulated in gametocytecommitted ring stage parasites
Prajapati, Surendra (Uniformed Services University of Health Sciences); AyanfulTorgby, Ruth (Noguchi Memorial Institute for Medical Research, University of
Ghana); Acquah, Fetsus (Noguchi Memorial Institute for Medical Research,
University of Ghana); Cudjoe, Elizabeth (Noguchi Memorial Institute for Medical
Research, University of Ghana); Kakaney, Courage (Noguchi Memorial Institute
for Medical Research, University of Ghana); Amponsah, Jones (Noguchi
Memorial Institute for Medical Research, University of Ghana); Obboh, Evans
(University of Cape Coast, Cape Coast, Ghana); Arku, Andrea (Noguchi
Memorial Institute for Medical Research, University of Ghana); Usui, Miho
(Uniformed Services University of Health Sciences); Abuaku, Benjamin (Noguchi
Memorial Institute for Medical Research, University of Ghana); Amoah, Linda
(Noguchi Memorial Institute for Medical Research, University of Ghana);
Williamson, Kim (Uniformed Services University of Health Sciences)
The sequestration of early stage P. falciparum gametocytes (stages I-IV) has
made it challenging to directly track gametocyte production in peripheral blood
samples and complicated the analysis of the factors that contribute to in vivo
gametocytogenesis. Early gametocyte gene transcripts have been detected in
peripheral blood samples from malaria patients, but these have not been directly
linked to gametocyte production. To more directly evaluate the presence of
circulating gametocyte-committed ring stage parasites, we developed an ex vivo
gametocyte culture method to quantify gametocyte-committed parasites in
malaria patients’ blood. Blood samples were obtained from uncomplicated
malaria patients in Ghana (n=170) and cultured for 8 days in the presence or
absence of N-acetyl glucosamine (NAG) to track gametocyte development by
counting Giemsa-stained slides (~20,000 RBCs/slide). Ex vivo gametocyte
development was similar to that observed for NF54 strain parasites cultured in
vitro. Stage II-III gametocytes were observed by day(D) 4 and continued
maturation to stages III-V by D8 in 66% of the samples (n=112). We observed a
range of gametocyte conversion rates (CR) from 0.02% to 88% with a median of
1.72%. Preliminary data suggest that conversion is not related to age, hematocrit
or WBC cell count. Initial microarray analysis of the D0 parasite transcriptome
from 11 high gametocyte producers (CR: ~2-65%; n=11) and 8 samples that did
not produce gametocytes (CR: 0%; n=8) revealed eight genes were upregulated
(False Discovery Rate p value = 0.045 - 0.001) in the gametocyte producing
samples. All 8 upregulated genes have been associated with early gametocyte
production in vitro suggesting similar pathways are involved. Four genes are
predicted to be exported, including 3 Surfins (1.2, 4.2 & 13.1) and three genes
have predicted functions, AP2-G, HDA1, and AROM. This work is the first step
toward evaluating P. falciparum gametocytogenesis in the field and developing
molecular markers to study the factors that contribute to in vivo gametocyte
production
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5d: Identification and characterization of a new DNA base
modification, 5-hmC in Plasmodium falciparum
Hammam, Elie (Institut Pasteur, Paris, FRA); Ananda, Guruprasad (The
Jackson laboratory); Papouli, Efterpi (Cambridge Epigenetix); SchneidigBenatar, Christine (Institut Pasteur); Sridhar Vembar, Shruthi (Institut
Pasteur); Scherf, Artur (Institut Pasteur)

DNA methylation is an epigenetic mechanism in eukaryotes that changes
the biological activity of a DNA segment without changing the sequence.
In addition to the well-established role of 5-methylcytosine (5mC) in
transcriptional repression, 5-hydroxymethylcytosine (5hmC) has recently
emerged as a potent epigenetic regulator. These base modifications are
respectively written by DNA methyltransferases (DNMTs) and Teneleven-translocation enzymes (TETs) in mammalian cells. In the case of
the eukaryotic malaria parasite Plasmodium falciparum, the role of DNA
methylation remains poorly understood, despite evidence for the
presence of 5mC in the parasite genome. To investigate the presence of
5hmC in P. falciparum, we utilized specific anti-5hmC antibodies in
south-western blotting assays and demonstrated for the first time that
this mark exists in Plasmodium. We then performed bisulfite sequencing
(BS-seq) and oxidative bisulfite sequencing (oxBS-seq) to determine the
genome-wide distribution of 5hmC during asexual blood stage
development (ring, trophozoite and schizont stages) and observed
dynamic changes in 5hmC enrichment in genes, suggesting a general
regulatory role for this newly identified DNA modification. In fact, our
finding that 5hmC is enriched in promoter regions of silent var genes
supports a role in the regulation of monoallelic expression of virulence
genes. We also demonstrated the presence of TET-like activity in
parasite’s nuclear extracts and have initiated CRISPR-Cas9 genome
editing and conditional gene silencing of two bioinformatically predicted
candidate genes for PfTET. This work highlights the presence of a novel
epigenetic regulator in malaria parasites that could be an interesting
target for the development of new effective drugs against P. falciparum.
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TT41: Approaches to study Toxoplasma gondii oocyst formation
and maturation
Agop Nersesian, Carolina (Boston University, USA); Branchini, Bruce
(Connecticut College); Castello, Catherine E. (Boston University);
Samuelson, John C. (Boston University)

Human transmission of the parasite Toxoplasma gondii occurs either
through ingestion of tissue cysts in under cooked meat or sporulated
oocysts, which are shed in the feces of felines, the definitive host. In the
environment and in the course of a week, immature, non-infectious
oocysts form two sporocysts that encapsulate each four infectious
sporozoites. The oocyst wall is an impermeable barrier, composed of an
outer layer that contains acid-fast lipids and an inner layer containing
fiber of b-1,3-glucan, which is also present in fungal walls.
In order to better characterize the structure and function of oocyst wall,
we aim to individually knock out genes responsible for its formation and
maturation. For example, the Toxoplasma genome encodes a single
glucan synthase gene (TGME49_278110), which based on its
expression profile appears predominantly expressed in the zygote stage.
We first generated a reporter parasite of the Cz1 type II strain expressing
a single copy of Photinus pyralis luciferase RE9, allowing us to follow the
parasite’s dissemination during its complete life cycle. Taking advantage
of the high efficiency genome editing system CRISPR/Cas9, our genes
of interested will be replaced by a green fluorescent protein, Neongreen.
Since the oocyst represents the only diploid stage in the parasite’s life
cycle, crosses of our knockouts with reporter parasites expressing a red
fluorescent protein in a dispensable locus, should overcome potential
lethal phenotype in the oocyst stage. By utilizing mating potential of the
parasites and the power of different reporter systems, we aim to
establish a standardized and quantitative strategy to characterize genes
involved in the sexual development of T. gondii.
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5e: Chemically Induced Differentiation in Apicomplexan Parasites
Hussain, Tahir (CNRS); Marche, Hélène (CNRS); Sindikubwabo, Fabien
(CNRS); Canella, Dominique (CNRS); Coute, Yohann (CNRS); Botté,
Cyrille (CNRS); Hakimi, Mohamed Ali (CNRS)

Differentiation into gametocyte forms in Plasmodium falciparum and
bradyzoite stage in Toxoplasma gondii is an important step in
pathogenesis and transmission of these apicomplexan parasites.The
factors that induce and regulate this conversion process are poorly
understood. Under in vitro conditions, a stress inducing stimuli can
trigger stage differentiation. We have identified a novel chemical inhibitor
(GID2) that induces expression of bradyzoite specific genes in T. gondii
and gametocyte formation in P. falciparum parasites. Upon treatment
with the inhibitor, we observe expression of early and late stage genes
characteristic of bradyzoite form in T. gondii. The treatment of GID2
inhibitor to P. falciparum triggers conversion of asexual blood stage
parasites to precursors of sexual forms or gametocytes. Complete
maturation of gametocytes is observed after 7-10 days of inhibitor
treatment. We have also identified that the trigger for gametocyte
formation is an AP2G dependent process. The GFP reporter cell lines
specific for gametocyte stages - Pfs16 and PfEXP5 have been used to
characterise the induction of gametocytes. Induction of gametocyte and
bradyzoite forms in these parasites will help to understand the stage
differentiation process in more detail.
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TT42: Development of an in vitro non-human primate malaria liver
model for evaluation of new therapies targeting Plasmodium preerythrocytic stages
Roth, Alison (USF, USA); Vesely, Brian (WRAIR, Silver Spring,); Aylor,
Samantha; Kooken, Jennifer; Pichyangkul, Sathit; Spring, Michelle;
Kobylinski, Kevin; Davidson, Silas; Ubalee, Ratawan; Waters, Norman;
Kreishman-Deitrick, Mara; Adams, John

Plasmodium vivax is the second most prevalent cause of malaria globally
with 132-391 million cases of clinical malaria each year and has a significant
economic burden on afflicted countries. Unfortunately, optimized drug
treatments are unsuccessful in targeting the hynozoite (dormant stage)
residing in the liver of P. vivax infected individuals and those with G6P
deficiency are unable to be treated with Primaquine (PQ). A robust, highly
reproducible liver model is needed to study the parasite’s liver-stage (LS)
biology and to efficiently screen large volumes of therapeutic compounds.
Use of human primary hepatocytes quickly loses metabolism over a few
days resulting in PQ failure to kill hypnozoites. In an innovative P. cynomolgi
LS in vitro microscale 384-well culture system with primary non-human
primate hepatocytes supports development for both asexual schizonts and
dormant hypnozoite thus addressing the current shortcomings related to P.
vivax liver-stage research. The in vitro culture system maintains
cryopreserved primary non-human primate hepatocytes which successfully
remodel into functional liver lobules with bile canaliculi formation and stable
metabolic activity for greater than 30 days. We identified four commercially
available lots of primary non-human primate hepatocytes susceptible to P.
cynomolgi sporozoite invasion with liver-stage development rates as high of
2.5%. Additionally, we have identified several P. cynomolgi liver-stage
specific biomarkers that enhance high-throughput drug screening as well as
experimental biology exploration. Our in vitro liver model allows for proteomic
assessment of P.cynomogli sporozoites and liver-stage forms uncovering
proteins required for invasion, development, and possible hypnozoite
formation identifying possible targets for therapeutic intervention.
Material has been reviewed by the Walter Reed Army Institute of
Research. There is no objection to its presentation and/or publication. The
opinions or assertions contained herein are the private views of the author,
and are not to be construed as official, or as reflecting true views of the
Department of the Army or the Department of Defense.
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5f: A natural mouse model for cryptosporidiosis
Sateriale, Adam (University of Georgia, USA); Slapeta, Jan (University of
Sydney); Baptista, Rodrigo (University of Georgia); Herbert, Gillian
(University of Georgia); Brooks, Carrie (University of Georgia); Pulusu,
Ravi (University of Georgia); Kissinger, Jessica (University of Georgia);
Striepen, Boris (University of Georgia)

Cryptosporidiosis is a leading cause of diarrhea and an important
contributor to global infant mortality. There are no efficacious drugs or
vaccines available and our knowledge of Cryptosporidium biology to
drive their development is scant. Cryptosporidium research is greatly
hindered by the lack of a continuous tissue culture system and poor
animal models. To develop a more facile mouse model of
Cryptosporidium infection, we have isolated a strain of Cryptosporidium
tyzzeri (C. parvum mouse genotype I) from naturally infected Mus
domesticus; strains which we now maintain continuously in our animal
facility. De novo assembly of the C. tyzzeri genome shows 96% overall
nucleotide identity to C. parvum and hominis and a high degree of
synteny. The highest burden of C. tyzzeri infection is found in the distal
ileum of the mouse small intestine, yet there is also significant infection
of the jejunum and duodenum, similar to what is seen in human
cryptosporidiosis. Perhaps of greatest importance, C. tyzzeri produces
significant infections in healthy C57/BL6 mice. These infections produce
high parasite burden but are self-limiting, and mice that have cleared C.
tyzzeri appear resistant to future infection. Using CRISPR directed
homology repair we have genetically engineered C. tyzzeri strains to
express reporter genes for in vivo imaging and localization. In summary,
we now have access to a natural mouse model that closely resembles
the human infection in which both host and parasite are genetically
tractable. We envision this model will lead to better understanding of
cryptosporidiosis susceptibility, resolution, and subsequent protection in
the context of a functioning immune system.
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6a: A first-in-class inhibitor of apicomplexan FtsH1 disrupts plastid
biogenesis in human pathogens
Amberg-Johnson, Katie; Hari, Sanjay; M. Ganesan, Suresh; A. Lorenzi,
Hernan; T. Sauer, Robert; Niles, Jacquin C.; Yeh, Ellen (Stanford, San
Francisco)

The malaria parasite Plasmodium falciparum and related apicomplexan
pathogens contain an essential plastid organelle, the apicoplast, which is
a key anti-parasitic target. Apicoplast biogenesis depends on novel, but
largely cryptic, mechanisms for protein/lipid import and organelle
inheritance during parasite replication. These critical pathways present
untapped opportunities to discover new parasite-specific drug targets.
We used an innovative screen to identify the natural product actinonin as
a first-in-class antimalarial compound inhibiting apicoplast biogenesis.
Resistant mutation, chemical-genetic interaction, and biochemical
inhibition demonstrate that the unexpected target of actinonin in P.
falciparum and Toxoplasma gondii is FtsH1, a homolog of a bacterial
membrane AAA+ metalloprotease. PfFtsH1 is the first novel factor
required for apicoplast biogenesis identified in an unbiased screen. Our
findings demonstrate that FtsH1 is a novel and, importantly, druggable
antimalarial target. Development of FtsH1 inhibitors will have significant
advantages over existing apicoplast-targeting compounds with improved
drug kinetics and multistage efficacy against multiple human parasites.
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TT43: Allosteric Site Inhibitor Disrupting Auto-processing in
Falcipains, Cysteine Proteases of Malaria Parasite
Pant, Akansha (National Institute of Malaria Research, New Delhi, IND);
Kumar, Rajendra; Wani, Naiem A; Verma, Sonia; Sharma, Supriya;
Sharma, Ruby; Pande, Veena; Saxena, Ajay; Dixit, Rajnikant; Rai,
Rajkishore; Pandey, Kailash C.

Falcipains are hemoglobin degrading cysteine proteases of Plasmodium
falciparum. They have unique pro- and mature domains that interact via
salt bridges and hydrophobic interactions, essential for their autoproteolysis. Their activation depends on sensing the acidic environment
of the food vacuole and disruption of crucial ‘hotspot’ interactions
between these domains. Several inhibitors have been designed that
target enzymes active site, however allosteric site inhibitors that
specifically target the hotspot interactions remain unknown. These
interface interactions may be crucial for auto-processing, therefore we
have synthesized first-in-class allosteric site small molecule azapeptide
compounds. We tested the efficacy of five compounds in P.falciparum
3D7 culture, among other aza-derivate compounds, inhibitors NA-01 and
NA-03 showed effective EC50~1.2μM and 0.8μM, respectively.
Compounds particularly inhibited the growth of trophozoites stage with
swollen food vacuole. To find the site of binding, these inhibitors were
examined for their auto-proteolysis, hemoglobin degradation and
fluorogenic substrate activity. Activated falcipain incubated with these
inhibitors were able to degrade hemoglobin suggested that the inhibitors
did not bind to the catalytic site of the enzyme. Using Surface Plasmon
Resonance these compounds shows high binding affinity in presence of
pro-domain with no change in the secondary structure. Our
computational studies of molecular docking and molecular dynamics
simulations suggested that inhibitors bind at pro- and mature domains
interface, induces rigidity in the pro domain, and therefore prevent
enzyme activation by resisting structural reorganization. Collectively, we
provided a framework for targeting hotspot residues that could regulate
falcipains in zymogen condition and halt its activation. This study may
have futuristic approach to prevent pathogenic diseases and less
sensitive to drug resistance.
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6b: Plasmepsins IX and X are essential and druggable mediators of
malaria parasite egress and invasion
Nasamu, Sebastian (WUSTL, ST. LOUIS, MO, USA); Glushakova,
Svetlana (NIH); Vaupel, Barbara (WUSTL); Oksman, Anna (WUSTL);
Beck, Josh (WUSTL); Meyers, Marvin (SLU); Niles, Jacquin (MIT);
Zimmerberg, Joshua (NIH); Goldberg, Daniel (WUSTL)

Proteases of the malaria parasite Plasmodium falciparum have long
been investigated as drug targets. The P. falciparum genome encodes
ten aspartic proteases called plasmepsins, which are involved in diverse
cellular processes. Most have been studied extensively but the functions
of plasmepsins IX and X (PMIX and X) were unknown until now. Here,
we show that PMIX is essential for erythrocyte invasion, acting from
within the rhoptry secretory organelles. In contrast, PMX is essential for
both egress and invasion, controlling maturation of the subtilisin-like
serine protease SUB1 in exoneme secretory vesicles. We identified
compounds with potent antimalarial activity targeting PMX, including a
compound known to have oral efficacy in a mouse malaria model.

82

TT44: Unusual cysteine protease as a potential modulator of
programme cell death in P. falciparum
Kumari, Vandana; Singh, Agam; Singh, Jitendra; Sharma, Ruby; Akhter,
Mymoona; Mishra, Pradyumna; Saxena, Ajay; Dixit, Rajnikant; Katayal,
Anju; Pandey, Kailash C. (National Institute for Research in
Environmental Health, ICMR, Bhopal, and National Institute of Malaria
Research, ICMR, New Delhi, IND

The mechanism of programmed cell death in Plasmodium parasite has
not yet been clearly elucidated. In unicellular parasites, caspases are
known as “metacaspases”. Although this family of cysteine proteases are
structurally similar to caspases with Cys-His dyad but their evolutionary
significance and functional relevance remains largely unknown. These
proteases are considered to be an important target against malaria due
to their absence in humans. In this report, we have biochemically
characterized metacaspase-2 (PfMCA-2) of P.falciparum. Enzymatic
assay showed that PfMCA-2 efficiently cleaved arginine/lysine specific
peptide, but not caspase-specific substrate. Consistently, PfMCA-2
activity was sensitive to effector caspases inhibitor, Z-FA-FMK, and was
mildly inhibited by aprotinin and E-64. We found a notable depletion of
PfMCA-2 protein level in Z-FA-FMK treated schizonts and gametocytes
cell lysates. Notably, PfMCA-2 cleaves a phylogenetically conserved
protein, TSN (Tudor staphylococcal nuclease) and the proteolysis of
PfTSN did not occur after treatment with the Z-FA-FMK. Our results also
showed that in presence of Z-FA-FMK, a significant percentage
of parasites displayed signs of apoptotic death in term
of phosphatidylserine externalization and DNA fragmentation in
vitro. Conclusively, Z-FA-FMK could arrest parasite growth and
deregulate PfMCA-2 level in vitro, thereby triggered apoptosis, indicating
that PfMCA-2 probably important for parasite growth and maintenance of
cellular integrity.
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TT45: Genetic validation, assessment of biological role and insight
into druggability of the Plasmodium falciparum aspartic protease
plasmepsin V
Polino, Alexander (Washington University School of Medicine, St Louis,
MO, USA); Nasamu, Armiyaw (Washington University School of
Medicine); Niles, Jacquin (Massachusetts Institute of Technology);
Goldberg, Daniel (Washington University School of Medicine)

The aspartic protease plasmepsin V (PMV) is considered a promising
drug target due to its critical role in export of Plasmodium effector
proteins into the host erythrocyte. While PMV has long been presumed
essential, genetic validation is incomplete and study of PMV has been
hindered by the apparent resilience of parasites to substantial PMV
depletion. Ten-fold reduction of PMV protein levels has no effect on
parasite growth or protein export. We report construction of a TetRaptamer-controlled parasite line that allows tighter regulation of PMV
levels. Surprisingly, knockdown of PMV resulted in parasite death
immediately after invasion. This is distinct from the phenotype described
for knockdown of PTEX translocon components involved in protein
export, where parasites develop through the ring stage and arrest at the
ring-trophozoite transition. The data suggest that PMV plays an
unappreciated role early in the intraerythrocytic development cycle
independent of protein export. Anhydrotetracycline titration allowed
tunable PMV expression and revealed that PMV levels must be reduced
>99% to restrict parasite growth. We conclude that PMV is made in great
excess relative to amounts needed for homeostasis in cultured parasites.
These findings could have important implications for antimalarial drug
discovery efforts aimed at targeting PMV function in parasites.
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TT46: CHARACTERISATION OF THE PARASITOLOGICAL ACTIVITY AND
MECHANISM OF RESISTANCE OF THE AMINOMETHYLPHENOL, JPC-3210
FOR MALARIA TREATMENT AND PREVENTION
Chavchich, Marina (Australian Army Malaria Institute); Van Breda, Karin
(Australian Army Malaria Institute); Rowcliffe, Kerryn (Australian Army Malaria
Institute); Birrell, Geoff (Australian Army Malaria Institute); Heffernan, Gavin
(Jacobus Pharmaceutical Company); Ager, Arba (University of Miami);
Chavchich, Marina (Australian Army Malaria Institute, Enoggera, QLD);
Schiehser, Guy (Jacobus Pharmaceutical Company); Jacobus, Laura (Jacobus
Pharmaceutical Company); Shanks, Dennis (Australian Army Malaria Institute);
Jacobus, David (Jacobus Pharmaceutical Company); Edstein, Michael
(Australian Army Malaria Institute)
The nonquinoline 2-aminomethylphenol, JPC-3210 has recently been selected
by Medicines for Malaria Venture (MMV) for advanced preclinical development.
JPC-3210 possesses high in vitro antimalarial activity against P. falciparum D6
and W2 lines with IC50 values of 8.6 and 3.3 nM, respectively, very low
cytotoxicity and a low curative oral dose of 4 mg/kg/day in the mouse-P. berghei
model. We have further characterised JPC-3210, including its potential to induce
dormant ring-stage parasites or prevent recovery of dormant parasites induced
by dihydroartemisinin (DHA), stage specificity and the drug uptake in vitro, as
well as its potential to generate resistance. The JPC-3210 was found to be active
against multidrug resistant laboratory lines, as well as artemisinin resistant
isolates from Cambodia, with IC50 values ranging from 2.5 nM to 19 nM. JPC3210 is the most active against trophozoite stages and unlike DHA, JPC-3210
does not induce dormant parasites in vitro. Further findings on the mechanism of
resistance induced in laboratory parasite lines Dd2 and MRA1240 against JPC3210 will be presented. Our findings provide further support for the preclinical
development of the JPC-3210 for the malaria treatment or prophylactics.The
nonquinoline 2-aminomethylphenol, JPC-3210 has recently been selected by
Medicines for Malaria Venture (MMV) for advanced preclinical development.
JPC-3210 possesses high in vitro antimalarial activity against P. falciparum D6
and W2 lines with IC50 values of 8.6 and 3.3 nM, respectively, very low
cytotoxicity and a low curative oral dose of 4 mg/kg/day in the mouse-P. berghei
model. We have further characterised JPC-3210, including its potential to induce
dormant ring-stage parasites or prevent recovery of dormant parasites induced
by dihydroartemisinin (DHA), stage specificity and the drug uptake in vitro, as
well as its potential to generate resistance. The JPC-3210 was found to be active
against multidrug resistant laboratory lines, as well as artemisinin resistant
isolates from Cambodia, with IC50 values ranging from 2.5 nM to 19 nM. JPC3210 is the most active against trophozoite stages and unlike DHA, JPC-3210
does not induce dormant parasites in vitro. Further findings on the mechanism of
resistance induced in laboratory parasite lines Dd2 and MRA1240 against JPC3210 will be presented. Our findings provide further support for the preclinical
development of the JPC-3210 for the malaria treatment or prophylactics.
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6c: Is PfATP4 a conduit for Na+ Influx in spiroindolone and
pyrazoleamide treated P. falciparum?
Das, Sudipta (Drexel University College of Medicine, USA); Morrisey,
Joanne M. (Drexel University College of Medicine); Bhatanagar, Suyash
(Drexel University College of Medicine); Ganesan, Suresh
(Massachusetts Institute of Technology); Niles, Jacquin (Massachusetts
Institute of Technology); Vaidya, Akhil B. (Drexel University College of
Medicine)

Several novel antimalarial compounds currently under different stages of
+
evaluation seem to disrupt Na homeostasis resulting in a rapid increase
+
in intracellular Na concentration in P. falciparum trophozoites. Increased
+
intracellular Na concentration could result either from the inhibition of
+
Na efflux pump, PfATP4, a P-type ATPase on parasite plasma
+
membrane, or from enhanced Na influx as a result of the drug action.
+
Spiroindolones and pyrazoleamides, two new classes of Na
homeostasis disruptors seem to target PfATP4, as indicated by several
mutations in the Pfatp4 gene found in drug resistant parasites. Here, we
wished to assess the possibility that drug interaction with PfATP4 not just
+
inhibits Na efflux but may also convert this P-type ATPase into a conduit
+
through which Na would leak into the parasite. Our approach involved
the use of conditional knockdown of PfATP4 expression in parasites
+
adapted to grow under low Na medium followed by assessing the
+
downstream effect of increased [Na ]i as judged by cholesterol
incorporation into parasite plasma membrane reflected in saponin
sensitivity of the parasites (Das et al. 2016; PMID: 27227970). Our data
+
suggest that ~95% reduction of PfATP4 expression in low Na medium
adapted parasites imparts saponin sensitivity to the parasites, but only
+
after a 6 h of exposure to high Na medium. This is in contrast to a much
+
more rapid induction of Na influx seen in freed parasites treated with the
+
drugs. These results suggest a complex system of Na homeostasis
maintenance in malaria parasites.
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TT47: Interrogating the Mechanism of Non-genetic Drug Resistance
in Plasmodium falciparum
Fagbami, Lola (Harvard University, Somerville, MA, USA); Deik, Amy
(Broad Institute); Herman, Jon (Harvard University); Lukens, Amanda
(Broad Institute); Clish, Clary (Broad Institute); Mazitschek, Ralph
(Harvard University); Wirth, Dyann (Harvard University)
Aminoacyl tRNA synthetases (aaRSs) are attractive targets for
chemotherapeutic intervention in malaria because of the dependence of
Plasmodium parasites on efficient protein translation in fast growing
cells. Inhibition of aaRSs leads to the accumulation of uncharged tRNA,
which bind and activate the stress kinase GCN2, resulting in the
phosphorylation of eIF2α and the subsequent initiation of the Amino Acid
Response (AAR).
Halofuginone (HFG), a derivative of the active ingredient of the Chinese
medicinal plant Dichroa febrifuga, is a potent inhibitor of the cytoplasmic
prolyl tRNA synthetase (cPRS) in P. falciparum. HFG treatment triggers
a compensatory response in these parasites in which intracellular proline
levels are increased prior to any alteration of the target cPRS gene. This
specific upregulation of proline in response to HFG treatment constitutes
an unprecedented mode of drug tolerance and is a prerequisite for the
development of genetic drug resistance. As a consequence of cPRS
inhibition, HFG treatment induces phosphorylation of eIF2α, similarly to
complete amino acid starvation.
We sought to understand the molecular basis of these observations by
identifying the source of the increased proline and querying the role of
the GCN2 pathway in this metabolic response. Using isotopically labeled
amino acids and metabolomics analysis, we found that multiple
pathways contribute to the increased proline levels, with direct uptake of
proline from the growth medium being less consequential than de novo
biosynthesis and hemoglobin catabolism. Additionally, parasites lacking
the GCN2 pathway were able to tolerate HFG and increase their proline
levels, suggesting that the modulation of proline homeostasis in
response to HFG treatment is independent of the AAR.
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6d: A homeostatic pathway of artemisinin resistance triggered by
PI3P, independent of K13.
Suresh, Niraja (University of Notre Dame, Notre Dame, IN, USA);
Mbengue, Alassane (University of Notre Dame); Ghorbal, Mehdi
(University of Notre Dame); Haldar, Kasturi (University of Notre Dame)

The identification of P. falciparum Kelch13 as a major marker of
artemisinin resistance has significantly aided underlying mechanisms of
resistance. We have previously shown that major resistance mutation
K13C580Y antagonizes its binding to PfPI3K) binds Kelch13, increasing
levels of the kinase and its lipid product PI3P, to confer resistance.
Studies on population transcriptomics of clinical isolates by Mok et al in
2015 suggested the parasite unfolded protein response (UPR) as a
second, independent mechanism of K13-mediated resistance.
Immunopurification of the K13-PI3P proteome revealed 503 proteins:
hypergeometric analyses showed their significant overlap with 487 (top
9.6%) genes that were specifically upregulated in transcriptomes
associated with clinical artemisinin resistance reported by Mok et al
(2015) but not with the 510 genes (10.1%) that were down-regulated.
Notably, Mok et al reported that artemisinin resistance associated with
upregulation of genes of endoplasmic reticulum, UPR, posttranslational
translocation and proteasome, systems all well represented in the K13proteome. Functional analyses of PI3P- induced resistant proteome
independent of K13, reveal ER-PI3P tubovesicular and UPRmechanisms of artemisinin resistance converge on a homeostatic
pathway of protein folding and quality control in P. falciparum, triggered
by PI3P.
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TT48: Metabolomics helps to unravel the mode of action of novel
anti-malarial compounds
Srivastava, Anubhav (Monash Institute of Pharmaceutical Sciences,
Monash University, Melbourne, VIC 3052, Australia, Melbourne, VIC,
AUS); Todd, Matthew (School of Chemistry, Faculty of Science,
University of Sydney, NSW 2006, Australia); Creek, Darren (Monash
Institute of Pharmaceutical Sciences, Monash University, Melbourne,
VIC 3052, Australia)

Access to large phenotypic screens has enabled the discovery of a
number of compounds which can kill the malaria parasite in vitro.
Translating these findings into new anti-malarial drugs faces a number of
challenges. Finding the mode of action of these compounds can help in
focussing efforts to develop the most promising compounds and help in
designing new combination therapies targeting different pathways in the
parasite to overcome drug-resistance. Using a microplate-based,
untargeted metabolomics analysis of Plasmodium falciparum, we
investigated the mode of action of 11 potent antimalarial compounds
obtained from the Medicines for Malaria Venture and the Open Source
Malaria project. This approach revealed significant metabolic
perturbation associated with the most potent compounds, and identified
the most likely pathways targeted by each compound. The major
metabolic pathway intermediates which were found to be perturbed were
from the pyrimidine biosynthesis pathway, glycolysis, phospholipid
metabolism and haemoglobin degradation. Multivariate analyses allowed
classification of some novel compounds that targeted the same
biochemical pathways as two known anti-malarials, Atovaquone and
Cipargamin. Interestingly, compounds showing similar biochemical
activities did not always have similar chemical structures. This study
shows that a simple and efficient metabolomics assay can rapidly reveal
the biochemical basis of the mode of action of newly discovered antimalarials. This information can be used for prioritising compounds before
progressing them through the optimization pipeline and further
development.
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TT49: Chem-seq, Chemical Muatgenesis Coupled to Next Generation
Sequencing for Finding Mode of Action and Resistance genes of Drugs
in the Parasite Leishmania
Bhattacharya, Arijit (Centre de recherche en Infectiologie du CHU de
Québec and Département de Microbiologie, InfectiologieetImmunologie,
Université Laval, Québec City); Leprohon, Philippe ( Centre de recherche en
Infectiologie du CHU de Québec and Département de Microbiologie,
InfectiologieetImmunologie, Université Laval, Québec City); Mestdagh, Anais
(Centre de recherche en Infectiologie du CHU de Québec and Département
de Microbiologie, InfectiologieetImmunologie, Université Laval, Québec City);
Ouellette, Marc (Centre de recherche en Infectiologie du CHU de Québec
and Département de Microbiologie, InfectiologieetImmunologie, Université
Laval, Québec City)
Despite the development of highthroughput genome-wide gain of function
analysis techniques in Leishmaina, system-wide study of gene function
attributes are considerably crippled due to lack of a genome wide loss of
function screening methods in Leishmania. In this context, this study
attempts to evaluate the possibility of chemical mutagenesis combined to
next-generation sequencing (NGS) approach (Chem-Seq) applied at clonal
level to study gene-function and identifying possible genetic networks in
deciphering drug-resistomes. The mutagenesis protocol was standardized
using four different chemical mutagens which displayed various degrees of
efficacy in terms of inducing mutations. The protocol was initially validated
with L. infantum by selection against miltefosine followed by sequencing of
miltefosine-transporter (MT) gene in the quest of possible mutations and
subsequently implemented for genome wide analysis of resistant mutants
showing resistance against paromomycin, a drug used as first line therapy
against visceral leishmaniasis and for which the resistance mechanism
remains obscure. NGS of 25 mutagenized clones selected on paromomycin
containing plates followed by qualitative analysis of genetic variations
including SNPs, InDels and copy-number variations revealed accumulation
of several mutations in all the clones analyzed. We concentrated on
recurrent mutations in several independent clones and a number of
candidate genes were selected for functional analysis. Mutation in one
calcium binding kinase encoding gene seemed to confer resistance against
paromomycin. Episomal over-expression of the wild type copy of the gene in
mutants conferred resensitization against paromomycin. In parallel,
incorporation of the mutation in WT cells by implementing a CRISPR-CAS9
based strategy led to resistance against the drug. The method can be
exploited in exploring genetic networks associated with resistance against
other drugs.
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TT50: Using kinase regression to identify host cell determinants of
infection
Glennon, Elizabeth (Center for Infectious Disease Research, Seattle,
WA, USA); Arang, Nadia (Center for Infectious Disease Research); Kain,
Heather (Center for Infectious Disease Research); Gujral, Taran (Fred
Hutchison Cancer Research Center); Sherrid, Ashley (University of
Washington); Hybiske, Kevin (University of Washington); Kaushansky,
Alexis (Center for Infectious Disease Research)

Intracellular pathogens have extensive needs of their host cell and can
manipulate their environment to promote their own survival and growth.
The technical challenges associated with interrogating the relevance of
host factors that control infection has led to few, if any, attempts to
systematically characterize similarities and differences in host
determinants that control divergent infections. To overcome this hurdle,
we employed an approach called kinase regression (KiR). This
methodology uses a machine learning algorithm to integrate biochemical
data on the specificity of a panel of approximately 30 kinase inhibitors
and the effects of each inhibitor on infection levels to predict the
importance of 300 host kinases on infection. We have applied this
approach to Plasmodium, Toxoplasma, and Chlamydia infection in
mouse hepatoma cells and have identified host kinases that have been
previously described to influence infection, as well as a large number of
kinases that have not previously been linked with infection. Several of
these kinases are predicted to regulate cellular processes such as
cytoskeletal rearrangement and apoptosis. Our data suggest a large
number of host kinases that are not traditionally associated with innate
immunity are capable of regulating the infection of a range of pathogens.
Identifying host proteins that are crucial for infection may shed light on
host-pathogen interactions as well as elucidate novel targets for hostbased therapeutics.
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TT51: Understanding artemisinin action in Plasmodium falciparum
Spillman, Natalie J. (University of Melbourne, Melbourne, AUS);
Bridgford, Jessica (University of Melbourne); Crisafulli, Emily (University
of Melbourne); Xie, Stanley (University of Melbourne); Tilley, Leann
(University of Melbourne)

Artemisinin, and derivatives, are activated by free haem, leading to a free
radical form which can promiscuously react with parasite proteins,
resulting in parasite killing. We have previously demonstrated that
artemisinin treatment induces growth retardation and an accumulation of
ubiquitinated proteins, indicative of a cellular stress response that
involves the ubiquitin/proteasome system. Ubiquitinated proteins are
degraded by the proteasome, and accordingly, proteasome inhibitors
strongly synergise artemisinin activity against both sensitive and
resistant parasites. Resistant parasites, with mutations in the betapropeller region of the K13 protein, have lower levels of artemisinininduced ubiquitinated proteins and delayed on-set of cell death. To
further examine the mechanism by which artemisinin disrupts normal
proteostasis we undertook biochemical analyses of the
ubiquitin/proteasome pathway in parasites following drug treatment.
Using a fluorescent reporter line targeted for degradation by the
proteasome we find that artemisinin treatment results in an accumulation
of unfolded protein. This contrasts to proteasome inhibitors, which result
in accumulation of folded protein. Defining these disruptions in
proteostasis has given us insights into the mechanism of action of
artemisinins and helps guide our understanding of artemisinin resistance.
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7a: The bone marrow is a major reservoir for Plasmodium vivax
parasites
Obaldia, Nicanor (Harvard - TH Chan School of Public Health, Boston, MA,
United States, Boston, MA, USA); Meibalan, Elamaran (Brigham and
Women's Hospital); Sa, Juliana Martha (National Institute of Allergy and
Infectious Diseases (NIAID); Ma, Siyuan (Harvard TH Chan School of Public
Health); Mejia, Pedro (Harvard School of Public Health); Moraes Barros,
Robertto (National Institute of Allergy and Infectious Diseases); Clarke,
Martha (Harvard – TH Chan School of Public Health); Otero, William
(Tropical Medicine Research - ICGES); Mitchel, James (Harvard School of
Public Health); Milner, Danny (Harvard School of Public Health);
Huttenhower, Curtis (Harvard School of Public Health); Wirth, Dyann F.
(Harvard School of Public Health); Duraisingh, Manoj (Harvard School of
Public Health); Wellems, Thomas E. (National Institute of Allergy and
Infectious Diseases, Bethesda, MD, United States); Marti, Matthias
(Wellcome Trust Center for Molecular Parasitology, University of Glasgow,
Glasgow, UK.)

Plasmodium vivax is a major cause of malaria morbidity within and outside of
Africa. Malaria transmission stages, or gametocytes, appear in blood
circulation 3-5 days after the first asexual parasites are detected
microscopically, and therefore transmission can occur well before the patient
is symptomatic. It is assumed that both P. vivax asexual and gametocytes
stages do not require tissue sequestration for development and therefore are
present in circulation throughout their cycle. To test this hypothesis, we first
performed comparative transcriptional analysis of P. falciparum versus P.
vivax blood stages, demonstrating a conserved cascade of stage specific
gene expression across asexual and gametocyte stages. Importantly we also
observed depletion of late asexual and immature gametocyte P. vivax
transcripts in patient blood samples. To directly investigate possible tissue
specific sequestration of P. vivax parasites during infection, we performed
detailed histological analyses of asexual and gametocyte stages across
organs in infected Aotus monkeys, a non-human primate model for P. vivax
infection. Analysis across 13 infected Aotus primates revealed that greater
than 50 percent of all parasites accumulated in the hematopoietic system of
the bone marrow. We observed quantitative enrichment of asexual and
gametocyte stages in the bone marrow parenchyma, suggesting that this
niche represents a major reservoir for P. vivax infection. The findings close a
major knowledge gap in the P. vivax cycle and have important implications
for our understanding of parasite biology and the ongoing malaria elimination
agenda.
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7b: African Trypanosomes confer protection against Plasmodium liver
infection
Sanches-Vaz, Margarida (Instituto de Medicina Molecular, Faculdade de
Medicina, Universidade de Lisboa); M. Mendes, António (Instituto de
Medicina Molecular, Faculdade de Medicina, Universidade de Lisboa); M.
Figueiredo, Luisa (Instituto de Medicina Molecular, Faculdade de Medicina,
Universidade de Lisboa); Prudêncio, Miguel (Instituto de Medicina Molecular,
Faculdade de Medicina, Universidade de Lisboa)

Sleeping sickness and malaria share overlapping geographical distributions
in sub-Saharan Africa. Patients infected by Trypanosoma brucei, the
sleeping sickness agent, have also been found to be co-infected with
Plasmodium, the malaria parasite. Indeed, these two parasites have likely
been co-evolving in the same host for around 30 million years and thus, it is
possible that they have evolved strategies to compete with each other. Here,
we studied the impact of an ongoing Trypanosoma infection on a subsequent
infection by Plasmodium.
We established a co-infection model employing C57Bl/6J mice that were
initially infected by T. brucei and subsequently injected with P. berghei
sporozoites. We observed that once T. brucei establishes an infection and
parasitemia is detectable, it leads to a severe impairment (~90%) of a
subsequent P. berghei liver infection. Furthermore, by employing qRT-PCR
and immunofluorescence microscopy of infected liver slices, we observed
that the impairment of P. berghei liver stage infection can be observed as
early as 30 min post-sporozoite injection, and results from a strong decrease
in the number of infected hepatocytes. Interestingly, the ability of
Trypanosomes to impair P. berghei liver infection can be phenocopied by the
injection of an equivalent amount of a T. brucei lysate, an effect that is
mediated by the T. brucei protein fraction in such lysates.
Altogether, we showed that African Trypanosomes have evolved a proteinmediated mechanism to protect its host from Plasmodium liver infection. The
identification of this(ese) protein(s) and the elucidation of the mechanism will
not only contribute to our understanding of pathogen-pathogen interactions,
but it may reveal novel anti-malaria strategies.
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7c: Multiple cohort validation of human protein markers in plasma for severe
malaria Bergström, Sofia (Division of Proteomics and Nanobiotechnology, Science for
Life Laboratory, KTH Royal Institute of Technology, Sweden); Reuterswärd, Philippa
(Division of Proteomics and Nanobiotechnology, Science for Life Laboratory, KTH
Royal Institute of Technology, Sweden); Ayoglu, Burcu (Div. of Immunology, Stanford
University, USA & Div. of Proteomics and Nanobiotechnology, KTH Royal Institute of
Technology, Sweden); Orikiiriza, Judy (Infectious Diseases Institute, College of Health
Sciences, Makerere University, P.O. Box 22418, Kampala, Uganda); Lindquist,
Elisabeth (Department of Molecular Biology, Umeå University, 901 87 Umeå,
Sweden); Bergström, Sven (Department of Molecular Biology, Umeå University, 901
87 Umeå, Sweden); Wahlgren, Mats (Department of Microbiology, Tumor and Cell
Biology, Karolinska Institute, Sweden); Normark, Johan (Department of Molecular
Biology, Umeå University, 901 87 Umeå, Sweden); Ribacke, Ulf (Department of
Microbiology, Tumor and Cell Biology, Karolinska Institute, Sweden); Nilsson, Peter
(Division of Proteomics and Nanobiotechnology, Science for Life Laboratory, KTH
Royal Institute of Technology, Sweden)
Multiplexed affinity proteomics approaches enable high-throughput protein profiling of
body fluids. In this study, 588 well characterized plasma samples from infected
children and community controls in malaria endemic Rwanda have been profiled
using a multiplexed antibody suspension bead array.
We have previously identified a set of human proteins in plasma that can be used to
discriminate between the various stages of malaria disease progression (Bachmann
et al, PLOS Pathogens 2014, Affinity Proteomics Reveals Elevated Muscle Proteins in
Plasma of Children with Cerebral Malaria). Thus, this panel of proteins can potentially
also provide an indication of which patients have the highest risk of developing severe
malaria. Here, we validated and verified a large fraction of these proteins with
samples derived from a new endemic setting utilizing 255 antibodies from the Human
Protein Atlas project (www.proteinatlas.org), targeting 111 unique proteins.
A number of these proteins, including several known inflammation markers, were
found to be significantly increased in patients with malaria. Examples of such proteins
with corrected p-values are CRP (10-70), TNF (10-30), VWF (10-50) and SERPINA3 (1060
). Other candidates were significantly decreased in malaria, including CCL5 (10 -30)
and SPARC (10-20). In addition, some protein profiles were also able to distinguish
patients with severe malaria from mild malaria patients, such as BPGM (0.03) and
CEBPA (0.05).
We have here both identified new proteins and validated the malaria association of 30
previously published candidates, including several proteins that have the potential to
be used as part of a risk assessment test for development of severe malaria.
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7d: Trypansome Lytic Factor 2 Formation is Driven by HaptoglobinRelated Protein
Verdi, Joey (Hunter College, City University of New York, New York, NY,
USA); Zipkin, Ronnie (Hunter College); Hetesy, Gabriella (Hunter
College); Sternberg, Jeremy (University of Aberdeen);
Raper, Jayne (Hunter College);

Some primates maintain resistance to infection by Trypanosoma brucei
via the protective effects of the primate-specific protein apolipoprotein L1 (APOL1). APOL1 circulates in plasma on high-density lipoprotein
complexes called trypanosome lytic factors (TLFs) that are endocytosed
by the parasites. Once inside the parasite, the APOL1 forms cation
selective pores in membranes leading to osmotic lysis. TLF1 is an High
density lipoprotein (HDL) complex incorporating apolipoprotein A-1
(APOA1), APOL1, and haptoglobin-related protein (HPR) that is
endocytosed by the parasite via the heme-scavenging haptoglobinhemoglobin receptor (TbHpHbr). TLF2 is an immunocomplex
incorporating an HDL non-covalently associated with an IgM antibody
that enters the parasite independently of the TbHpHbr. TLF2
recognizes HPR, but not APOL1 or APOA1, as a target epitope in vitro,
and expression of HPR alone can generate TLF2-like complexes in
transiently transgenic mice that make only IgM antibodies. We therefore
propose that the IgM interacts with the HPR on TLF1 complexes to form
TLF2. Incubation of TLF1 and purified IgM antibodies from the same
healthy donor leads to the generation of TLF2 in vitro, suggesting that
TLF1 and TLF2 may exist in equilibrium in vivo. Consistent with this
hypothesis, we have observed that patients actively infected with
trypanosomes, therefore producing high quantities of IgM, tend to
produce high levels of TLF2. Finally, purified human TLF2
recognizes and binds to a multitude of parasite epitopes in vitro. Taken
together, we hypothesize that the IgM component of TLF2 acts as a
molecular bridge that increases the rate of APOL1 endocytosis in vivo by
physically linking the APOL1-containing HDL complex to the parasite
when access to the TbHpHbr is limited.
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7e: The Trichomonas vaginalis homologue of human macrophage
migration inhibitory factor induces the parasite survival during
nutrient starvation
Chen, Yi-Pei (UCLA, Los Angeles, CA, USA)

Trichomonas vaginalis is responsible for the most prevalent non-viral
sexually transmitted disease worldwide, yet the mechanisms used by this
parasite to establish and maintain infection are poorly understood. We
and collaborators have previously identified a T. vaginalis homologue
(TvMIF) of a human cytokine, the macrophage inhibitory factor (HuMIF).
TvMIF has been shown to "mimic" HuMIF by activating signaling
pathways stimulated by HuMIF to increase cell growth and inhibit
apoptosis in human host cells. To interrogate a possible role of TvMIF in
parasite survival during infection, we asked whether overexpression of
TvMIF (TvMIF-OE) confers an advantage to the parasite under nutrient
stress by comparing the survival of TvMIF-OE parasites relative to wild
type parasites. We found that TvMIF-OE survive significantly better than
wild type parasites, when starved of serum, the source of lipids and other
nutrients required by the parasite. We also observed that addition of
exogenous recombinant TvMIF increases the survival of the TvMIF-OE
parasites in the absence of serum. Recombinant HuMIF likewise
increases the parasite survival in the absence of serum, indicating that
the parasite may hijack this host survival factor to resist its own death.
We hypothesize that TvMIF inhibits parasite apoptosis under stress
conditions to maximize survival awaiting more favorable conditions.
Using two methods to measure apoptosis, TvMIF-OE parasites were
found to undergo less apoptosis than wild type parasites grown without
serum. Reactive oxygen species (ROS) were also found to be inhibited
by the overexpression of TvMIF under serum starvation. We are
currently attempting to identify the pathway(s) activated in T. vaginalis by
TvMIF to compare these with known apoptosis or other signaling
pathways. These studies are likely to reveal both similarities and
differences in survival mechanisms used by this unicellular eukaryotic
parasite and its multicellular human host.
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7f: Phosphorylation of the extracellular region of VAR2CSA plays
an important role in P. falciparum cytoadhesion
DORIN -SEMBLAT, Dominique (INSERM U1134, INTS, Paris France);
TETARD, Marilou (INSERM U1134, INTS, Paris France); CLAES,
Aurélie (Institut Pasteur Paris FRANCE); DECHAVANNE, Sébastien
(INSERM U1134, INTS, Paris France); NUNES-SILVA, Sofia (INSERM
U1134, INTS Paris, FRANCE); NUNES-SILVA, Sofia (INSERM U1134,
INTS, Paris France); HAMELIN, Romain (Proteomics Core Facility, EPFL
Switzerland); ARMAND, Florence (Proteomics Core Facility, EPFL
Switzerland); SEMBLAT, Jean-Philippe (INSERM U1134, INTS, Paris
FRANCE); Srivastava, Anand (INSERM U 1134, INTS, Paris FRANCE);
Stéphane, Gangnard (INSERM U 1134, INTS, Paris FRANCE); LOPEZRUBIO, Jose-Juan (CNRS5290, IRD224, Montpellier FRANCE);
MONIATTE, Marc (Proteomics Core Facility, EPFL Switzerland);
DOERIG, Christian (Monash University, AUSTRALIA); SCHERF, Artur
(Institut Pasteur, Paris FRANCE); GAMAIN, Benoît (INSERM U1134,
INTS, Paris France)
Plasmodium falciparum is the main cause of disease and death from
malaria. P. falciparum virulence resides in the ability of infected
erythrocytes (IEs) to adhere to specific receptors in various tissues with
complete clogging of capillaries in severe malaria. The parasite adhesion
molecule P. falciparum erythrocyte membrane protein 1 (PfEMP1),
encoded by the var gene family, mediates adhesion to various host
receptors expressed along blood vessels in different organs. However,
tissue adhesion tropism of this pathogen remains poorly understood.
Here, we investigated the effect of phosphorylation on PfEMP1 adhesive
properties on placental sequestration, which is mediated through the
interaction between VAR2CSA, a member of the PfEMP1 family, and
chondroitin sulfate A (CSA) on the placental syncytium. We show that
surface exposed VAR2CSA is phosphorylated in regions that interact
with CSA. Dephosphorylation reduced significantly adhesion to CSA.
Likewise, mutation of phosphoresidues in recombinant VAR2CSA did
reduce the binding to CSA and identified critical phosphorylation sites.
Using CRISPR/Cas9, we generated a parasite line in which the
phosphoresidue T934 is changed to an Alanine and showed that this
mutation strongly impairs IEs cytoadhesion to CSA. Our work adds a
novel type of regulation of adhesion-mediated virulence that is highly
relevant for understanding organ-specific parasite adhesion and future
therapeutic strategies.
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7g: What makes Toxoplasma gondii such an extraordinary
generalist?
Naor, Adit (Stanford, Stanford, CA, USA); Boothroyd, John (Stanford)

Toxoplasmosis is a life-threatening opportunistic infection caused by the
intracellular parasite Toxoplasma gondii. Toxoplasma infects an
estimated 30% of the human population. While the infection it produces
in an otherwise healthy adult is in most cases asymptomatic, serious,
even fatal disease can sometimes occur. Toxoplasma is considered one
of the most successful parasites in nature based on its worldwide
distribution, high prevalence and extremely broad host range (almost any
cell type in nearly all warm blooded animals can be infected). We know
that a given strain’s virulence is highly dependent upon allelic variation
and we hypothesize that this variation is a result of selection within the
intermediate hosts within which that strain predominately circulates.
To test this hypothesis, we are using in-lab evolution. This involves
serially passing a wild type strain of Toxoplasma in tissue culture, in
fibroblast lines derived from three different hosts: human, mouse and
cow. Following approximately 1000 generations in these different host
cell lines we assessed the growth, virulence, whole genome sequence
and RNA expression profile of the three adapted lines. Remarkably,
parasites grown on cow cells show an increased ability to attach to all
three host cell lines by as much as 15-fold compared to those grown on
mouse cells or human cells. These cow-adapted parasites show higher
expression levels of particular parasite surface proteins involved in
attachment and a higher level of micronemal protein secretion, possibly
explaining the molecular basis of the increased growth rate. We have
also tested the virulence of these adapted lines in a mouse model, and
show that passage in different host cell lines results in substantial
differences in relative virulence. Ongoing work seeks to validate the role
of the various molecular changes with specific biological phenotypes.
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1: An improved CRISPR/Cas9 gene editing system in Plasmodium
falciparum
Crater, Anna (NIAID, National Institutes of Health, Rockville, MD, USA);
Ito, Mai (NIAID NIH); Desai, Sanjay (NIAID NIH)

The CRISPR (clustered regularly interspaced short palindromic
repeats)/Cas9 system has become a powerful molecular tool to edit
genes though targeted reverse genetics. Use of this system has allowed
for improved genetic manipulation of many organisms including the once
largely intractable genome of Plasmodium falciparum. Nevertheless,
genetic engineering in Plasmodium spp. can still be labor-intensive and
time-consuming. Because CRISPR/Cas9 technology in malaria
parasites has followed generic methods only recently developed for
higher organisms, improved methods should enable greater efficiency
and simpler implementation. To explore possible improvements, we
quantified the kinetics of gene editing and examined the two required
components: the Cas9 nuclease and a single guide RNA (sgRNA). We
used the piggyBac transposase to produce a cloned transfectant parasite
line that expresses an inducible Cas9 from S. pyogenes. Induction with
trimethoprim significantly upregulated Cas9 expression and enabled
kinetic studies. With this line, along with a robust NanoLuc luciferase
reporter gene and a promoter-trap strategy, we successfully tracked the
two-step process of Cas9-induced genomic break and homologydirected repair. Our studies revealed that selection of sgRNAs that
interact efficiently with both Cas9 and the target locus improves gene
editing by up to 250-fold, allowing detection of gene editing as early as
two days after transfection. Interestingly, parasite outgrowth after
transfection was inversely related to sgRNA efficiency, implicating
attrition due to unrepaired genomic breaks. These kinetic studies are
enabling improved CRISPR/Cas9 gene editing in malaria parasites; they
should also accelerate examination of parasite targets for new
antimalarial therapies and vaccines.
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2: Ribozyme-Based CRISPR System for Robust and Marker-less
Gene Editing in Plasmodium
Walker, Michael (Pennsylvania State University, USA); Josling, Gabrielle
(Pennsylvania State University); Singh, Suprita (Pennsylvania State
University); Llinas, Manuel (Pennsylvania State University); Lindner,
Scott (Pennsylvania State University)

Efforts to characterize essential genes in Plasmodium largely rely on
genetic manipulation to regulate expression of genes-of-interest.
However, these approaches are limited by the time needed to generate
transgenic parasite lines and the ability to utilize exogenous components
without disturbing native regulatory elements. Furthermore, some
Plasmodium species, such as Plasmodium yoelii, a rodent-infectious
species favored for rapid transfection and selection procedures, are
significantly hampered by only having a single drug-selectable marker.
Here, we demonstrate an improved CRISPR/Cas9 dual guide RNAbased strategy to rapidly and effectively edit genes-of-interest. In this
new system, we use a Ribozyme-Guide-Ribozyme (RGR) strategy to
efficiently package all of the essential CRISPR/Cas9 elements on a
single plasmid. Furthermore, we have also determined a minimal size
requirement for the homology-directed repair (HDR) template to optimize
introductions of both “knock-outs” and “knock-ins” in P. yoelii. Because
this system utilizes plasmid expression of the editing elements, genetic
modification is marker free. After editing and removal of drug pressure,
parasites lose the plasmid and regain sensitivity to the drug, allowing for
subsequent editing with the same drug-selectable marker. The
development of our ribozyme-based strategy provides a “plug-and-play”
gene regulation system where a synthetic DNA fragment can be rapidly
inserted into a single plasmid to generate a panel of RGR-produced
sgRNAs. This robust and flexible system opens the door for in-depth
genetic investigations with increased efficiency in both rodent- and
human-infectious Plasmodium species.
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3: High-resolution mapping of Toxoplasma gondii spatial proteome
Barylyuk, Konstantin (Department of Biochemistry, University of Cambridge,
Cambridge, GBR); Koreny, Ludek (Department of Biochemistry, University of
Cambridge); Ke, Huiling (Department of Biochemistry, University of Cambridge);
Breckels, Lisa (Department of Biochemistry, University of Cambridge); Gatto,
Laurent (Department of Biochemistry, University of Cambridge); Pain, Arnab
(Biological and Environmental Science & Engineering Division, King Abdullah
University of Science and Technology); Lilley, Kathryn (Department of
Biochemistry, University of Cambridge); Waller, Ross (Department of
Biochemistry, University of Cambridge)

Apicomplexans are parasitic protists that invade cells of all animals including
humans. Unique biology and structure of apicomplexan cells enabled their
adaptation to parasitism. This includes several subcellular compartments
populated by ensembles of proteins that play important roles in metabolism,
morphogenesis, motility, invasion, and parasite-host interactions. Localising
proteins to subcellular niches is therefore of paramount interest in apicomplexan
research. Despite continuous efforts to determine the subcellular localisation of
proteins in model apicomplexans by microscopy, approximately half of all
predicted proteins have unknown function and/or location, which significantly
limits our understanding of the apicomplexan biology.
Here we apply a novel spatial proteomics technology termed LOPIT (Localisation
of Organelle Proteins by Isotopic Tagging) to simultaneously map the localisation
of several thousand proteins on a cell-wide scale in a model apicomplexan,
Toxoplasma gondii. Key elements of the approach include mechanical,
detergent-free disruption of cells, fractionation of the cell homogenate by densitygradient centrifugation, identification and quantitation of proteins from the
gradient fractions by high-resolution tandem mass spectrometry, and protein
clustering and classification to organelles by sophisticated bioinformatic methods.
We performed three independent LOPIT experiments on T. gondii extracellular
tachyzoites. Over 3500 proteins were identified and quantified in all three
experiments allowing us to measure protein abundance distribution profiles along
the density gradient, identify protein clusters, and assign them to subcellular
locations based on co-clustering with known organellar markers. The resulting
draft map of T. gondii spatial proteome resolved all major subcellular
compartments and predicted localisation of several hundred previously
uncharacterised proteins, delivering new insights in apicomplexan cell biology.
The LOPIT-predicted localisation of selected hypothetical proteins was validated
by gene tagging and fluorescent microscopy.
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4: Auxin-Dependent Degradation System: A new tool to study
essential genes in Cryptosporidium
Pawlowic, Mattie C.
(University of Georgia, Athens, GA, USA); Myers, Emily (University of
Georgia); Studstill, Caleb (University of Georgia); Herbert, Gillian
(University of Georgia); Brooks, Carrie (University of Georgia); Striepen,
Boris (University of Georgia)

Diarrheal disease is responsible for ~10% of the deaths of children under
five years of age, of which cryptosporidiosis is the second leading cause.
There are no vaccines and the only drug approved to treat
cryptosporidiosis is not effective in immunocompromised patients—the
group most at risk for severe disease. Unlike other apicomplexans,
Cryptosporidium complete the entire life cycle within a single host.
Oocysts, the product of sexual cycle, are transmitted via ingestion of
contaminated food or water. The Cryptosporidium oocyst has a hardy,
resilient shell that renders the parasite resistant to most disinfectants,
including chlorination. Synthesis of the oocyst wall is a huge feat in an
otherwise metabolically streamlined parasite. In light of development of
new molecular tools, it is now possible to interrogate genes and describe
their functional role in oocyst wall development. Here we describe the
role of polyketide synthase (PKS) and trehalose-6-phosphate synthase
(T6PS) in oocyst development. Expression of both PKS and T6PS are
localized to females and were refractory to knockout, necessitating a
conditional gene expression system. We selected the TIR-Auxin system,
where addition of the small molecule, auxin, renders the protein of
interest susceptible to degradation by the proteasome. This system was
validated to tightly control stability of several Cryptosporidium proteins in
vitro and current efforts are underway to evaluate this conditional
expression system in vivo. Future work will determine the role of PKS
and T6PS in oocyst formation with the eventual goal to identify targets
that may be exploited for drug or water treatment interventions.
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5: Antimalarial drug target identification through Cellular Thermal Shift
Assay (CETSA)
Dziekan, Jerzy (Nanyang Technological University, Singapore, Singapore,
SGP); Han, Yu (Nanyang Technological University, Singapore); Sobota,
Radoslaw (Institute of Molecular Cell Biology, A*STAR, Singapore);
Nordlund, Par (Nanyang Technological University, Singapore); Bozdech,
Zbynek (Nanyang Technological University, Singapore)

Despite decades of research, surprisingly little is known about exact
mechanisms of action of the vast majority of antimalarial drugs. Identifying
cellular binding partners and downstream effectors of existing and potential
therapeutics is essential for better understanding of the parasite’s biology,
molecular mechanisms of drug action and characterization of new druggable
targets. Thermal shift assay has traditionally been used in the drug discovery
industry for high-throughput screening of molecule libraries for protein target
engagement. The technique employs thermal denaturation to measure the
change in protein stability upon ligand binding. The CETSA approach is
based on the same principle but allows direct detection of drug-protein
interaction through simultaneous monitoring of the entire proteome.
In this study, we present an adaptation of the CETSA protocol and its variant
‘Isothermal Dose Response CETSA’ (ITDR) for antimalarial drug-target
identification, through two independent approaches. The first, involving drug
exposure of P.falciparum infected Red Blood Cell cultures in vitro, the
second of the parasite lysate. Following drug treatment each experimental
set is incubated on a thermal gradient to denature and irrevocably precipitate
unstable proteins and in case of the whole-cell approach – lysed thereafter.
Soluble fractions containing remaining stable proteins are trypsinized,
labelled with TMT10 isobaric tags and analyzed by quantitative mass
spectrometry. Identified Plasmodium & human proteins are ranked based on
the change in their thermal stability between treated and untreated
conditions.
As a proof of principle, we demonstrate interaction of Pyrimethamine and
E64d with their known molecular targets: Dihydrofolate Reductase (DHFR)
and Falcipain 3 respectively. Additionally, we identify Purine Nucleoside
Phosphorylase as the candidate protein target for Mefloquine, demonstrating
CETSA’s potential for antimalarial drug target discovery.
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6: Real-time in vivo Global Transcriptional Dynamics During Plasmodium
falciparum Development
Painter, Heather (Biochemistry and Molecular Biology Department, Huck Center
for Malaria Research, Pennsylvania State University, University Park, PA 16803,
USA, University Park, PA); Chung, Neo (Lewis-Sigler Institute for Integrative
Genomics, Molecular Biology Department, Princeton University, Princeton, NJ
08544, USA); Sebastian, Aswathy (Biochemistry and Molecular Biology
Department, Pennsylvania State University, University Park, PA 16803, USA);
Albert, Istvan (Biochemistry and Molecular Biology Department, Pennsylvania
State University, University Park, PA 16803, USA); Storey, John D. (Lewis-Sigler
Institute for Integrative Genomics, Molecular Biology Department, Princeton
University, Princeton, NJ 08544, USA); Llinás, Manuel (Biochemistry and
Molecular Biology Department, Huck Center for Malaria Research, Pennsylvania
State University, University Park, PA 16803, USA)

Genome-wide analysis of transcription in Plasmodium falciparum has revealed
robust variation in steady-state mRNA abundance throughout the
intraerythrocytic developmental cycle (IDC) suggesting that this process is highly
dynamic and tightly regulated. However, the precise timing of mRNA
transcription and decay remains poorly understood due to strategies that
measure total RNA from populations of parasite-infected red blood
cells. Therefore, these measurements do not differentiate between newly
transcribed RNA, decaying RNA and stable cellular RNAs. Here we utilize rapid
thiol-modified nucleotide incorporation via pyrimidine salvage (HJ Painter et al.,
Genome Res 2017) to specifically label and capture newly-synthesized P.
falciparum RNA transcripts at every hour throughout the IDC following
erythrocyte invasion. Our analysis of thiol-modified RNAs enables “real-time”
global analysis of Plasmodium transcription and reveals the timing of regulation
for each newly-synthesized mRNA in vivo. Surprisingly, contrary to other
methods, we detect active transcription during the ring-stages of
development. In addition, by comparing the unlabeled RNA (pre-existing) to the
total RNA abundance we can determine the stability of each transcript throughout
the IDC and demonstrate that a small subset of transcripts necessary for
invasion are highly transcribed and/or stabilized during schizogony. These data
were fit to determine the fraction of active transcription and/or transcript
stabilization contributing to the total mRNA abundance at each timepoint and
thereby expand our understanding of P. falciparum mRNA
dynamics. Additionally, our results provide new insight into co-transcription or
co-stabilization of genes throughout the IDC through regulatory DNA/RNA
sequence motifs associated with these processes. Rapid biosynthetic mRNA
capture provides a new and powerful tool for studying Plasmodium transcription
dynamics throughout development and under various environmental conditions.
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7: A Novel Dense Granule Protein Plays a Role in Calciumdependent Signaling Events in Toxoplasma gondii
LaFavers, Kaice (IUSM Dept of Pharmacology & Toxicology,
Indianapolis, IN, USA); Marquez-Nogueras, Karla (University of
Georgia); Coppens, Isabelle (Johns Hopkins); Moreno, Silvia (University
of Georgia); Arrizabalaga, Gustavo (Indiana University School of
Medicine)
Toxoplasma gondii is an obligate intracellular eukaryotic pathogen that
causes severe neurologic disease in immunocompromised adults and
congenitally infected neonates. Events critical to the propagation of T.
gondii, such as invasion and egress, are regulated by calcium-dependent
signaling. In order to identify unique components of the parasite’s
calcium signaling networks, we used a forward genetics approach to
isolate mutants with altered sensitivity to the ionophore induced calcium
fluxes. Exposing extracellular parasites to A23187 induces protein
secretion, motility and cytoskeletal rearrangements and prolonged
treatment causes exhaustion of factors required for invasion, which
results in what is referred to as ionophore induced death (iiDeath).
Mutants capable of surviving this treatment were isolated from a
chemically mutagenized population. Whole genome sequencing of one
such mutant, MBD2.1, identified a nonsense mutation in a protein of
unknown function (TGGT1_069070, ToxoDBv7.2) Complementation of
MBD 2.1 with a wild-type copy of TGGT1_069070 restored sensitivity to
iiDeath treatment. Endogenous tagging of this locus revealed that the
encoded protein is secreted from a unique parasite secretory organelle
known as the dense granule into the parasitophorous vacuole, leading to
its designation as TgGRA41. Complete knockout of
TgGRA41recapitulates the resistance to iiDeath observed in MBD2.1 but
also exhibits a dramatic decrease in propagation in tissue culture. The
knockout shows defects in multiple steps of the lytic including
compromised invasion efficiency and premature egress of parasites from
host cells. Cytosolic calcium measurements of extracellular parasites
show enhanced uptake of calcium in the knockout strain as compared to
parental and complemented, suggesting that the loss of TgGRA41
results in calcium dysregulation. Current efforts include validating
interactors from a recently performed yeast two-hybrid screen and
characterizing the role of TgGRA41 during in vivo virulence and
establishment of a chronic infection.
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8: The T. gondii protein Active Serine Hydrolase 4 (Ash4) is
important for parasite growth and the formation of ordered
vacuoles in vitro.
Foe, Ian (Department of Pathology, Stanford University, School of
Medicine, Stanford, California, USA); Onguka, Ouma (Department of
Pathology, Stanford University, School of Medicine, Stanford, California);
Amberg-Johnson, Katie (Department of Microbiology and Immunology,
Stanford University, School of Medicine, Stanford, California); Bogyo,
Matthew (Department of Pathology, Stanford University, School of
Medicine, Stanford, California)

Toxoplasma gondii is an obligate intracellular pathogen that is thought to
infect 30% of the world’s population. Recent work has demonstrated that
a dynamic posttranslational modification, called palmitoylation, is critical
for many aspects of the T. gondii life cycle. Palmitoylation is carried out
by a group of enzymes called Palmitoyl Acyl Transferase (PATs); and
the removal of palmitate is carried out by a class of enzymes called Acyl
Protein Thioesterases (APTs). Previous studies have demonstrated that
the T. gondii genome encodes at least one APT (TgPPT1). A recent
study has identified 3 serine hydrolases called the Active Serine
Hydrolases (ASHs) that are homologous to TgPPT1; the biological
function of these enzymes is currently unknown. Mutational studies in
our lab have demonstrated that Active Serine Hydrolase 4 (ASH4) is
important for T. gondii growth in vitro.The deletion of ASH4 also causes
parasites to form disorganized vacuoles. We show that ASH4’s apical
localization is dependent on a lipid modification called myristoylation
which is important for the formation of ordered vacuoles. Intriguingly,
apical localization of ASH4 is not necessary for normal in vitro growth of
parasites. Additionally, parasites lacking ASH4 appear to display both
motility and attachment defects in vitro.
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9: Data mining and analysis using EuPathDB resources
Brunk, Brian (EuPathDB); Warrenfelz, Susanne (EuPathDB); Harb,
Omar (EuPathDB); Roos, David (EuPathDB); Díaz-Miranda, María
Alejandra (EuPathDB)

* Authors are presenting on behalf of the entire EuPathDB team
The Eukaryotic Pathogen Database (EuPathDB, http://eupathdb.org) is a
free, online data mining resource that facilitates data mining across a
wide variety of datatypes. Pre-analyzed omics data can be interrogated
through an advanced search strategy system and results can be
visualized or analyzed further. In addition, primary data maybe be
analyzed using a private Galaxy workspace where all EuPathDB
genomes have been pre-loaded. EuPathDB supports over 230
organisms within Amoebazoa, Apicomplexa, Chromerida, Diplomadida,
Trichomonadida, Kinetoplastida, oomycetes and fungi. For these
organisms, EuPathDB integrates a wide range of data including genome
sequence and annotation, transcriptomics, proteomics, epigenomics,
metabolomics, population resequencing clinical and field isolates and
host-pathogen interaction data. Data are analyzed using standard
workflows and an in-house genome analysis pipeline generates data
including domain predictions, orthology profiles across all genomes and
GO term associations. Our unique strategies system offers over 100
structured searches that query the pre-computed data. Individual search
results can be combined into strategies that easily merge evidence from
diverse data types and across organisms. Easily accessible tools
enhance the search strategy system and include dynamic data
visualization, comparative genome analysis, population genetics tools,
and functional or pathway enrichment. This comprehensive resource
empowers the scientific community to mine data and develop hypothesis
driven research. To learn more about what is new, ask us questions,
contribute user comments or to provide suggestions visit our booth
during all poster sessions.
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TT10: All about BOP and MeBop Sinnis, Photini; Harb, Omar
Biology of Parasitism: Modern Approaches
Directors: Photini Sinnis, Johns Hopkins School of Public Health, and Gary Ward,
University of Vermont College of Medicine
Course Description - A unique 7-week course for advanced graduate students, postdocs,
and independent investigators, who are seeking in-depth training in modern approaches to
the study of protozoan parasites and parasitic worms.
This course is focused on the cellular and molecular mechanisms by which human and
animal parasites cause disease and the host responses to infection. The course consists of
daily lectures by distinguished leaders in the field juxtaposed with intensive experimental
work. The lectures cover most areas of active research in modern parasitology and are
designed to complement the laboratory work. Ample opportunity is provided for students to
interact informally with visiting lecturers and course faculty. In the laboratory, the students
work together in small groups, gaining hands-on experience and working collaboratively
with the faculty to explore new questions and discover new knowledge. In 2018, students
will use advanced imaging, flow cytometry, biophysical methods and a variety of state-ofthe-art molecular and cell biological techniques to study mechanisms of nutrient uptake,
drug resistance, parasite motility, host-to-host transmission by insect vectors and immune
responses to infection. Students will gain experience working with malaria parasites,
Toxoplasma gondii, African trypanosomes, Entamoeba histolytica, parasitic worms and the
mosquitoes that transmit malaria. The course is international by design, with students and
faculty coming from around the world. Students will complete the course with a new set of
experimental tools to apply to their own research, a greatly expanded network of
international colleagues, and a deep and broad appreciation for the remarkable interactions
that occur at the host–parasite interface. Website: http://www.mbl.edu/biology-ofparasitism/
Middle East Biology of Parasitism (MeBOP)
Directors: Lilach Sheiner [Lilach.Sheiner@glasgow.ac.uk], and Omar Harb
[oharb@upenn.edu]
This is a high-caliber scientific course (2-week) that would cover various aspects of
parasitology from molecular biology and epidemiology to genomics, targeted for students in
the Middle East as well as North and Sub-Saharan Africa
The Goal of MeBoP: 1. To provide high-caliber scientific training covering various aspects
of parasitology research from molecular biology and epidemiology to genomics. We
believe that it is critical that scientific skills that are well established elsewhere in the world
are disseminated to endemic areas where they can be put into practice to face local issues.
2. To provide an environment where young scientists from conflicted political areas are
given the opportunity to focus on their mutual professional interests and goals, and to
promote networking and the building of professional collaborations across these areas.
Website: https://www.middle-eastbop.com/ Youtube: https://youtu.be/BGECO_dgASY
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11: Identification and Characterization of PfCDPK5 Interacting
Factors
Rudlaff, Rachel M. (Biological and Biomedical Sciences, Harvard
University, USA); Blomqvist, Karin (Department of Microbiology, Tumor
and Cell Biology, Karolinska Institutet); Helmel, Michaela (Department of
Pathology, Boston Children’s Hospital); Adapa, Swamy (Department of
Global Health, University of South Florida); Wang, Changqi (Department
of Global Health, University of South Florida); Jiang, Rays (Department
of Global Health, University of South Florida); Steen, Hanno (Department
of Pathology, Boston Children’s Hospital); Dvorin, Jeffrey D. (Division of
Infectious Diseases, Boston Children’s Hospital and Department of
Pediatrics, Harvard Medical School)

Successful egress from a host red blood cell is required for Plasmodium
propagation. We have previously shown that P. falciparum calciumdependent protein kinase 5 (PfCDPK5) is critical for this process. In
more recent work, we have demonstrated that microneme secretion is
impaired in PfCDPK5-deficient parasites, and that this defect directly
causes the egress block. To further elucidate the mechanism by which
PfCDPK5 promotes egress we utilized the BioID system. For these
experiments, we fused the promiscuous biotin ligase, BirA*, to PfCDPK5
to identify proteins in close proximity to PfCDPK5 during late schizogony.
These candidate PfCDPK5-interacting proteins include myosins, a
phosphatase, several conserved proteins of unknown function, and
interestingly, four candidate PfCDPK5 substrates identified in a series of
phosphoproteomics experiments. In our ongoing work to characterize
these proteins we have observed that several co-localize with PfCDPK5,
providing additional evidence for a bona fide interaction. We will further
characterize interactions between candidate proteins and PfCDPK5 by
co-immunoprecipitation, additional co-localization assays, in vitro kinase
assays, and functional genetic experiments. These studies will allow us
to develop a more cohesive understanding of the pathways that lead to
egress and determine the precise mechanism by which PfCDPK5
promotes egress.
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12: In vitro genetic analysis in Babesia divergens reveals of cGMPdependent protein kinase (PKG) as essential for parasite egress
and a druggable target
Elsworth, Brendan (Harvard School of Public Health, Boston, MA, USA);
Moreira, Cristina (Harvard School of Public Health, USA); Paul, Aditya
(Harvard School of Public Health); Duraisingh, Manoj (Harvard School of
Public Health)

Infection of the blood-stream with Babesia parasites results in significant
veterinary and zoonotic human disease. Our understanding of the
essential processes of Babesia infection is severely limited. In the
evolutionarily-related parasites P. falciparum and T. gondi, the cGMPdependent protein kinase (PKG) is a central signal transduction molecule
required to initiate processes required for egress from host cells,
including the mobilization of secretory organelles, parasitophorous
vacuole breakdown, and for gliding motility required for T. gondii
invasion. We sought to determine the role of B. divergens PKG in
parasite egress and invasion, and to assess its druggability. However,
genetic tools to study Babesia have been limited, preventing the study of
many essential processes. Here, we describe rapid stable transfection in
B. divergens, with integration occurring in 1-2 weeks, as well as the
development of genetic tools to study essential genes. We targeted the
B. divergens PKG gene using the glmS system to regulate gene
expression. BdPKG knockdown results in reduced parasite proliferation
in erythrocytes. Combination of the apicomplexan PKG-specific inhibitors
Compound 1 and 2 (C1 and C2) with BdPKG knockdown produced a
significant synthetic lethal effect. Following treatment with C2, B.
divergens parasites fail to egress, but continue to divide intracellularly for
at least three additional cycles. Further, we established CRISPR/Cas9
gene editing to introduce the gatekeeper residue mutation T651Q in
BdPKG, predicted to reduce C1 and C2 binding in B. divergens.
Parasites harboring this mutation demonstrated reduced sensitivity to
both C1 and C2. With our new in vitro genetic approaches we have
validated BdPKG as an essential parasite target required for parasite
egress from host cells.
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13: Toxoplasma gondii has two distinct O-fucosyltransferases: the
nucleocytosolic SPY and the ER-localized POFut2
Bandini, Giulia (Boston University, Boston, MA, USA); Hichikawa, Travis
(University of Georgia); Haserick, John (Boston University); Leon,
Deborah (Boston University); Hoppe, Carolin (Hannover Medical
School); Routier, Francoise (Hannover Medical School); Costello,
Catherine (Boston University); West, Christopher (University of Georgia);
Samuelson, John (Boston University)

Nucleocytosolic O-GlcNAc transferase (OGT) is sensitive to the nutrient
status of the cell and modifies Ser/Thr residues of many host proteins
involved in transcription, translation and signaling. Toxoplasma
gondii encodes an OGT paralog, SPINDLY, which is absent in the host
but present in plants. Here we show that T. gondii SPINDLY (TgSPY) is
the nucleocytosolic O-fucosyltransferase that tranfers fucose
monosaccharides on Ser/Thr residues of >70 proteins involved in mRNA
processing, nuclear transport, and signaling. These O-fucosylated
proteins form assemblies in close proximity to the nuclear pore
complexes, which are themselves modified with O-fucose. Stable
knockout of spy in tachyzoites causes loss of nuclear binding by the
fucose-specific Aleuria aurantia lectin (AAL) by IFA and loss of AAL
binding to Western blots of total cell lysates.
The T. gondii genome also encodes a homolog of the host peptide:Ofucosyltransferase 2, which transfers fucose to thrombospondin type I
repeats (TSRs). TgPOFut2 localizes to the endoplasmic reticulum by in
situ tagging. Knockout of pofut2 and nst2, the GDP-Fucose sugar
nucleotide transporter, has no effect on nuclear O-fucosylation
but causes a reduction in growth in culture, likely due to a defect in
parasite invasion. Mass spectrometry analysis shows the TSR1 on MIC2
is modified with O-fucose and knockout of either pofut2 or nst2 results in
reduced cellular MIC2 levels. Furthermore, in both knockouts MIC2 is
mislocalized to the early secretory pathway in a fraction of the cells.
In summary, our data shows that T. gondii has two Ofucosyltransferases: SPY that modifies proteins that accumulate adjacent
to the nuclear pore complexes, and POFUT2 that modifies secreted
proteins with TSRs.
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14: Bio-ecology of malaria vectors: DNA barcoding to detect natural
plant sources of Anopheles gambiae
Nyasembe, Vincent O. (International Center of Insect Physiology and
Ecology, USA); Tchouassi, David P. (International Center of Insect
Physiology and Ecology); Pirk, Christian W. W. (University of Pretoria);
Sole, Catherine L. (University of Pretoria); Torto, Baldwyn (International
Center of Insect Physiology and Ecology)

The role of plant sources in the ecology of malaria vectors is
underscored by their contribution to vector fitness through provision of
nutrients vital for various metabolic processes. In addition, these vectors
imbibe other secondary metabolites which are likely to modulate their
vectorial capacity either by enhancing parasite development and
replication in the vector, thereby increasing transmission potential, or by
deterring parasite development in the vector. This last phenomenon has
recently been demonstrated in malaria vector Anopheles gambiae
feeding on Parthenium hysterophorus-derived metabolite parthenin,
which deterred the sporogonic development of Plasmodium falciparum.
Despite their prominent impact on disease transmission potential,
information on the natural plant sources of the malaria vectors remain
scarce, largely due to lack of appropriate tool to accurately identify them.
My presentation will provide insight into molecular identity of the
preferred natural host plants of the malaria vector, An. gambiae and their
nutritional value. I will further present evidence of chemical cues
mediating the interactions of the malaria vector with its natural host
plants.
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15: Identifying proteins up-regulated in infectious Plasmodium
sporozoites by mass spectrometry-based proteomics
Swearingen, Kristian E. (Institute for Systems Biology, Seattle, WA,
USA); Lindner, Scott (Pennsylvania State University); Shears, Melanie
(Johns Hopkins University); Sinnis, Photini (Johns Hopkins University);
Kappe, Stefan (Center for Infectious Disease Research); Moritz, Robert
(Institute for Systems Biology)

Malaria infection is initiated when Plasmodium sporozoites are deposited
in the skin by the bite of an infected mosquito. Though morphologically
similar, sporozoites isolated from mosquito salivary glands are 10,000fold more infectious than oocyst sporozoites taken from the mosquito
mid-gut as measured by a delay in the time to patency. Differences in
gene expression between these two stages are expected to reveal genes
and proteins critical to development of sporozoite infectivity. Here, we
have used mass spectrometry-based proteomics to survey the proteins
present in P. falciparum and P. yoelli salivary gland sporozoites and
oocyst sporozoites, identifying over 2,000 proteins in each species.
Using label-free quantitative methods, we have identified proteins that
exhibit significantly different expression levels between oocyst and
salivary gland sporozoites, including many that have not previously been
identified as such from transcriptomics studies. We further examined the
mass spectrometry data for evidence of post-translational modification of
proteins. Consistent with our previous studies of P. falciparum and P.
vivax salivary gland sporozoites, we found that the sporozoite surface
proteins CSP and TRAP were also glycosylated in P. yoelii salivary gland
sporozoites as well as in P. falciparum and P. yoelii oocyst sporozoites.
Additionally, we found that the TRAP-like protein TREP, a surface
protein that is up-regulated in oocyst sporozoites, was similarly
glycosylated. We also identified hundreds of sporozoite proteins
exhibiting acetylation of protein N-termini, including at sites of cleaved
signal peptides, information that will help to identify proteins targeted for
secretion in infective sporozoites.
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16: Identification of Novel Protein Glycosylation in Plasmodium
sporozoites
Shears, Melanie (Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD, USA); Kasper, Brian (New York University Department of
Chemistry, New York, NY); Zhang, Lauren (New York University
Department of Chemistry, New York, NY); Swearingen, Kristian E.
(Institute for Systems Biology, Seattle, WA); Mortiz, Robert L. (Institute
for Systems Biology, Seattle, WA); Mahal, Lara K. (New York University
Department of Chemistry, New York, NY); Sinnis, Photini (Johns Hopkins
Bloomberg School of Public Health, Baltimore, MD)

Protein glycosylation is an important post-translational modification that
modulates protein function in many organisms. Protein glycosylation in
Plasmodium was previously thought to be limited to glycophosphatidyl
inositol anchors, but recent discoveries have revealed the presence of Nglycans and identified O- and C-linked glycans on the essential
sporozoite vaccine antigens CSP and TRAP. Other studies have
identified a range of sugar nucleotide precursors in parasites that could
be used for these modifications. These findings suggest protein
glycosylation in Plasmodium may be more extensive than previously
assumed, and indeed may be relevant for anti-malarial vaccine design.
To probe for novel protein glycosylation on the surface of malaria
sporozoites, we performed a screen using an array of carbohydratebinding proteins (lectins) with known glycan binding specificities. We
identified several lectins with affinity for sporozoites, and confirmed their
binding was sensitive to competition with corresponding
monosaccharides. We further showed that although these lectins were
identified based on their binding to the sporozoite surface, they
predominantly recognize glycans on intracellular proteins. These findings
pave the way for lectin pull down experiments to identify these
glycosylated proteins and more fully characterize their glycans. In a
complimentary line of investigation, we have begun generating antiglycan antibodies targeting the O- and C- linked glycan modifications of
CSP and TRAP to better probe the function of these modifications. This
work will further our understanding of protein glycosylation in
Plasmodium and help uncover the role of both novel and recently
described glycans in malaria parasites.
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17: Plasmodium Transmission is Critically Regulated by
CAF1/CCR4/NOT Deadenylase Assembly and Function
Hart, Kevin (Pennsylvania State University, USA); Walker, Michael
(Pennsylvania State University); Kennedy, Mark (Pennsylvania State
University); Lindner, Scott (Pennsylvania State University)

The transmission of the malaria parasite between mosquitoes and
mammals requires translational repression to ensure that only the proper
proteins are expressed at the right time, while still allowing the parasite
to prepare the mRNAs it will need for the next developmental stage. With
relatively few known specific transcription factors (ApiAP2 family) that
may specifically initiate gene transcription, Plasmodium also regulates
the stability and turnover of transcripts to provide more comprehensive
gene regulation. The CAF1/CCR4/NOT complex has been shown in
model organisms to be important for not only mRNA degradation, but
also translational control through its deadenylases CAF1 and CCR4.
However, few proteins that impose TR in Plasmodium sexual stages are
known, and those that are characterized primarily affect female
gametocytes. We have identified and characterized CCR4-1, which we
show plays a role in activating male gametocytes, stabilizing transcripts
in gametocytes, and regulating host-to-vector transmission. We find that
when ccr4-1 is knocked-out, there is a loss in the coordination of male
gametocyte activation and a reduction in the ability of the parasite to
productively infect the mosquito that is independent of its effect upon
male activation. Comparative RNA-seq shows that the deletion of ccr4-1
affects many transcripts that are translationally repressed and important
for early mosquito stage development. While genetic deletion of the
major deadenylase Caf1 is lethal, we find that expression of the Nterminal Caf1 domain is permissive, but prevents proper complex
assembly and phenocopies the ccr4-1 deletion. We therefore conclude
that the general and transmission-specialized deadenylases of the
CAF1/CCR4/NOT complex play critical and intertwined roles in parasite
growth and transmission.
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18: The Leishmania mRNA-bound proteome changes throughout
the lifecycle; candidate trans-regulators of parasite differentiation
Pablos, Luis M. (University of York, USA); Dowle, Adam (University of
York); Ferreira, Tiago R. (University of York); Newling, Katherine
(University of York); Forrester, Sarah (University of York); Walrad,
Pegine B. (Centre for Immun. and Infection, Univ. of York, University of
York, GBR)

Leishmania spp. parasites adapt to drastic changes in environments
during their transmission between insect vectors and human hosts.
These adaptions require precise gene regulation to coordinate the timely
expression of stage-specific proteins essential for survival. Gene
regulation in Leishmania spp. parasites demonstrates near complete
reliance on post-transcriptional genetic control, yet insight into transregulators
which control lifecycle progression is limited. In comparison to
Trypanosomes, the molecular regulators behind Leishmania spp.
differentiation remain elusive.
To isolate key trans-regulators implicit in parasite differentiation and
infectivity, we crosslinked RNA binding proteins (RBPs) to bound mRNAs
in vivo using an optimised method with reduced stress, then
quantitatively identified the mRNA-bound and total proteomes of culturederived procyclic and metacyclic promastigotes and macrophage- and
lesion-derived amastigotes using mass spectroscopy. To verify RBP
expression profiles we endogenously tagged genes of differentiallyexpressed RBPs and performed western blot analyses and RNA
immunoprecipitation.
Over 1400 proteins display differential enrichment in the crosslinked
versus non-crosslinked mRNA-associated L.mexicana proteome, nearly
300 of which are lifecycle stage regulated. In line with our molecular
data, the transcriptome shows only 30% correlation to total protein levels
and no correlation to mRNA association. Our identification and
characterization of stage-specific RBPs provides novel insight into transregulatory mRNP complexes which drive lifecycle progression to human
infective forms.
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19: GDV1 triggers sexual conversion and differentiation in malaria
parasites by antagonizing HP1-dependent gene silencing
Filarsky, Michael (Swiss Tropical and Public Health Institute, University of
Basel, Basel, Switzerland, Basel, CHE); Fraschka, Sabine A. (Department of
Molecular Biology, Radboud University, Nijmegen, The Netherlands);
Carrington, Eilidh (Swiss Tropical and Public Health Institute, University of
Basel, Basel, Switzerland); Niederwieser, Igor (Swiss Tropical and Public
Health Institute, University of Basel, Basel, Switzerland); Moes, Suzette
(Biozentrum, University of Basel, Basel, Switzerland); Jenoe, Paul
(Biozentrum, University of Basel, Basel, Switzerland); Bartfai, Richard
(Department of Molecular Biology, Radboud University, Nijmegen, The
Netherlands); Voss, Till S. (Swiss Tropical and Public Health Institute,
University of Basel, Basel, Switzerland)

Asexual blood-stage Plasmodium parasites proliferate through iterative
cycles of intra-erythrocytic replication. During each cycle a small number of
parasites commit to sexual development and differentiate into gametocytes,
the only forms able to infect the mosquito vector and transmit malaria.
Recent studies provided a first insight into the complex mechanisms inducing
sexual conversion in Plasmodium falciparum. The AP2-G transcription factor
was identified as master transcriptional regulator of gametocytogenesis.
Heterochromatin protein 1 (HP1)-dependent silencing of ap2-g prevents
sexual conversion on an epigenetic level and secures proliferation. Despite
these advances, the events and players leading to the activation of AP2-G
expression remain unknown.
Here, we identify gametocyte development 1 (GDV1) as HP1 interaction
partner and the first upstream activator of the sexual differentiation pathway
in P. falciparum. We show that induction of GDV1 expression is sufficient to
activate AP2-G expression and sexual differentiation. We furthermore found
that GDV1 targets heterochromatin and triggers HP1 eviction preferentially at
ap2-g and other gametocyte-specific genes. In addition we demonstrate that
GDV1-dependent activation of ap2-g is controlled via a gdv1 antisense RNA.
In summary, we identify GDV1 as an unprecedented cell fate decision factor
that induces sexual differentiation by antagonizing HP1-dependent gene
silencing. With these results we offer novel insights into the mechanisms
involved in the activation of sexual conversion in P. falciparum and provide a
basis for further investigation of this key step in parasite biology.
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20: Using metabolic profiling to define gametocytocidal modes of
action
Allman, Erik (Penn State University, University Park, PA, USA); Llinas,
Manuel (Penn State University)

Transmission-blocking approaches are considered a major intervention
strategy against malaria as they target significant bottlenecks in the
parasite’s lifecycle. To complete the transition from the human host to
the mosquito, blood stage Plasmodium parasites must sexually
differentiate into mature gametocytes, providing a critical juncture with
potentially profound therapeutic opportunities for reducing the spread of
infected mosquitoes and limiting the propagation of drug resistant
parasites. Surprisingly, the gametocyte stage has not been readily
targeted from a clinical standpoint and has been considered largely
quiescent. Currently, primaquine is the only clinically approved
antimalarial active against gametocytes, although its true mode of action
(MoA) and usage in individuals with G6PD deficiency remains
controversial. While several ‘omics’ approaches have begun to explore
the process of gametocyte maturation, these studies fail to address the
fundamental clinical question of what are the key pathways that can be
successfully targeted therapeutically. Using LC-MS-based metabolomics,
we are re-examining the specific metabolic requirements for proper
sexual differentiation as well as gametocyte sensitivity to certain
pharmacophores. We have recently focused on using defined metabolite
profiling methods which allows us to predict the mode of action for any
antimalarial compound by coupling the measurement of endo- and
exometabolites from sexual stage parasites. Our results using a series of
validated antimalarial compounds suggest MoA conservation across
asexual and sexual stages, although gametocytes display a markedly
reduced metabolic response. Interestingly, this abatement does not
appear to be the result of drug accessibly. Combined, this LC-MS-based
approach will serve to define gametocyte metabolism, characterizing
essential metabolites and biochemical pathways, and to elucidate critical
drug targets for transmission blocking strategies.
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21: Transcriptional profiling defines histone acetylation as a regulator of
gene expression during human-to-mosquito transmission of the malaria
parasite Plasmodium falciparum
Kiesow, Meike (Division of Cellular and Applied Infection Biology, RWTH Aachen
University, Aachen, DEU); Ngwa, Che J. (Division of Cellular and Applied
Infection Biology, RWTH Aachen University); Papst, Olga (Division of Cellular
and Applied Infection Biology, RWTH Aachen University); Orchard, Lindsey M.
(Department of Biochemistry and Molecular Biology, The Pennsylvania State
University); Filarsky, Michael (Department of Medical Parasitology and Infection
Biology, Swiss Tropical and Public Health Institute); Rosinski, Alina N. (Division
of Cellular and Applied Infection Biology, RWTH Aachen University); Voss, Till S.
(Department of Medical Parasitology and Infection Biology, Swiss Tropical and
Public Health Institute); Llinás, Manuel (Department of Biochemistry and
Molecular Biology, The Pennsylvania State University); Pradel, Gabriele (Division
of Cellular and Applied Infection Biology, RWTH Aachen University)

Transmission of Plasmodium falciparum from human to mosquito is mediated by
intraerythrocytic gametocytes. Because gametocytes are the only parasite stages
able to establish an infection in the mosquito, they are crucial for spreading
malaria. During gametocyte maturation, different repertoires of genes are wellcoordinated switched on and off, pointing to regulatory mechanisms of gene
expression. While epigenetic gene control has been studied during erythrocytic
schizogony, little is known about this process during human-to-mosquito
transmission. To unveil the potential role of histone acetylation during gene
expression in gametocytes, microarray-based transcriptome analysis on
gametocytes treated with the histone deacetylase inhibitor TSA were performed.
TSA-treatment impaired gametocyte maturation and lead to histone hyperacetylation. Comparative transcriptomics identified 294 transcripts more than 2fold up-regulated during gametocytogenesis following TSA-treatment, activated
gametocytes were less sensitive to TSA. TSA-treatment further led to repression
of approximately 145 genes in immature and mature gametocytes, 7 genes in
activated gametocytes. Up-regulated genes are mainly associated with functions
in invasion, cytoadherence, and protein export, while down-regulated genes
could particularly be assigned to transcription and translation. ChIP-qPCR
demonstrated a link between gene activation and histone acetylation for selected
genes. Among genes up-regulated in TSA-treated mature gametocytes was a
gene encoding the ring finger (RING)-domain protein PfRNF1, putative E3 ligase
of the ubiquitin-mediated signalling pathway. Immunochemistry demonstrated
PfRNF1 expression mainly in sexual stages with peak expression in stage II
gametocytes localized to nucleus and cytoplasm. Pfrnf1 promoter and coding
regions associated with acetylated histones, and TSA-treatment resulted in
increased PfRNF1 levels. Our combined data point to an essential role of histone
acetylation for gene regulation in gametocytes, which can be exploited for
malaria transmission-blocking interventions.
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22: Dissecting the role of PfAP2-G in the regulation of
gametocytogenesis
Josling, Gabrielle (Department of Biochemistry and Molecular Biology and
Huck Center for Malaria Research (CMaR), Pennsylvania State University,
PA, USA, University Park, PA, USA); Venezia, Jarrett (Department of
Biochemistry and Molecular Biology and Huck Center for Malaria Research
(CMaR), Pennsylvania State University, PA, USA); Orchard, Lindsey
(Department of Biochemistry and Molecular Biology and Huck Center for
Malaria Research (CMaR), Pennsylvania State University, PA, USA);
Painter, Heather (Department of Biochemistry and Molecular Biology and
Huck Center for Malaria Research (CMaR), Pennsylvania State University,
PA, USA); Llinás, Manuel (Department of Biochemistry and Molecular
Biology and Huck Center for Malaria Research (CMaR), Pennsylvania State
University, PA, USA)
PfAP2-G is a DNA-binding protein which has been shown to play a crucial
role in gametocytogenesis. Conditional knockdown (DD-FKBP) of PfAP2-G
allowed us to identify mRNAs that may be regulated by PfAP2-G using whole
genome transcriptomics. In addition to many known gametocyte-specific
genes, we identify a small group of potentially new early markers of
gametocytogenesis that are rapidly upregulated after PfAP2-G stabilisation
and thus are likely to be direct targets.
We have also performed chromatin immunoprecipitation followed by next
generation sequencing (ChIP-seq) to identify genes that are directly
regulated by PfAP2-G binding. ChIP-seq was performed at three timepoints:
schizonts, early rings, and stage I gametocytes. These data show that
PfAP2-G binds upstream of several hundred genes and confirm that it binds
the promoters of early gametocyte genes, clarifying its role in initiating the
gametocyte transcriptional program. As proposed previously, PfAP2-G is
highly enriched in its own promoter, suggesting that it may regulate its own
expression. Unexpectedly, our results also show that PfAP2-G is associated
with the promoters of the majority of known invasion genes. Coupled with our
transcriptional data, this suggests that PfAP2-G may play a dual role as both
a transcriptional activator and repressor. To better understand the role of
PfAP2-G in regulating gene expression in both gametocytogenesis and
invasion, we are using CRISPR-Cas9 to mutate predicted binding sites in the
promoters of several target genes and will test the effects of these mutations
on both mRNA levels and PfAP2-G binding. Overall, this work demonstrates
that PfAP2-G plays a central role in the commitment of malaria parasites to
gametocytogenesis as the parasite transitions away from an asexual
developmental program.
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23: APPROACHING THE ROLE OF THREE APIAP2 TRANSCRIPTION
FACTORS IN THE CONTROL OF GENE TRANSCRIPTION IN
INTRAERYTHOCYTIC AND SEXUAL STAGES OF Plasmodium
falciparum
GALINDO CUBILLOS, ELIANA (UNIVERSITY OF SÃO PAULO, SÃO
PAULO, BRA); WUNDERLICH, GERHARD (UNIVERSITY OF SÃO
PAULO)
The protozoan parasite Plasmodium falciparum causes the most severe
form of human malaria and the most vulnerable persons are children
under the age of 5 years and pregnant women. To evade the constantly
evolving host immune response to infection, asexual parasite forms use
antigenic variation of virulence-associated genes and sexual
differentiation as a strategy to survive and secure their transmission to
the mosquito. The molecular basis behind this process is still poorly
understood and until now a number of chromatin modifying enzymes
were implied in the process of antigenic variation and a few others in
the induction gametocyte formation. However, it is not known how the
parasite orchestrates these phenomena as well as the mechanisms that
trigger these processes and which transcription factors are possibly
involved. In this project, we propose to address the participation of three
putative ApiAP2 transcription factors (TFs), PF3D7_1143100,
PF3D7_1466400 and PF3D7_1007700, in the control of gene
transcription in the intraerythrocytic and sexual stages of P. falciparum.
We attempt to investigate the loss of function effect of these proteins on
the blood stage development and mosquito stage, by comparison of two
conditions, “ON” and “OFF” for the expression of each target protein.
This will be done using genetically modified parasites lines which either I)
have the determined ApiAP2 proteins C-terminally tagged with a
destabilizing domain which then can be stabilized through the incubation
of parasites with a small molecule, or II) have a 3’ localized ribozyme
sequence (glmS) included in the ApiAP2 transcripts, both of which then
turn the targeted protein or transcript regulatable. Since the proteins of
interest will also be tagged with an HA tag we will be able identify by
Chip-Seq the specific genomic loci that these TFs are binding to. This
study will contribute novel information about the transcription control in P.
falciparum, and will probably point to novel drug targets since i) the
interference of a possible key process for the parasites survival makes
them more vulnerable and ii) the ApiAP2 transcription factors are absent
in the human host.
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24: Eps15 homology domain containing protein of Plasmodium
falciparum (PfEHD) associates with endocytosis and vesicular
trafficking towards neutral lipid storage site
Thakur, Vandana (Internation Centre for genetic engineering and
biotechnology, new delhi, IND); mohmmed, Asif (International centre for
Genetic engineering and biotechnology)

The human malaria parasite, Plasmodium falciparum, takes up
numerous host cytosolic components and exogenous nutrients through
endocytosis during the intra-erythrocytic stages. Eps15 homology
domain-containing proteins (EHDs) are conserved NTPases,which are
implicated inmembrane remodeling and regulation of specific endocytic
transport steps in eukaryotic cells. In the present study, we have
characterized the dynamin-like C-terminal Eps15 homology domain
containing protein of P. falciparum (PfEHD). Using a GFP-targeting
approach,we studied localization and trafficking of PfEHD in the parasite.
The PfEHD-GFP fusion protein was found to be a membrane bound
protein that associates with vesicular network in the parasite. Time-lapse
microscopy studies showed that these vesicles originate at parasite
plasma membrane, migrate through the parasite cytosol and culminate
into a large multi- vesicular like structure near the food-vacuole. Costaining of food vacuole membrane showed that the multi-vesicular
structure is juxtaposed but outside the food vacuole. Labeling of
parasites with neutral lipid specific dye, Nile Red, showed that this large
structure is neutral lipid storage site in the parasites. Proteomic analysis
identified endocytosis modulators as PfEHD associated proteins in the
parasites. Treatment of parasites with endocytosis inhibitors obstructed
the development of PfEHD-labeled vesicles and blocked their targeting
to the lipid storage site.Overall, our data suggests that the PfEHD is
involved in endocytosis and plays a role in the generation of endocytic
vesicles at the parasite plasmamembrane, that are subsequently
targeted to the neutral lipid generation/storage site localized near the
food vacuole.
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25: An early bio-marker for the detection of artemisinin-resistance
in malaria Plasmodium falciparum
XIONG, Aoli (Singapore MIT alliance for research and technology,
Singapore, SGP); Han, Jongyoon (Massachusetts, Institute of
Technology); Preiser, Peter (Nanyang technological university)

The recent emergence of artemisinin-resistant (ART-resistant) parasites
is posing real threat to the global malaria control, treatment and
elimination efforts. Currently, three methods are available for monitoring
the resistance. Parasites clearance studies measure the rates by which
the parasites are cleared from human body, which is a post-treatment
measurement and require constant monitoring of treated malaria patients
and thus financially and logistically demanding. The ring-stage survival
assay (RSA), which detects ART-resistant parasites by counting the
survival rates of parasites after 6hrs treatment and 66hrs recovery
(Witkowski, Amaratunga et al. 2013), is time-consuming and impractical
for clinical application since it requires minimal culture adaption. The
detection of the molecular marker, K13-propeller mutations (Ariey,
Witkowski et al. 2014), also suffers from the polymorphism of K13 gene
mutations and is resource demanding. K13-independent resistance was
also found in Africa, which render this molecular marker less reliable.
This work presents a new bio-marker, the phosphorylation of eukaryotic
initiation factor 2 α subunit (eIF2α), for the early detection of artemisinin
resistance. The results showed that the relative phosphorylation level of
eIF2α in the WT (sensitive) is always higher than that in K13 mutant
(resistant) after drug treatment. Same trend was observed with clinical
isolates. The different phosphorylation level could be used as a early biomarker for the detection of artemisinin resistance.
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26: Liver stage malaria parasites escape host cell autophagy
Niklaus, Livia (University of Bern, Bern, CHE); Heussler, Volker T.
(University of Bern)

Plasmodium parasites are the causative agent of malaria and are
transmitted by Anopheles mosquitoes. Before the clinically relevant
blood stage, the parasites infect hepatocytes where they reside in a
special compartment called parasitophorous vacuole (PV). A host cell
autophagy-related process plays an important role in the control of liver
stage Plasmodium parasites. Previously, we have shown that autophagy
markers, like LC3, localise to the PV membrane (PVM) of early liver
stage parasites. However, long-term live cell imaging suggested that
viable parasites can exclude LC3 and other membrane proteins from the
PVM at later liver stages by membrane shedding. To prove membrane
shedding by biophysical means, we expressed parasite and host cell
PVM proteins tagged with photo-convertible fluorescent proteins and
analysed their localization before and after photo-conversion.
Removal of autophagy marker via membrane shedding depends on a
constant supply of phospholipids. We are currently investigating whether
the host cell ER or even the parasite ER contributes to this supply.
Putative contact site proteins that could be involved in PVM and ER
phospholipid exchange have been identified and now we investigate their
localisation and their function in P. berghei-infected host cells.
The understanding of autophagy dynamics in infected host cells might
help to generate measures against the Plasmodium liver stage and
prevent the manifestation of the life-threatening blood stage.
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27: LC3-association with the parasitophorous vacuole membrane of
Plasmodium berghei liver stages follows a non-canonical
autophagy pathway
Wacker, Rahel (University of Bern, Bern, CHE); Schmuckli-Maurer,
Jacqueline (University of Bern); Heussler, Volker T. (University of Bern)

The malaria parasite Plasmodium undergoes intracellular development in
hepatocytes, residing in a parasitophorous vacuole. Host cells label the
parasitophorous vacuole membrane (PVM) with LC3, an autophagosome
marker protein. We are investigating whether host autophagy has an
influence on Plasmodium development. Using CRISPR/Cas9 nickase in
Plasmodium-susceptible cells, we generated gene knockouts for two
proteins involved in both branches of autophagy, starvation-induced
canonical autophagy and selective autophagy: FIP200, a member of the
ULK complex involved in initiation of autophagosome formation, and
ATG5, a member of the ubiquitin-like conjugation systems responsible
for processing, lipidation and incorporation of the autophagy marker LC3
into the autophagosome membrane. Importantly, FIP200 deletion blocks
canonical autophagy, whereas ATG5 deletion blocks both, canonical and
selective autophagy. Infection of ATG5- and FIP200-deficient cells
showed that ATG5 is essential for LC3-labelling of the PVM, whereas the
process was independent of FIP200. Interestingly, complete block of
autophagy by ATG5 deletion allowed more parasites to survive
suggesting that parasites can indeed be eliminated by a kind of selective
autophagy. On the other hand, parasites residing in ATG5-defcient cells
did not grow to normal size indicating that the parasite can explore
canonical autophagy as a source of nutrients. We are now interested to
decipher the molecular details of PVM labeling by host autophagyrelated proteins and the effect on parasite development if we specifically
manipulate the different branches of autophagy.
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28: Functional characterization of PPM5C, a membrane associated
PPM family protein phosphatase in Toxoplasma gondii
Yang, Chunlin (Indiana University School of Medicine, USA);
Arrizabalaga, Gustavo (Indiana University School of Medicine)
Toxoplasma gondii, an obligate intracellular parasite, infects around onethird of the human population. Although a healthy person’s immune
system can quickly control acute infection of the parasites, individuals
who have compromised or suppressed immune systems struggle to
resist the infection. For them, uncontrolled propagation of the parasites
could cause serious diseases. The propagation of T. gondii is
accomplished by repeated lytic cycles of the parasites, which consist of
parasite attachment to the host cell, subsequent invasion,
parasitophorous vacuole (PV) formation, replication inside the PV, and
then egress from the host cell. Studies of T. gondii have shown that the
lytic cycle of this parasite is delicately regulated by many essential and
unique proteins. In particular, calcium-dependent reversible
phosphorylation of the molecular machinery that drives invasion and
egress is regulated by parasite specific kinases. While much progress
has been made to elucidate the protein kinases and substrates central to
parasite propagation, little is known about the relevant protein
phosphatases. Accordingly, our research interest is to identify and
determine the functions of the protein phosphatases involved in the lytic
cycle of T. gondii. Thus, we performed a bioinformatics analysis of the T.
gondii genome to identify protein phosphatases that would be predicted
to associate with the parasite’s pellicle since this is the location of the
molecular machinery that drives invasion and egress. Five protein
phosphatases that were predicted to potentially be membraneassociated were selected for endogenous gene tagging. We have
determined that only PPM5C (TgGT1_281580), a PP2C family member,
localizes to the plasma membrane of T. gondii. Disruption of PPM5C
results in a slow propagation phenotype in tissue culture. Rate of
propagation is a multi-factorial phenotype that is influenced by the
efficiency of attachment, invasion, and egress as well as parasite
division. Interestingly, parasites lacking PPM5C divide and undergo
egress at a normal rate, but invasion assays showed that disruption of
PPM5C resulted in deficient entry into host cells. Therefore, our data
suggest that PPM5C is a key regulator of T. gondii lytic cycle, which
possibly regulates the phosphorylation state of proteins key to host cell
attachment and invasion.
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29: The endoplasmic Ca2+ ATPase pump (PfATP6) is involved in
SC83288 resistance
Duffey, Maelle (Universitätsklinikum Heidelberg, Center for Infectious
Disease, Parasitology, Heidelberg, DEU); Lanzer, Michael
(Universitätsklinikum Heidelberg, Center for Infectious Disease,
Parasitology); Sanchez, Cecilia (Universitätsklinikum Heidelberg, Center
for Infectious Disease, Parasitology)

The recent emergence of artemisinin resistance accentuates the need
for novel antimalarial drugs that exploit new molecular targets with
distinct chemical features to prevent cross-resistance mechanisms.
SC83288, an amicarbalide derivative, is a novel development candidate
for the treatment of severe malaria, able to clear Plasmodium falciparum
parasites at low nanomolar concentrations in vitro, as well as in vivo in a
humanized SCID mouse model system. In order to gain insights into
SC83288´s mode of action or the mechanisms by which the parasites
could develop resistance, P. falciparum parasites were exposed to
gradually increasing concentrations of SC83288 and subjected to ultradeep sequencing. These resistant parasite lines harbored genetic
2+
changes in the gene encoding the endoplasmic Ca ATPase (PfATP6),
as well as an amplification of one of the mutated locus. Particularly, nonsynonymous single nucleotides polymorphisms were detected, leading to
the A108T, A109T and F972Y mutations in the amino-acid sequence of
PfATP6. Calcium-live imaging and direct inhibition studies in a
heterologous yeast model suggest a role of PfATP6 in the resistance to
SC83288 instead of being a molecular target. The role of PfATP6 in
resistance to SC83288 has been confirmed on a genetic level, by
reintroducing the F972Y mutation using the CRISPR/Cas9 system, or by
episomal overexpression of PfATP6 A108T, A109T. The observed
fitness cost of the F972Y mutations for the parasite also pointed toward a
disruption in calcium homeostasis.
Further experiments are on-going to understand the effect of SC83288
on calcium homeostasis.
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30: Altered cell mechanics affect adhesion dynamics of Plasmodium
falciparum-infected heterozygous sickle cell erythrocytes
Lansche, Christine (Department of Infectious Diseases, Parasitology,
Heidelberg University Hospital); Dasanna, Anil (BioQuant-Center for
Quantitative Biology, Heidelberg University); Fröhlich, Benjamin (Physical
Chemistry of Biosystems, University of Heidelberg); Tétard, Marilou (Unité
Biologie Intégrée du Globule Rouge, Laboratoire d'Excellence GR-Ex,
Université Sorbonne Paris Cité, Université Paris Diderot, Inserm, Instit);
Schwarz, Ulrich (BioQuant-Center for Quantitative Biology, Heidelberg
University); Lanzer, Michael (Department of Infectious Diseases,
Parasitology, Heidelberg University Hospital)

To avoid clearance by the spleen, P. falciparum-infected erythrocytes (IEs)
adhere to the endothelial cells and sequester in the microvasculature of vital
organs, causing reduced blood perfusion and, potentially, organ failure.
While the parasite matures, the erythrocyte undergoes a series of
modifications including altered morphology, reduced deformability and
increased adhesiveness. These properties govern the cytoadherence
process and determine the dynamic adhesion behavior under physiological
conditions. Several red blood cell polymorphisms, including sickle
hemoglobin (Hb S), have been associated with significant protection against
severe malaria. This may be conferred, in part, by reduced binding capability
of the IEs to endothelial cells. Here we quantitatively compared the adhesion
dynamics of wild-type and sickle cell trait (HbAS) IEs at different parasite
developmental stages using flow chamber assays. In wild-type erythrocytes,
we showed that the shape of an infected cell changes from a discoid at the
initial stage of infection to nearly spherical at later stages of infection. This
led to flipping behavior in intermediate stages (trophozoites) in contrast to
rolling in later stages (schizonts). However, the adhesion dynamics were
significantly different in HbAS-IEs – the trophozoites exhibited more regular
flipping along with higher velocity oscillations and the schizonts were unable
to achieve stable rolling. These resulted from altered morphologies, reduced
knob density and increased cell stiffness observed for HbASIEs. Simulations with mesoscopic modeling of infected red blood cells in
flow were used to complement the experimental observations and showed
that altered behaviors in HbAS-IEs resulted in reduced contact area and
contact time. This observation could help explain the reduced pathology
observed in sickle cell trait individuals.
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31: The central role of a plant hormone in regulating egress of
human malaria parasite Plasmodium falciparum
Agarwal, Shalini (Shiv Nadar University, New Delhi, IND)

All the clinical symptoms of malaria manifest only during asexual blood
stage of the parasites. As the malaria parasite enters the blood stream, it
infects erythrocytes and undergoes three distinct stages of development:
the ring, the trophozoite and the multi nucleated schizont stage
containing invasive merozoites for completion of its intraerythrocytic
development. The release of merozoites from the infected erythrocytes is
an essential step for subsequent reinvasion and proliferation of blood
stage life cycle of P. falciparum. Release of merozoite is majorly
2+
controlled by Ca fluxes and calcium dependent signaling events. While
2+
the Ca regulation of the egress of P.falciparum merozoite from host
2+
erythrocyte is well established, the trigger for intracellular Ca in parasite
egress is poorly understood. Herein, we show the involvement of a plant
2+
hormone abscisic acid (ABA) in regulating Ca dependent egress of
merozoites. Extracts of P. falciparum analyzed by LC-MS/MS at different
time course of the blood stage life cycle revealed a marked spike in ABA
levels just prior to parasite egress. Treatment with the herbicide,
fluridone that prevents ABA biosynthesis in plants and related
apicomplexa T. gondii, reduced the levels of ABA in P. falciparum.
Disruption of ABA synthesis by FLU blocked parasite egress and
addition of ABA rescued the egress of merozoite. Further, addition of
2+
exogenous ABA triggered intracellular Ca in late stage schizonts
2+
indicating that ABA induces the release of Ca from parasite intracellular
2+
Ca stores similar to report in other apicomplexan. Further, these
egress-blocked schizonts were not permeabilized, and PfPLP1
previously entailed with host cell membrane permeabilization, was not
localized to the host cell membrane. These results indicates ABA as the
major signal that triggers discharge of PfPLP1 from microneme a step
2+
critical to egress of merozoite, by triggering intracellular Ca in mature
schizonts. The plant like nature of ABA production pathway can be
explored as target for inhibiting the egress process and limiting the
growth of malaria parasites.
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32: Structural characterization of Plasmodium falciparum choline
kinase
Buhrow, Leann (University of Texas Southwestern Medical Center,
Dallas, TX, USA); Phillips, Margaret A (University of Texas Southwestern
Medical Center)

Malaria is a devastating disease that affects nearly half the world’s
population. Despite the multifaceted strategy to manage this pandemic,
in 2016 the World Health Organization attributed more than 440,000
deaths to malaria and reported increased resistance to the most effective
antimalarial drug regime. Thus, it is widely accepted that additional drugs
with novel mechanisms of action are required. Lipid metabolism is
reported to be critical for the blood, liver and sexual infection stages of
Plasmodium falciparum, a causative agent of malaria, and may therefore
be targeted for the treatment of blood-stage symptoms as well as provide
added benefits of prophylactic and transmission-blocking activities.
Plasmodium phosphatidylcholine lipid biosynthesis begins with choline
phosphorylation by choline kinase (CK). Based on likely essentiality,
broad expression profile, and druggability of CK, we hypothesize that this
protein may be an excellent antimalarial drug target. Several cholinemimetic CK inhibitors have been shown to have antimalarial activity in
whole cell viability assays. However, these inhibitors have low potency,
exhibited off-target effects, and are moderately toxic to host cells. Here,
we outline a robust expression and purification scheme to isolate
milligram quantities of homogeneous CK protein. A series of highresolution x-ray crystallographic structures of CK with and without bound
substrate and product ligands are compared and discussed. The
phosphotransferase mechanism of CK, as well as the potential for
inhibitor selectivity compared to the human CK, is discussed in light of
these structures.
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33: A coiled-coil protein is required for coordination of karyokinesis
and cytokinesis in Toxoplasma gondii.
Courjol, Flavie ( Centre d'Infection et d'immunité de Lille, FRA); GISSOT,
Mathieu (Centre d'Infection et d'immunité de Lille, Lille)

The centrosome is key to the organization and coordination of the cell
cycle and division of apicomplexan parasites. The particular bipartite
structure (outer and inner core) of the T. gondii centrosome may allow
enough flexibility to fit the different division patterns that this parasite
employs during its life cycle. One of the main role of the centrosome is to
insure proper coordination of karyokinesis and cytokinesis during the
division to assure the proper segregation of organelles and nucleus in
the newly formed parasite. However, how these two events are
coordinated is still unknown in T. gondii for which the centrosome
components are poorly described. To gain more insights into the biology
and the composition of the T. gondii centrosome, we characterized a
protein that reside at the interface of the outer and inner core
centrosome. TgCep530 is a large coil-coiled protein with an essential
role in the parasite survival. Depletion of this protein leads to the
accumulation of nuclear-less parasites and disruption of the normal cell
cycle. Moreover, lack of this protein induces the multiplication of outer
core centrosomes and the disruption of the centrosome "copy once, only
once" rule. The inner core centrosome is mainly unaffected. This results
in the discoordination between the nuclear and the budding cycle that
yield fully formed parasites without nucleus. TgCep530 define a new
region of the T. gondii centrosome and has a crucial role in the correct
coordination of karyokinesis and cytokinesis.
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34: Erythrocyte binding-like protein is essential for the erythrocyte
invasion by the rodent malaria parasite Plasmodium yoelii
Kegawa, Yuto (Department of Protozoology, Institute of Tropical
Medicine, Nagasaki University, Nagasaki, JPN); Asada, Masahito
(Department of Protozoology, Institute of Tropical Medicine, Nagasaki
University); Yahata, Kazuhide (Department of Protozoology, Institute of
Tropical Medicine, Nagasaki University); Kaneko, Osamu (Department of
Protozoology, Institute of Tropical Medicine, Nagasaki University)

Plasmodium parasites, causative pathogens of malaria, multiply by
repeating erythrocyte invasion and schizogony in the mammalian hosts.
The erythrocyte invasion process consists of sequential interaction
between parasite ligands and host receptors and is a target of vaccine
and drug development. Erythrocyte binding-like protein (EBL) was
suggested to be essential for the growth of the rodent malaria parasite
Plasmodium yoelii, because of unsuccessful trials to establish a gene
deletion mutant for this gene locus. However, a direct evidence is lacking
and the step when ebl deletion would affect is unknown. To answer
these points, we established a P. yoelii 17XL-background line
transfectant for which the ebl gene locus will be silenced by
anhydrotetracycline (ATc) administration. Parasitemia was significantly
reduced 12 hours after ATc administration and almost all parasites
disappeared 24 hours after administration. Time-lapse imaging revealed
that ebl-knockdown parasites were detached from the erythrocytes after
erythrocyte deformation and all observed merozoites failed to complete
the invasion process.
In conclusion, our results indicate that EBL is essential for the
erythrocyte invasion and the affected step is likely the process to form a
tight junction with the erythrocyte.
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35: Identification of P. falciparum ABCI3, a putative ABC transporter
with unique features using a chemogenomic approach
Gomez-Lorenzo, Maria G (Malaria DPU, Tres Cantos Medicines
Development Campus, Diseases of the Developing World,
GlaxoSmithKline); Franco, Virginia (Malaria DPU, Tres Cantos Medicines
Development Campus, Diseases of the Developing World,
GlaxoSmithKline); Thomas, Pamela (Computational and Modelling
Sciences, GlaxoSmithKline Medicines Research Centre, Gunnels Wood
Road, Stevenage, UK); Mata, Lydia (Malaria DPU, Tres Cantos
Medicines Development Campus, Diseases of the Developing World,
GlaxoSmithKline); Palomo, Sara (Malaria DPU, Tres Cantos Medicines
Development Campus, Diseases of the Developing World,
GlaxoSmithKline); Gamo, Javier (Malaria DPU, Tres Cantos Medicines
Development Campus, Diseases of the Developing World,
GlaxoSmithKline)
Finding new antimalarial targets is an urgent need as resistance to
current treatments, including the newest chemical classes, is spreading
in the field. The use of chemogenomics is one of the experimental
approaches that has identified new antimalarial targets in the last few
years. The basis of this methodology is the in vitro selection of resistant
parasites using culture media containing the compound of interest.
Subsequent analysis of the potential genomic changes in the parasites
able to grow in the presence of the antimalarial, compared to the starting
wild type population, can be done by whole genome sequence (WGS).
This was the strategy that we followed with the compound MMV020746
(MMV Malaria Box). After resistance selection and WGS analysis of
resulting parasites, mutations in the locus PF3D7_0319700 were
mapped. PF3D7_0319700 encodes the putative ABC transporter ABCI3.
So, ABCI3 transporter was pointed as the putative target for the
compound although we cannot discard these mutations representing a
potential mechanism of resistance. Bioinformatic studies on the structure
of the protein as well as parasitological profile of the resistant mutants
was done, including cross-resistance to a variety of antimalarials,
chemosensitization, phenotype as well as combination studies with other
antimalarials with known mode of action. A summary of all results
obtained so far is presented.
The human biological samples were sourced ethically and their research
use was in accord with the terms of the informed consents.
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36: Initial characterisation of the ApiAP2 transcription factor
PF3D7_1456000 in Plasmodium falciparum
Carrington, Eilidh (Swiss Tropical and Public Health Institute, Basel,
CHE); Keller, Dominique (Swiss Tropical and Public Health Institute);
Filarsky, Michael (Swiss Tropical and Public Health Institute);
Niederwieser, Igor (Swiss Tropical and Public Health Institute); Moes,
Suzette (Biozentrum, University of Basel); Jenoe, Paul (Biozentrum,
University of Basel); Voss, Till S. (Swiss Tropical and Public Health
Institute)
The discovery of the ApiAP2 family of DNA-binding proteins has greatly
enhanced our understanding of transcriptional regulation in
Apicomplexan parasites and provided a focus for studies aiming to
understand the mechanisms behind the tightly controlled gene
expression observed throughout their complex life cycles. To date, four
of these transcription factors have been characterised in depth in
Plasmodium falciparum, namely AP2-G whose expression results in
gametocytogenesis, AP2-I which regulates invasion of merozoites into
the red blood cell, PfSIP2, important in maintaining chromosome ends,
and AP2-Tel, a telomere-binding protein. We are interested in studying
the function of the ApiAP2 factor PF3D7_1456000 (PF14_0533). We
identified this ApiAP2 factor as a putative heterochromatin protein 1
(HP1)-interacting protein. HP1 is a key factor in P. falciparum reversible
gene silencing and marks heterochromatic areas found at the
subtelomeric regions, internal chromosome islands and a small number
of isolated genes. In an effort to understand the mechanisms involved in
HP1-mediated gene silencing, we recently performed coimmunoprecipitation (co-IP) coupled with liquid chromatography tandem
mass spectrometry to identify HP1 interaction partners. PF3D7_1456000
was consistently identified as a putative HP1-interacting factor in three
independent biological replicate experiments, suggesting a role in
regulating the expression of HP1-associated genes. PF3D7_1456000 is
expressed in early schizonts and is predicted to bind motifs upstream of
genes involved in DNA replication and post-translational protein
modification based on in vitro binding assays. To elucidate the role of
this factor and its link to HP1, we used CRISPR/Cas9 and selection
linked integration approaches to create loss-of-function mutants and
parasite lines expressing endogenously tagged PF3D7_1456000.
Preliminary results of the initial characterisation of this ApiAP2 factor are
presented here.
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37: Generation of pfap2-g promoter reporter cell lines to study
sexual commitment in Plasmodium falciparum
Carrió, Elvira (Swiss Tropical and Public Health Institute); Brancucci,
Nicolas M.B. (Swiss Tropical and Public Health Institute); Boltryk, Sylwia
D. (Swiss Tropical and Public Health Institute); Niederwieser, Igor (Swiss
Tropical and Public Health Institute); Voss, Till S. (Swiss Tropical and
Public Health Institute)

Plasmodium falciparum can only be transmitted between humans if
gametocytes, the non-replicative sexual forms of the parasite, are taken
up by the mosquito vector during the blood meal. Gametocytes arise
from a small proportion of proliferating intra-erythrocytic parasites
through the so-called sexual commitment process. The PfAP2-G
transcription factor has recently been recognized as the leading regulator
of sexual commitment. Epigenetic silencing of pfap2-g antagonizes
sexual commitment and secures continuous asexual proliferation,
whereas targeted activation of PfAP2-G expression effects irreversible
cell cycle exit and gametocyte differentiation. This tight epigenetic
regulation of PfAP2-G expression underpins the reprogramming power of
this master regulator. However, to date little is known about the
molecular pathways that centralize the gametocytogenic stimuli to trigger
pfap2-g activation. In order to study pfap2-g regulation we engineered
two different pfap2-g promoter reporter cell lines using the CRISPR/Cas9
system. In both cell lines the pfap2-g locus has been edited to carry the
drug-selectable marker human dihydrofolate reductase fused to the
green fluorescent protein (hDHFR-GFP) under control of the native
pfap2-g promoter. In these contexts, the hdhfr-gfp reporter allows us to
track sexual mock conversion by measuring GFP fluorescence at the
single cell level and to select for sexually “committed” parasites (active
pfap2-g promoter) when treating with WR99210. By comparing WRselected and unselected populations this approach will hopefully allow us
to explore differences between sexually committed and non-committed
parasites at various levels and to help shedding new light on the control
of this unique parasite cell fate decision event.
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38: NGS Cluster Analysis of GP60 gene polyserine tract in
Cryptosporidium parvum IIcA5G3b Chilean Isolate
Peña, Sebastián (Unidad Docente de Parasitología, Facultad de
Medicina, Universidad de Chile, Santiago, Chile, Santiago, CHL);
Mercado, Rubén (Unidad Docente de Parasitología, Facultad de
Medicina, Universidad de Chile, Santiago, Chile); Ozaki, Luiz Shozo
(Center for the Study of Biological Complexity, Virginia Commonwealth
University, Richmond, VA, United States)
Cryptosporidium hominis and C. parvum infections in human is a serious
illness especially in immunocompromised patients and infants less than
two years old. Massive outbreaks of digestive disease caused by
Cryptosporidium were also reported. Zoonotic and anthroponotic
infections to human are possible, thus, GP60 gene is used to identify and
differentiate Cryptosporidium isolates of human and other animals origin
and to determine the molecular epidemiology of this protozoan infection.
C. parvum IIcA5G3b was originally isolated from an
immunocompromised patient. PCR amplification of the polyserine region
of GP60 generated a 990 pb PCR product that was initially sequenced
by Sanger and next in an Ion Torrent standard platform. ClustalW
multiple sequence alignment of Sanger reads determined that the
IIcA5G3 isolate belonged to the subtype family “b”. One hundred fifteen
thousand Ion Torrent next generation sequencing (NGS) reads
corresponding to 27 million bases with quality values ≥Q20 were
analyzed using bioinformatics programs. Complete polyserine tracts
identified in NGS reads were clustered in a FASTA file and quantified. Of
1,389 sequences, only one IIc polyserine tract subtype was identified in
1,385 (99.7%). Using NGS, we observed that the IIcA5G3 subtype of C.
parvum is a unique subtype present in this isolate of the IIc subtype
family (IIcA4G4, IIcA6G2a, IIcA6G2b and IIcA6G4 were the remaining
subtypes).
Our NGS results agree with Sulaiman et al.,(2005) who described that C.
parvum IIc genotype has a short serine repeat and there is no variation
between alleles inside the polyserine tract of GP60. Differences in the
gen 3' are under investigation to determine the presence of multiple
alleles inside this IIc isolate.
Funds: FONDECYT 1121035, Chile
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39: Plasmodium falciparum GDV1 gene is essential for sexual
commitment upstream ApiAP2-G regulatory pathway
Tiburcio, Marta (The Francis Crick Institute, London, GBR); Schwach,
Frank (Sanger Institute); Billker, Oliver (Sanger Institute); Treeck, Moritz
(The Francis Crick Institute)

Knowing how Plasmodium species regulate to switch from asexually
expanding parasites to sexually committed parasites required for
transmission between hosts is key to develop transmission blocking
therapies. ApiAP2-G has previously been identified as a master-regulator
for sexual commitment and Heterochromatin Protein 1 (HP1) and histone
deacetylase 2 (PfHda2) both have been associated with chromatin
regulation at gametocyte loci. However, what activates chromatin
remodeling allowing expression of gametocyte genes is not known. To
identify potential kinases important for these regulatory events we have
screened a collection of kinases previously shown not to be essential
during the asexual life cycle. We identified two kinase KO lines (eIK2 and
TKL2) that were unable to form gametocytes. Further characterization of
these lines revealed a common point mutation in the c-terminal domain
of the Gamete-development gene 1 (gdv1). Genetic disruption of eIK2
and TKL2 showed no reduction in gametocyte development, but
reconstruction of the c-terminal point mutation of gdv-1 results in a near
complete loss of gametocyte development. RNAseq analysis on gdv-1
mutants (that are effectively gametocyte null-mutants) show that gdv-1
acts upstream of ApiAP2-G. We are currently focusing on A) the function
of the c-terminus of gdv-1 and how it interactions with partner proteins to
control the chromatin state on gametocyte genes and B) investigate
gametocyte –specific genes that appear to be regulated in dependence
of gdv1- but not ApiAP2-G.

144

40: Deciphering the biology of the dormant malaria parasite,
Plasmodium vivax, via an in vitro platform
Gural, Nil (MIT, USA); Miller, Alex (MIT); Mancio-Silva, Liliana (MIT,
Cambridge, MA); March, Sandra (MIT); Sattabongkot, Jetsumon (Faculty
of Tropical Medicine Mahidol University); Bhatia, Sangeeta (MIT)

Liver stage malaria is an attractive target for all Plasmodium species
since it provides the opportunity to attack the parasite at an early,
obligate, yet clinically silent stage. Of the 4 strains of malaria that infects
humans, Plasmodium vivax is the most frequent and widespread cause
of human malaria and poses unique challenges to treatment and
eradication because liver stage parasites can develop into dormant small
forms, hypnozoites that remain in this state for prolonged periods. P.
vivax causes chronic, relapsing infection months to years after the initial
infection via reactivation of hypnozoites. Drug discovery could be
informed by targeting the hypnozoite stage, however the biology behind
hypnozoite formation and reactivation remains to be elucidated. In vitro
platforms for studying P. vivax are lacking because of challenges
associated with keeping primary human hepatocytes phenotypically
stable over the long periods of time required for studying dormant
parasites. Benefiting from the longevity of our micropatterned primary
human hepatocyte cultures, we were, for the first time, able to culture P.
vivax hypnozoites in vitro. To validate the system as an in vitro surrogate
for P. vivax biology applications, we have shown (1) complete P. vivax
liver stage development, including release of merozoites and subsequent
infection of overlaid reticulocytes and (2) formation, persistence and
reactivation of hypnozoites. Using the system as a potential discovery
tool, we presented evidence of differential drug sensitivity of schizonts
and hypnozoites towards both clinically available and yet-in-development
liver-acting drugs. Furthermore, modeling the behavior of P. vivax
parasites during the liver stage, provides us with a novel tool to
interrogate hypotheses that have historically been clinically difficult to
test.
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41: Metabolic modeling of Toxoplasma gondii: toward a tachyzoitespecific network
Krishnan, Aarti (University of Geneva, Switzerland, Geneva, CHE);
Chiappino-Pepe, Anush (LCSB, EPF Lausanne, Switzerland); Pandey,
Vikash (LCSB, EPF Lausanne, Switzerland); Tymoshenko, Stepan (LCSB,
EPF Lausanne, Switzerland); Lourido, Sebastian (Whitehead Institute, MIT,
USA); Hehl, Adrian (University of Zürich, Switzerland); Hatzimanikatis,
Vassily (LCSB, EPF Lausanne, Switzerland); Soldati-Favre, Dominique
(University of Geneva, Switzerland)

Toxoplasma gondii is a ubiquitous obligate intracellular parasite with the
remarkable ability to infect virtually all warm-blooded animals. The complex
life cycle of this parasite takes place in a wide range of host cell types in
intermediate hosts, including humans, and undergoes a sexual phase of
development only in the intestine of a definitive felid host. To adapt to these
distinct niches, considerable remodeling of metabolic pathways is thought to
occur upon stage-conversion. Computational models have emerged as an
indispensable tool to investigate these complex changes following
developmental and environmental transitions.
Here, we present a well-curated stage-specific model, capable of accurately
predicting novel and experimentally observed phenotypes. The study
capitalizes on the existing genome-scale reconstruction of T. gondii,
ToxoNet1[1], the CRISPR-based genome-wide screen for genes contributing
to parasite fitness[2] and gene expression data from
various developmental stages. The tachyzoite-specific model, that
incorporates tachyzoite-specific RNA-Seq data, exclusively predicts the
metabolic capabilities and nutritional requirements of this fast-replicating
stage. Future refinements of this model could help us investigate the
unknown physiologies of T. gondii in its latent and sexual life cycle
stages, and understand the metabolic changes that drive and sustain stage
transitions.
[1] Tymoshenko, et al. "Metabolic needs and capabilities of Toxoplasma
gondii through combined computational and experimental analysis."
PLoS Comput Biol 11.5 (2015): e1004261.
[2] Sidik and Huet, et al. "A genome-wide CRISPR screen in Toxoplasma
identifies essential apicomplexan genes." Cell 166.6 (2016): 1423-1435.
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42: MitoNEETs: mitochondrial redox sensitive iron-sulfur cluster
transfer proteins in malaria parasites
Dass, Swati (Drexel University College of Medicine, Philadelphia, PA,
USA); Morrisey, Joanne (Drexel University, College of Medicine); Mather,
Michael (Drexel University, College of Medicine); Vaidya, Akhil (Drexel
University, College of Medicine); Ke, Hangjun (Drexel University, College
of Medicine)

MitoNEET is a homodimeric protein that is present on the outer
mitochondrial membrane with the C-terminal domain facing the cytosol. It
contains a CDGSH domain, which harbors a unique three-cysteine/onehistidine (CCCH) type of iron-sulfur (FeS) cluster binding geometry.
Studies in mammalian cells have shown that MitoNEET transfers 2Fe-2S
clusters in a redox sensitive manner. This protein is involved in a critical
process to maintain the homeostasis of the cytosolic Iron-Sulfur Cluster
Assembly (CIA) pathway and the functions of many FeS containing
proteins in the cytosol and the nucleus. MitoNEET has been implicated in
a spectrum of diseases including diabetes, cancer, and neurological
disorders. Using bioinformatics search, we have found three mitoNEETlike orthologues in the Plasmodium falciparum genome, named as
PfML1, 2 and 3. We have localized these proteins individually to the
blood stage parasite's mitochondrion by immunofluorescence assay.
Using the CRISPR/Cas9 approach, we knocked out PfML1 and PfML2;
however, PfML3 was refractory to gene deletions after many attempts,
suggesting that PfML3 is essential for malaria parasites. To test this
further, we are generating a PfML3 conditional knockdown line with the
aptamer-TetR-DOZI system to regulate the expression of PfML3. We
expect to observe a lethal effect on the parasites upon PfML3
knockdown. We will then rescue the phenotypes by complementing a
wild type PfML3 or a mutated PfML3 (CCCH-AAAA) to further verify the
essentiality of the conserved domain of PfML3 protein. We are also
making attempts to purify recombinant PfML3 protein expressed in E.
coli to study the biochemical and biophysical properties of the protein.
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43: Role of DNA Repair Machinery in Artemisinin Induced Dormancy
of Ring Stage P.falciparum
Chopra, Garima (Walter Reed Army Institute of Research, silver spring,
MD, USA); Moch, J. Kathleen (Walter Reed Army Institute of Research);
Waters, Norman C. (Walter Reed Army Institute of Research)

Artemisinin is a potent antimalarial drug, however, it is often associated
with treatment failures due to frequent recrudescence events. Artemisinin
induced dormancy in ring stage parasites (observed in vitro) is a stress
response that allows parasites to sustain the cytotoxic effects of the drug
and is a possible explanation for this recrudescence phenomenon.
Artemisinin’s cytotoxicity is mediated by generation of Reactive Oxygen
Species and free radicals upon cleavage of its endoperoxide bridge in
presence of ferrous iron. This oxidative stress induces DNA doublestrand breaks (DSB) in the parasite; it is conceivable that the artemisinininduced dormancy is a result of the activation of a G 1/S checkpoint due
to the DNA damage. Since homologous recombination seems to be the
predominant DSB repair pathway in the parasite, we studied the
expression levels of Rad51 in the drug-treated parasites. Synchronized
early ring stage parasites were subjected to a clinically relevant dose of
artemisinin for 6h and Rad51 transcription levels were analyzed by RTqPCR. The expression levels were normalized with metabolically active
parasite density that stained positive with Hydroethidine. In untreated
cultures, Rad51 expression levels are low in early rings and peak at 20h
and 36h post-invasion i.e. at mid-trophozoite and late schizont stage.
However, drug treated rings show an upregulation in Rad51 expression
as compared to the untreated rings. This suggests that Artemisinin is
capable of eliciting DNA damage response in P. falciparum. Our future
studies aim at understanding if targeting this pathway would help
abrogate the dormancy induction in the parasite.
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44: The coccidian parasites Toxoplasma and Neospora dysregulate
mammalian lipid droplet biogenesis
Hu, Xiaoyu (Department of Pharmacology, UT Southwestern Medical
Center, Dallas, TX 75390 USA, Dallas, TX, USA); Binns, Derk
(Department of Pharmacology, UT Southwestern Medical Center, Dallas,
TX 75390 USA); Reese, Michael (Department of Pharmacology, UT
Southwestern Medical Center, Dallas, TX 75390 USA)

Upon infection, Toxoplasma gondii co-opts critical functions of its host
cell to avoid immune clearance and gain access to nutritional resources.
One route by which Toxoplasma co-opts its host cell is through hijacking
host organelles, many of which have roles in immunomodulation. We
have found that Toxoplasma infection results in increased biogenesis of
host lipid droplets through rewiring of multiple components of host
neutral lipid metabolism. These metabolic changes cause an increased
responsiveness of host cells to free fatty acid which leads to a radical
increase in the esterification of free fatty acids into triacylglycerol. We
identified c-Jun kinase and mammalian target of rapamycin (mTOR) as
components of two distinct host signaling pathways that modulate the
parasite-induced lipid droplet accumulation. We also found that, unlike
many host processes dysregulated during Toxoplasma infection, the
induction of lipid droplet generation is conserved not only during infection
with genetically diverse Toxoplasma strains, but also with the related
parasite Neospora caninum. Finally, by showing that
a Toxoplasma strain deficient in exporting a specific class of effectors is
unable to induce lipid droplet accumulation, we demonstrate that the
parasite plays an active role in this process. We are currently working
both to identify the specific effector(s) that drive this phenomenon and to
determine the role of host lipid droplets play in Toxoplasma
pathogenesis.
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45: Over-Expression of Lipid Droplet Targeting Constructs Alters
Cellular Morphology in Procyclic T. brucei
Pazzo, Kyle L. (Clemson University, Clemson, SC, USA); Paul, Kimberly
(Clemson University)

Lipid droplets (LDs) are dynamic organelles formed from the ER that are
involved in lipid storage and metabolism. LD proteins in Trypanosoma
brucei remain poorly characterized. To characterize T. brucei LDs, we
generated a set of procyclin-promoter driven C-terminal eYFP-tagged
constructs designed to target LDs in T. brucei. Four constructs were
based on human Perilipin 1 peptides shown to target GFP to yeast LDs.
A fifth construct was based on the putative T. brucei Erg6 homolog, a
sterol-24-C-methyltransferase localized to yeast LDs. After transfection
into procyclic cells, fluorescence microscopy of live cells early in
antibiotic selection showed the truncated perilipin (thuPLIN) construct
appeared to be targeting LDs, while others exhibited tubular or diffuse
cytosolic localizations. For all constructs, continuation of selection
resulted in a dramatic cellular elongation (up to ~40 µm) associated with
a halt in cell division and eventual culture death. In thuPLIN
transfectants, the change in morphology accompanied a change in
fluorescence pattern from discontiguous LD-like structures to a
contiguous tubular pattern. Though the elongated forms resembled
epimastigotes, DAPI staining showed no anterior re-positioning of the
kDNA relative to the nucleus (a hallmark of epimastigote differentiation),
indicating these are not true epimastigotes. We conclude that overexpression of LD-targeting constructs containing C-terminal eYFP
caused specific dramatic morphological changes in procyclic T. brucei.
Currently, we are examining the extent to which the size and position of
eYFP tag and/or expression level of LD-targeting constructs contribute to
the observed changes in morphology and growth.
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46: Genetic exploration of the Plasmodium falciparum ATP
synthase complex: a target for the antimalarial activity of
proguanil?
Pershing, April (Drexel University College of Medicine, USA); Morrisey,
Joanne; Balabaskaran Nina, Praveen; Mather, Michael; Vaidya, Akhil

During the blood stages of its life cycle, P. falciparum relies on glycolysis
as its major source of ATP, rather than oxidative phosphorylation. Yet,
we have been unable to disrupt the genes encoding the β and γ subunits
of the ATP synthase complex. To address the essential nature of ATP
synthase we generated two “knockdowns”. 1. A merodiploid line
expressing an inactive, mutated β subunit from an ectopic site. Inclusion
of the inactive subunit in the ATP synthase complex should significantly
reduce its activity. Although the mutant subunit was correctly trafficked
to the mitochondrion, the transgenic parasites grew at the same rate as
the parental lines. 2. Conditional knockdown of the β subunit mRNA
using a regulated ribozyme. Here also, knockdown of the b subunit
caused no detectable change of the growth phenotype, despite >80%
reduction in protein expression. We tested the sensitivity of the
merodiploid catalytic abatement line and the ribozyme knockdown line to
the mtETC inhibitors atovaquone and ELQ300. Previously we deduced
that there is a secondary pathway for generating mitochondrial
membrane potential (ΔΨm), and that this pathway becomes essential
when the primary pathway, the mitochondrial electron transport chain
(mtETC), is inhibited. To examine this secondary pathway, we further
engineered the ribozyme conditional knockdown line to be independent
of the mtETC, and, thus, resistant to mtETC inhibitors. Using these
transgenic parasite lines, we obtained strong evidence suggesting that
the alternate pathway of ΔΨm generation is provided by the ATP
hydrolase activity of the parasite ATP synthase. These findings appear
to solve a decades-long mystery regarding the nature of the synergy of
proguanil with atovaquone.
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47: A two-step approach to transcriptional interrogations of genetic
crosses in Plasmodium falciparum
Foster, Gabriel (University of Notre Dame, Notre Dame, IN, USA); Davis,
Sage (University of Notre Dame); Checkley, Lisa (University of Notre
Dame); McDew-White, Marina (Texas Biomedical Institute); Nosten,
Francois (Mahidol University); Anderson, Timothy (Texas Biomedical
Institute); Ferdig, Michael (University of Notre Dame)

Experimental genetic crosses in Plasmodium falciparum have proven to
be a powerful tool to uncover the genetic determinants of a range of
parasite phenotypes, from basic biology to drug resistance. Wholetranscriptome studies of progeny clones derived from these genetic
crosses have identified genetic loci that control (i.e. regulate) variant
levels of gene’s expression. Moreover, by combining drug resistance
phenotypes with network analysis of transcript data gives further insight
into the genetic basis of complex drug resistance. While such
approaches are promising, they have been limited by relying on single
timepoint cross-sections of parasite biology; consequently, it has not
been possible to account for the differing intraerythrocytic developmental
cycle (IDC) progression rates among different parasites. Without a clear
understanding of these progression differences, the overwhelming
transcriptional cascade that characterizes the IDC will obscure possibly
crucial underlying clone-to-clone expression level differences and,
ultimately, their regulatory basis. Time-course studies across the
complete IDC have proven valuable for recognizing broader shifts in
IDCs as well as for identifying the subtle changes in transcription
between strains. Here, we propose a two-step approach for interrogating
transcriptional variation using genetic crosses. First, we seek to
characterize, at high developmental resolution, the parent strains of the
artemisinin-relevant NF54-GFPLUC × NHP* genetic cross to dissect the
IDC variances and identify subtle transcriptional differences. Second, we
will mine these data to guide subsequent targeted transcriptional studies
of the progeny set both prospectively, by rational choice of crosssectional timepoints, and retrospectively, by using computational
approaches to align parasite developmental stages and correct for
experimental variance for genetic analysis.
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48: Identification of a Helix-Turn-Helix Protein Critical for
Development of Malaria Gametocytes
Campelo-Morillo, Riward A. (Weill Cornell Medicine, New York, NY,
USA); Tong, Xinran (Weill Cornell Medicine); Kafsack, Björn F.C. (Weill
Cornell Medicine)

Malaria parasites have a reduced number of DNA binding proteins. Most
of them belong to the ApiAP2 family, a major class of transcriptional
regulators found across all Apicomplexa. Comparative genomics
detected only very limited number of proteins belonging to other major
families of DNA binding proteins common to other eukaryotes (homeo
domains, leucine zippers or basic helix-loop-helix motifs). We recently
identified PfHDP1, a non-ApiAP2 DNA binding protein that possess a 60
amino acid DNA binding homeodomain-like (HDL) domain with a
conserved Helix-Turn-Helix (HTH) motif that appears more closely
related to prokaryotic DNA binding proteins. Blood stage expression of
PfHDP1 is primarily in gametocytes and disruption of the pfhdp1 locus
showed no significant phenotype in asexual blood stages but interfered
with gametocyte maturation. Transcriptional profiling of ∆pfhdp1
parasites showed significant up-regulation of subtelomeric gene families
expressed in asexual blood stages. To gain insight into the DNA-binding
capacity of PfHDP1 we performed: (i) DNA gel shifting assays, using a
recombinant version of the HDL domain, and (ii) the Systematic
Evolution of Ligands by Exponential enrichment (SELEX) assay, in order
to provide DNA binding specificities.
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49: Elucidating the functions of plasmepsin VIII in Plasmodium
berghei
SOMEPALLI, MASTANBABU (UNIVERSITY OF HYDERABAD,
HYDERABAD, IND); Narwal, Sunil Kumar (CSIR-Central Drug Research
Institute); Dey, Sandeep (University of Hyderabad); Mishra, Satish
(CSIR-Central Drug Research Institute); Kumar, Kota Arun (University of
Hyderabad)

Despite decades of research, malaria still remains a global health
concern causing half a million deaths worldwide. Identification of novel
drug targets and development of new therapeutics is challenging as the
parasite acquired resistance to the frontline drugs, artemisinins.
Understanding the fundamental aspects of parasite biology will open new
avenues for drug discovery. Aspartic proteases, a small group of
enzymes found in all forms of life, regulate a variety of physiological and
pathological processes, which makes them attractive candidates for drug
development. Plasmodium aspartic proteases, termed plasmepsins
(PMs), are well characterized for their roles in hemoglobin degradation,
cleavage of PEXEL proteins and sporozoite development in the parasite
life cycle. Most of the plasmepsins are well characterized, however, the
role of PM VIII in Plasmodium remains unknown. The current study
focuses on uncovering the functions of PM VIII in the rodent malaria
parasite Plasmodium berghei. Gene expression analysis by qRT-PCR in
mosquito and liver stages revealed maximal transcript abundance on day
th
th
4 and 8 post-blood meal implying a functional role of PM VIII during
mosquito stages of the parasite. To determine its function, we have
generated knockout (KO) parasites using reverse genetics approach
which revealed that PM VIII is dispensable for blood stages. Our
systematic study of growth kinetics, infection dynamics, and
development of KO parasites in both mosquito and mouse indicated that
PM VIII KO parasites have a defect in gliding motility compromising their
ability to egress from oocysts, invasion of salivary glands and
subsequent transmission to the vertebrate host. Our results demonstrate
that PM VIII plays a critical role in the sporozoite gliding motility and host
cell invasion.
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50: Assessing the presence of functional trypanosome lytic factors
in human breast milk
Ebenezer, Karen (Hunter College CUNY, USA); Verdi, Joey (Hunter
College and the Graduate Center at the City University of New York);
Raper, Jayne (Hunter College CUNY)

Breast milk is the primary source of nutrition for newborns, containing a
range of cholesterol, nutrients, and innate immune factors that protect
infants from infection. Human milk contains active complement proteins
and maternally transferred IgA2 antibodies, but also has significant lipid
content. High-density lipoproteins (HDL) complexes circulate in plasma,
and transport cholesterol and lipid throughout the human body. These
complexes are characterized by the presence of the structural
cholesterol acceptor protein apolipoprotein A-1 (APOA1). Recently
human breast milk proteome analyses have indicated the presence of
APOA1. However, the relative amount of HDL in breast milk remains
unclear and its presence has not been validated by conventional
biochemistry. Additionally, our innate immune system is fortified by a
specific subset of high-density lipoproteins, called trypanosome lytic
factors (TLFs), named for their ability to kill an infective unicellular
parasite called the African trypanosome. These TLFs contain two unique
proteins in addition to APOAI: Haptoglobin-related protein (HPR) and
apolipoprotein L-1 (APOL1), the latter of which induces the cellular death
of a trypanosome through pore formation. Till now, APOL1 has not been
detected in any human breast milk proteome analyses, despite the
known presence of APOA1. Using various purification procedures and
biochemical assays, we investigated whether TLF complexes were
present in human breast milk, whether it possessed a detectable degree
of functional APOL1, and whether the presence of these innate immune
factors can confer potential physiological benefits to neonatal immune
systems.
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51: Heterologous expression of Trichomonas vaginalis Equilibrative
Nucleoside Transporter Family Members in Trypanosoma brucei
Natto, Manal J. (Institute of Infection, Immunity and Inflammation,
University of Glasgow, Glasgow, GBR); Koning, Harry de P. (Institute of
Infection, Immunity and Inflammation, University of Glasgow)
Trichomoniasis is the most common of the non-viral sexually transmitted
diseases (STD); it is caused by the amitochondriate protozoan
Trichomonas vaginalis. The disease annually affects over 170 million
people in the world. Increased resistance of T. vaginalis to
metronidazole, the drug of choice for the treatment of the disease,
necessitates the development of newer chemical entities with different
chemotypes. The nucleoside/nucleobase salvage system of the parasite
is an attractive target, because the parasite cannot synthesise either
purines or pyrimidines de novo and has to salvage the nutrients from the
host through transporters, whereas their human hosts have both purine
salvage and synthesis pathways for purines and pyrimidines. Therefore,
depriving the parasites of these essential requirements, through
controlled blockage of the salvage transporters or pathways, is certain to
cause parasite death, but should not affect the human host. Nucleoside
salvage in the parasite was therefore systematically investigated using
an array of radiolabelled nucleosides and nucleobases. The results show
the existence in T. vaginalis of at least four transporters: with high and
low affinity for purine and pyrimidine nucleosides, as well for as adenine,
similar to that of transport activities previously characterised in other
protozoans. In order to match the observed transport activities to specific
genes, all 9 T. vaginalis Equilibrative Nucleoside Transporter (ENT)
genes were cloned from cDNA, sequenced, and expressed in
Trypanosoma brucei, selecting a strain from which one of the main
nucleoside transporters, TbAT1, was already deleted. Each gene was
resynthesized in the codon preference of T. brucei since T. vaginalis
DNA is very A/T-rich, enabling the characterisation of each of the
transporters in isolation. Two identical sets of transfectants have been
constructed: one with synthetic but otherwise original open reading
frames, and one with the ORFs coupled C-terminally to 6xHA tags to
assess cellular localisation of the gene products. Immunofluorescence
has demonstrated that the transporters are correctly routed to the cell
surface, and qRT-PCR has shown substantial levels of expression.
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52: A novel vaccine delivery model of a protozoan expressing affinis
antigen protects chickens against infection of both species
Suo, Xun (China Agricultural University, Beijing, CHN); Tang, Xinming (State
Key Laboratory of Agrobiotechnology & Key Laboratory of Animal
Epidemiology of the Ministry of Agriculture & National Animal Protozoa
Laboratory, Beijing); Liu, Xianyong (State Key Laboratory of
Agrobiotechnology & Key Laboratory of Animal Epidemiology of the Ministry
of Agriculture & National Animal Protozoa Laboratory, Beijing); Yin,
Guangwen (Engineering Laboratory of Animal Pharmaceuticals, College of
Animal Science, Fujian Agriculture and Forestry University, Fujian Province);
Tao, Geru (State Key Laboratory of Agrobiotechnology & Key Laboratory of
Animal Epidemiology of the Ministry of Agriculture & National Animal
Protozoa Laboratory, Beijing); Zhang, Sixin (State Key Laboratory of
Agrobiotechnology & Key Laboratory of Animal Epidemiology of the Ministry
of Agriculture & National Animal Protozoa Laboratory, Beijing); Suo, Jingxia
(State Key Laboratory of Agrobiotechnology & Key Laboratory of Animal
Epidemiology of the Ministry of Agriculture & National Animal Protozoa
Laboratory, Beijing)

Vaccine delivery is critical in antigen discovery and vaccine efficacy and
safety. The diversity of infectious diseases in humans and livestock has
required the development of varied delivery vehicles to target pathogens. In
livestock animals, previous strategies for the development of coccidiosis
vaccines have encountered several hurdles, limiting the development of
multiple-species vaccine formulations. Here we describe a novel vaccine
delivery system using transgenic Eimeria tenella expressing
immunodominant antigens of E. maxima. In this delivery system, a
recombinant live protozoan expressing antigens of its affinis species
effectively protected the host against challenges with wild type paternal and
its affinis species. Immune mapped protein 1 (IMP1) of E. maxima were
delivered by its affinis E. tenella. After immunization with the transgenic
parasites, we detected foreign antigens and E. maxima specific humoral
and cellular immune responses. In particular, we observed cellularly
mediated immunity which is critical to eliminate Eimeria parasites infection
and chickens were protected against subsequent E. maxima infections.
Our results demonstrate that transgenic Eimeria parasite is an ideal
coccidia antigen delivery vehicle and a new type of coccidiosis vaccines. In
addition, this model could potentially be used in the development of malaria
live sporozoite vaccines, in which antigens from different strains can be
expressed in the vaccine strain.
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53: Investigating the role of PfHsp70x, the sole parasite exported
Hsp70, in the display of antigens on the surface of the P. falciparum
infected RBC
Cobb, David (University of Georgia, USA); Florentin, Anat; Krakowiak,
Michelle; Muralidharan, Vasant

Molecular chaperones are essential for asexual P. falciparum survival.
Accordingly, chaperones are found in most compartments of the
parasite, including the cytoplasm, ER, apicoplast, and parasitophorous
vacuole. The P. falciparum-infected red blood cell also houses a number
of parasite chaperones, nearly all of which are identified as Hsp40 cochaperones. PfHsp70x is the only parasite-encoded Hsp70 identified in
the host cell, and therefore represented an attractive target for disrupting
parasite survival in the host cell. Using CRISPR/Cas9 gene editing in P.
falciparum, we have investigated the essentiality of PfHsp70x. We first
generated a conditional knockdown cell line for PfHsp70x by inserting
the glmS ribozyme sequence into the genomic locus of the chaperone.
Protein export and parasite survival were assessed during PfHsp70x
knockdown and were found to be unaffected. We next produced
pfhsp70x knockout parasites and similarly found that export to the host
cell and parasite survival were unaltered by absence of the protein. As
the sole exported parasite Hsp70, PfHsp70x is likely important for
parasite survival, despite the results generated with our PfHsp70x
mutants. Alternative hypotheses are being explored, including PfHsp70x
involvement in critical in vivo processes, such as PfEMP1 display at the
red blood cell surface. Assays to probe defects in the display of antigens
on the infected red blood cell membrane are underway, along with
identification of PfHsp70x interacting partners to reveal more detail about
the function of this exported parasite chaperone.
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54: Investigating the role of Exp2 in small molecule transport across the
parasitophorous vacuole membrane of Plasmodium falciparum
Garten, Matthias (Section on Integrative Biophysics, National Institutes of Health,
Eunice Kennedy Shriver National Institute of Child Health and Human
Development); Beck, Josh R. (Department of Molecular Microbiology,
Washington University School of Medicine); Glushakova, Svetlana (Section on
Integrative Biophysics, National Institutes of Health, Eunice Kennedy Shriver
National Institute of Child Health and Human Development); Nasamu, Armiyaw
S. (Department of Molecular Microbiology, Washington University School of
Medicine); Niles, Jacquin C. (Department of Biological Engineering,
Massachusetts Institute of Technology); Goldberg, Daniel E. (Department of
Molecular Microbiology, Washington University School of Medicine);
Zimmerberg, Joshua (Section on Integrative Biophysics, National Institutes of
Health, Eunice Kennedy Shriver National Institute of Child Health and Human
Development)

During erythrocyte invasion, Plasmodium falciparum (Pf) surrounds itself with the
parasitophorous vacuole membrane (PVM). While it is known that protein
transport across the PVM is mediated by the Plasmodium translocon of exported
proteins (PTEX), a previously described pore allowing small molecule/nutrient
permeation remains unidentified. Here we test the hypothesis that the putative
pore-forming component of PTEX and only channel forming protein identified in
the PVM, EXP2, has an unprecedented second role in facilitating small molecule
transport.
To characterize vacuole permeability, we used on-cell patch clamp of osmotically
extruded parasites that remain in their vacuole. To correlate EXP2 expression
with permeability, we used conditional EXP2 knockdown and overexpression
lines with 10%, 50%, 100% (WT) and 150% EXP2 content as determined by
western blot. The probability of finding the channel signature in a patch-clamped
vacuole scaled with EXP2 content. To exclude the possibility that reduction of
channel occurrence is due to defective protein export, we tested that interference
with a different PTEX component, HSP101, does not reduce the probability of
finding a channel. To directly implicate EXP2 in conductance, we truncated its
highly charged C-terminal end, speculating that this would change gating or
conductance characteristics of the channel. We find the gating of the truncated
channel to be shifted away from 0mV.
The most likely interpretation of the above data is that EXP2 is itself the PVM
pore, implicating EXP2 directly in small molecule transport across the PVM. It
remains to be shown if the ion permeation pathway is part of the translocon, is
created by EXP2 alone or as part of a different complex.
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55: PTEX component EXP2 is crucial to transport across the P.
falciparum parasitophorous vacuolar membrane
Beck, Josh R. (Washington University School of Medicine, St Louis, MO,
USA); Garten, Matthias (National Institutes of Health); Glushakova,
Svetlana (National Institutes of Health); Nasamu, Armiyaw (Washington
University School of Medicine); Niles, Jacquin (Massachusetts Institute
of Technology); Zimmerberg, Joshua (National Institutes of Health);
Goldberg, Daniel (Washington University School of Medicine)

Intraerythrocytic malaria parasites reside within a parasitophorous
vacuolar membrane (PVM) generated during host cell invasion.
Erythrocyte remodeling requires export of effector proteins across this
barrier and depends on the Plasmodium translocon of exported proteins
(PTEX). PTEX consists of three core proteins including the AAA+
ATPase chaperone HSP101 and two novel proteins known as PTEX150
and EXP2. EXP2 has been hypothesized to form a membrane-spanning
channel but its contribution to parasite biology has remained obscure. To
interrogate EXP2 function in Plasmodium falciparum, we employed the
TetR-DOZI-aptamer system to achieve regulatable EXP2 translation.
Knockdown of EXP2 revealed critical roles in protein export, small
molecule transport and blood-stage parasite survival. Surprisingly,
functional complementation studies with EXP2 mutants showed that a
highly charged C-terminal stretch of >50 residues is dispensable for
blood-stage function. Visualization of PTEX components in live parasites
revealed a patchwork distribution within the PVM suggestive of discrete
sites of export. However, split-GFP assays showed that PTEX
components are freely accessible to non-exported proteins residing in
the PV lumen, arguing against the existence of export-dedicated subcompartments. The expression timing of HSP101 and PTEX150 are
closely mirrored, peaking early in the ring stage, while EXP2 peaks in the
trophozoite stage. This corresponded with an increased ratio of EXP2 to
other PTEX components in the later part of the cycle as assessed by
western blot. Furthermore, co-immunoprecipitation
assays suggested substantial quantities of EXP2 exist outside of PTEX,
which may function in small molecule transport. Our results demonstrate
that EXP2 is necessary for translocation of molecules across the malaria
parasite PVM and provide support for its proposed role as a PVM pore.
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56: Unraveling the function of EXP1 in the asexual development of
P. falciparum parasites
Mesén-Ramírez, Paolo (Bernhard Nocht Institute for Tropical Medicine,
Hamburg, DEU); Bergmann, Bärbel (Bernhard Nocht Institut for Tropical
Medicine); Spielmann, Tobias (Bernhard Nocht Institute for Tropical
Medicine)

Malaria parasites replicate inside a parasitophorous vacuole (PV)
separated from the erythrocyte cytosol by the PV membrane (PVM). The
PVM serves as interface between erythrocyte and parasite and controls
crucial functions in parasite propagation. EXP1 is an integral PVM
protein expressed in erythrocytic and hepatic stages and has been
known for more than 3 decades. Previous work postulated that EXP1
possess glutathione S- transferase (GST) activity involved in the
detoxification of products of the hemoglobin metabolism, protecting the
parasite from oxidative damage. However, so far EXP1 has not been
directly targeted in blood stage parasites to corroborate this function.
We here used selection linked integration to generate P. falciparum
parasites where the exp1 gene can be conditionally knocked-out using
inducible DiCre recombinase. Knock-out parasites (∆EXP1) showed a
strong growth defect, evident by the accumulation of ring stages and
young aberrant trophozoites that cannot complete the schizogony.
Results obtained with fluorescent probes indicated that ∆EXP1 parasites
were not under elevated oxidative stress. Accordingly, complementation
with EXP1 constructs containing a mutated N-terminal catalytic site
important for the proposed GST activity rescued ∆EXP1 parasites to a
nearly similar extent than a wild type copy of EXP1. In contrast, EXP1
with a C-terminally fused fluorescent protein failed to rescue the knockout, suggesting an important role of the C-terminus. With the aim to
identify domains important for EXP1 function, we tested a series of
mutated and deletion EXP1 constructs for their capacity to complement
∆EXP1 parasites.
Taken together, our data does not support a vital role of EXP1 as a
membrane GST but demonstrates that EXP1 is essential for P.
falciparum asexual development.
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57: Plasmodium yoelii S4/CelTOS is important for oocyst survival and
sporozoite gliding motility
Steel, Ryan (Center for Infectious Disease Research, formerly Seattle Biomedical
Research Institute, USA); Pei, Ying (Center for Infectious Disease Research,
formerly Seattle Biomedical Research Institute); Camargo, Nelly (Center for
Infectious Disease Research, formerly Seattle Biomedical Research Institute);
Kaushansky, Alexis (Center for Infectious Disease Research, formerly Seattle
Biomedical Research Institute); Dankwa, Dorender (Center for Infectious Disease
Research, formerly Seattle Biomedical Research Institute); Vigdorovich, Vladimir
(Center for Infectious Disease Research, formerly Seattle Biomedical Research
Institute); Dambrauskas, Nicholas (Center for Infectious Disease Research,
formerly Seattle Biomedical Research Institute); Vaughan, Ashley (Center for
Infectious Disease Research, formerly Seattle Biomedical Research Institute);
Sather, Noah (Center for Infectious Disease Research, formerly Seattle
Biomedical Research Institute); Kappe, Stefan (Center for Infectious Disease
Research, formerly Seattle Biomedical Research Institute)
Gliding motility and cell traversal are important biological activities of the
Plasmodium parasites’ ookinete and sporozoite invasive stages, allowing
penetration of cellular barriers to establish infection of the mosquito vector and
mammalian host. The micronemal protein S4, described as critical for Cell
Traversal by Ookinetes and Sporozoites (CelTOS), is shared by these infectious
forms although analysis of the role in sporozoites was greatly encumbered by a
significant mosquito infection defect in knockout parasites. We generated rodent
malaria parasites either lacking S4/CelTOS (S4/CelTOS¯), or expressing
CTRP
S4/CelTOS under the ookinete-specific CTRP promoter (S4/CelTOS
). We
show that S4/CelTOS¯ parasites suffer significantly reduced salivary gland
sporozoite numbers not solely because of the previously described midgut
invasion defect, but also because the early oocyst stages that do form do not
CTRP
survive. The S4/CelTOS
parasites showed significant rescue of the mosquito
stage defects observed in S4/CelTOS¯ parasites and generated large numbers
of salivary gland sporozoites deficient in S4/CelTOS that were suitable for a
robust phenotypic analysis. Failure to develop blood stage infection and delays to
CTRP
patency were seen when BALB/cJ mice were infected with S4/CelTOS
sporozoites by intravenous and mosquito bite routes, with a greater defect seen
when infection was by mosquito bite. In addition to the previously reported defect
in cell traversal, we also show that sporozoites deficient in S4/CelTOS exhibit a
defect in gliding motility. We conclude that the molecular action of S4/CelTOS is
not limited to traversal per se, but includes roles critical for sporozoite motility and
oocyst development. Our findings should guide the further functional analysis of
this important protein and its potential use as a vaccine target.
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58: Increased Ca++ uptake by malaria-infected cells: evidence for
exported proteins and novel inhibitors
Kushwaha, Ambuj K. (National Institutes of Health (NIH), USA); Apolis,
Liana (National Institutes of Health (NIH); Ito, Daisuke (National Institutes
of Health (NIH); Desai, Sanjay A. (National Institutes of Health)

To facilitate survival within erythrocytes, malaria parasites remodel their
host cells by exporting proteins and increasing membrane permeability to
++
++
diverse solutes, including Ca . Although Ca uptake is essential for
parasite development, the mechanisms responsible for this ion’s
transport at each of the membranes within infected cells are largely
unexplored. To examine these mechanisms, we have developed a cell++
based assay that uses fluorescent Ca indicator dyes non-destructively
loaded into infected cells. Cell surface labeling with membraneimpermeant N-hydroxysulfosuccinimide esters revealed differing effects
++
on transport into infected and uninfected cells, indicating that Ca
uptake at the infected cell surface is mediated by new or altered proteins
at the host membrane. Conditional knockdown of PTEX, a parasitederived translocon for export of parasite proteins into the host cell,
++
significantly reduced infected cell Ca permeability, suggesting
involvement of parasite-encoded proteins trafficked to the host
membrane. A high-throughput screen of a 50,000-compound library was
++
then used to identify the first Ca transport inhibitors specific to
Plasmodium-infected cells. These novel chemical scaffolds inhibit both
uptake and parasite growth; improved in vitro potency of some hits at
++
reduced free [Ca ] is consistent with parasite-killing specifically via
++
action on one or more Ca transporters. These inhibitors should
++
uncover the precise functions of Ca within infected cells and enable
++
identification of genes involved in Ca transport; they may also be the
starting points for novel antimalarial drugs that interfere with parasite
++
Ca acquisition.
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59: Unconventional mitochondrial ribosomes in malaria parasites
Ke, Hangjun (Drexel University College of Medicine, Philadelphia, PA,
USA); Dass, Swati (Drexel University College of Medicine); Morrisey,
Joanne (Drexel University College of Medicine); Mather, Michael (Drexel
University College of Medicine); Vaidya, Akhil (Drexel University College
of Medicine)

The mitochondrial ribosome (mitoribosome) in malaria parasites
translates three genes encoded in the mitochondrial DNA (mtDNA). It is
composed of mtDNA-encoded small rRNA fragments (20-200 nt) and
nuclear-encoded ribosomal proteins. We aim to identify the protein/RNA
components of the malarial mitoribosome and to investigate
mitochondrial translation machinery. Here we characterized the
localization, essentiality, and function of one annotated large subunit of
the Plasmodium falciparum mitoribosome, PfmtRL13. Ectopic expression
of PfmtRL13-3HA localized it to the mitochondrion in the parasites. Blue
native gel electrophoresis and Western blot analysis of mitochondria
isolated from the transgenic parasites showed PfmtRL13-3HA to be
present in a large-molecular-weight complex (~1 MDa). Attempts to
knock out the gene using CRISPR/Cas9 in wildtype D10 and NF54attByDHOD (yeast dihydroorotate dehydrogenase) lines failed in numerous
attempts. Transgenic parasites conditionally expressing the PfmtRL13
were generated using the aptamer-TetR-DOZI system facilitated with
CRISPR/Cas9. Upon removal of anhydrotetracycline (ATc), these
parasites exhibited a severe growth arrest after three asexual cycles,
although the defect in the first two cycles was not dramatic. ATc
withdrawal also caused a loss of the mitochondrial membrane potential.
Remarkably, PfmtRL13 knockdown resulted in a dramatic change of the
mitochondrial morphology as determined by transmission electron
microscopy. The mitochondria appeared to become larger and longer
with more branches, suggesting an increase in mitochondrial mass upon
PfmtRL13 knockdown. Attempts to complement the knockdown parasites
with provision of decylubiquinone or yDHOD gene to bypass the
mitochondrial electron transport chain did not reverse the growth
inhibition phenotype. These results represent first investigation of
biological significance of the mitoribosome in malaria parasites.
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60: Putative heterotetramer structure of the Trypanosoma cruzi
mitochondrial calcium uniporter
Chiurillo, Miguel A. (Universidade Estadual de Campinas, São Paulo,
Brazil, Campinas, BRA); Lander, Noelia (Universidade Estadual de
Campinas, São Paulo, Brazil); Bertolini, Mayara (Universidade Estadual
de Campinas, São Paulo, Brazil); Storey, Melissa (University of Georgia,
Athens, GA.); Vercesi, Anibal (Universidade Estadual de Campinas, São
Paulo, Brazil); Docampo, Roberto (University of Georgia, Athens, GA.)

Trypanosoma cruzi (agent of Chagas disease) possesses a
mitochondrial calcium uniporter (MCU) with similar characteristics to
those of mammalian mitochondria. However, besides the absence of
EMRE and MCUR1 orthologs of the MCU complex, we found that T.
cruzi, and other trypanosomatids, possesses 3 paralogs of MCU that we
named TcMCUb, TcMCUc, and TcMCUd. The predicted structure
indicated that all of these paralogs are composed of two helical
membrane-spanning domains, connected by a short loop containing a
DIME motif, suggesting that they could form the pore of the MCU
complex as a heterotetramer. Therefore, we aimed at investigating the
role of these four TcMCU subunits in T. cruzi by analyzing
overexpression and knockout mutant cell lines. Overexpressing
epimastigotes of the four TcMCU subunits showed an increased capacity
2+
to take up Ca by their mitochondria. Additionally, by coimmunoprecipitation assays we observed that at least TcMCU and
TcMCUb form oligomers. Moreover, TcMCU, TcMCUb and TcMCUd
CRISPR/Cas9-mediated knockout cells showed impaired ability to take
2+
up Ca without affecting the mitochondrial membrane potential.
However, different to TcMCU-KO and TcMCUd-KO epimastigotes,
TcMCUb KO cells show reduced growth rate, ability to differentiate into
metacyclic trypomastigotes, and to efficiently infect host cells. Additional
evidence of the MCU pore conformation and other phenotypic
characteristics such as respiration and AMP/ATP ratio are also
presented. Finally, the predicted hetero-oligomeric structure of the T.
cruzi MCU complex, including structural and regulatory differences
compared to those suggested for mammalian cells could be exploited for
chemotherapeutic purposes.
Funded by: FAPESP N° 2013/50624-0 and 2014/13148-9
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61: Analysis of the Redox Status and its Effect on the Proliferation
of Plasmodium falciparum in Glucose-6-Phosphate Dehydrogenase
Deficient Erythrocytes
Meissner, Kamila A. (University of São Paulo, São Paulo, BRA);
Schettert, Isolmar (Hospital Novo Atibaia); Stefanello, Eliezer (University
of São Paulo); Liebau, Eva (University of Münster); Wrenger, Carsten
(University of São Paulo)

Malaria, caused by Plasmodium spp., remains with more than 400.000
deaths per year one of the vastest diseases of our time. Plasmodium
falciparum is the most dangerous species leading to severe malaria.
Nevertheless there are some native resistances known like sickle cell
trait or enzymopathies such as glucose-6-phosphate dehydrogenase
deficiency. However the precise mechanism of action is still unknown.
Several hypotheses like a better innate immune response or the
increased oxidative stress inside the altered erythrocytes are discussed.
This work is focusing on the oxidative defence system of P. falciparum
using transgenically modified parasites cultured in wild type and glucose6-phosphate dehydrogenase deficient red blood cells. Elevated
expression of different anti-oxidant systems in P. falciparum will give
insights in the mechanism of resistance of the pathogen during infection
of altered erythrocytes. Several transgenic cell lines have been
generated and analysed in proliferation assays. However, only the
plasmodial glutathione-S-transferase (GST) facilitates equivalent growth
in wild-type as well as in altered erythrocytes which clearly demonstrates
the importance of the GST in detoxification of redox metabolites in
glucose-6-phosphate dehydrogenase deficiency.

168

62: Comparative genomics of P. falciparum and P. berghei using
metabolic modeling
Carey, Maureen (University of Virginia, Charlottesville, VA, USA); Papin,
Jason (University of Virginia); Guler, Jennifer (University of Virginia)
Mouse models of malaria are used to interrogate the causal parasite and
disease. However, few studies have characterized functional differences
between parasite species, limiting the generalizability of in vitro and in
vivo results. We aim to formalize and identify similarities and differences
in Plasmodium berghei and falciparum metabolism. We present a
functional comparative genomics analysis using metabolic modeling to
cross leverage genome annotations and gene essentiality found in each
species. The berghei and falciparum genomes contain 86 and 408
unique enzymes, respectively, but it is unclear whether these differences
arise from divergent functionality or incomplete genome annotation.
Thus, we generated a metabolic reconstruction of berghei to compare
with our recently published and well-curated falciparum reconstruction.
Using this approach, bioinformatic data is supplemented with genetic and
biochemical studies.
With these models, we make phenotypic predictions and validate the
networks by comparing predictions to experimental findings, such as
gene knockouts. By exploring where each network fails to predict
essentiality, we generate targeted experimental hypotheses for
improving genome annotation. Many in silico/in vitro discrepancies
involve enzymes in under-characterized pathways or in redundant
pathways. By comparing where the two species’ networks differ, we
generate hypotheses for exploring species differences. When using the
falciparum network to predict in vitro blood-stage berghei gene
essentiality, accuracy decreases by 20% relative to performance when
predicting falciparum essentiality. Falciparum predictions of gene
essentiality disagree with berghei experiments particularly in central
carbon metabolism, suggesting the two species have divergent
phenotypes during the blood stage. By contextualizing discrepancies
between predictions and experimental observations across related
organisms, this approach can be used to generate hypotheses that
explain and reconcile those differences.
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63: Elucidating the metabolic proof-reading capacity of P.
falciparum
Dumont, Laure (Department of Biochemistry and Molecular Biology,
University of Melbourne, Kensington, VIC, AUS); Hliscs, Marion (School
of BioSciences, University of Melbourne); Dixon, Matt (Department of
Biochemistry and Molecular Biology, University of Melbourne);
McFadden, Geoff (School of BioSciences, University of Melbourne);
McConville, Malcolm (Department of Biochemistry and Molecular
Biology, University of Melbourne); Tilley, Leann (Department of
Biochemistry and Molecular Biology, University of Melbourne); Cobbold,
Simon (Department of Biochemistry and Molecular Biology, University of
Melbourne)

The malaria parasite has high metabolic demands to facilitate its rapid
growth and cellular division during blood-stage development. The
parasite meets these requirements primarily via glycolysis, using glucose
as its main energy source and carbon supply for biomass production.
However, glycolysis is an imperfect process with several enzymatic
reactions producing toxic by-products that negatively impact metabolism
and cellular development. We investigated two proof-reading pathways
in Plasmodium, capable of detoxifying these unwanted metabolites. The
glyoxalase system is found ubiquitously across organisms and facilitates
the detoxification of methylgloxal, generated via incorrect functioning of
the glycolytic enzyme triose phosphate isomerase. Using CRISPR/Cas9
in P. falciparum, we successfully disrupted two genes, which encode the
cytosolic glyoxalase I (GloI) and apicoplast targeted glyoxalase II (tGloII)
enzymes, respectively. The evidence presented indicates that GloI is
non-essential despite a clear disruption of methylglyoxal detoxification in
knockout parasites. In contrast, disruption of tGloII induces a significant
growth defect in both asexual and sexual development. We also
investigated the proof-reading capacity of phospho-glycolate
phosphatase (PGP), and its ability to eliminate toxic metabolic byproducts. The non-standard metabolites phospho-lactate and 4-phosphoerythronate are derived from incorrect enzyme functioning and
accumulate when PGP is genetically disrupted. The accumulation of 4phospho-erythronate inhibits the pentose phosphate pathway and
thereby disrupts normal parasite metabolism. Altogether, we present two
independent case studies on the importance of metabolic proof-reading
in the malaria parasite and its positive impact on parasite development.
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64: Disruption of the de novo heme biosynthesis pathway leads to
severe defects of growth and acute virulence in Toxoplasma gondii
Dameron, Carly (Clemson University, USA); Teehan, Paige (Clemson
University); Floyd, Katherine (Clemson University); Villano, Martha Alexis
(Clemson University); Dou, Zhicheng (Clemson University)

Toxoplasma gondii is an Apicomplexan parasite that may cause severe
infectious disease in humans, with the ability to use foodborne, zoonotic, and
congenital routes of transmission. Toxoplasma de novo biosynthesizes and
also scavenges small nutrient molecules from host cells, such some amino
acids, nucleotides, and simple lipids, to support its intracellular growth. Heme
is an essential nutrient in all organisms, serving as a prosthetic
group conjugated to many proteins for many fundamental subcellular
activities. Toxoplasma encodes all the enzymes in the de novo heme
biosynthesis pathway in its genome. Mass spectrometry and endogenous
gene tagging evidence establish the expression of these genes during acute
infection. In this study, we focused on the
gene encoding the coproporphyrinogen III oxidase enzyme (TgCPOX) that
catalyzes the antepenultimate reaction within the pathway
in Toxoplasma. Among the entire pathway in Toxoplasma, this step is the
only reaction occurring in the cytosol. However, mammals generate the
products of all reactions upstream of the step CPOX catalyzes in the cytosol
of their own cells. Therefore, the deletion of TgCPOX blocks the utilization of
host cytosolic heme intermediates. We
also functionally complemented TgCPOX in the yeast mutant (∆hem13),
which lacks the ortholog of TgCPOX, proving TgCPOX is a functional
enzyme. We successfully ablated the TgCPOX gene by homologous
recombination. The resulting TgCPOX-null mutants showed smaller
plaques and slower replication than wild type parasites. The addition of
heme to the growth medium did not rescue the defects in plaque formation,
which excludes the possibility that Toxoplasma can access extracellular free
heme. The reported ingestion pathway of macromolecular
molecules raises a possibility of incorporation of host hemoproteins as a
strategy of supplementing heme needs in Toxoplasma. Most strikingly, the
mutant parasites displayed severely decreased virulence in a murine model,
suggesting that the de novo heme biosynthesis pathway plays a key role in
the pathogenesis of toxoplasmosis. Collectively, our findings will shed light
on the development of novel strategies to block heme production and
acquisition in order to benefit clinical management of Toxoplasma infection.
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65: Reprogramming of the host metabolism during T. gondii
infection
Gendlina, Inessa (Albert Einstein College of Medicine, Montefiore, USA);
Kim, Kami (Albert Einstein College of Medicine, Montefiore)

Toxoplasma gondii is an obligate intracellular eukaryotic parasite able to
infect mammals including humans. Inside the host, T. gondii has to
acquire nutrients and subvert host machinery to their benefit, yet protect
itself from the host response. Host-parasite interplay is complex with
significant amount of crosstalk, as both host and parasite factors are
responsible for disease. Studies have demonstrated that T.
gondii infection induces significant changes to the host transcriptome,
and some of these changes occur in genes involved in the nutrient
pathways of glucose and lipid metabolism. Furthermore, one of the main
pathways altered during parasite infection includes Hypoxia-inducible
Factor - a central regulator of host metabolism. T. gondii additionally
remodel subcellular localization of host organelles and alter
mitochondrial localization, with recruitment of mitochondria to
parasitophorous vacuole by some T. gondii strains. Metabolic landscape
restructuring is essential to a wide range of processes including immune
cell activation and in cancer. Oncogenic transformation causes cellular
metabolic shift away from oxidative phosphorylation toward glycolysis
under aerobic conditions – known as the “Warburg effect”. Recent
studies revealed that metabolic shifts also occur during infection with
viruses, bacteria and other parasites. We characterize metabolic
landscape in the host cell during infection with T. gondii parasites. We
use extracellular flux analysis to examine metabolic perturbations during
infection. Our results demonstrate that similar to other pathogens,
infection with T. gondii induces metabolic alteration in infected
cells. However, unlike metabolic reprogramming in cancer and immune
cells, T. gondii lead to increase in both host glycolysis and mitochondrial
respiration. Ongoing work focuses on elucidating mechanism of this
metabolic interplay between the parasite and its host.
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66: Lysine acetylation readers coordinate different transcriptional
complexes in Toxoplasma gondii
Jeffers, Victoria (Indiana University School of Medicine, USA); Sullivan
Jr, William J (Indiana University School of Medicine)

Lysine acetylation is an abundant and critical post-translational
modification in eukaryotic cells, including Toxoplasma gondii. We have
established that garcinol, an inhibitor of lysine acetyltransferases (KATs)
and I-BET151, an inhibitor of bromodomain (BRD) function have antiparasitic activity, underlining the essential nature of this process to the
parasite. To further explore the function of lysine acetylation in
Toxoplasma we have endogenously tagged the BRD protein, TgBDP3
and another putative acetylated lysine reader, the YEATS domaincontaining protein GAS41. Co-immunoprecipitation experiments indicate
that each reader protein is associated with different regulatory
complexes that function in distinct processes. The association of
TgBDP3 with transcriptional initiation factors implies its role in linking
acetylated lysines to transcriptional activation. The YEATS domain
protein, GAS41 was consistently found in complex with the MYST KATs,
TgMYSTa and TgMYSTb, which we have previously found to regulate
DNA damage responses. GAS41 was also found to associate with a
number of proteins that are homologous to components of the chromatin
remodeling SRCAP complex in other species. These results suggest that
GAS41 is found in an array of different regulatory complexes and that its
function depends on the context of its associated factors. The acetylation
of histone tails is well documented to regulate transcription, however the
study of chromatin readers and their interacting proteins is illuminating
how many other DNA processes are coordinated.
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67: Bird’s eye view of trypanosomatid RNA editing
Gerasimov, Evgeny (Lomonosov Moscow State University); Gasparyan,
Anna (Lomonosov Moscow State University); Zimmer, Sara L. (University
of Minnesota Medical School, Duluth, MN); Flegontov, Pavel (University
of Ostrava)

RNA editing by insertion and deletion of uridines (U-indel editing)
generates translatable mRNAs from trypanosomatid mitochondriallyencoded cryptogenes. A cascade of editing reactions generally
proceeding from 3’ to 5’ on a transcript results in transcript populations
containing pre-, partially- and fully-edited molecules. The editing
mechanism also allows uridine insertions and deletions that do not
contribute to an open reading frame (ORF). Therefore, analysis of
trypanosomatid mitochondrial transcriptomes is difficult, hindering
comparisons of U-indel editing and its products between mitochondrial
genomes of trypanosomatids. A specialized new tool allows for such
comparisons. T-Aligner maps sequences with uridines omitted, classifies
and visualizes editing sites, and performs assembly to reconstruct
translatable mRNAs from deep sequencing reads. Leptomonas
pyrrhocoris is an emergent model species of the monoxenous
trypanosomatids. Fully-edited L. pyrrhocoris mRNA sequences were
unknown and thus it was a perfect analysis target. We characterized the
L. pyrrhocoris mitochondrial mRNA transcriptome and compared it with
that of Trypanosoma cruzi. Our analyses show U-indel RNA editing to be
chaotic and ‘noisy’, as most cryptogene-derived reads exhibit editing
patterns inconsistent with a translatable sequence. These results mirror
T. brucei single-gene studies, extending them across species and across
the mitochondrial transcriptome. Interestingly, ORF reconstruction
revealed alternative editing of various types. We observed a background
level of greatly divergent ORFs represented by one or a few overlapping
reads. There was higher read support for isolated instances of editing
that resulted in a few internal amino acids deviating from the most
canonical ORF reconstruction. Some 5’ truncations and alternatives were
also well-supported, as was an upstream-initiating edited product of the
T. cruzi RPS12-encoding cryptogene utilizing a different reading frame.

174

68: Comparative methyl-SILAC reveals PRMT7 impact on RNAbinding protein function in Leishmania major
Ferreira, Tiago R. (Centre for Immunology and Infection, Dept of Biology,
University of York, UK, York, GBR); Dowle, Adam (Metabolomics and
Proteomics Lab, Technology Facility, Dept of Biology, University of York,
UK); Cruz, Angela (Dept of Cell and Molecular Biology, Ribeirao Preto
Medical School, University of São Paulo, Brazil); Walrad, Pegine (Centre
for Immunology and Infection, Dept of Biology, University of York, UK)

Protein aRginine MethylTransferases (PRMTs) catalyze the arginine
methylation of a diverse set of proteins which impact many cellular
processes. Leishmania spp. genomes encode five PRMT homologs.
PRMT7, implicated in parasite virulence (Ferreira et al., 2014), is the only
enzyme known to exclusively catalyze monomethyl arginine (MMA). To
investigate the impact of PRMT7 levels upon monomethylation in
Leishmania parasites, we performed comparative methyl-SILAC of wildtype versus PRMT7 knockout parasites (Deltaprmt7). We find 2.6% of
the L. major predicted proteome carry at least one MMA modification
with a strong selection of trans-regulatory RNA-binding proteins (RBPs).
Forty candidate target proteins were hypomethylated in the absence of
the PRMT7 enzyme, isolating putative methylation sites. To identify
direct PRMT7 interactors we immunoprecipitated proteins that associate
with wild-type PRMT7 versus catalytically inactive forms. We confirmed
the direct monomethylation of candidate targets RBP16 and Alba3 by
PRMT7 in vitro and validated amino acids essential to this modification.
To evaluate the impact of arginine methylation on protein function, we
endogenously tagged candidate target RBPs to examine expression and
RNA binding capacity in response to PRMT7 levels. Expression levels of
three PRMT7 candidate target RBPs reveal altered expression in
Deltaprmt7 parasites, implicating monomethylation in protein stability. In
contrast, the RNA-binding capacity of Alba3 is reduced in Deltaprmt7
mutant parasites despite unchanged protein levels. Ongoing experiments
will identify transcripts regulated by PRMT7 target proteins of potential
relevance to parasite virulence. Our results suggest MMA modification by
LmjPRMT7 epigenetically regulates Leishmania virulence by altering the
function of trans-regulatory RBPs which control parasite gene
expression.
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69: Regulation of PfEMP1-VAR2CSA by a Plasmodium translation
enhancing factor
Chan, Sherwin CL (Karolinska Insitutet, Stockholm, SWE)

Sequestration of Plasmodium falciparum-infected erythrocytes to the
placenta is commonly observed in placental malaria. The binding is
mediated by the parasite expressing PfEMP1–VAR2CSA proteins.
Expression of VAR2CSA is translationally repressed by an upstream
open reading frame. Here, we show that the P. falciparum translation
enhancing factor (PTEF) can de-repress VAR2CSA translation.
VAR2CSA protein levels in var2csa-transcribing parasites are dependent
on the expression level of PTEF, and the alleviation of upstream open
reading frame repression requires the proteolytic processing of PTEF by
calpain protease. Cleavage generates a C-terminal domain that contains
a sterile-alpha-motif-like domain. The C-terminal domain is permissive to
cytoplasmic shuttling and interacts with ribosomes. Using gene reporter
assay as well as knockout and complementation experiments, we
demonstrated that the C-terminal domain can promote VAR2CSA
translation. Our results implicate PTEF in regulating placental CSA
binding of infected erythrocytes.
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70: Ex vivo phenotyping reveals genes upregulated in gametocytecommitted ring stage parasites
Prajapati, Surendra (Uniformed Services University of Health Sciences); AyanfulTorgby, Ruth (Noguchi Memorial Institute for Medical Research, University of
Ghana); Acquah, Fetsus (Noguchi Memorial Institute for Medical Research,
University of Ghana); Cudjoe, Elizabeth (Noguchi Memorial Institute for Medical
Research, University of Ghana); Kakaney, Courage (Noguchi Memorial Institute
for Medical Research, University of Ghana); Amponsah, Jones (Noguchi
Memorial Institute for Medical Research, University of Ghana); Obboh, Evans
(University of Cape Coast, Cape Coast, Ghana); Arku, Andrea (Noguchi
Memorial Institute for Medical Research, University of Ghana); Usui, Miho
(Uniformed Services University of Health Sciences); Abuaku, Benjamin (Noguchi
Memorial Institute for Medical Research, University of Ghana); Amoah, Linda
(Noguchi Memorial Institute for Medical Research, University of Ghana);
Williamson, Kim (Uniformed Services University of Health Sciences)

The sequestration of early stage P. falciparum gametocytes (stages I-IV) has
made it challenging to directly track gametocyte production in peripheral blood
samples and complicated the analysis of the factors that contribute to in vivo
gametocytogenesis. Early gametocyte gene transcripts have been detected in
peripheral blood samples from malaria patients, but these have not been directly
linked to gametocyte production. To more directly evaluate the presence of
circulating gametocyte-committed ring stage parasites, we developed an ex vivo
gametocyte culture method to quantify gametocyte-committed parasites in
malaria patients’ blood. Blood samples were obtained from uncomplicated
malaria patients in Ghana (n=170) and cultured for 8 days in the presence or
absence of N-acetyl glucosamine (NAG) to track gametocyte development by
counting Giemsa-stained slides (~20,000 RBCs/slide). Ex vivo gametocyte
development was similar to that observed for NF54 strain parasites cultured in
vitro. Stage II-III gametocytes were observed by day(D) 4 and continued
maturation to stages III-V by D8 in 66% of the samples (n=112). We observed a
range of gametocyte conversion rates (CR) from 0.02% to 88% with a median of
1.72%. Preliminary data suggest that conversion is not related to age, hematocrit
or WBC cell count. Initial microarray analysis of the D0 parasite transcriptome
from 11 high gametocyte producers (CR: ~2-65%; n=11) and 8 samples that did
not produce gametocytes (CR: 0%; n=8) revealed eight genes were upregulated
(False Discovery Rate p value = 0.045 - 0.001) in the gametocyte producing
samples. All 8 upregulated genes have been associated with early gametocyte
production in vitro suggesting similar pathways are involved. Four genes are
predicted to be exported, including 3 Surfins (1.2, 4.2 & 13.1) and three genes
have predicted functions, AP2-G, HDA1, and AROM. This work is the first step
toward evaluating P. falciparum gametocytogenesis in the field and developing
molecular markers to study the factors that contribute to in vivo gametocyte
production.
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71: Approaches to study Toxoplasma gondii oocyst formation and
maturation
Agop Nersesian, Carolina (Boston University, USA); Branchini, Bruce
(Connecticut College); Castello, Catherine E. (Boston University);
Samuelson, John C. (Boston University)

Human transmission of the parasite Toxoplasma gondii occurs either
through ingestion of tissue cysts in under cooked meat or sporulated
oocysts, which are shed in the feces of felines, the definitive host. In the
environment and in the course of a week, immature, non-infectious
oocysts form two sporocysts that encapsulate each four infectious
sporozoites. The oocyst wall is an impermeable barrier, composed of an
outer layer that contains acid-fast lipids and an inner layer containing
fiber of b-1,3-glucan, which is also present in fungal walls.
In order to better characterize the structure and function of oocyst wall,
we aim to individually knock out genes responsible for its formation and
maturation. For example, the Toxoplasma genome encodes a single
glucan synthase gene (TGME49_278110), which based on its
expression profile appears predominantly expressed in the zygote stage.
We first generated a reporter parasite of the Cz1 type II strain expressing
a single copy of Photinus pyralis luciferase RE9, allowing us to follow the
parasite’s dissemination during its complete life cycle. Taking advantage
of the high efficiency genome editing system CRISPR/Cas9, our genes
of interested will be replaced by a green fluorescent protein, Neongreen.
Since the oocyst represents the only diploid stage in the parasite’s life
cycle, crosses of our knockouts with reporter parasites expressing a red
fluorescent protein in a dispensable locus, should overcome potential
lethal phenotype in the oocyst stage. By utilizing mating potential of the
parasites and the power of different reporter systems, we aim to
establish a standardized and quantitative strategy to characterize genes
involved in the sexual development of T. gondii.
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72: Development of an in vitro non-human primate malaria liver model
for evaluation of new therapies targeting Plasmodium pre-erythrocytic
stages
Roth, Allsion (USF, USA); Vesely, Brian (WRAIR, Silver Spring,); Aylor,
Samantha; Kooken, Jennifer; Pichyangkul, Sathit; Spring, Michelle;
Kobylinski, Kevin; Davidson, Silas; Ubalee, Ratawan; Waters, Norman;
Kreishman-Deitrick, Mara; Adams, John

Plasmodium vivax is the second most prevalent cause of malaria globally
with 132-391 million cases of clinical malaria each year and has a significant
economic burden on afflicted countries. Unfortunately, optimized drug
treatments are unsuccessful in targeting the hynozoite (dormant stage)
residing in the liver of P. vivax infected individuals and those with G6P
deficiency are unable to be treated with Primaquine (PQ). A robust, highly
reproducible liver model is needed to study the parasite’s liver-stage (LS)
biology and to efficiently screen large volumes of therapeutic compounds.
Use of human primary hepatocytes quickly loses metabolism over a few
days resulting in PQ failure to kill hypnozoites. In an innovative P. cynomolgi
LS in vitro microscale 384-well culture system with primary non-human
primate hepatocytes supports development for both asexual schizonts and
dormant hypnozoite thus addressing the current shortcomings related to P.
vivax liver-stage research. The in vitro culture system maintains
cryopreserved primary non-human primate hepatocytes which successfully
remodel into functional liver lobules with bile canaliculi formation and stable
metabolic activity for greater than 30 days. We identified four commercially
available lots of primary non-human primate hepatocytes susceptible to P.
cynomolgi sporozoite invasion with liver-stage development rates as high of
2.5%. Additionally, we have identified several P. cynomolgi liver-stage
specific biomarkers that enhance high-throughput drug screening as well as
experimental biology exploration. Our in vitro liver model allows for proteomic
assessment of P.cynomogli sporozoites and liver-stage forms uncovering
proteins required for invasion, development, and possible hypnozoite
formation identifying possible targets for therapeutic intervention.
Material has been reviewed by the Walter Reed Army Institute of
Research. There is no objection to its presentation and/or publication. The
opinions or assertions contained herein are the private views of the author,
and are not to be construed as official, or as reflecting true views of the
Department of the Army or the Department of Defense.
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73: Bioenergetic analysis reveals increasing OXPHOS activity
during gametocyte development of Plasmodium falciparum
KATO, TOMOYO (HARVARD T.H. CHAN SCHOOL OF PUBLIC
HEALTH, USA); WIRTH, DYANN (HARVARD T.H. CHAN SCHOOL OF
PUBLIC HEALTH)

Previously, we developed a robust bioenergetic assay for asexual blood
stage of Plasmodium falciparum utilizing an Extracellular Flux Analyzer,
which enables simultaneous investigation of mitochondrial respiration
and glycolysis with readouts of an oxygen consumption rate (OCR) and
extracellular acidification rate (ECAR). With this assay system, we have
discovered strong glycolytic activity and inefficient oxidative
phosphorylation (OXPHOS) in asexual blood stage parasites. In this
study, we applied our assay system to gametocytes to evaluate
bioenergetically each stage of gametocytogenesis. As a result, we found
a strong increase of basal OCR over the course of gametocytogenesis.
In addition, robust OCR reduction by oligomycin A was observed in day 5
and later stages of gametocytes but not in earlier stage gametocytes
similar to asexual stage parasites. The values of oligomycin A-sensitive
OCR became maximal around day 10-12, suggesting maturation of
efficient OXPHOS. On the other hand, no clear increase of ECAR values
was observed during gametocytogenesis. It has been known that blood
stage parasites rely on glycolysis as their primary energy source, while
mosquito stages depend on OXPHOS, suggesting that malaria parasites
achieve a huge metabolic shift from human to mosquito stages. Our
observation of the maturation of OXPHOS during gametocytogenesis fills
the missing link between asexual blood stage and mosquito stages. The
OXPHOS of gametocytes is presumably required for successful
transmission to mosquitoes, suggesting mitochondria as a promising
target for transmission blocking therapeutics.
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74: Parasites as an Alternative Model for Lipid Metabolism: Gene
Expression Analysis of an Oyster Parasite Perkinsus marinus
During Lipid Starvation.
Noell, Kristin (Department of Natural Science, University of Maryland
Eastern Shore, Princess Anne, MD, USA); Coit, Nakia (UMES); Pitula,
Joe (UMES)

Our laboratory is interested in understanding the response of Perkinsus
marinus, a protozoan parasite of oysters, to lipid starvation as a means
of understanding its underlying metabolic pathways. Previous work has
shown that this parasite is capable of synthesizing its own fatty acids, as
well as acquiring them from their host. As citrate can serve as a source
of Acetyl CoA, we are also investigating the role of cytosolic aconitase as
a potential regulator in this process, as there is evidence for
phosphorylation of this enzyme to favor citrate production. No one, to our
knowledge, has delineated the role of cytosolic aconitase in fatty acid
biosynthesis. We have performed differential mRNA gene expression in
P. marinus, in which cells were starved of lipids for 11 days, as
compared to lipid replete cells. There was not a noticeable upregulation
of FAII-pathway enzymes for saturated fatty acid synthesis, although
citrate synthase was upregulated approximately 3-fold, consistent with
allosteric activation of acetyl CoA carboxylase-1. Polyketide
polyunsaturated fatty acid synthase and delta 5/ delta 6 fatty acid
desaturase were upregulated by approximately 2-fold. Surprisingly, a
number of enzymes involved in beta-oxidation were upregulated, which
contrasted with the expectation that free fatty acids from triglycerides
would be directed towards salvage pathways for membrane synthesis.
Consistent with this, ACC-2 was down regulated 2-fold. Interestingly,
maltose acetyl transferase was also upregulated 2-fold, implying that
acetyl units from beta-oxidation may be re-directed to sugar acetylation.
The implications of this complex interplay will be discussed, along with
future experiments to address lipid and sugar metabolites present in this
parasite under lipid starvation conditions. Finally, the activity and
phosphorylation status of aconitase-1 will be assessed under these
conditions.
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75: Targeting translational control as a means to reduce
Toxoplasma tissue cyst burden
Martynowicz, Jennifer (Indiana University School of Medicine,
Speedway, IN, USA); Wek, Ronald (Indiana University School of
Medicine); Sullivan Jr, William (Indiana University School of Medicine)

The obligate intracellular protozoan parasite Toxoplasma gondii infects
warm-blooded animals and is present in approximately one third of the
world’s population. This high prevalence is due in part to the parasite’s
ability to differentiate into a latent, encysted stage that can be transmitted
to new hosts through predation. The presence of these tissue cysts also
gives rise to life-threatening recrudescent infection if immunity wanes.
Tissue cysts contain a latent stage of the parasite known as the
bradyzoite, and they are refractory to currently approved antiparasitics. In previous studies, we found that translational control
through the phosphorylation of Toxoplasma eukaryotic translation
initiation factor-2 (TgIF2) accompanies formation of bradyzoites.
Additionally, eIF2α dephosphorylation inhibitors guanabenz and
salubrinal inhibit the replicative (tachyzoites) stage and prevent
reactivation of bradyzoites in vitro. Examination of guanabenz-treated
tissue cysts revealed severe defects in bradyzoite morphology,
suggesting that guanabenz may be killing bradyzoites. Supporting this
idea, guanabenz was subsequently shown to decrease cyst burden in
chronically infected female mice, a striking finding that we have
reproduced here in female and male mice. We also show that a new
guanabenz derivative, Sephin1, has activity against tachyzoites in vitro
without overt side effects on host cells.
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76: Targeting the Naegleria Glucokinase as a Therapeutic Target: an
Amoeba Achilles Heel?
Milanes, Jillian (Eukaryotic Pathogens Innovation Center, Clemson
University, USA); Morris, James (Eukaryotic Pathogens Innovation
Center, Clemson University)

The free-living amoeba, Naegleria fowleri, is the causative agent of
primary amoebic meningoencephalitis (PAM), which while rare is usually
lethal. Infection occurs when contaminated water is introduced into the
nasal passage, with trophozoites then migrating to the brain. Current
treatment options are limited and infection progresses rapidly to death
within days. Here, we describe work toward characterization of a new
potential therapeutic target, the lone glucose phosphorylating enzyme in
the parasite’s genome, glucokinase (NfGlck). This enzyme is likely
responsible for the first step in both glycolysis and the pentose
phosphate pathway, both of which utilize the NfGlcK product glucose-6phosphate. Following cloning and heterologous expression of NfGlck,
we have optimized enzyme assay conditions, revealing the enzyme has
a pH optimum of 7.4 and can be inhibited by EDTA and saturating
amounts of ATP. The protein is predicted to be 49.3kDa and by gel
filtration chromatography the protein behaves as a monomer with an
apparent molecular mass of 50.8kDa. Last, we have screened a
collection of known inhibitors of Plasmodium falciparum and
Trypanosoma brucei hexokinases against the protein. These findings,
along with efforts to genetically validate the target by RNA interference
and gene knockout, will be discussed.
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77: Assessment of mitochondrial gene copy numbers in P.
falciparum lines and atovaquone-selected mutants
Lane, Kristin D. (NIAID/NIH, Rockville, MD, USA); Mu, Jianbing
(NIAID/NIH, USA); Windle, Sean T (NIAID); Wellems, Thomas E.
(NIAID/NIH)

Malaria parasites have evolved a streamlined electron transport chain
(ETC) for energy production by encoding fewer subunits per ETC
compared to those in its human host. Atovaquone (ATQ), a component
of the Malarone™ co-formulation, targets the mitochondrial ETC bc1
complex cytochrome B (CytB) protein. To investigate molecular
mechanisms of cross resistance against antimalarial compounds with
similar underlying scaffolds, we selected ATQ resistant parasites from P.
falciparum Dd2 (SE Asia) and 106/1 (Africa) lines, and assessed their
ETC inhibitor response profiles. Results of the selections yielded a rare
CytB Y268S mutant (106/1) and a previously reported M133I mutation
(Dd2). To investigate if drug selection may change copy number (CN)
and mitochondrial genomic architecture, we quantified the CN of the
mitochondrial-encoded coxI, coxIII, cytB genes using the single copy
seryl tRNA synthase gene as a control. We also compared gene
expression in selected lines cultured both on and off drug. Previously, it
was determined that of the 20-22 copy mitochondrial genome 98-99% is
linear and is 1-2% circular, and that it undergoes extensive and
pervasive recombination. CNV assays revealed coxI numbers of 20-40,
coxIII numbers of 20-50, and cytB numbers of 20-40 in various lab lines
and selected mutants. These findings confirm high CN of mitochondrial
genes consistent with heteroplasmy in P. falciparum and support the role
of a variety of CytB mutations in drug resistance to structurally diverse
ETC inhibitors.
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78: Investigation of IMC2A: A Secreted Phosphatase of Toxoplasma
gondii
Blakely, William (IU School of Medicine, USA); Holmes, Michael (IU School
of Medicine); Arrizabalaga, Gustavo (IU School of Medicine)

The obligate intracellular parasiteToxoplasma gondii infects about one-third
of the global population and can cause severe disease in the
immunocompromised and those infected congenitally. Upon infection,
parasites sabotage host cell systems, including host gene transcription,
apoptosis cascades and intracellular immune recognition, to ensure
propagation and long-term survival within their hosts. To affect host
processes, parasites secrete many specific proteins to the host and the
parasitophorous vacuole (PV) within which it resides. The PV surrounds
intracellular parasites and serves to interface with the host while also
providing protection from host endosomal degradation. Many of the secreted
parasite proteins that modulate the host are kinases. Whether secreted
phosphatases play a role in host modulation or intracellular survival has not
been thoroughly explored. To address this knowledge gap, we have begun
investigating the localization and function of phosphatases predicted to be
secreted. Interestingly, a protein that contains a predicted acid phosphatase
domain and a secretory signal sequence had previously been suggested to
localize to the inner membrane complex of extracellular parasites and was
thus named IMC2A. IMC2A also has predicted cleavage sites for aspartyl
protease 5 (ASP5). Cleavage by ASP5 is central to trafficking and export of
proteins to the PV. To address the discrepancy between the reported
localization and the presence of ASP5 cleavage sites and signal sequence,
we introduced an epitope tag to the endogenous gene locus. We observed
IMC2A is indeed processed and exists as at least two forms: a 180kDa full
length protein and a 40kDa C-terminal fragment. Mass spectroscopy
analysis of the fragment is consistent with cleavage at the predicted ASP5
site. Importantly, in concordance with this we observed IMC2A localization
to the parasitophorous vacuole where it associates with the PV
membrane. Immunoprecipitation of IMC2A followed by mass spectroscopy
analysis showed IMC2A to interact with other well-known secreted proteins
as well as some novel proteins that we have now shown to also be
secreted. Our findings indicate IMC2A follows the parasite secretory
pathway into host cells where it potentially interacts with other parasite
proteins. We hypothesize IMC2A and its interactors play a vital role in
transforming the host cell environment for T. gondii to successfully
propagate. Current work is focused on elucidating the function of IMC2A
and localization of its different forms.
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79: iCharacterization of TgDrpC, an atypical dynamin related protein
in Toxoplasma gondii
HEREDERO BERMEJO, IRENE (Indiana University School of Medicine,
Indianapolis, IN, USA); VARBERG, JOSEPH (USA); SULLIVAN,
WILLIAM; ARRIZABALAGA, GUSTAVO (USA)

Dynamin-related proteins (Drps) coordinate fission and fusion events
required for vesicular trafficking and organelle division in eukaryotic cells.
In apicomplexan parasites, three Drp genes have been identified: DrpA,
DrpB, and DrpC. In Toxoplasma, dynamin-related protein A (TgDrpA) is
required for apicoplast fission, while dynamin-related protein B (TgDrpB)
is involved in the biogenesis of the secretory organelles. In contrast, the
function of TgDrpC, which lacks many of the conserved domains found in
all functionally validated Drps, has not yet been characterized.
Localization studies in intracellular parasites revealed that TgDrpC
associates with post-Golgi vesicles during interphase. Interestingly,
TgDrpC relocalizes to MORN-1 positive ring structures that migrate with
the elongating daughter parasite pellicle during parasite division.
Previous preliminary analyses of TgDrpC had determined it to be
essential. Consequently, to determine the biological role of this protein,
we introduced a destabilization domain (DD) to the C-terminus of the
endogenous TgDrpC locus. In the absence of the stabilizing molecule
Shield-1, TgDrpC-DD is degraded within 48 hours, resulting in parasite
death. Detailed analyses revealed that the loss of TgDrpC resulted in the
disruption of numerous organelles, including the apicoplast,
mitochondrion, Golgi and Golgi-derived secretory organelles. We are
currently preforming proteomics studies to identify TgDrpC interacting
proteins to further characterize the role of this novel protein in
Toxoplasma.
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80: Acanthamoeba cyst walls likely contain unique cellulosebinding lectins, as well as proteins obtained from bacteria by lateral
gene transfer
Yousuf, FNU (Department of Molecular and Cell Biology, Boston
University Goldman School of Dental Medicine, Boston, MA, USA);
Haserick, John R. (Department of Molecular and Cell Biology, Boston
University Goldman School of Dental Medicine); Lopez, Angelo
(Department of Molecular and Cell Biology, Boston University Goldman
School of Dental Medicine); Banidini, Giulia (Department of Molecular
and Cell Biology, Boston University Goldman School of Dental
Medicine); Magistrado, Pamela (Department of Molecular and Cell
Biology, Boston University Goldman School of Dental MedicineCostello,
Catherine E. (Department of Biochemistry, Boston University School of
Medicine, Boston); Samuelson, John (Department of Molecular and Cell
Biology, Boston University Goldman School of Dental Medicine)

Acanthamoeba cyst wall proteins are unique to the parasite and contain
two repeats of a Cys-rich domain. We named these proteins Leo lectins,
because it is likely that the Cys-rich domains bind cellulose. Other
abundant wall proteins are a result of lateral gene transfer from bacteria,
which has not previously been described in parasite, fungal, or plant
walls. LGT proteins contain tandem repeats of carbohydrate-binding
modules 49 (CBM49) predicted to bind cellulose, choice of anchor A
(CAA) domains predicted to bind collagen, and copper oxidase (CotA)
domains predicted to oxidize phenols. Acanthamoeba GST-fusion
proteins made in bacteria bind cellulose (CBM49) and collagen (CAA).
Acanthamoeba have numerous cellulases, some of which appear to
contain a novel cellulose-binding domain (CelBDX). Presently we are
expressing tagged proteins in transformed Acanthamoeba to confirm
their presence in cyst walls and to determine their ability to bind cellulose
(Leo lectins and CelBDX proteins). In summary, Acanthamoeba cyst
walls likely contain proteins with novel cellulose-binding domains and
proteins obtained from bacteria by LGT.
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81: Functional dissection of mitochondrial c-type cytochromes in
Plasmodium parasites
Marvin, Rebecca (University of Utah, USA); Nalder, Shai-anne
(University of Utah); Sigala, Paul (University of Utah)

Plasmodium parasites require the mitochondrial electron transport chain
(ETC) to recycle the ubiquinone cofactor used by dihydroorotate
dehydrogenase (DHOD) in pyrimidine biosynthesis. Intense drug
development efforts have focused on cytochrome b, which is targeted by
the current antimalarial, atovaquone. To better understand the functional
properties of additional ETC components and evaluate their potential as
new therapeutic targets, we have studied the maturation and essentiality
of cytochromes c1 and c that function downstream of cytochrome b.
These proteins are distinguished from other cytochromes by their
covalent binding of heme, whose attachment requires mitochondrial
holocytochrome c synthase (HCCS). In contrast to human cells, which
express a single HCCS to mature cytochrome c and c1, parasites
express two HCCS paralogs thought to be specific for cytochrome c or
c1. Parasites also express two paralogs of cytochrome c (c and c-2) for
unknown reasons. We recombinantly expressed P. falciparum
cytochrome c or c-2 in tandem with either HCCS or HCC1S in E. coli
bacteria, which synthesize heme but lack cytoplasmic c-type
cytochromes. Both cytochrome c and c-2 covalently bound heme in the
presence of HCCS but not HCC1S, suggesting non-overlapping HCCS
specificities. In-parasite studies confirm the expected mitochondrial
localization of GFP-tagged HCCS, HCC1S, and cytochromes c, c-2, and
c1. We used CRISPR/cas9 to tag each endogenous gene with the
aptamer/tetR-DOZI system to enable anhydrotetracycline-dependent
protein expression. Initial studies suggest cytochrome c but not c-2 is
essential for blood-stage growth. On-going studies will test the
essentiality of HCCS, HCC1S, and cytochrome c1, explore the potential
to selectively inhibit the parasite HCCS and/or HCC1S enzymes, and
test whether cytochrome c-2 is required for mosquito-stage development.
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82: ACT partner drug erosion: bimodal drug response of piperaquineresistant Plasmodium falciparum in Cambodia
Bopp, Selina (Harvard T.H.Chan School of Public Health, Boston, MA, USA);
Magistrado, Pamela (Harvard T.H. Chan School of Public Health); Wong,
Wesley (Harvard T.H. Chan School of Public Health); Mukherjee, Angana
(Harvard T.H. Chan School of Public Health); Lim, Pharath (National
Institutes of Health); Woodrow, Charles (Mahidol-Oxford Tropical Medicine
Research Unit); Ashley, Elizabeth (Mahidol-Oxford Tropical Medicine
Research Unit); White, Nicholas (Mahidol-Oxford Tropical Medicine
Research Unit); Dondrop, Arjen (Mahidol-Oxford Tropical Medicine Research
Unit); Fairhurst, Rick (National Institutes of Health,); Ariey, Frederic (Institut
Cochin, INSERM); Menard, Didier (Institute Pasteur); Wirth, Dyann (Harvard
T.H. Chan School of Public Health); Volkman, Sarah (Harvard T.H. Chan
School of Public Health)

The spread of artemisinin (ART) resistance makes partner drugs used in
ART Combination Therapies more vulnerable to emerging drug resistance.
Indeed, recent evidence indicates loss of efficacy of the partner drug
piperaquine (PPQ) in Southeast Asia. To assess whether ART-resistant
parasites are also PPQ-resistant, we tested Plasmodium falciparum isolates
from Cambodia. Among these parasites we observed a bimodal growth
response to increasing PPQ concentrations. This bimodal response was not
due to mixed parasite populations within these isolates, as daughter lines
retained the phenotype after subcloning. Indeed, resistant parasites exposed
to high PPQ concentrations were better able to survive to the next cycle than
parasites exposed to lower drug levels. Exposure of parasites to PPQ at
consecutive 12-h intervals throughout the life cycle showed that late-stage
schizonts are less susceptible than earlier-stage parasites. There was also
no obvious difference in cell cycle length when resistant parasites were
exposed to PPQ. To better quantify the bimodal response, we chose the
area under the curve (AUC) instead of the conventional half-maximal
effective concentration (EC50) used in drug assays. PPQ resistance was
independent of ART resistance or mutations in pfcrt but negatively correlated
with mefloquine resistance. We confirmed a general association of PPQ
resistance with increased plasmepsin II and decreased pfmdr1copy numbers
but found that some isolates are PPQ resistance in the absence of
plasmepsin II amplification, suggesting additional loci may modulate PPQ
resistance. We confirm the existence of PPQ-resistant parasites in
Cambodia, characterize the bimodal response of resistant parasites to PPQ,
identify PPQ-resistant parasites that lack plasmepsin II amplification, and
provide a fast and easy method to measure PPQ resistance.
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83: Discovery of Novel Antimalarials through Ring Distortion:
Teaching Old Drugs New Tricks
Perry, David (UCF, USA); Paciaroni, Nicholas G. (University of Florida);
Norwood, Verrill M (University of Florida); Roberts, Bracken F. (UCF,
USA); Collins, Jennifer (UCF, USA); Eldeeb, Mazeen (UCF, USA);
Chakrabarti, Debopam (UCF, USA); Huigenes III, Robert (University of
Florida)

Because of the spread of resistance to available drug, there is need for
novel therapeutic agents against malaria. Current screening libraries are
deficient in chemotypes effective at targeting more sophisticated
biological targets, such as protein-protein interactions. To address this
problem, we are using “Complexity-to-Diversity” (CtD) approach utilizing
ring distortion strategy to generate diverse compounds. A number of
strategies have been developed to improve chemical diversity in the hunt
for new antiplasmodials. One such strategy, ring distortion, utilizes the
fused ring system of a natural product as a synthetic starting point to
generate a library of stereochemically complex compounds whilst
improving chemical tractability and altering the pharmacological function
of the scaffold. In our effort to discover novel antimalarials through CtD,
we have used Yohimbine and Vincamine which are highly complex
indole alkaloids with multiple sterogenic centers. While parent Yohimbine
and Vincamine compounds were ineffective (EC50 > 20 µM) in the SYBR
1 green cell-based assay against chloroquine-resistant P. falciparum
Dd2, compounds from the ring distortion libraries exhibited much
improved potency, some in the nM range. This supports our hypothesis
that CtD approach would be useful to synthesize novel complex and
diverse antimalarial compounds. We have analyzed the intraerythrocytic
stage specificity and inhibitory effects of these scaffolds on the asexual
cell cycle progression of Plasmodium, and identified that Yohimbine and
Vincamine scaffolds as targeting the trophozoite and schizont stages
respectively. Currently, rigorous structure activity relationship and cellular
mechanism of action studies are underway to identify potent and
selective compounds with novel mechanism of action.
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84: Targeting Aurora-related Kinases in Plasmodium falciparum
Vienneau-Hathaway, Jannelle (University of Central Florida, orlando, FL,
USA); Chakrabarti, Debopam (University of Central Florida)

The intraerythrocytic development of the malaria parasite diverges from
the paradigm of the eukaryotic cell cycle. Novelty of the Plasmodium cell
cycle offers opportunities for development of therapeutics directed
against essential components. Plasmodial kinases, such as Aurora
kinases, could prove to be valuable targets for therapies because of their
pivotal roles in regulating cell division. Essential Plasmodium Aurorarelated kinases (Arks) 1, 2, and 3 are homologous to Aurora A and B,
Ser/Thr kinases involved in cell division. PfArk-1 has been shown to be
expressed during early schizogony. PfArk-2 contains a classical aurora
kinase domain similar to that of Aurora A, and PfArk-2 and PfArk-3 have
been shown to be expressed during schizogony. To discover potent and
selective small molecule inhibitors of PfArks, we screened a library of
optimized mammalian Aurora kinase inhibitors that have evolved from a
general pharmacophore model for Ser/Thr kinases. We have identified
four novel potent inhibitors (EC50 < 1 µM) in cell-based screening using
a SYBR Green I fluorescence based assay. Studies to assess structureactivity-relationship, specificity of inhibition, and cellular effects are
underway.
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85: ves1 a genes expression is correlated with cytoadhesion of
Babesia bovis to endothelial cell
Hakimi, Hassan (Department of Protozoology, Institute of Tropical
Medicine (NEKKEN), Nagasaki University, Nagasaki, JPN); Yamagishi,
Junya (Research Center for Zoonosis Control, Hokkaido University);
Sakaguchi, Miako (Central Laboratory, Institute of Tropical Medicine
(NEKKEN), Nagasaki University, USA); Kaneko, Osamu (Department of
Protozoology, Institute of Tropical Medicine (NEKKEN), Nagasaki
University); Asada, Masahito (Department of Protozoology, Institute of
Tropical Medicine (NEKKEN), Nagasaki University)

Babesia bovis causes the most pathogenic form of babesiosis in cattle,
which results up to 90% mortality in naive adults. These parasites invade
host erythrocytes where they multiply and produce clinical symptoms. B.
bovis exports numerous proteins, called "exportome", into erythrocyte
cytosol and membrane to change permeability and cytoadherence. Of
these exported proteins in B. bovis are VESAs (Variant Erythrocyte
Surface Antigens) that represent a major virulence factor due to their
central role in immune evasion by antigenic variation and intravascular
parasite sequestration which is responsible for cerebral symptoms.
VESAs are heterodimer proteins encoded by ves1 α and ves1 β
multigene family and localized on the ridges, "protrusions on the
parasite-infected erythrocyte membrane" and are the focal point for
adhesion. In order to gain further insights into molecular mechanisms of
the cytoadhesion of B. bovis, we panned the parasites with bovine brain
microvasculature endothelial cells, which resulted in obtaining several
clones with a variety of cytoadherence ability. The transcriptome analysis
of 2 high and 2 low cytoadherent clones revealed that ves1 α sequences
were diversified, likely resulted from genomic recombination. Unique
ves1 α transcript detected from each clone was confirmed by RT-PCR.
On the other hand, ves1 β sequences detected from these 4 clones were
almost identical. There were no significant difference in the transcription
of the other genes between high and low cytoadherent clones. These
results suggest that ves1 α genes, but not ves1 β genes, determine the
binding specificity and/or binding strength.
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86: The GCN5b Chromatin Remodeling Complex in Toxoplasma gondii
Harris, Michael T. (Biology of Intracellular Pathogens Group, Indiana University
School of Medicine, Clemson, SC, USA); Martynowicz, Jennifer (Biology of
Intracellular Pathogens Group, Indiana University School of Medicine); Sullivan,
William (Biology of Intracellular Pathogens Group, Indiana University School of
Medicine)
Toxoplasma gondii is an intracellular protozoan parasite with global prevalence,
infecting approximately 30% of the world’s population and 60 million people in the
United States. Toxoplasma has two life cycle stages in the human host: an acute,
proliferative tachyzoite stage and a chronic, slow growing bradyzoite stage. This latent
bradyzoite stage, induced by stress, is refractory to clearance by both current
therapeutics and the immune system, making the study of the bradyzoite conversion
process a priority. Stage switching is accompanied by changes in gene expression.
Lysine acetylation has been linked to developmental changes in gene expression and
is a validated drug target in Toxoplasma. Toxoplasma is unusual among invertebrates
in possessing two GCN5 family lysine acetyltransferases localized exclusively to the
parasite nucleus. Gene knockout studies have shown that GCN5a is dispensable for
the acute tachyzoite stage but is important for the up-regulation of stress response
genes, while GCN5b is essential. Previous work has also shown that GCN5b forms a
large complex with other nuclear proteins, including parasite-specific AP2 putative
transcription factors. Proteomics data has also revealed that GCN5b is subject
numerous post-translational modifications (PTMs), including phosphorylation and
acetylation. Our current work seeks to understand how the GCN5b complex and the
PTM status of GCN5b change under stress conditions that induce bradyzoite
conversion. Interestingly, the complex appears to be dynamic and undergo significant
restructuring under stress conditions.Toxoplasma gondii is an intracellular protozoan
parasite with global prevalence, infecting approximately 30% of the world’s population
and 60 million people in the United States. Toxoplasma has two life cycle stages in
the human host: an acute, proliferative tachyzoite stage and a chronic, slow growing
bradyzoite stage. This latent bradyzoite stage, induced by stress, is refractory to
clearance by both current therapeutics and the immune system, making the study of
the bradyzoite conversion process a priority. Stage switching is accompanied by
changes in gene expression. Lysine acetylation has been linked to developmental
changes in gene expression and is a validated drug target in Toxoplasma.
Toxoplasma is unusual among invertebrates in possessing two GCN5 family lysine
acetyltransferases localized exclusively to the parasite nucleus. Gene knockout
studies have shown that GCN5a is dispensable for the acute tachyzoite stage but is
important for the up-regulation of stress response genes, while GCN5b is essential.
Previous work has also shown that GCN5b forms a large complex with other nuclear
proteins, including parasite-specific AP2 putative transcription factors. Proteomics
data has also revealed that GCN5b is subject numerous post-translational
modifications (PTMs), including phosphorylation and acetylation. Our current work
seeks to understand how the GCN5b complex and the PTM status of GCN5b change
under stress conditions that induce bradyzoite conversion. Interestingly, the complex
appears to be dynamic and undergo significant restructuring under stress conditions.
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87: A multiplexed Point of Care Test for assessment of children’s risk of severe
malaria
Reuterswärd, Philippa (Division of Proteomics and Nanobiotechnology, Science for
Life Laboratory, KTH Royal Institute of Technology, Sweden, Solna, SWE);
Bergström, Sofia (Division of Proteomics and Nanobiotechnology, Science for Life
Laboratory, KTH Royal Institute of Technology, Sweden); Ayoglu, Burcu (Div. of
Immunology, Stanford University, USA & Div. of Proteomics and Nanobiotechnology,
KTH Royal Institute of Technology, Sweden); Orikiiriza, Judy (Infectious Diseases
Institute, College of Health Sciences, Makerere University, P.O. Box 22418, Kampala,
Uganda); Lindquist, Elisabeth (Department of Molecular Biology, Umeå University,
901 87, Umeå, Sweden); Bergström, Sven (Department of Molecular Biology, Umeå
University, 901 87, Umeå, Sweden); Wahlgren, Mats (Department of Microbiology,
Tumor and Cell Biology, Karolinska Institute, Sweden); Normark, Johan (Department
of Molecular Biology, Umeå University, 901 87, Umeå, Sweden); Ribacke, Ulf
(Department of Microbiology, Tumor and Cell Biology, Karolinska Institute, Sweden);
Nilsson, Peter (Division of Proteomics and Nanobiotechnology, Science for Life
Laboratory, KTH Royal Institute of Technology, Sweden); Gantelius, Jesper (Division
of Proteomics and Nanobiotechnology, Science for Life Laboratory, KTH Royal
Institute of Technology, Sweden); Andersson Svahn, Helene (Division of Proteomics
and Nanobiotechnology, Science for Life Laboratory, KTH Royal Institute of
Technology, Sweden)
Severe malaria continues to be one of the leading causes of mortality for children
under the age of five. Diagnosis relies heavily on Rapid Diagnostic Tests (RDTs) and
direct microscopy for detection of parasites in patient blood samples. While using
RDTs require minimal training, microscopy necessitates trained personnel and is not
always available in low resource settings. Most commonly RDTs target the P.
falciparum antigen histidine rich protein 2 (HRP2) but these tests suffer from
sensitivity issues as well as increasing problems with parasites being undetected due
to complete or partial deletion of the HRP2 gene.
Here we aim to develop an assay and Point of Care Test (POCT) that will provide an
indication of the risk for development of severe malaria. We propose to analyze a
panel of human proteins associated to malaria pathogenesis [Bachmann et al 2014] in
an RDT-format. This POCT is a paper-based lateral flow test with a colorimetric
detection of gold nanoparticles and requires minimal training to use. Development of
this multi-protein panel POCT is made possible by the use of an antibody microarray
that enables detection of multiple analytes in one blood plasma/serum sample.
By combining this protein panel together with the development of a point of care
device for the analysis, we foresee great possibilities towards assessing the severity
of infection, which in turn will assist the handling and treatment of pediatric patients.
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88: Resolving mechanisms that mediate environmental regulation
of two unique kinetoplastids peroxins, TbPex13.1 and TbPex13.2
Crowe, Logan (Clemson University, Central, SC, USA); Bauer, Sarah
(Clemson University); Nicholson, Kathleen (Clemson University); Patel,
Terral (Clemson University); Morris, Meredith (Clemson University)
Kinetoplastids have essential organelles called glycosomes that
compartmentalize metabolic pathways including glycolysis. Glycosomes
are evolutionarily related to peroxisomes and regulated by proteins
called peroxins (PEXs), which mediate organelle formation and protein
import therein.
In higher eukaryotes, Pex13 functions in peroxisome protein import and
travels through the ER during organelle formation. Kinetoplastids are
unique in that they have two Pex13s, Pex13.1 and Pex13.2. In T. brucei,
silencing each TbPex13 alone is lethal, however, the distinct roles they
play in maintaining glycosome homeostasis is unknown.
Glucose levels and glycosome composition fluctuate during T. brucei
lifecycle. In the mammalian bloodstream glucose is ~ 5mM and falls to
undetectable levels in the fly within 15 min. of a bloodmeal. Bloodstream
form parasites (BSF) generate ATP exclusively via glycolysis; ~90% of
glycosome proteins are glycolytic enzymes. Insect stage, procyclic form
(PCF) metabolism is flexible and glycolytic enzymes compose only 4050% of the glycosome protein content.
TbPex13.1 localizes predominately to the ER in low glucose (<0.5 mM)
and to glycosomes in 5 mM glucose. Current work is focused on
resolving additional mechanisms that govern regulation of TbPex13.1
and 13.2. We will present data on how TbPex13.1 and 13.2 protein
levels, stability, translational efficiencies, and protein:protein interactions
differ with extracellular glucose levels. Separating multiple functions
between different proteins allows the cell to regulate each function
independently, which is not possible with a single protein. In addition to
the Pex13s, our work will examine the influence of glucose over other
glycosomal proteins. We anticipate this work will provide insight into why
kinetoplastids require two Pex13s.
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89: Methods Matter: Influential purification and analysis parameters
for Plasmodium falciparum metabolomics
Covelli, Vincent (University of Virginia, USA); Carey, Maureen (University
of Virginia); Brown, Audrey C. (University of Virginia, Charlottesville, VA);
Guler, Jennifer (University of Virginia)

Untargeted metabolomics offers a promising method for molecular
investigation of Plasmodium falciparum that does not rely on functional
knowledge of the genome. However, metabolomics has been neither
optimized nor standardized for intracellular parasites. We set out to more
clearly define critical parameters for achieving high-quality metabolomic
data from P. falciparum samples. We analyzed two sample sets that
differed in stage, growth media, and blood batch. Early ring stage
samples were lysed directly with saponin (final mean parasitemia: 1.1%),
while late stage samples were magnetically purified prior to lysis (final
mean parasitemia: 54%). UPLC-MS was performed on methanol extracts
of washed parasite pellets. 375 total metabolites were detected; 143
were conserved across samples. To explore the effect of analysis
parameters, metabolite levels were normalized to either parasite-derived
variables (double stranded DNA, parasite number) or a variable that
included host erythrocyte contribution (total protein). Principal
Component Analysis revealed that parasite-derived variables were more
effective at limiting sample noise. Interestingly, even when normalizing to
parasite number, 299 (80% of total) metabolites were present at
significantly lower levels in late stage samples compared to early rings.
Given the expectation that larger late stage parasites should have more
abundant metabolites, we directed attention to host erythrocyte
contamination. Heavy contamination is supported by 1) the 100%
accuracy with which blood batch was predicted by Random Forest (a
decision tree based algorithm for classifying samples into groups) and 2)
microscopy visualization of erythrocyte "ghosts" in prepared samples.
From these results, we demonstrate parasite-derived variables should be
used for normalization, identify host-derived metabolites for the
quantification of erythrocyte contamination, and highlight the need for
enhanced parasite purification techniques.
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90: Mining the O-linked mannose glycoproteome of Trichomonas
vaginalis
Lopez, Angelo; Nocerino, Roberta; Melchiorre, Chiara; Amoresano,
Angela; Costello, Catherine; Samuelson, John; Carpentieri, Andrea

Trichomonas vaginalis, the only medically important protozoan parasite
that is sexually transmitted, causes vaginitis, pre-term delivery, and
increased risk of HIV transmission. We are interested in the sugars
added to glycoproteins of Trichomonas for four reasons. First, sugars
added to glycolipids appear to be important for adherence to host cells.
Second, Trichomonas is the only eukaryote, which lacks GPI-anchors.
Third, high mannose Asn-linked glycans may be targets for host innate
immune response and/or therapeutic lectins. Fourth, Trichomonas has
an extraordinary number of protein-O-mannose transferases (PMTs),
which resemble those of mycobacteria rather than those of yeast or the
human host.
The goal here is to use mass spectrometry to characterize Trichomonas
glycoproteins with O-linked mannose. To label glycoproteins with
mannose and to distinguish proteins belonging to Trichomonas from
13
serum proteins, trichomonads are metabolically labeled with 1- C
mannose. The total cell extract is hydrolyzed with trypsin, treated with
PNGase F to remove N-linked glycans that also bind Concanavalin A,
and enriched in O-mannosylated peptides through Con A Lectin Weak
Affinity Chromatography (LWAC). Glycopeptides are separated by a C18
reversed-phase chromatography and analyzed by mass spectrometry.
Preliminary results suggest a large number of Trichomonas glycoproteins
are modified with O-linked mannose. These glycoproteins include
numerous secreted and membrane proteins, which may be involved in
pathogenesis. In addition, there appear to be a large number of
nucleocytosolic proteins with O-linked hexose, which was not expected.
To date, nucleocytosolic proteins with O-linked mannose have been
identified in Saccharomyces cerevisiae, which like Trichomonas is
lacking the enzymatic machinery for labeling nucleocytosolic proteins
with O-linked GlcNAc.
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91: Binding properties and transcriptomic analysis of VAR2CSAPfEMP1-expressing Plasmodium falciparum parasites grown in
HbAA, HbAS or HbAC red cells
TETARD, Marilou (INSERM, Paris, FRA); Vembar, Shruthi Sridhar;
Lelandais, Gaëlle ; Scherf, Artur; Gamain, Benoit

Malaria protection conferred by hemoglobinopathies (HbS or HbC
hemoglobin polymorphisms) is well established, but the underlying
molecular and cellular mechanisms remains largely unknown. One
proposed protective mechanism involves the abnormal display of
PfEMP1 on the surface of infected erythrocytes (IEs), and has been
associated to reduced surface levels of PfEMP1 and knob density, in
turn leading to decreased IE binding to endothelial receptors.
Adhesion of IEs to placental chondroitin sulfate A (CSA) is a central
pathological process in placental (PM) malaria, predominantly operated
by the VAR2CSA-PfEMP1. In a cohort study on pregnant women from
Benin, we recently reported that HbAC but not HbAS mother genotype is
associated with higher newborn birthweight among women with PM. We
examined the ability of VAR2CSA-expressing IEs grown in HbAS and
HbAC erythrocytes to cytoadhere to CSA and assessed VAR2CSA
surface expression. Although we observed a significant decrease of
cytoadhesion, VAR2CSA surface expression was unchanged in the
HbAS and HbAC erythrocytes. This suggested that VAR2CSA may be
less functional in IEs derived from patients with hemoglobinopathies.
We further initiated a differential transcriptomic analysis during asexual
growth (10, 20, 30 and 40 h post-invasion) using high-throughput RNA
sequencing of NF54 parasites expressing VAR2CSA grown in HbAA,
HbAS or HbAC erythrocytes. Although, few genes were differentially
transcribed between parasites grown in HbAA and HbAC red cells, a
high number of genes were differentially transcribed between parasites
grown in HbAA and HbAS. We are currently validating candidate genes
identified in the transcriptomic analysis. Overall, our study provides an
important stepping stone towards the understanding of protective
mechanisms associated with hemoglobinopathies.
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92: Targeting of mitochondrial-encoded proteins into inner
mitochondrial membrane of Naegleria gruberi
Pyrih, Jan (Institute of Parasitology, Biology Centre and Faculty of Sciences,
University of South Bohemia, Ceské Budejovice, Czech Republic); Tsaousis,
Anastasios (Molecular and Evolutionary Parasitology, School of Biosciences,
University of Kent, Canterbury,UK); Doležal, Pavel (Department of
Parasitology, Faculty of Science, Charles University, Vestec, Czech
Republic); Lukeš, Julius (Institute of Parasitology, Biology Centre and
Faculty of Sciences, University of South Bohemia, Ceské Budejovice, Czech
Republic)

In bacteria, insertion of most inner membrane proteins is orchestrated via
SecYEG-YidC complex, with their targeting being driven by a N-terminal
signal peptide sequence. In mitochondria, this bacteria-derived machinery
has undergone dramatic restructuralization. The mitochondrial (mt) DNA of
yeast and human codes for only a handful of genes, most of which specify
highly hydrophobic proteins of the inner mitochondrial membrane. SecYEG
is absent, and the membrane protein insertion is facilitated via Oxa1, a
homolog of YidC. There is no need for intra-mitochondrial targeting system
and ribosomes are therefore tightly attached to the inner membrane.
However, only limited information is available about other organisms, mainly
due to the lack of techniques for genetic manipulation of their mtDNA. Here
we focused on the free-living protist Naegleria gruberi. As was recently
described, the genome of N. gruberi likely reflects early functional versatility
of the putative primary eukaryotic cell. Moreover, its mtDNA codes for more
proteins (45), of which ten are soluble. In order to decipher possible
mechanism(s), by which sorting of those proteins occurs in the mitochondria,
proteomic analysis of the whole organelle was performed. Among 696
detected mitochondrial proteins, homologs of signal peptide recognition
particle Ffh and signal recognition particle-docking protein FtsY were
identified. Phylogenetic analysis confirmed α-proteobacterial origin of the N.
gruberi Ffh protein. Furthermore, we found a signal peptide resembling
sequences on the N-terminal parts of the mt-encoded genes specifying
hydrophobic proteins, whereas these motifs are absent in the soluble ones.
Combined, the data suggest that signal peptide-based protein targeting
system remains preserved in the mitochondria of N. gruberi and therefore
represents a novel protein targeting system in eukaryotes.
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93: The localization and functional analysis of TgCentrin 2
Liu, Jun (Indiana University, USA); Leung, Jacqueline (Indiana
University); Wetzel, Laura (Indiana University, University of California,
Berkeley); Zhang, Ying (Stowers Institute for Medical Research); Murray,
John (Indiana University); Florens, Laurence (Stowers Institute for
Medical Research); Hu, Ke (Indiana University, Bloomington, IN)

TgCentrin2 is a canonical centrin family member that occupies a
phylogenetic clade only existing in the Alveolata. Similar to other
canonical centrins, TgCentrin2 is localized to the centrioles. However,
different from the other centrins in T. gondii, TgCentrin2 marks ring-like
structures at both the apical and basal ends of the parasite, and a set of
annuli at the basal boundary of the apical cap of the parasite's
membrane cortex. It is unclear how TgCentrin2 targets to and functions
at these locations. We are using a combination of biochemical, molecular
genetic, and imaging approaches to study the targeting and function of
TgCentrin2.
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94: Investigating the antimalarial properties of purified compounds
from the Madagascan plant, Cinnamosma fragnans
Rogers, Abubakarr (Department of Microbial Infection and Immunity,
Ohio State University College of Medicine, Westerville, OH, USA);
Kasinathan, Hema (1. Department of Microbial Infection and Immunity,
Ohio State University College of Medicine); Rakotundraibe, Liva (1.
Division of Medicinal Chemistry and Pharmacognosy, Ohio State
University College of Pharmacy); Drew, Mark (1. Department of Microbial
Infection and Immunity, Ohio State University College of Medicine 2.
Division of Medicinal Chemistry and Pharmacognosy, Ohio)

Plasmodium falciparum, the most pathogenic human malarial parasite,
has multiple life stages within the human host: primarily the asexual
blood stages and the sexual blood stages which are transmitted to
female Anopheles mosquitos. In order to treat and eradicate the parasite,
novel anti-malarial therapeutics with both curative and transmissionblocking properties are required. Transmission of the parasite from the
human host to the mosquito can be inhibited by killing gametocytes,
inhibiting the process of gametocytogenesis, and/or preventing the
formation of male microgametes. In this study, several in vitro assays
were utilized to investigate the drug activity of six compounds purified
from Cinnamosma fragnans, a Madagascan plant used as an
antimalarial in traditional medicine. All six compounds were found to be
potent against the asexual stages, with the most potent displaying an
IC50 in the sub-micromolar range. Current studies indicate at least one of
these compounds inhibits the process of gametocyte exflagellation,
suggesting dual curative-transmission blocking activity.
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95: TgPhyB: An Oxygen Sensing Protein Required For Toxoplasma
Growth And Infection At High Oxygen Levels.
Florimond, Celia L. (Department of Microbiology and Immunology,
University at Buffalo School of Medicine, Buffalo, USA); Berg, Rachel;
Blader, Ira

As Toxoplasma disseminates through his host, he encounters different
environmental conditions that he must adapt to in order to survive and
thrive. Oxygen availability dramatically changes based upon tissue type
and proximity to the vasculature. Regardless of whether oxygen levels
are high or low, cells must sense and adapt to changes in O 2 and do so
primarily through the action of prolyl hydroxylases that have high K ms
affinity towards O2. Toxoplasma expresses 2 O2-sensing prolyl
hydroxylases named TgPhyA and TgPhyB. Our previous work
demonstrated that TgPhyA is important for Toxoplasma growth at low O2
by regulating SCF-ubiquitin ligase activity. But, the role of TgPhyB
remains unknown. We therefore generated a cell line with an inducible
knockdown of TgPhyB using a ligand-controlled destabilization domain
KD
(DD). We found that the lytic cycle and the proliferation of TgPhyB
parasites were slightly impaired and those parameters were greatly
affected when the parasites were kept extracellular at high O 2 before
infection. After 8h of extracellular stress at 21% O2 the capacity of
attachment to host cells and the protein level of effectors involved in this
KD
process were decreased in TgPhyB parasites. Furthermore, we
showed an overall decrease in the translation rate in those parasites.
However after an extracellular stress at low O2, the lytic cycle and
KD
proliferation of TgPhyB parasites were similar to the parental strain.
KD
Additionally, our in vivo experiments showed a decrease in the TgPhyB
parasite load in tissue with high O2. Together, these data reveal for the
first time that elevated O2 levels represent a biological stress condition
for Toxoplasma and that TgPhyB mediates responses to this stress by
regulating protein translation.
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96: A systematic knockout screen in Plasmodium berghei identifies
regulators of sexual development.
Bushell, Ellen (Wellcome Trust Sanger Institute, Hinxton, Cambridge, GBR);
Sanderson, Theodore (Wellcome Trust Sanger Institute); Russell, Andrew
J.C. (Wellcome Trust Sanger Institute); Talman, Arthur M. (Wellcome Trust
Sanger Institute); Montandon, Ruddy (Wellcome Trust Sanger Institute);
Modrzynska, Kasia (University of Glasgow); Kent, Robyn S. (University of
Glasgow); Bronner-Anar, Burcu (Wellcome Trust Sanger Institute); Herd,
Colin (Wellcome Trust Sanger Institute); Girling, Gareth (Wellcome Trust
Sanger Institute); Schwach, Frank (Wellcome Trust Sanger Institute);
Lawnizcak, Mara K. (Wellcome Trust Sanger Institute); Rayner, Julian C.
(Wellcome Trust Sanger Institute); Waters, Andrew P. (University of
Glasgow); Billker, Oliver (Wellcome Trust Sanger Institute)

To identify regulators of Plasmodium sexual development, a KO screen of
targetable P. berghei genes was conducted in the 820cl1 reporter line, which
expresses eGFP in microgametocytes and RFP in macrogametocytes under
sex specific lccl and dynein heavy chain promoters, respectively. Barcoded
PlasmoGEM vectors were transfected in batches of ~100, and following
selection to eliminate wild type, mutants were combined in two larger pools,
one corresponding to 914 genes previously identified as dispensable for
normal asxual growth, and a second containing 398 slow growing mutants.
Mutant pools were expanded in mice and gametocytes enriched on a density
gradient before fluorescence activated cell sorting of 106 macrogametocytes,
microgametocytes and asexual-stage parasites. Barcodes from each of
these populations were quantitated on a next generation sequencer to
identify mutants that were depleted from the population of male or female
gametocytes, or from both. The screen allowed us to investigate phenotypes
for >700 mutants with conficdence. Of these, 9 mutants were deficient in the
female marker, 7 in the male marker and 15 in both. Selected fertility
phenotypes were confirmed with cloned mutants, validating the use of
expressed reporter genes as proxies for the formation of functionally mature
gametocytes. Genes with sex-specific functions in gametocytogenesis were
largely characterised by containing nucleic acid binding domains and being
entirely dispensable in asexual blood stages, and were part of gene
expression clusters responding early to ap2g overexpression. These
represent candidates for regulators of sex determination or sex differentiation
in Plasmodium. Genes required for gametocytes of both sexes, in contrast,
were often characterised by slow growth phenotypes also in asexual blood
stages.
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97: Investigating the function of erythrocyte CD55 during
Plasmodium falciparum invasion using CRISPR-Cas9
Shakya, Bikash (Stanford University, Stanford, CA, USA); Lin, Carrie
(Stanford University); Egan, Elizabeth (Stanford University)

During erythrocyte invasion, Plasmodium falciparum relies on various
host factors to ensure attachment, entry, and internalization. We recently
discovered CD55 as a new host factor for P. falciparum through an RNAi
screen and showed that CD55-null erythrocytes from two rare donors
were refractory to invasion, suggesting that CD55 is an essential host
factor. To further study the role of CD55 during invasion we sought to
generate CD55-null and control cells in an isogenic background using
CRISPR-Cas9 genome editing. First, we optimized the immortalized
CD34+ HUDEP-2 cell line to differentiate to red blood cells (cRBCs), and
then generated clones of CD55-null or GYPA-null cRBCs using CRISPRCas9. P. falciparum invasion was reduced in both HUDEP∆GYPA and
HUDEP∆CD55 cRBCs compared to controls, but was not completely
abrogated. Next, we sought to generate GypA- and CD55-null cRBCs
from primary human bone marrow. We co-delivered a chemically
modified sgRNA and Cas9 as a CRISPR-Cas9 ribonucleoprotein
complex to target CD55 or GYPA and achieved a high efficiency of gene
editing for both genes. As expected, invasion by sialic acid-dependent P.
falciparum was reduced in the GYPA-null cRBCs. For the CD55-null
cells, P. falciparum invasion was reduced but not prevented, in contrast
to our prior observations for mature CD55-null donor erythrocytes. These
findings suggest that the young cRBCs generated from bone marrow
may express additional host factors that P. falciparum exploits to
maximize invasion in the absence of CD55. Ongoing studies are
exploring this hypothesis to further define the role played by CD55 during
invasion. Our results also highlight the utility of CRISPR-Cas9 genome
editing to study the host erythrocyte and its influence on P. falciparum.
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98: Developing a genome-wide CRISPR-based functional genetics
platform for P. falciparum
McGuffie, Bryan (Broad Institute); Doench, John (Broad Institute); Root,
David (Broad Institute); MacInnis, Bronwyn (Broad Institute); Wirth,
Dyann (Broad Institute, Harvard T.H.Chan School of Public Health);
Niles, Jacquin (Broad Institute, MIT); Dvorin, Jeffrey (Broad Institute,
Boston Children’s Hospital)

While malaria control programs have made significant progress in
disease prevention in the past decade, the global burden of malaria
remains high: in 2015 malaria was responsible for an estimated 429,000
deaths and 212 million infections, with children under 5 years old
accounting for 70% of deaths. Approximately 96% of malaria infections
and 99.3% of deaths are caused by the human malaria
parasite Plasmodium falciparum. The relatively limited genetic tractability
and reduced efficiency of standard molecular biology techniques in P.
falciparum have posed significant challenges to research progress in
this organism. While genome-wide screens in the related apicomplexan
parasites Plasmodium berghei and Toxoplasma gondii have yielded
insight into the essentiality and function of genes in these organisms, the
challenges of P. falciparum biology have prevented similar genome-wide
approaches in this organism.
The development of CRISPR-based tools for genetic manipulation has
lead to increases in the efficiency of gene disruption and tagging in P.
falciparum. Utilizing these techniques, we have developed a CRISPRbased functional genetic platform capable of scaling to target the
entire P. falciparum genome. Utilizing this platform, we will systematically
interrogate the essentiality and function of P. falciparum’s hypothetical
and uncharacterized genes to comprehensively identify the full set of
essential genes across all stages of the P. falciparum lifecycle.
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99: A Novel Approach to Identifying Unknown Protein Complexes
from Endogenous Sources by Cryo Electron Microscopy and Mass
Spectrometry
Ho, Chi-Min (UCLA Molecular Biology Institute, Los Angeles, CA, USA);
Beck, Josh R.; Egea, Pascal F.; Goldberg, Daniel; Zhou, Hong Z.

An area of active research in the malarial scientific community is the
identification of novel protein complexes essential to the pathogenesis of
this deadly parasite. Current methods used include mass spectrometrybased proteomics approaches to elucidate protein-protein interactions,
immunoprecipitation-based pull-down assays to find binding partners for
known proteins, and co-localization studies using light-microscopy. Using
these approaches, scientists identify putative protein complexes, then
must attempt to reconstitute them in vitro in order to validate them as
biologically relevant using biochemical and structural studies. We
propose here an alternative approach whereby protein complexes are
extracted directly from the cellular milieu and identified by imaging and
structure determination using cryo-electron microscopy single-particle
methods (cryoEM). By directly imaging components of the cell lysate, we
are able to solve biologically-relevant protein complexes implicated in the
pathogenesis of malarial parasites. As a proof of principle, we show here
preliminary results using this approach to study the Plasmodium
falciparum parasite, an organism that has proven recalcitrant to
traditional structural biology approaches due to a proteome littered with
aggregation-prone, low-complexity amino acid sequences. Our results
demonstrate that a sufficient number of endogenous complexes can be
visualized using cryo-EM, despite low concentrations, to solve malarial
complexes to near-atomic resolution (3.3 Angstroms), enabling atomicmodel building and identification. Applied in combination with massspectrometry, we expect this hybrid approach will reveal novel protein
machineries from the various life stages of the parasite and that are
directly related to pathogenesis in malaria and other tropical diseases.
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100: DNA-loaded cationic liposomes efficiently function as a
vaccine against malarial proteins
L. Fotoran, Wesley (Institute for Biomedical Sciences, University of São
Paulo); Santangelo, Rachele (Institute for Biomedical Sciences,
University of São Paulo); N. M. de Miranda, Beatriz (Institute of
Chemistry of São Carlos, University of São Paulo); J. Irvine, Darrell
(Koch Institute for Integrative Cancer Research, Massachusetts Institute
of Technology); Wunderlich, Gerhard (Institute for Biomedical Sciences,
University of São Paulo)

The delivery of antigens as DNA vaccines is an efficient alternative to
induce immune responses against antigens which are difficult to produce
in recombinant form. However, the delivery of naked DNA is ineffective
or relies on sophisticated ballistic devices. Here we show a combination
of liposome application and naked DNA vaccine which successfully
overcomes these problems. Upon entrapment of plasmids encoding
different antigens in cationic particles, transfection efficiencies similar to
commercial kits were achieved in vitro cell cultures. The liposome-based
approach provided strong humoral responses against three malarial
antigens, namely the Circumsporozoite protein, the C-terminus
4
3
4
merozoite surface protein 1 from Plasmodium vivax (titers 10 or 10 -10 ,
respectively) and P. falciparum Rhoptry antigen 5 from Plasmodium
3
4
falciparum (titers 10 -10 ). When employed in P. falciparum growth
inhibition assays, antibodies demontrated consistent reinvasion blocking
activities which were dose-dependent. Liposome-formulated DNA
vaccines may prove useful when targets cannot be produced as
recombinant proteins and when conformation-dependent and highly
specific antibodies are mandatory.
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101: Killing the malaria parasite quickly - a simple and rapid
approach to support antimalarial drug discovery
Horrocks, Paul (Keele University Medical School, Staffordshire, GBR);
Famodimu, Mufuliat (1Institute for Science and Technology in Medicine,
Keele University, Staffordshire)

Screening of massive chemical libraries has identified thousands of
compounds that kill the asexual intraerythrocytic stages of Plasmodium
falciparum. We have previously described the Bioluminescence Relative
Rate of Kill (BRRoK) assay that provides a rapid and robust means to
rank the immediate cytocidal kill of compounds compared to established
benchmarks used in defining Target Candidate Profile 1 for a Single
Exposure Radical Cure and Prophylaxis product profile (Ullah et al., J
Antimicrob Chemother (2017) 72: 717-726). A key limitation of this 6hr
assay format is a requirement to determine the IC50 of the compound
being tested, limiting its use in high throughput screens. We describe
here a modification of the BRRoK assay (mBRRoK) that utilises
exposure to two fixed concentrations – recognising that bioluminescence
signal loss correlates with both IC50 potency and the rate of kill.
Validation of this mBRRoK assay against 100 compounds from the MMV
Malaria Box indicates 75% sensitivity and 82% specificity in identification
of compounds that act at least as fast as chloroquine. A proof of concept
is provided using the 400 compounds available in the MMV Pathogen
Box, with hits identified with rates of kill greater than chloroquine and
with nM IC50 potency. The mBRRoK assay has now been scaled to
provide a screen of the Tres Cantos Antimalarial Compound Set
(TCAMS).
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102: How APOL1 Builds a Pore and Makes African Trypanosomes
Pay for It
Schaub, Charles M. (Hunter College CUNY and The Graduate Center
City University of New York, New York, NY, USA); Thomson, Russell
(Hunter College CUNY); Limon, Gina (Hunter College CUNY);
Finkelstein, Alan (Albert Einstein College of Medicine); Raper, Jayne
(Hunter College CUNY)

The human innate immunity factor Apolipoprotein L-1 (APOL1) is
responsible for protection against Trypanosoma brucei brucei infection.
Endocytosis of APOL1 results in the protein entering the acidic
endosome, followed by eventual lysis of the parasite due to colloidosmotic swelling. Previous studies have shown recombinant APOL1
(rAPOL1) is able to insert into planar lipid bilayers at an acidic pH and
forms a cation selective pore upon subsequent neutralization. This
corresponds with the pH changes APOL1 would encounter during
endosomal recycling, suggesting APOL1 forms a pH-gated pore in the
plasma membrane of the parasite. However, structural characteristics of
the APOL1 pore are poorly understood and difficult to study. Molecular
structure prediction software has determined the protein is primarily
helical in nature and contains three putative transmembrane domains,
along with a potential leucine-zipper domain in the C-terminal region.
Through the generation of mutant rAPOL1, we are able to test the
structure function of the putative domains identified by the prediction
software. We show some key single amino acid changes in the predicted
transmembrane domains are able to alter protein function in vivo and in
planar lipid bilayer experiments. In addition, key amino acid changes in
amino acids of the leucine zipper domain alter APOL1 activity. Allowing
for a reasonable and sensible model of pore formation.
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103: Allosteric Site Inhibitor Disrupting Auto-processing in
Falcipains, Cysteine Proteases of Malaria Parasite
Pant, Akansha (National Institute of Malaria Research, New Delhi, IND);
Kumar, Rajendra; Wani, Naiem A; Verma, Sonia; Sharma, Supriya; Sharma,
Ruby; Pande, Veena; Saxena, Ajay; Dixit, Rajnikant; Rai, Rajkishore; Pandey,
Kailash C.

Falcipains are hemoglobin degrading cysteine proteases of Plasmodium
falciparum. They have unique pro- and mature domains that interact via
salt bridges and hydrophobic interactions, essential for their autoproteolysis. Their activation depends on sensing the acidic environment
of the food vacuole and disruption of crucial ‘hotspot’ interactions
between these domains. Several inhibitors have been designed that
target enzymes active site, however allosteric site inhibitors that
specifically target the hotspot interactions remain unknown. These
interface interactions may be crucial for auto-processing, therefore we
have synthesized first-in-class allosteric site small molecule azapeptide
compounds. We tested the efficacy of five compounds in P.falciparum
3D7 culture, among other aza-derivate compounds, inhibitors NA-01 and
NA-03 showed effective EC50~1.2μM and 0.8μM, respectively.
Compounds particularly inhibited the growth of trophozoites stage with
swollen food vacuole. To find the site of binding, these inhibitors were
examined for their auto-proteolysis, hemoglobin degradation and
fluorogenic substrate activity. Activated falcipain incubated with these
inhibitors were able to degrade hemoglobin suggested that the inhibitors
did not bind to the catalytic site of the enzyme. Using Surface Plasmon
Resonance these compounds shows high binding affinity in presence of
pro-domain with no change in the secondary structure. Our
computational studies of molecular docking and molecular dynamics
simulations suggested that inhibitors bind at pro- and mature domains
interface, induces rigidity in the pro domain, and therefore prevent
enzyme activation by resisting structural reorganization. Collectively, we
provided a framework for targeting hotspot residues that could regulate
falcipains in zymogen condition and halt its activation. This study may
have futuristic approach to prevent pathogenic diseases and less
sensitive to drug resistance.
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104: Unusual cysteine protease as a potential modulator of
programme cell death in P. falciparum
Pandey, Kailash C. (National Institute for Research in Environmental
Health, ICMR, Bhopal, IND); Kumari, Vandana; Singh, Agam; Singh,
Jitendra; Sharma, Ruby; Akhter, Mymoona; Mishra, Pradyumna; Saxena,
Ajay; Dixit, Rajnikant; Katayal, Anju

The mechanism of programmed cell death in Plasmodium parasite has
not yet been clearly elucidated. In unicellular parasites, caspases are
known as “metacaspases”. Although this family of cysteine proteases are
structurally similar to caspases with Cys-His dyad but their evolutionary
significance and functional relevance remains largely unknown. These
proteases are considered to be an important target against malaria due
to their absence in humans. In this report, we have biochemically
characterized metacaspase-2 (PfMCA-2) of P.falciparum. Enzymatic
assay showed that PfMCA-2 efficiently cleaved arginine/lysine specific
peptide, but not caspase-specific substrate. Consistently, PfMCA-2
activity was sensitive to effector caspases inhibitor, Z-FA-FMK, and was
mildly inhibited by aprotinin and E-64. We found a notable depletion of
PfMCA-2 protein level in Z-FA-FMK treated schizonts and gametocytes
cell lysates. Notably, PfMCA-2 cleaves a phylogenetically conserved
protein, TSN (Tudor staphylococcal nuclease) and the proteolysis of
PfTSN did not occur after treatment with the Z-FA-FMK. Our results also
showed that in presence of Z-FA-FMK, a significant percentage
of parasites displayed signs of apoptotic death in term
of phosphatidylserine externalization and DNA fragmentation in
vitro. Conclusively, Z-FA-FMK could arrest parasite growth and
deregulate PfMCA-2 level in vitro, thereby triggered apoptosis, indicating
that PfMCA-2 probably important for parasite growth and maintenance of
cellular integrity.
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105: Genetic validation, assessment of biological role and insight
into druggability of the Plasmodium falciparum aspartic protease
plasmepsin V
Polino, Alexander (Washington University School of Medicine, St Louis,
MO, USA); Nasamu, Armiyaw (Washington University School of
Medicine); Niles, Jacquin (Massachusetts Institute of Technology);
Goldberg, Daniel (Washington University School of Medicine)

The aspartic protease plasmepsin V (PMV) is considered a promising
drug target due to its critical role in export of Plasmodium effector
proteins into the host erythrocyte. While PMV has long been presumed
essential, genetic validation is incomplete and study of PMV has been
hindered by the apparent resilience of parasites to substantial PMV
depletion. Ten-fold reduction of PMV protein levels has no effect on
parasite growth or protein export. We report construction of a TetRaptamer-controlled parasite line that allows tighter regulation of PMV
levels. Surprisingly, knockdown of PMV resulted in parasite death
immediately after invasion. This is distinct from the phenotype described
for knockdown of PTEX translocon components involved in protein
export, where parasites develop through the ring stage and arrest at the
ring-trophozoite transition. The data suggest that PMV plays an
unappreciated role early in the intraerythrocytic development cycle
independent of protein export. Anhydrotetracycline titration allowed
tunable PMV expression and revealed that PMV levels must be reduced
>99% to restrict parasite growth. We conclude that PMV is made in great
excess relative to amounts needed for homeostasis in cultured parasites.
These findings could have important implications for antimalarial drug
discovery efforts aimed at targeting PMV function in parasites.
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106: CHARACTERISATION OF THE PARASITOLOGICAL ACTIVITY AND
MECHANISM OF RESISTANCE OF THE AMINOMETHYLPHENOL, JPC-3210
FOR MALARIA TREATMENT AND PREVENTION
Chavchich, Marina (Australian Army Malaria Institute); Van Breda, Karin
(Australian Army Malaria Institute); Rowcliffe, Kerryn (Australian Army Malaria
Institute); Birrell, Geoff (Australian Army Malaria Institute); Heffernan, Gavin
(Jacobus Pharmaceutical Company); Ager, Arba (University of Miami);
Chavchich, Marina (Australian Army Malaria Institute, Enoggera, QLD);
Schiehser, Guy (Jacobus Pharmaceutical Company); Jacobus, Laura (Jacobus
Pharmaceutical Company); Shanks, Dennis (Australian Army Malaria Institute);
Jacobus, David (Jacobus Pharmaceutical Company); Edstein, Michael
(Australian Army Malaria Institute)
The nonquinoline 2-aminomethylphenol, JPC-3210 has recently been selected
by Medicines for Malaria Venture (MMV) for advanced preclinical development.
JPC-3210 possesses high in vitro antimalarial activity against P. falciparum D6
and W2 lines with IC50 values of 8.6 and 3.3 nM, respectively, very low
cytotoxicity and a low curative oral dose of 4 mg/kg/day in the mouse-P. berghei
model. We have further characterised JPC-3210, including its potential to induce
dormant ring-stage parasites or prevent recovery of dormant parasites induced
by dihydroartemisinin (DHA), stage specificity and the drug uptake in vitro, as
well as its potential to generate resistance. The JPC-3210 was found to be active
against multidrug resistant laboratory lines, as well as artemisinin resistant
isolates from Cambodia, with IC50 values ranging from 2.5 nM to 19 nM. JPC3210 is the most active against trophozoite stages and unlike DHA, JPC-3210
does not induce dormant parasites in vitro. Further findings on the mechanism of
resistance induced in laboratory parasite lines Dd2 and MRA1240 against JPC3210 will be presented. Our findings provide further support for the preclinical
development of the JPC-3210 for the malaria treatment or prophylactics.The
nonquinoline 2-aminomethylphenol, JPC-3210 has recently been selected by
Medicines for Malaria Venture (MMV) for advanced preclinical development.
JPC-3210 possesses high in vitro antimalarial activity against P. falciparum D6
and W2 lines with IC50 values of 8.6 and 3.3 nM, respectively, very low
cytotoxicity and a low curative oral dose of 4 mg/kg/day in the mouse-P. berghei
model. We have further characterised JPC-3210, including its potential to induce
dormant ring-stage parasites or prevent recovery of dormant parasites induced
by dihydroartemisinin (DHA), stage specificity and the drug uptake in vitro, as
well as its potential to generate resistance. The JPC-3210 was found to be active
against multidrug resistant laboratory lines, as well as artemisinin resistant
isolates from Cambodia, with IC50 values ranging from 2.5 nM to 19 nM. JPC3210 is the most active against trophozoite stages and unlike DHA, JPC-3210
does not induce dormant parasites in vitro. Further findings on the mechanism of
resistance induced in laboratory parasite lines Dd2 and MRA1240 against JPC3210 will be presented. Our findings provide further support for the preclinical
development of the JPC-3210 for the malaria treatment or prophylactics.
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107: Interrogating the Mechanism of Non-genetic Drug Resistance
in Plasmodium falciparum
Fagbami, Lola (Harvard University, Somerville, MA, USA); Deik, Amy
(Broad Institute); Herman, Jon (Harvard University); Lukens, Amanda
(Broad Institute); Clish, Clary (Broad Institute); Mazitschek, Ralph
(Harvard University); Wirth, Dyann (Harvard University)
Aminoacyl tRNA synthetases (aaRSs) are attractive targets for
chemotherapeutic intervention in malaria because of the dependence of
Plasmodium parasites on efficient protein translation in fast growing
cells. Inhibition of aaRSs leads to the accumulation of uncharged tRNA,
which bind and activate the stress kinase GCN2, resulting in the
phosphorylation of eIF2α and the subsequent initiation of the Amino Acid
Response (AAR).
Halofuginone (HFG), a derivative of the active ingredient of the Chinese
medicinal plant Dichroa febrifuga, is a potent inhibitor of the cytoplasmic
prolyl tRNA synthetase (cPRS) in P. falciparum. HFG treatment triggers
a compensatory response in these parasites in which intracellular proline
levels are increased prior to any alteration of the target cPRS gene. This
specific upregulation of proline in response to HFG treatment constitutes
an unprecedented mode of drug tolerance and is a prerequisite for the
development of genetic drug resistance. As a consequence of cPRS
inhibition, HFG treatment induces phosphorylation of eIF2α, similarly to
complete amino acid starvation.
We sought to understand the molecular basis of these observations by
identifying the source of the increased proline and querying the role of
the GCN2 pathway in this metabolic response. Using isotopically labeled
amino acids and metabolomics analysis, we found that multiple
pathways contribute to the increased proline levels, with direct uptake of
proline from the growth medium being less consequential than de novo
biosynthesis and hemoglobin catabolism. Additionally, parasites lacking
the GCN2 pathway were able to tolerate HFG and increase their proline
levels, suggesting that the modulation of proline homeostasis in
response to HFG treatment is independent of the AAR.
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108: Metabolomics helps to unravel the mode of action of novel
anti-malarial compounds
Srivastava, Anubhav (Monash Institute of Pharmaceutical Sciences,
Monash University, Melbourne, VIC 3052, Australia, Melbourne, VIC,
AUS); Todd, Matthew (School of Chemistry, Faculty of Science,
University of Sydney, NSW 2006, Australia); Creek, Darren (Monash
Institute of Pharmaceutical Sciences, Monash University, Melbourne,
VIC 3052, Australia)

Access to large phenotypic screens has enabled the discovery of a
number of compounds which can kill the malaria parasite in vitro.
Translating these findings into new anti-malarial drugs faces a number of
challenges. Finding the mode of action of these compounds can help in
focussing efforts to develop the most promising compounds and help in
designing new combination therapies targeting different pathways in the
parasite to overcome drug-resistance. Using a microplate-based,
untargeted metabolomics analysis of Plasmodium falciparum, we
investigated the mode of action of 11 potent antimalarial compounds
obtained from the Medicines for Malaria Venture and the Open Source
Malaria project. This approach revealed significant metabolic
perturbation associated with the most potent compounds, and identified
the most likely pathways targeted by each compound. The major
metabolic pathway intermediates which were found to be perturbed were
from the pyrimidine biosynthesis pathway, glycolysis, phospholipid
metabolism and haemoglobin degradation. Multivariate analyses allowed
classification of some novel compounds that targeted the same
biochemical pathways as two known anti-malarials, Atovaquone and
Cipargamin. Interestingly, compounds showing similar biochemical
activities did not always have similar chemical structures. This study
shows that a simple and efficient metabolomics assay can rapidly reveal
the biochemical basis of the mode of action of newly discovered antimalarials. This information can be used for prioritising compounds before
progressing them through the optimization pipeline and further
development.
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109: Chem-seq, Chemical Muatgenesis Coupled to Next Generation
Sequencing for Finding Mode of Action and Resistance genes of Drugs
in the Parasite Leishmania
Bhattacharya, Arijit (Centre de recherche en Infectiologie du CHU de
Québec and Département de Microbiologie, InfectiologieetImmunologie,
Université Laval, Québec City); Leprohon, Philippe ( Centre de recherche en
Infectiologie du CHU de Québec and Département de Microbiologie,
InfectiologieetImmunologie, Université Laval, Québec City); Mestdagh, Anais
(Centre de recherche en Infectiologie du CHU de Québec and Département
de Microbiologie, InfectiologieetImmunologie, Université Laval, Québec City);
Ouellette, Marc (Centre de recherche en Infectiologie du CHU de Québec
and Département de Microbiologie, InfectiologieetImmunologie, Université
Laval, Québec City)
Despite the development of highthroughput genome-wide gain of function
analysis techniques in Leishmaina, system-wide study of gene function
attributes are considerably crippled due to lack of a genome wide loss of
function screening methods in Leishmania. In this context, this study
attempts to evaluate the possibility of chemical mutagenesis combined to
next-generation sequencing (NGS) approach (Chem-Seq) applied at clonal
level to study gene-function and identifying possible genetic networks in
deciphering drug-resistomes. The mutagenesis protocol was standardized
using four different chemical mutagens which displayed various degrees of
efficacy in terms of inducing mutations. The protocol was initially validated
with L. infantum by selection against miltefosine followed by sequencing of
miltefosine-transporter (MT) gene in the quest of possible mutations and
subsequently implemented for genome wide analysis of resistant mutants
showing resistance against paromomycin, a drug used as first line therapy
against visceral leishmaniasis and for which the resistance mechanism
remains obscure. NGS of 25 mutagenized clones selected on paromomycin
containing plates followed by qualitative analysis of genetic variations
including SNPs, InDels and copy-number variations revealed accumulation
of several mutations in all the clones analyzed. We concentrated on
recurrent mutations in several independent clones and a number of
candidate genes were selected for functional analysis. Mutation in one
calcium binding kinase encoding gene seemed to confer resistance against
paromomycin. Episomal over-expression of the wild type copy of the gene in
mutants conferred resensitization against paromomycin. In parallel,
incorporation of the mutation in WT cells by implementing a CRISPR-CAS9
based strategy led to resistance against the drug. The method can be
exploited in exploring genetic networks associated with resistance against
other drugs.
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110: Using kinase regression to identify host cell determinants of
infection
Glennon, Elizabeth (Center for Infectious Disease Research, Seattle,
WA, USA); Arang, Nadia (Center for Infectious Disease Research); Kain,
Heather (Center for Infectious Disease Research); Gujral, Taran (Fred
Hutchison Cancer Research Center); Sherrid, Ashley (University of
Washington); Hybiske, Kevin (University of Washington); Kaushansky,
Alexis (Center for Infectious Disease Research)

Intracellular pathogens have extensive needs of their host cell and can
manipulate their environment to promote their own survival and growth.
The technical challenges associated with interrogating the relevance of
host factors that control infection has led to few, if any, attempts to
systematically characterize similarities and differences in host
determinants that control divergent infections. To overcome this hurdle,
we employed an approach called kinase regression (KiR). This
methodology uses a machine learning algorithm to integrate biochemical
data on the specificity of a panel of approximately 30 kinase inhibitors
and the effects of each inhibitor on infection levels to predict the
importance of 300 host kinases on infection. We have applied this
approach to Plasmodium, Toxoplasma, and Chlamydia infection in
mouse hepatoma cells and have identified host kinases that have been
previously described to influence infection, as well as a large number of
kinases that have not previously been linked with infection. Several of
these kinases are predicted to regulate cellular processes such as
cytoskeletal rearrangement and apoptosis. Our data suggest a large
number of host kinases that are not traditionally associated with innate
immunity are capable of regulating the infection of a range of pathogens.
Identifying host proteins that are crucial for infection may shed light on
host-pathogen interactions as well as elucidate novel targets for hostbased therapeutics.
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111: Understanding artemisinin action in Plasmodium falciparum
Spillman, Natalie J. (University of Melbourne, Melbourne, AUS);
Bridgford, Jessica (University of Melbourne); Crisafulli, Emily (University
of Melbourne); Xie, Stanley (University of Melbourne); Tilley, Leann
(University of Melbourne)

Artemisinin, and derivatives, are activated by free haem, leading to a free
radical form which can promiscuously react with parasite proteins,
resulting in parasite killing. We have previously demonstrated that
artemisinin treatment induces growth retardation and an accumulation of
ubiquitinated proteins, indicative of a cellular stress response that
involves the ubiquitin/proteasome system. Ubiquitinated proteins are
degraded by the proteasome, and accordingly, proteasome inhibitors
strongly synergise artemisinin activity against both sensitive and
resistant parasites. Resistant parasites, with mutations in the betapropeller region of the K13 protein, have lower levels of artemisinininduced ubiquitinated proteins and delayed on-set of cell death. To
further examine the mechanism by which artemisinin disrupts normal
proteostasis we undertook biochemical analyses of the
ubiquitin/proteasome pathway in parasites following drug treatment.
Using a fluorescent reporter line targeted for degradation by the
proteasome we find that artemisinin treatment results in an accumulation
of unfolded protein. This contrasts to proteasome inhibitors, which result
in accumulation of folded protein. Defining these disruptions in
proteostasis has given us insights into the mechanism of action of
artemisinins and helps guide our understanding of artemisinin resistance.

220

112: HSP101 overexpression aborts Plasmodium berghei preerythrocytic development
Kreutzfeld, Oriana (Humboldt University Berlin, Berlin, DEU); Müller,
Katja (Humboldt University Berlin); Matuschewski, Kai (Humboldt
University Berlin)

Host cell remodelling is critical for successful Plasmodium replication
inside erythrocytes and achieved by targeted export of parasite-encoded
proteins. In contrast, during liver infection the malarial parasite appears
to avoid protein export, perhaps to limit exposure of parasite antigens by
infected liver cells. We have previously shown that the ATPase of the
protein translocon of exported proteins (PTEX), termed HSP101, is not
expressed during early liver infection. We, therefore, hypothesised that
this protein might be a limiting factor explaining the absence of PTEXdependent export.
We generated transgenic Plasmodium berghei parasite lines
expressing an extra copy of HSP101 under the control of a range of
strong and weak pre-erythrocytic and constitutively expressed promoters
to enhance parasite protein export in early liver stages and, perhaps,
increase CD8+ T cell priming during this silent phase of the life cycle.
Parasites that express HSP101 under a strong pre-erythrocytic promoter
show severe growth defects in liver stage development in vitro and vivo.
In good agreement, animals immunized with transgenic parasites display
weak protection against sporozoite challenge infections. Our results
suggest that HSP101 expression is tightly controlled to maintain
sporozoite infectivity and minimize exposure of parasite-derived peptides
on the surface of infected hepatocytes.
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113: Trypanosoma cruzi RNA pol I subunit RPA31: Nuclear
distribution during growth and metacyclogenesis, and
characterization of its nuclear localization signal.
Canela, Israel (UNAM); Hernández, Roberto (UNAM); Cevallos, AnaMaria (UNAM); López-Villaseñor, Imelda (UNAM)

Trypanosoma cruzi is the etiologic agent of Chagas disease. From a
basic biological point of view this organism is an interesting model due to
its atypical cellular structures and mechanisms of gene
expression. RPA31 is a subunit of RNA polymerase I complex in
trypanosomes. This protein has been shown to be essential for cellular
growth in the African species of trypanosomes, Trypanosoma
brucei. Moreover, orthologous for this protein have not been found in
other groups of organisms other than members of the family
Trypanosomatidae. In this work we have analyzed the expression of
fused versions of the orthologous gene TcRPA31 with EGFP. As
expected for a subunit of Pol I, epimastigotes from transgenic cultures
showed a fluorescent signal within the nucleolus of exponentially growing
cultures, whereas in the stationary phase, which includes epimastigotes
and metacyclic trypomastigotes, the fluorescence is dispersed as
patches in the nucleoplasm. With an in silico analysis we were able to
identify a potential nuclear localization signal (NLS) of the bipartite type
towards the carboxyl terminus of the protein. This NLS was validated
with different deleted versions, proving their ability to direct the
fluorescent marker to the nucleous. Nuclear targeting of the tagged
version of TcRPA31 was impaired with Ivermectin, suggesting that this
protein is transported via the importin α- importin β pathway. We
conclude that TcRPA31 is an appropriate nucleolar marker, suitable to
address the cellular machinery for nuclear import of proteins in
trypanosomes.
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114: Identifying Protein-Protein Interactions between translation
initiation factors in Giardia Lamblia using Yeast-Two Hybrid Assay
Adedoja, Adebanjo (University of Louisiana at Monroe, Monroe, LA,
USA)

Cap binding protein eIF4E is an important factor for translation initiation
and regulation in eukaryotic cells. It interacts with the 5’cap structure of
mRNA and eIF4G which also serves as an important binding protein for
other translation initiation factors and recruits the 43S pre-initiation
complex (PIC) to mRNA. Homologs of eIF4E have been identified in
Giardia but not eIF4G.This raises a fundamental question of how the 43S
pre-initiation complex (PIC) is recruited to the 5’ end of Giardia mRNA.
eIF4E may have expanded functions in 43S PIC recruitment in Giardia.
To test this, thirteen Giardia initiation factors: GIeIF1A, GIeIF2alpha,
GIeIF2beta, GIeIF2gamma, GIeIF3i, GIeIF4A, GIeIF4E2, GIeIF5,
GIeIF5A, GIeIF1, GIeIF3B, GIeIF3F, GIeIF3H were tested for proteinprotein interaction using a yeast-two hybrid assay (Y2H). Results
indicate that GIeIF4E2 interacts with only GIeIF2beta. Other results of
the Y2H revealed a novel interaction between GIeIF4A and GIeIF3i.
Further investigation into these interactions may explain how the 43S
PIC is recruited to the 5’end of Giardia mRNA.
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115: Finding Antimalarials Under the Sea
Collins, Jennifer (University of Central Florida, USA); Roberts, Bracken
(University of Central Florida); Winder, Priscilla (Harbor Branch
Oceanographic Institute); Roberts, Jill (Harbor Branch Oceanographic
Institute); Perry II, David (University of Central Florida); Wright, Amy
(Harbor Branch Oceanographic Institute); Chakrabarti, Debopam
(University of Central Florida)

We are exploring novel areas of chemical space in search of novel
antimalarials. Marine biodiversity gives us a tremendous opportunity to
identify novel leads from secondary metabolites of marine organisms.
We utilized the unique capability of Harbor Branch Oceanographic
Institute (HBOI) to collect samples from novel locations and depths using
manned submersibles. We screened 2600 materials from the HBOI Peak
Fraction Library for inhibitory activity against the Plasmodium falciparum
Dd2 using the SYBR Green I fluorescent assay. This screen identified
165 fractions from 85 taxonomically distinct organisms exhibited >70%
growth inhibition < 5 µg/mL. Active selective extracts were de-replicated
using LC-MS, HPLC with Photo-diode array and Evaporative light
scattering detection analysis and in some instances 1H NMR. The
dereplication of active fractions identified 8 novel scaffolds with
selectivity of >10. To define the stage specific action, we tested the effect
of the identified compounds on intraerythrocytic cycle progression
starting at early ring, late ring, trophozoites, and schizonts stages.
Parasite development was analyzed every 12 hours by Giemsa staining
of thin smears and also by flow cytometry. Of the 8 compounds, 4 block
parasite development at either the ring stage or the transition from ring to
trophozoite. The remaining 4 compounds show inhibition after schizongy
has occurred. These novel antiplasmodial scaffolds are promising
starting points for lead optimization as the cellular mechanism of action
are likely to be distinct from majority of current antimalarials.
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116: Overcoming Artemisinin Resistance by means of Chemical
Genetics
Kumpornsin, Krittikorn (Mahidol University, Bangkok, THA); de Cozar,
Cristina (GSK, Tres Cantos); Gallardo, Pablo (GSK, Tres Cantos);
Gamo, Francisco Javier (GSK, Tres Cantos); Sanz, Laura Maria (GSK,
Tres Cantos); Chookajorn, Thanat (Mahidol University)

Artemisinin and its derivatives are the front-line antimalarial drugs. The
drug can kill every erythrocytic asexual stage of Plasmodium
falciparum. Its fast action allows the parasites to be killed within hours,
significantly reducing malaria deaths during the last two decades. At
present, the parasites in Southeast Asia start to lose sensitivity to
artemisinin and its partner drugs as manifested in the form of delayed
parasite clearance following treatment. Since there is no antimalarial
drug in clinical use that can surpass artemisinin in terms of its fast action,
this project was developed with the aim to protect artemisinin from
emerging artemisinin resistance by finding compounds that can either
augment artemisinin activity or reverse artemisinin resistance. We
developed a colorimetric plate-format artemisinin sensitivity assay to
screen 14,000 drug candidates against artemisinin-resistant parasites
with the Z' factor of 0.6. The hit compounds (Mean+3SD) belong to the
compound sets targeting cell cycle and protein homeostasis. The
compounds known to affect dormancy fail to cause any change in
artemisinin sensitivity. The screens of the clinically-established and Tres
Cantos antimalarial sets were also performed, revealing robust
candidates with good therapeutic profile. Dose-response analyses of
these hits were done in the combination with artemisinin and found to be
effective against different parasite strains. Long-term selection is being
performed to identify targets of these hits.
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117: Proteomic mapping of the Plasmodium falciparum apicoplast
identifies an essential parasite protein required for organelle
biogenesis
Boucher, Michael J. (Stanford School of Medicine, Stanford, CA, USA);
Ghosh, Sreejoyee (Stanford School of Medicine); Zhang, Lichao
(Stanford School of Medicine); Lutze, Julian B. (Stanford School of
Medicine); Ralph, Stuart A. (University of Melbourne); Elias, Joshua E.
(Stanford School of Medicine); Yeh, Ellen (Stanford School of Medicine)

There is an urgent need for antimalarials with distinct mechanisms-ofaction to combat resistance to frontline drugs. The apicoplast is a key
source of parasite-specific drug targets. This essential plastid organelle
is uniquely found in Plasmodium spp. (malaria) parasites and related
apicomplexan pathogens. Despite its biomedical potential, an accurate
inventory of proteins in the apicoplast has been unavailable, obscuring
critical pathways required for malaria pathogenesis. Here we report the
first experimentally determined proteome of the apicoplast in
symptomatic blood-stage P. falciparum. Using cell lines that target a
promiscuous biotin ligase (BioID) to the apicoplast to label plastid
proteins or to the parasite endoplasmic reticulum to label non-plastid
background proteins, we identified over 180 putative apicoplast proteins
with >90% specificity. Importantly, the high accuracy of apicoplast BioID
greatly outperformed bioinformatic prediction algorithms, which were
prone to false positives. Consistent with this high accuracy, we
experimentally confirmed the apicoplast localization of a subset of newly
identified proteins. Nearly 50% of proteins identified by apicoplast BioID
are novel candidates with unknown functions in the apicoplast, and 75%
of proteins identified are essential for blood-stage growth according to
publicly available data from the PlasmoGEM project. Together, these
data indicate that apicoplast BioID discovered new proteins that are
critical for organelle biology. Indeed, we show that a newly identified and
essential apicoplast protein, the ATP-binding cassette-containing protein
ABCF1 (PF3D7_0813700), had a previously unknown function in
apicoplast biogenesis. Thus, this first experimental apicoplast proteome
is an invaluable resource for discovering novel biology and prioritizing
antimalarial drug targets.
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118: Characterizing the role of transcriptional regulator PfAP2-G2 in
Plasmodium falciparum gametocytogenesis
Singh, Suprita (Penn State University, University Park, PA, USA); Llinas,
Manuel (Penn State University)
Differentiation from asexual blood stages to gametocytes is required for
transmission of malaria parasites from the human host to mosquitos
where sexual fertilization occurs to complete the lifecycle. Although
preventing the development of gametocytes would block parasite
transmission, the molecular mechanisms underlying a commitment to
gametocyte formation and maturation are still relatively unknown.
Previous studies in both Plasmodium falciparum and Plasmodium
berghei have shown that the DNA-binding protein AP2-G
(PF3D7_1222600) is a master regulator of sexual differentiation.
However, a second ApiAP2 transcription factor, AP2-G2 has also been
found to play a role in gametocyte development and maturation by acting
as a repressor of asexual stage genes in P. berghei gametocytogenesis.
Our goal is to characterize the function of the P. falciparum orthologue
(PF3D7_1408200) of PbAP2-G2 (PBANKA_1034300). To do this, we
have generated both GFP-tagged PfAP2-G2 and pfap2-g2 knockout
(KO) lines. The pfap2-g2 KO parasites proliferate normally in the blood
but do not form mature gametocytes. Transcriptomic studies comparing
the pfap2-g2 knockout line against wild-type parasites demonstrate
significant transcriptional changes in roughly 5% of genes, which include
classic gametocyte-associated genes. Using the GFP-tagged PfAP2-G2
line, we find that the protein is first expressed approximately 16 hours
post invasion and can be detected throughout the trophozoite and
schizont stages. We are also using the GFP-tagged PfAP2-G2 parasites
to identify proteins associated with PfAP2-G2 by immunoprecipitation
and proteomics as well as defining the genome-wide binding targets of
PfAP2-G2 using chromatin immunoprecipitation and whole genome
sequencing (ChIP-seq). These studies will advance our understanding of
the role of PfAP2-G2 in gametocyte development and maturation in P.
falciparum and will serve to guide future transmission blocking strategies.
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119: ROLE OF A CALCIUM ACTIVATED POTASSIUM CHANNEL IN
TRYPANOSOMA CRUZI PHYSIOLOGY AND INFECTIVITY
Skorka, Christopher (California State University Fullerton, USA); Boktor,
Michael (California State University Fullerton); Jimenez, Veronica (California
State University Fullerton, Fullerton, CA)
Chagas Disease is a parasitic infection caused by the protozoan
Trypanosoma cruzi. Due to large variability of nutrient availability, osmolarity,
ionic concentrations and pH throughout the parasite’s life cycle, the ability to
adapt and respond to such changing conditions determine the survival and
successful transmission of T. cruzi.
We propose that different types of channels integrate a homeostatic network
that allows the parasite to detect and respond to these external changes.
Combining molecular, cellular and electrophysiological approaches we are
characterizing the expression and function of a putative calcium-activated
potassium channel (TcCaKC).
TcCaKC was expressed in Xenopus laevis oocytes by microinjection of
cRNA to characterize the biophysical properties of the channel by twoelectrode voltage clamp. Oocytes expressing TcCaKC and exposed to
voltage pulses show a significant increase in inward current after addition of
calcium ionophore ionomyocin. Similar responses were elicited after raising
intracellular calcium by pre-incubation with SERCA pump inhibitor
thapsigargin. These responses can be abolished by introduction of calcium
chelator EGTA suggesting that TcCAKC activation is dependent of
extracellular calcium. A single point mutation in the predicted selectivity filter
(Y3131A) completely abolishes the activity of the channel, confirming its
potassium-selective nature.
Through homologous recombination we generated knockout parasites
deleting one or both alleles of TcCaKC gene. Through fluorometric
measurements we have found that epimastigote forms lacking TcCaKC had
slower calcium transient responses compared with wild-type parasites and
this phenomenon was accompanied by significant hyperpolarization and
decrease in intracellular pH. Knockout parasites show significant reduction in
growth rate, decreased production of infective forms and slower intracellular
replication, pointing to an important role of TcCaKC in infectivity. Our results
indicate that TcCAKC is a potassium channel that contributes to homeostatic
regulation of important physiological processes.
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120: Characterization of putative calcium-binding proteins in the
human parasite Toxoplasma gondii
Meepe, Imara (California State University, Long Beach, USA); SandovalOlmos, Dalia (California State University, Long Beach); Chetsawang,
Jason (California State University, Long Beach); Pace, Douglas
(California State University, Long Beach)

The reliance of Toxoplasma gondii on calcium for the initiation of
invasion-linked traits is well established, yet many of the molecular
2+
mechanisms by which T. gondii regulates Ca remain unknown. This
study seeks to explore the roles of putative Calcium Binding Proteins
2+
(CBP1 and CBP2) as mechanisms for regulating Ca flux during the
tachyzoite lytic cycle. CBP1, which contains 2 EF hand domains and 4
transmembrane domains, exhibited stage-dependent changes in cellular
localization. During the intracellular stage it localized in the apical
cytoplasm of the parasite. In extracellular stages, CBP1 localized to the
limiting membrane of the Plant-like Vacuole (PLV), an important site of
protein maturation and calcium storage. CBP1 over-expressing mutants
2+
(OE) had an elevated cytosolic Ca concentration when compared with
2+
parental RH parasites. Induction of cytosolic Ca influx, either through
2+
thapsigargin treatment or activation of extracellular Ca entry pathways,
was diminished in OE mutants. This response is presumably due to the
extra buffering capacity resulting from the over-expression of CBP1.
CBP2, a soluble protein containing 2 EF hand domains, localized in the
apical cytoplasm of the parasite during the extracellular stage.
Preliminary analysis of lytic cycle dynamics revealed divergent
responses in the two OE mutants, as evidenced by Giemsa invasion
efficiency experiments. Compared with parental strains, CBP1 exhibited
significant (ANOVA, P<0.01) reduction in invasion efficiency, whereas
CBP2 mutants displayed significant (ANOVA, P<0.01) enhancement in
invasion efficiency. Currently, we are developing knockout mutants
utilizing the CRISPR/Cas9 system. Full characterization of these CBPs
will elucidate their biological importance during the lytic cycle and their
potential as targets for therapeutic strategies in combatting infection.
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121: The Host Response to Injection with Rhoptry Effector Proteins
by the Parasite Toxoplasma gondii
Rastogi, Suchita (Stanford University Microbiology and Immunology,
Palo Alto, CA, USA); Ribelles, Mariona (Stanford University Genetics);
Espenel, Cedric (Stanford University Cell Sciences Imaging Facility);
Steinmetz, Lars (Stanford University Genetics); Boothroyd, John
(Stanford University Microbiology and Immunology)

Toxoplasma gondii and its cousin Plasmodium spp. are obligate
intracellular parasites that pose a global burden on human health. Prior
to invasion, both parasites rapidly inject host cells with proteins from a
specialized secretory organelle called the rhoptry. Rhoptry protein
secretion is necessary for parasite invasion, survival, and virulence;
however, the host response to this event is poorly understood, as
traditional methods fail to distinguish it from the host response to
additional parasite effector secretion events subsequent to invasion. To
characterize the host response specifically to rhoptry secretion, we are
circumventing traditional approaches by performing transcriptomic
analyses of a naturally occurring and reproducible population of host
cells that Toxoplasma parasites inject with rhoptry proteins, but then
subsequently fail to invade (“uninfected-injected” cells as previously
described by Koshy et al., PLoS Path. 8(7): e1002825 (2012)). This work
captures a picture of the earliest stage of a host cell’s interaction with
Toxoplasma gondii, and is expected to reveal host targets of the rhoptry
proteins.
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122: Carotenoid Biosynthesis as a Probe of Apicoplast Function in
Malaria Parasites
Okada, Megan (University of Utah, Salt Lake City, UT, USA)

Plasmodium falciparum parasites retain a relict non-photosynthetic
chloroplast, called the apicoplast, which contains a reduced genome and
houses multiple metabolic pathways. Because human cells lack this
organelle, the apicoplast is viewed as a potential source for new
parasite-specific drug targets. However, the functional properties that
underpin apicoplast retention and essentiality remain sparsely
understood. Indeed, biosynthesis of the isoprenoid intermediate,
isopentenyl pyrophosphate (IPP), is the only apicoplast output
determined so far to be essential for blood-stage parasite viability.
Recent biochemical studies indicate that Plasmodium parasites
synthesize carotenoids from IPP. Carotenoid biosynthesis is chloroplasttargeted in plants and algae but remains poorly characterized in
parasites. Here, we report studies of the parasite-encoded phytoene
synthase (PSY), which catalyzes the first dedicated step in carotenoid
biosynthesis and is the only pathway enzyme currently identified in
parasites. GFP-tagged PSY localizes to the apicoplast, as determined by
focal co-localization with acyl carrier protein. PSY localization converts to
dispersed fluorescent foci upon doxycycline treatment, as observed for
other apicoplast-targeted proteins. We used CRISPR/cas9 to tag the
PSY gene with the aptamer/TetR-DOZI system to enable conditional
protein expression. Down regulation or chemical inhibition of PSY is
lethal for blood-stage parasites and cannot be rescued by exogenous
IPP, as expected for function downstream of IPP synthesis. PSY thus
provides an example of an essential apicoplast-targeted protein whose
function cannot be by-passed by IPP supplementation. We have ongoing studies to understand the functional basis for this lethal phenotype,
directly test the contribution of PSY to synthesis of specific carotenoids,
identify downstream enzymes in this pathway, and understand the
biological roles of carotenoids in blood-stage parasites.
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123: Functional roles of lipoylated enzymes in the mitochondria of
human malaria parasites.
Nair, Sethu C. (Johns Hopkins University, Baltimore, MD, USA); Prigge,
Sean (Johns Hopkins University)

Drug resistance against malaria causing parasites is a matter of grave
concern. There is a constant need to find better and novel targets.
Understanding the biochemical needs of the parasite is an important first
step towards validating new drug targets. One such essential
biochemical compound in human malaria parasites cultured invitro is
lipoic acid. Lipoic acid can be synthesized denovo in the apicoplast of the
parasite and is also scavenged from the culture media. While the
apicoplast localized pathway for synthesizing lipoic acid has been shown
to be non-essential for the blood stages of the parasite, the scavenging
of the lipoic acid is essential in P. faliciparum. Lipoic acid or Lipoate acts
as a cofactor for enzymes and is an important indicator of the redox
balance inside the cell as well. In the current study, we are investigating
the essentiality of enzymes putatively lipoylated in the mitochondria of
the P. falciparum. Three major enzymes localized to the mitochondria
uses lipoic acid as a cofactor. They are the BCDH, KDH and H protein of
the glyceine cleavage system. Two mitochondrial enzymes (LipL1 and
LipL2) catalyze the lipoylation of these substrate proteins. Lipl 1
mediates the lipoylation of H-protein, while BCDH and KDH are
lipolylated by the sequential actions of LipL1 and LipL2. Using a CRISPR
based genetic KO approach, we knocked out the endogenous KDH-E2
subunit locus and found out that the gene is not essential for the blood
stage parasites. We are using the same approach to knock out other
important proteins that scavenged lipoate in the mitochondria.
Understanding the roles of the lipoylated proteins will help to explain why
malaria parasites are auxotrophic for lipoate during the blood stages.
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124: Proximity-dependent biotin labeling for proteomics in
Plasmodium
Rios, Kelly (Pennsylvania State University, USA); Munoz, Elyse
(Pennsylvania State University); Hart, Kevin (Pennsylvania State
University); Lindner, Scott (Pennsylvania State University)

In recent years, several proximity-dependent biotinylation techniques
have been developed for the purpose of determining protein-protein
interactions in vivo. BioID, APEX2, and other methods are
complementary approaches that attach a biotin group to proteins nearby
a tagged protein-of-interest. These biotinylated proteins can then be
purified on streptavidin beads and identified by high mass accuracy
mass spectrometry. These techniques provide spatial information about
protein interactions, and APEX2 labeling itself allows for temporal
specificity, by limiting the labeling time to as short as one minute. These
approaches are powerful, as they allow for more transient or sensitive
interactions to be detected than otherwise possible with crosslinkingIP/MS. We have adapted these methods for proof-of-concept
experiments in Plasmodium yoelii using ALBA4, which we have
previously shown to be involved in translational repression during the
transmissible stages of the life cycle. Because we have previously
defined this RNA-binding protein’s interacting partners at multiple stages
by formaldehyde crosslinking-IP/MS, we are able to directly compare
proteins identified across these three approaches and have identified
advantages and limitations of each approach in our system. Using mass
spectrometry analysis of biotinylated proteins, we have confirmed known
interactors of ALBA4, and have identified new potential binding partners
in asexual blood stage, sexual stage, and are advancing this technique
for use in sporozoites. Overall, these approaches for determining the
composition of protein complexes sidesteps known technical issues with
crosslinking-IP/MS, and can provide a means to determine the spatial
composition of protein complexes throughout the Plasmodium lifecycle.
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125: The Role of Epigenetic Mechanisms and DNA Modifications in
Antigenic Variation in Giardia lamblia
Orozco, Daniel R. (University of Louisiana at Monroe, Monroe, LA, USA);
Garlapati, Srinivas (University of Louisiana at Monroe)

Giardia lamblia is a binucleated, flagellated protozoan parasite
responsible for the gastrointestinal disease giardiasis. G. lamblia
trophozoites undergo surface antigenic variation and express one
variant-specific surface protein (VSP) on their surface. The Giardia
lamblia genome contains an estimated 200 different VSP genes with only
one VSP being expressed at a time. Recent studies have shown that an
RNAi mechanism is involved in down regulating all VSP genes except for
one that is expressed on the trophozoite’s surface. It has been shown
that all VSP transcripts have an antisense RNA strand that binds and
degrades the VSP transcripts except for the one to be expressed. These
studies were able to demonstrate why only one VSP is able to be
expressed while the others are not but how VSP switching occurs still
remains unclear.
This study is investigating epigenetic mechanisms involved in VSP
switching. G. lamblia trophozoites were endogenously transfected with
full-length and truncated VSP genes tagged with a 3x HA-tag or a Myctag at the 3’ end and screened for VSP expression via Western Blot.
Antigenic variation is induced using a variety of histone deacetylase
inhibitors (HDACi) at varying concentrations. Upon identification of
tagged VSPs, antigenic variation will be further induced and DNA
modifications will be analyzed by chromatin immunoprecipitation assays.
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126: Identifying specific DNA binding factors associated with
orphan motifs in Plasmodium
Russell, Timothy J. (Department of Biochemistry and Molecular Biology,
Center for Infectious Disease Dynamics, Center for Malaria ResearchPennsylvania State University, State College, PA, USA); Painter,
Heather (Department of Biochemistry and Molecular Biology, Center for
Infectious Disease Dynamics, Center for Malaria ResearchPennsylvania State University); Painter, Heather (Department of
Biochemistry and Molecular Biology, Center for Infectious Disease
Dynamics, Center for Malaria Research- Pennsylvania State University)

Bioinformatic analyses have revealed numerous putative cis-regulatory
DNA motifs in the genome of the human malaria parasite Plasmodium
falciparum. With the intent of discovering their functional significance,
several groups have explored their enrichment relative to steady state
mRNA levels across the P. falciparum life cycle. A number of these
motifs correspond to DNA sequences associated with binding by the
ApiAP2 transcription factors, which have been described as the only
family of transcription factors in Plasmodium. However, some highly
over-represented ‘orphan’ DNA motifs have no cognate DNA binding
protein association. Currently we are focusing on a set of DNA sequence
motifs that are enriched in co-transcribed gene clusters corresponding to
specific processes within the P. falciparum life cycle, including
gametocytogenesis and erythrocyte invasion. We hypothesize that there
are uncharacterized trans-acting factors which bind DNA regulatory
sequences in P. falciparum parasites and that these factors are in some
cases necessary for transcription initiation. Our initial results have
defined the relevant asexual and sexual blood stages in which extracts
from purified nuclei demonstrate detectable protein binding activity to
these orphan DNA motifs. Using this information, we are using a DNA
oligo based pulldown method to capture and identify these unknown
trans-acting proteins via a bottom-up proteomics approach. Novel
candidate DNA binding proteins will be further characterized using a
combination of biochemical and genetic approaches to define their
functional role in transcriptional regulation during various stages of P.
falciparum development.
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127: Illuminating the role of MAPK signing in the lytic cycle of
Toxoplasma gondii
Goodman, Kyle (UT Southwestern, Dallas, TX); Wazir, Farah (UT
Southwestern); Reese, Michael (UT Southwestern, USA)

Mitogen activated protein kinases (MAPKs) are conserved proteins that
play essential roles in diverse cellular processes, frequently as
transducers of signals from the extracellular environment. They are
highly regulated and must be phosphorylated for full activity. Toxoplasma
encodes three MAPKs, two of which (TgMAPKL1 and TgMAPKL2) are
parasite-specific while the third (TgERK7) is orthologous to mammalian
ERK7/8. However, their mechanisms of activation, regulation, and
physiologic function(s) are largely unknown. Since Toxoplasma is an
intracellular parasite, extracellular signals must be transmitted through
multiple membranes, providing unique pathways that are distinct from
those found in metazoans. Indeed, Toxoplasma does not appear to
encode any typical upstream activators of MAPKs including MAP2Ks,
GPCRs, heterotrimeric G proteins, and receptor tyrosine kinases.
Nevertheless, TgMAPKL1 was previously shown to be essential for
proper cell cycle progression. Additionally, I have been unable to obtain
stable genetic knock-outs of TgERK7 and TgMAPKL2, suggesting that
they are also essential for the lytic cycle. The phenotypic scores of these
kinases from the recently published Toxoplasma genome-wide CRISPR
screen corroborate these findings. Consequently, I am taking a knockdown approach to identify loss-of-function phenotypes, focusing on
defects in parasite cell cycle progression, host cell invasion, and host cell
egress. Moreover, I am conducting biochemical experiments to uncover
mechanisms of TgMAPK activation and combining various methods to
identify direct and indirect interacting partners of these kinases. Recent
data addressing these inquiries will be presented.
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128: Development of a CRISPR system for genome editing in
Entamoeba histolytica
Morgado, Pedro (Stanford University, USA); Singh, Upinder (Stanford
University)

The protozoan parasite Entamoeba histolytica is an important human
pathogen and a leading parasitic cause of death on a global scale. The
Streptococcus pyogenes RNA-guided endonuclease CRISPR (clustered
regularly interspaced short palindromic repeat)-Cas9 has been successfully
used to induce site-specific genome alterations, including in human
protozoan parasites. In this study, we optimized CRISPR-Cas9 for use as a
genetic tool in E. histolytica.
In order to develop a CRISPR system in E. histolytica, we chose a single
plasmid approach, which contains both guide RNA (gRNA) and Cas9
expression cassettes. The amebic U6 promoter was used to drive the
expression of the gRNA and its expression was confirmed by Northern blot
analysis. Initial efforts to establish stable Cas9 expressing cell lines were
unsuccessful, possibly due to the toxicity associated with Cas9 as observed
in other systems. Consequently, we developed a regulated inducible
expression system using the destabilizing domain of dihydrofolate reductase
fused to myc-tagged Cas9 nuclease (ddCas9). With this system, we were
able to generate stable ddCas9 expressing cells lines and induced ddCas9
expression was achieved as early as 6 h following treatment with the smallmolecule ligand trimethoprim. Localization of ddCas9 was found to be
predominantly cytoplasmic despite the presence of a N-terminal hypothetical
amebic nuclear localization signal (NLS). Current efforts are underway to
validate alternative amebic NLS capable of more proficiently targeting
ddCas9 to the nucleus.
As it is thought that E. histolytica lacks the machinery for non-homologous
end-joining, a characteristic observed in other eukaryotic parasite systems,
our CRISPR system is designed to facilitate Cas9-mediated DNA double
strand break (DSB) repair through directed homologous recombination. This
recombination can be achieved by introducing a transgene (repair DNA)
containing long flanking regions to the DSB site. Currently, we are
developing a ddCas9-dependent DNA repair assay for sensitive screening
based on the CRISPR system recently developed for Cryptosporidium.
Establishing a CRISPR-Cas9 system will be transformative to the field as
there is currently no method to generate gene knockouts in E. histolytica.

237

129: Structural basis for mRNA cap-binding modulation by an IF4E
interacting protein in Leishmania major
Meleppattu, Shimi (Harvard Medical SChool); Arthanari, Haribabu
(Harvard Medical School); Zinoviev, Alexandra (SUNY Downstate
Medical Center); Wagner, Gerhard (Harvard Medical School); Shapira,
Michal (Ben Gurion University); Leger-Abraham, Melissa (Harvard
Medical School, Boston, ME, USA)

Leishmania parasites are unicellular trypanosomatids that cycle from
sandfly vectors to human hosts. As early eukaryotes, these parasites
harbor unusual molecular mechanisms; most of the regulation of their
gene expression occurs post-transcriptionally, and translation process
plays a pivotal role in orchestrating different patterns of gene expression
required throughout the parasites life cycle. Here, we determined a 2.2 Å
crystal structure of Leishmania IF4E-1 bound to a fragment of 4E-IP1, a
protein that binds tightly to IF4E-1, but of unknown function. The
structure, coupled to NMR spectroscopy experiments and in vitro capbinding assays, reveal that 4E-IP1 is an inhibitor of IF4E-1. 4E-IP1
allosterically destabilizes the binding of IF4E-1 to the 5’ mRNA cap,
showing that the mechanism of cap-binding regulation is conserved from
lower to higher eukaryotes.
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130: Dynamic translational control during the development of latent
toxoplasmosis
Holmes, Michael J. (Indiana University School of Medicine, USA); Wek,
Ronald C. (Indiana University School of Medicine); Sullivan, William J. Jr.
(Indiana University School of Medicine)

Post-transcriptional gene regulation plays an important role in the
tachyzoite to bradyzoite transition in Toxoplasma gondii. In eukaryotes,
stressful stimuli induce a generalized translational control mechanism,
termed the integrated stress response (ISR), which occurs upon
phosphorylation the alpha subunit of eukaryotic initiation factor 2 (eIF2).
We have previously shown that the ISR is induced in a tachyzoite model
of acute stress, causing a global decrease in the rate of protein synthesis
while selectively promoting the translation of a subset of transcripts. This
reprogramming of the “translatome” – the complement of mRNAs being
translated at a given time – is an important phenomenon observed for
mitigating stress in other systems. The decrease in translation conserves
energy while driving the translation of stress-responsive transcripts
permits the acute stress response and leads to eventual adaptation,
including cell differentiation. Since parasite differentiation occurs over
several days and eIF2 phosphorylation is maintained in bradyzoites, we
propose that differentiation follows an adaptive stress response mediated
through the ISR. We determined how ISR-mediated translational control
contributes to gene expression throughout differentiation by assessing
the changes in translational capacity at different points during bradyzoite
development. We show that under early stressful insult, a dramatic
decrease in overall translational capacity occurs within the parasite that
recovers to tachyzoite-like levels three days post-insult. We therefore
propose that the ISR mediates an initial remodeling of the translatome
that is modulated as the parasite transitions toward the bradyzoite stage.
Given the importance of translational control in parasite pathogenesis
and persistence, we are currently performing ribosome profiling to
assess how general and gene-specific mRNA translation is modulated
throughout acute and chronic infection.
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131: T. brucei TRF binds the telomeric transcript TERRA and
suppresses its level
Gaurav, Amit (Cleveland State University); Nanavaty, Vishal (Cleveland
State University); Sandhu, Ranjodh (Cleveland State Universtiy);
Pandya, Unnati (Cleveland State University); Li, Bibo (Cleveland State
University, Cleveland, OH, USA)

Trypanosoma brucei is a protozoan parasite that causes fatal human
African trypanosomiasis. It regularly switches its major surface antigen,
VSG, thereby effectively evading the host immune response. VSG is
expressed exclusively from VSG expression sites (ESs) that are located
immediately upstream of telomeres, which are nucleoprotein complexes
at the chromosome ends and are essential for genome integrity and
chromosome stability. We previously identified TbTRF as the duplex
telomere DNA binding factor in T. brucei. We showed that TbTRF is
essential for the telomere terminal structure and that the DNA binding
activity of TbTRF is essential for subtelomere stability and suppression of
VSG switching. We have recently shown that the active VSG-adjacent
telomere is transcribed into a long non-coding RNA called TERRA, and
that excessive amount of TERRA is linked with more telomeric and
subtelomeric DNA double strand breaks (DSBs) and more frequent DNA
conversion-mediated VSG switching. Now we further identify that TbTRF
associates with TERRA in in vivo RNA IP and binds to RNA molecules
with UUAGGG repeat sequences in RNA EMSA experiments.
Furthermore, depletion of TbTRF leads to increased TERRA level,
suggesting that TbTRF may help maintain subtelomere stability by
binding to TERRA and suppressing its expression level.
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132: Exploring Toxoplasma gondii Centrin2’s subcellular
localizations by proximity-dependent biotin identification (BioID)
Engelberg, Klemens (Department of Biology, Boston College, Chestnut
Hill, MA, USA); Debasitis, Alexandria (Department of Biology, Boston
College, Chestnut Hill, MA); Bechtel, Tyler (Department of Chemistry,
Boston College, Chestnut Hill, MA); Weerapana, Eranthie (Department of
Chemistry, Boston College, Chestnut Hill, MA); Gubbels, Marc-Jan
(Department of Biology, Boston College, Chestnut Hill, MA)

Toxoplasma gondii Centrin2 exhibits multiple subcellular localizations in
the parasite. It localizes to the centrosome, to the most apical and most
basal end of the parasite, to the cytokinetic contractile ring (basal
complex) and is present at five or six peripheral apical annuli, located at
the edge of the apical cap of the parasite’s pellicle. These diverse
TgCentrin2 localizations may suggest a critical function in a variety of
cellular processes but might hamper interpretation of expected multiple
phenotypes upon gene disruption. We reasoned that identifying proteins
co-localizing with TgCentrin2 presumably allows a controlled dissection
of the molecular processes TgCentrin2 participates in and at the same
time might also unravel the basis of TgCentrin2’s diverse subcellular
targeting.
To accomplish this, we applied biotin-dependent proximity identification
(BioID) by fusing TgCentrin2 to a small biotin ligase (BioID2). We
successfully identify known and novel proteins localizing to the
centrosome, conoid and the basal complex, which we are currently
functional dissecting. Interestingly, we also identify a set of novel
proteins localizing to the elusive apical annuli, a structure of unknown
function. Co-localization studies with TgCentrin2 reveal a multi layered
annuli composition as detected by super-resolution microscopy and
suggest a more complex annuli architecture. We are currently exploring
the annuli proteome by reciprocal BioID to define and understand their
molecular composition and function.
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133: The Role of Antibodies Targeting Plasmodium Sporozoites: Is
the Greatest Impact at the Inoculation Site?
Nasir, Gibbs (Johns Hopkins Malaria Research Institute, USA); Zavala,
Fidel (Johns Hopkins Malaria Research Institute); Sinnis, Photini (Johns
Hopkins Malaria Research Institute)

Malaria-causing Plasmodium parasites are deposited into host skin as
infected Anopheles mosquitoes search for blood. In order for
Plasmodium to establish infection in the liver, sporozoites need to exit
the inoculation site, which they do by moving in the skin to find blood
vessels and enter the circulation. This stage of the Plasmodium lifecycle
(the pre-erythrocytic stage), at which parasite numbers are the lowest,
has been recognized as a bottleneck for the parasite. RTS,S, the only
vaccine candidate to have shown efficacy in Phase III clinical trials,
targets the pre-erythrocytic stages of the parasite. Indeed further studies
have shown that antibodies targeting the major surface protein of
sporozoites (circumsporozoite protein or CSP) are critical for RTS,Smediated immunity. We hypothesized that since sporozoites are
extracellular for a significant period of time at the inoculation site, that
antibodies in the skin could contribute significantly to decreasing
sporozoite infectivity. Using rodent malaria parasite Plasmodium berghei,
we standardized the dose of sporozoites delivered intravenously and by
mosquito bite that result in comparable liver infection. We then compared
the efficacy of two different doses of a monoclonal antibody (mAb)
specific for the P. berghei CSP repeats (50 µg & 25 µg mAb 3D11; IgG1)
in their ability to inhibit infection when sporozoites were inoculated
intravenously versus by mosquito bite. Our data shows that both
concentrations of antibody have greater efficacy when sporozoites are
inoculated by mosquito bite. These results have important implications
for malaria vaccine development, and provide further insight into hostpathogen interactions in the skin.
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134: Plasmodium falciparum Whole Transcriptome Amplification
(WTA) from Ultra-Low RNA Input
Tripathi, Jaishree (Nanyang Technological University, Singapore);
Bozdech, Zbynek (Nanyang Technological University, Singapore)

P. falciparum is the most virulent malaria parasite which causes
considerable morbidity and mortality worldwide annually (1). Next
Generation Sequencing (NGS) presents an exceptionally powerful tool to
perform transcriptomic studies on P. falciparum (2) from ultra-low input
sample material. However, the extremely AT-rich genome of P.
falciparum along with minute quantities of starting RNA, presents a
technical challenge to study transcriptional profile of limited parasite
samples. Here, we present a comparison of efficiency of exponential
(PCR) and non-exponential (non-PCR) WTA methods tested on ultra-low
input of P. falciparum total RNA. Our currently optimised method allows
P. falciparum WTA from total RNA input of as low as 1 pg. This
development combined with high-depth RNA-sequencing will enable
comprehensive characterization and identification of novel transcriptional
signatures in heterogeneous parasite sub-populations.
References:
1. World Malaria Report.WHO (2016)
2. Otto, T. et al. Mol Microbiology. 76(1): 12–24 (2010)

243

135: Plasmodium falciparum Methyltransferase SET1: high throughput
screening strategies to discover new antimalarial drugs
Tallant, Cynthia (University of Oxford); Mata, Lydia (GSK); Li, Fengling
(University of Toronto); Hajian, Taraneth (University of Toronto); Vedadi, Masoud
(University of Toronto); Arenaz, Maria Pilar (GSK); Rodríguez, Beatriz (GSK);
Segura, Delfina (GSK); Martin, Julio (GSK); Phelps, Chris (GSK); Evindar,
Ghotas (GSK); Gamo, Javier (GSK); Hui, Raymond (University of Toronto);
Gómez-Lorenzo, Maria G (GSK); Huber, Kilian (University of Oxford)
Drug resistance to current antimalarial drugs is urging the need to explore novel
mechanisms of action to treat malaria. The main advantage of a target-based
approach is the development of novel broad spectrum chemotypes, which can be
rationally designed to inhibit a specific target and gain selectivity, potency and
circumvent off-target effects. To date, new efforts aiming at interfering with the
parasite’s transcriptional machinery are gaining momentum. Recently, broad
histone methyltransferase inhibitors have been shown to inhibit parasite growth
of the intraerytrocytic cycle and parasite-killing activities against ex-vivo isolates
from P. falciparum and P. vivax alongside reduced H3K4me3 methylation levels
in parasites. PfSET1 is a histone methyltransferase, which is involved in parasite
transcriptional regulation and has been shown to be essential for the parasite
asexual blood stages. PfSET1 shows significant homology with the MLL (mixed‐
lineage leukaemia) family in mammals, which regulate the transcription activation
H3K4 mark. Here we present results from our efforts to target the catalytic
methyltransferase domain of PfSET1 with small molecules. We have developed
an in vitro fluorescence polarization assay for the high throughput screening with
available in-house libraries including compounds from GSK epigenetic, proteinprotein interaction, diversity and TCAM sets (>100K compounds in total). Hits will
be validated with a secondary enzymatic assay based on radiolabelled
scintillation proximity (SPA) using streptavidin-coated beads in 384-well plates
3
employing biotinylated histone 3 and H-SAM. Additionally, in order to target all
druggable sites of PfSET1 catalytic domain, we have performed a 3.5-billion
DNA-encoded small-molecule library. Compounds were interrogated by affinity
selection in competition of PfH31-25 substrate as well as SAM cofactor.
Deconvolution of chemical entities is performed via high-throughput sequencing,
which led to the identification of multiple novel chemical series.
Together, our results provide robust screening assay technologies to discover
potent inhibitors of an essential H3K4 methyltransferase enzyme of Plasmodium
falciparum, PfSET1, including selectivity against its human orthologue MLL
family.
This work was supported by the Cofund Open Lab Foundation – FP7 fellowship
programme.
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136: Characterization of the cytochromes of Giardia intestinalis
Sajer, Bayan (Environmental and Life Sciences Graduate Program, Trent
University, Peterborough, Ontario, Canada.); Dayer, Guillem
(Environmental and Life Sciences Graduate Program, Trent University,
Peterborough, Ontario, Canada.); Batoff, G. William; Hoekstra, Julianne;
Rafferty, Steven; Yee, Janet

The genome of the intestinal parasite Giardia intestinalis encodes only
five known hemeproteins but among these are three similarly-sized
cytochromes b5 (gCYTB5-I, II, III). Unlike the well-characterized
cytochromes b5 of animals, which are membrane-anchored to the
endoplasmic reticulum and mitochondrial outer membrane, have
reduction potentials of ~ 0 mV and have known electron donors and
acceptors, the gCYTB5s are soluble proteins of unknown function and
have much lower reduction potentials (-140 to -171 mV; Pazdzior et al,
2015). To learn more of the nature of the gCYTB5s, we prepared
antibodies against each isotype to study their localization within Giardia
trophozoites, and to measure changes in expression levels in response
to expected environmental changes such as oxidative stress, nitrosative
stress, and encystation. Immunofluorescence microscopy localize
gCYTB5-I to the perinuclear region, gCYTB5-II to the peripheral vesicles,
and gCYTB5-III to the nuclei. In coimmunoprecipation assays, a protein
with potential redox activity was identified as a potential binding partner
of both gCYTB5-I and II, and this protein was shown to immunolocalize
with isotype II. Treatment of Giardia trophozoites with hydrogen peroxide
as an oxidative stressor causes an increase in gCYTB5-II protein
levels. Intriguingly, an increase in gCYTB5-II levels was also observed
upon treatment of Giardia with the nitrosative stressor Snitrosoglutathione, and during encystation. Collectively these
observations indicate distinct – although as yet unidentified – roles for
each of these proteins within the parasite.
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137: The basis for selective toxicity of maduramicin, an anticoccidal ionophore and screening for cholesterol disruptors.
Bhatnagar, Suyash (Drexel University College of Medicine, Philadelphia,
PA, USA); Morrisey, Joanne M. (Drexel University College of Medicine);
Nicklas, Sezin (Drexel University College of Medicine); Das, Sudipta
(Drexel University College of Medicine); Vaidya, Akhil B. (Drexel
University College of Medicine)

The emergence of drug resistance to frontline anti-malarials has led to
the development of new compounds with potent activity against P.
falciparum and P. vivax. Among these new compounds are
pyrazoleamides (PA21A050/PA21A092) and spiroindolones
+
(NITD246/KAE609) that cause Na influx, and induce cholesterol
incorporation into the parasite plasma membrane (Das, et al.
+
PMID:25422853). Na influx precedes cholesterol incorporation, as this
+
effect is abrogated in parasites maintained and treated in low [Na ]
+
culture medium. Maduramicin, a Na ionophore used as an anti-coccidal
+
in the poultry industry, causes rapid influx of Na bypassing the parasite’s
+
+
route of Na entry, thus introducing an independent mode of Na influx.
Interestingly, parasites are extremely sensitive to Maduramicin with an
EC50 of 0.4 nM compared to the host cells that require much higher
+
concentration for cytotoxicity. Using real-time cytosolic Na measurement
we found that, in contrast with mammalian cells, parasites succumb to
+
Na overload at lower concentrations of Maduramicin, supporting the
hypothesis that parasite can tolerate only very small disruptions to their
+
+
Na homeostasis and lending credence to Na disruption as an attractive
anti-malarial target.
We developed and performed a medium throughput screen of the
Malaria Box to identify compounds that lead to cholesterol incorporation
into the parasite plasma membrane. Comparing our results with
+
published Na disruptors in the same collection of compounds (Lehane et
al. PMID: 25145582), we identified compounds in the malaria box that
+
disrupt Na homeostasis and thus lead to cholesterol incorporation into
the parasite plasma membrane. Additionally, we also identified
compounds that disrupt cholesterol homeostasis without disrupting
+
parasite cytosolic [Na ], thereby supporting the notion of a mechanism
that maintains cholesterol homeostasis.
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138: Bromodomain protein localization varies during the course of
T. brucei differentiation from the bloodstream form to the procyclic
form.
Dillon, Moira (Harvey Mudd College); Liao, Jingwen (Harvey Mudd
College, USA); Schulz, Danae (Harvey Mudd College)

Our lab is interested in how Trypanosoma brucei, the causative agent of
Human and Animal African Trypanosomiasis, adapts to the radically
different environments of its mammalian host and fly vector. We have
previously shown that chromatin interacting bromodomain proteins
maintain T. brucei in its bloodstream form. Inhibition of these proteins in
bloodstream forms results in transcription changes that resemble those
that occur as cells differentiate to the insect-stage procyclic form,
resulting in insect-stage specific proteins appearing on the surface of the
parasites. The mechanism by which bromodomain proteins maintain the
bloodstream life cycle stage prior to the differentiation signal are
unknown, but could depend on the specific complexes formed or on
bromodomain protein localization. We conducted ChIP-seq time courses
to ask whether bromodomain proteins relocalize as cells differentiate.
Preliminary analyses indicate that a subset of peaks of bromodomain
protein localization decrease as cells differentiate and that bromodomain
proteins appear in new locations in some instances. In addition, for a
subset of bromodomain protein peaks, the number of tags within each
peak varies in a similar pattern across time points. Ongoing analysis is
focused on identifying genes proximal to areas where bromodomain
protein localization varies over the course of differentiation. These
studies will help shed light on whether transcriptional changes that occur
during differentiation might in part depend on the amount of
bromodomain proteins found proximal to the corresponding genes.
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139: Plasmodium knowlesi genome assembly based on PacBio and
Hi-C technologies and RNA-Seq transcriptome analysis across the
rhesus macaque ex vivo life cycle
Lapp, Stacey (Emory University, Atlanta, GA, USA)

Plasmodium knowlesi is an important model species for studying the
biology and pathogenesis of human malaria and it has become common
as a zoonosis in Southeast Asia. The phenomenon of malaria antigenic
variation was first described in this species and although its variant
antigens lack the marked sequestration observed in P. falciparum, the
underlying mechanisms of variant antigen switching are likely similar. To
study the large Schizont Infected Cell Agglutination (SICA) variant
antigen gene family in P. knowlesi, the SICAvars, it is critical that the
genome and the variant antigen genes are assembled correctly. This
has been a challenge in the past given the presence of large repetitive
regions and exceptionally large introns (up to 23 kb). Now, with the aid of
PacBio sequencing in conjunction with Hi-C technology a refined P.
knowlesi assembly was generated, resolving chromosomal inversions
and most original gaps. There, a much more accurate annotation of the
SICAvar family was completed, resulting in 136 full-length SICAvar
genes. Previously generated RNA-Seq reads from a Pk1(A+)
clone/rhesus macaque ex vivo 24-hr time course were remapped to the
new assembly and compared with the previous version. The new
analysis will be presented, and biological data confirming that multiple
SICAvar genes are transcribed in the ring stage, even in single cells as
shown by RNA-FISH experiments. The improved P. knowlesi gene
assembly and initial transcriptome studies are critical for future
investigations on in vivo switching dynamics, patterns and mechanisms.
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140: Evolutionary dynamics of resistance emergence in
Plasmodium falciparum
Mandt, Rebecca E.K. (Harvard T.H. Chan School of Public Health,
Boston, MA, USA); Kato, Tomoyo (Harvard T.H. Chan School of Public
Health); Lafuente-Monasterio, Maria Jose (GlaxoSmithKline); Ross, Leila
(Columbia University Medical Center); Gupta, Purva (University of
California San Diego); Winzeler, Elizabeth (University of California San
Diego); Gamo, F. Javier (GlaxoSmithKline); Wirth, Dyann (Harvard T.H.
Chan School of Public Health); Lukens, Amanda (Harvard T.H. Chan
School of Public Health)
Characterizing the pathways to resistance for next-generation inhibitors
is critical to understanding and possibly delaying the emergence of novel
resistance. One promising new class of antimalarials targets
Plasmodium dihydroorotate dehydrogenase (DHODH). Previous work
has demonstrated that selections with DHODH inhibitors typically lead to
resistant parasites with point mutations in dhodh. Currently, we’re
characterizing the development of resistance to the triazolopyrimidinebased inhibitor DSM267, a close analog to DSM265, the current clinical
candidate. We found all DHODH mutant lines previously isolated by our
lab are resistant to DSM267, indicating there are multiple potential
pathways to resistance. During in vitro selections, de novo resistance
readily arose. Interestingly, resistant parasites had novel mutations
which predominated the population. We also show two-step selections
with DSM267 can result in parasites over 200-fold resistant to the
compound. While these highly-resistant lines have mutations in dhodh,
those mutations don’t fully explain the progression of resistance,
suggesting additional determinants are involved. Currently, we’re
characterizing the fitness costs of newly-identified mutations. Previously,
our group demonstrated that dhodh mutations result in proteins with
varying levels of enzymatic efficiency relative to wild-type, and showed
some mutations can lead to a cost in relative growth for the parasite in
absence of drug pressure. We also demonstrated that resistant lines can
be specifically targeted by various "mutant-type" inhibitors which have
increased activity against the dhodh mutations relative to wild-type
parasites. We’ve since completed follow-up screening of libraries from
the Tres Cantos Open Lab Foundation, identifying additional compounds
with mutant-type activities. With this current work, we aim to characterize
the evolutionary dynamics of resistance emergence with the goal of
developing novel combination therapy approaches.
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141: Evaluation of Plasmodium falciparum hexokinase inhibitors by
measuring intracellular glycolytic flux
Kasinathan, Hema (Department of Microbial Infection and Immunity,
Ohio State University College of Medicine, Columbus, OH, USA);
Rogers, Abubakarr (Department of Microbial Infection and Immunity,
Ohio State University College of Medicine); Lee, Olivia (NCATS
Chemical Genomics Center, National Center for Advancing Translational
Sciences, National Institutes of Health); Hall, Matthew (NCATS Chemical
Genomics Center, National Center for Advancing Translational Sciences,
National Institutes of Health); Min, Shen (NCATS Chemical Genomics
Center, National Center for Advancing Translational Sciences, National
Institutes of Health); Milanes, Jillian (Eukaryotic Pathogens Innovation
Center, Clemson University); Morris, James (Eukaryotic Pathogens
Innovation Center, Clemson University); Drew, Mark (Department of
Microbial Infection and Immunity, Ohio State University College of
Medicine)

Development of drug resistance in Plasmodium falciparum, the deadliest
of the human malarial species, necessitates the search for selective and
specific inhibitors of novel drug targets. The pathogenic red blood stages
of the parasite depend entirely on glycolysis for the generation of ATP
and inhibition of glycolysis is parasiticidal. During glycolysis, glucose is
first converted into glucose-6-phosphate by the parasite’s hexokinase
enzyme (PfHK). Our previously published screening studies identified
molecules that inhibit PfHK in-vitro, kill parasites at single-digit
micromolar concentrations, and are non-toxic to mammalian cell-lines. In
this study, we build upon this work by the examining rapid intracellular
TM
effects of these molecules on glycolysis in using a Seahorse metabolic
analyzer. As is the case for the control compound 2-deoxyglucose,
glycolytic rate was immediately decreased in asexual and sexual
parasites upon treatment with our lead compounds, strongly supporting
the notion of PfHK being the cellular target of these molecules. Doseresponse and kinetic assays of these leads using this assay were also
carried out. Based on these results, we are encouraged that selective
and specific inhibition of PfHK (and likely other Plasmodium
hexokinases) can be achieved with small molecules. These results
support our continued efforts to identify and develop PfHK inhibitors as
antimalarial therapeutics.
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142: CULTURE OF MARINE PROTOZOANS USING INDUSTRIAL
BIOREACTORS
Fernandez-Robledo, Jose A. (Bigelow Laboratory for Ocean Sciences,
04544, ME, USA); van Walsum, Peter (University of Maine, USA);
Ehrenfeld, Elizabeth E. (Southern Maine Community College)

The study of proteins from intracellular parasites poses some unique
challenges due to the complex life cycle of these organisms and difficulty
in obtaining sufficient quantities of source material. Conventional
expression systems can address some of these challenges but in a
limited way. We seek to develop and validate a heterologous protein
expression system based on the marine protozoan Perkinsus marinus at
large scale. With a doubling time of 16–24 hours, the parasite can reach
7
densities of 10 cells/ml. The parasite (BSL2) is non-pathogenic to
humans, and there are multiple species/strains available from the ATCC.
P. marinus trophozoites are transfected with high efficiency by
electroporation, and the parasite can transiently express genes of
Plasmodium genes. We intend to scale up expression protocols from
tissue culture flasks to multiliter bioreactors, develop transfection vectors
that can be applied to a wide variety of proteins of both academic and
industrial importance, and develop large-scale purification schemes for
recombinant proteins. The Perkinsus marinus system has also the
potential to become the basis for a vaccine against malaria and other
infectious agents since this marine protozoan parasite elicits systemic
immunity in mice when administered orally. This project is integrated into
the biotechnology curriculum encouraging the students in the formation
and testing of hypotheses regarding media composition, growth
parameters, and purification strategies. This approach will strengthen
and expand the technical and intellectual abilities of the students, and
further prepare them for continuing their education or participation in the
workforce.
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143: Characterization of nuclear receptors in the parasitic flatworm
Schistosoma mansoni
Romero, Aracely A. (University of Texas Southwestern Medical Center,
Dallas, TX, USA); Kliewer, Steven (University of Texas Southwestern
Medical Center); Mangelsdorf, David (University of Texas Southwestern
Medical Center); Collins, James (University of Texas Southwestern
Medical Center)

Schistosomiasis is a disease caused by parasitic flatworms of the genus
Schistosoma that affects over 200 million people. Living in the
vasculature of their mammalian host, these parasites lay hundreds to
thousands of eggs every day. These eggs become trapped in the host’s
organs, which is the primary cause of pathology. Therefore,
understanding the development and the reproductive biology of these
worms could lead to novel avenues of therapeutics. Nuclear hormone
receptors are ligand-activated transcription factors that regulate diverse
processes in metazoans including reproduction, physiology, and
metabolism. Since little is known about these proteins in schistosomes,
we set out to characterize the entire schistosome receptor complement.
Based on homology to receptors from other organisms, we identified 21
potential nuclear receptors. We have cloned full-length sequences for the
majority of these receptors and are functionally characterizing these
receptors using RNA interference and in situ hybridizations. We found
that many of these receptors were expressed in the reproductive organs
and we found that through RNAi, one receptor, an FTZ-F1-like receptor,
was essential for parasite survival. Furthermore, we are using a cellreporter based assay to identify possible ligands for each of these
receptors. Ongoing studies hope to identify roles for these receptors in
reproduction and parasite survival

252

144: Molecular reprogramming of malaria parasites by AP2-G
overexpression triggers synchronous gametocytogenesis.
Modrzynska, Katarzyna K. (University of Glasgow, Glasgow); Kent,
Robyn (University of Glasgow); Cameron, Rachael (University of
Glasgow); Waters, Andy (University of Glasgow); Billker, Oliver
(Wellcome Trust Sanger Institute)

The transmission of malaria between the mammalian host and the
mosquito vector relies on the subset of parasites which differentiate into
male and female gametocytes. The earliest stages of this process,
however, remain poorly understood, as the young gametocytes are
morphologically indistinguishable from the asexual parasites and present
at very low abundance within the infection. Recently, we described AP2G - a transcription factor acting as a key regulator of gametocytogenesis
across different Plasmodium species. AP2-G expression is well
correlated with the percentage of gametocytes in the population and its
deletion completely abolishes the gametocytogenesis.
Here we present the results of inducible overexpression of AP2-G in
rodent malaria parasite Plasmodium berghei. Upon induction, the vast
majority of parasites underwent synchronous differentiation into
morphologically normal gametocytes, whose male to female ratio and
ability to produce gametes were within the range normally observed in wt
parasites. Importantly, at the early stages of asexual development,
gametocytogenesis could be induced within the same intracellular cycle,
without the need of prior re-invasion.
This inducible system was used to generate a detailed timecourse of
transcriptome changes throughout the gametocyte development. It
revealed a small group of male- and female-specific genes induced as
early as 4h after the initiation of commitment, followed by subsequent
waves of transcriptome modifications leading to a mature gametocyte
RNA profile. Further analysis of these groups of genes provided new
insights into the molecular mechanisms of gametocytogenesis,
highlighting the relevance of additional apiAP2 transcription factors and
RNA binding proteins in this process.
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145: A novel putative amino acid transporter is essential for
successful replication of Toxoplasma gondii during the lytic cycle.
Wallbank, Bethan (Francis Crick Institute, London, GBR); Staines, Henry
(St George's, University of London); Treeck, Moritz (Francis Crick
Institute)

Phosphoproteomic analysis of Toxoplasma gondii calcium dependent
protein kinase 3 (TgCDPK3) demonstrated that several proteins involved
in metabolism are phosphorylated in a CDPK3-dependent manner. One
of these was a putative amino acid transporter (TGGT1_013150) that
appears to depend entirely on TgCDPK3 for the phosphorylation of
serine 56. To test the function of this transporter in the Toxoplasma lytic
cycle and the role of TgCDPK3-mediated phosphorylation, we generated
a conditional KO by flanking the TGGT1_013150 gene with loxP sites in
an RH parasite line expressing DiCre. HA-tagging shows a localisation at
the parasite periphery, the subcellular localisation of TgCDPK3. Upon
excision of TGGT1_013150, parasite growth is almost completely
ablated. Complementation of the cKO mutants, with an ectopic copy of
the WT gene, rescues this phenotype. Preliminary data suggests that
parasites complemented with an S56D phosphomimetic transporter
variant display a growth defect. This suggests that CDPK3 acts as a
negative regulator on this transporter, potentially regulating metabolism
between intra- and extracellular stages. We are currently testing its
transport function by probing Xenopus laevis oocytes, that ectopically
express the transporter, with radiolabelled isotopes.
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146: Babesia bovis BOV57, a Theileria parva P67 homolog, is an
invasion-related, neutralization-sensitive antigen
Ishizaki, Takahiro (Graduated school of Biomedical Science, Nagasaki
University, Nagasaki, JPN); Sivakumar, Thillaiampalam (National
Research Center for Protozoan Disease, Obihiro, Hokkaido, Japan);
Hayashida, Kyoko (Division of Collaboration and Education, Hokkaido
University Research Center for Zoonosis Control, Sapporo, Hokkaido,
Japan); Igarashi, Ikuo (National Research Center for Protozoan Disease,
Obihiro, Hokkaido, Japan); Yokoyama, Naoaki (National Research
Center for Protozoan Disease, Obihiro, Hokkaido, Japan)

Babesia bovis BOV57, which is a homolog of Theileria parva vaccine
candidate antigen P67, is expressed in both tick and blood stages of the
life cycle of this parasite. However, the vaccine potential of BOV57
remained to be investigated. In the present study, we generated the
recombinant BOV57 (rBOV57) and prepared the polyclonal antibodies
against rBOV57 in mice and rabbit. Indirect immunofluorescence assays
conducted with the mouse anti-rBOV57 antibody demonstrated that the
BOV57 localized at the apical end of paired merozoites in the infected
bovine red blood cells, whereas the antigen was also found in the
parasite membrane around the apical end of intraerythrocytic single and
extracellular merozoites. In an invasion-inhibition assay, the rabbit antirBOV57 antibody potentially inhibited RBC invasion of B. bovis merozoite
in vitro. In addition, the invasion inhibition mediated by rabbit antirBOV57 antibody resulted in a reduced growth rate of B. bovis in the in
vitro culture. These findings indicate that B. bovis BOV57 plays a critical
role in the invasion of merozoites into red blood cells, suggesting its
potential as a subunit vaccine candidate against B. bovis infection in
cattle. Furthermore, we analyzed the genetic diversity of bov57 gene
sequences isolated from Sri Lanka, Mongolia, the Philippines, and
Vietnam. The bov57 gene sequences derived from Mongolia,
Philippines, and Vietnam were conserved, whereas, insertion and/or
deletion mutations resulted in sequence diversity among the Sri Lankan
samples. In summary, BOV57 is an invasion-related, neutralizationsensitive antigen encoded by the bov57 gene, which displays higher
sequence diversity than initially expected.
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147: Global remodeling and virulence enhancement by artemisinin
resistance in Plasmodium falciparum malaria.
Haldar, Kasturi (University of Notre Dame, Notre Dame, IN, USA);
Bhattacharjee, Souvik (University of Notre Dame); Coppens, Isabelle
(Johns Hopkins University); Mengue, Alassane (University of Notre
Dame); Suresh, Niraja (University of Notre Dame); Ghorbal, Mehdi
(University of Notre Dame)

Resistance to artemisinins threatens world-wide malaria control and
elimination. Mutations in P. falciparum Kelch13 (K13), increases parasite
phosphatidylinositol-3-kinase (PfPI3K) to elevate phosphatidylinositol-3phosphate (PI3P) and confer artemisinin resistance (Mbengue et al.
Nature 2015). We will report on the use of cryo-immunoelectron
microscopy to define the co-association of K13 with PI3P-enriched
tubules, the unfolded protein response and a major virulence
determinant of the parasite. The major resistance mutation K13C580Y
amplified and disseminated PI3P to extensively remodel all subcellular
organelles in the parasite, broadly alleviate artemisinin-induced toxicity
and concomitantly augment pathways of virulence. These data explain
why hundreds of genes including those that regulate phosphoinositides,
transcription factors and multiple parasite organellar systems are
implicated in artemisinin resistance. K13/PI3P functions identified
suggest novel targets for anti-malarial therapy.
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148: What separates us from the baboons? Channels formed by
primate trypanolytic factor apolipoprotein L-I (APOL1) in planar lipid
bilayers
Thomson, Russell (Hunter College, City University of New York, New
York, NY, USA); Verdi, Joseph (Hunter College, City University of New
York); Finkelstein, Alan (Albert Einstein College of Medicine); Raper,
Jayne (Hunter College, City University of New York)

Human serum apolipoprotein L-I (APOL1) can lyse several African
trypanosome species including the livestock pathogen Trypanosoma
brucei brucei, but typically cannot lyse the human-infective pathogens T.
brucei rhodesiense and T. brucei gambiense. Trypanosome lysis follows
APOL1 uptake into acidic endosomes and is apparently caused by
colloid-osmotic swelling due to an increased cation conductance of the
plasma membrane. We have shown that recombinant human APOL1
inserts into planar lipid bilayers at acidic pH to form cation-selective pHgated channels that were opened by pH neutralization. Formation of this
cation conductance was prevented by the pre-addition of the
recombinant serum resistance-associated protein (SRA) of T. b.
rhodesiense, suggesting a relevance to trypanosome lysis. In contrast,
human serum resistance of T. b. gambiense is not thought to result from
a direct interaction with APOL1, but is suggested instead to result from
unspecified changes to the endocytic compartment, such as altered pH
and/or membrane dynamics, which somehow interfere with APOL1
function. Nevertheless, it was recently shown that an APOL1 ortholog of
baboons could kill T. b. gambiense, indicating that baboon APOL1 could
form ion channels under different conditions. We now show that like
human APOL1, baboon APOL1 can form a cation-selective conductance
in planar lipid bilayers. However, membrane insertion of baboon APOL1
was less strictly dependent on acidic pH than human APOL1, and the
conductances thus formed were not significantly gated by pH. Using
human/baboon APOL1 chimeras we identify a region that is necessary
for pH gating.

257

149: Heterologous Expression, Purification, and Functional
Analysis of Plasmodium falciparum Phosphatidylinositol 3'-Kinase
Hassett, Matthew (Georgetown University); Sternberg, Anna
(Georgetown University); Riegel, Bryce (Georgetown University);
Thomas, Craig (NCATS / NIH); Roepe, Paul (Georgetown University,
USA)

The Plasmodium falciparum genome encodes only one
phosphatidylinositol 3'-kinase (PI3'K) and sequence analysis suggests
that it is a "class III" or "Vps34" type PI3'K. The enzyme has generated
excitement as a possible druggable target and potentially a key target of
artemisinin-based antimalarial drugs. We have optimized the PfPI3K
gene for heterologous expression in yeast, purified the protein to
homogeneity, perfected a quantitative assay for phosphatidylinositol 3'phosphate (PI3'P) production from phosphatidylinositol (PI), use this
assay to quantify activity and drug inhibition, and have investigated the
importance of key residues in the enzyme's catalytic and "N-lobe"
domains. Data reveal that the kinase is indeed a Vps34 class III PI3'K,
and is indeed inhibited by artemisinin and related drugs, but only under
conditions that cleave the drugs' endoperoxide bridge to generate
reactive alkylating agents.
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150: Identification and visualization of secreted effectors
Mayoral, Joshua A. (Albert Einstein College of Medicine, Bronx, NY,
USA); Tu, Vincent (Albert Einstein College of Medicine, Bronx, NY);
Yakubu, Rama (Albert Einstein College of Medicine, Bronx, NY); Tomita,
Tadakimi (Albert Einstein College of Medicine, Tarrytown, NY); Ma,
Yanfen (Albert Einstein College of Medicine); Weiss, Louis M. (Albert
Einstein College of Medicine)

Toxoplasma gondii is an obligate intracellular parasite of the phylum
Apicomplexa. The acute phase of infection is characterized by the
tachyzoite, a fast replicating life stage that disseminates throughout the
body of a warm-blooded host. The chronic phase of infection is
characterized by the bradyzoite, a slowly-replicating life stage which
encysts in muscle and neural tissue via the formation of a cyst wall within
a host cell. Previous studies have demonstrated the secretion of various
protein effectors by tachyzoites into their host cells across the
parasitophorous vacuole, the site of parasite replication. These include
the proteins GRA16, GRA24, GRA28, and TgIST, most of which have
been shown to localize to the host cell nucleus and directly interact with
host cell proteins, altering host cell signaling cascades and transcription.
Whether these proteins, or other unidentified secreted proteins, cross the
bradyzoite cyst wall and enter bradyzoite infected host cells has not been
previously explored. In this project, the first aim will be to determine the
localization of GRA16, GRA24, GRA28, and TgIST after bradyzoite
differentiation both in vitro and in vivo in the mouse brain using an optical
clearing approach. In the second aim, a promiscuous biotin ligase tag will
be added to MYR1, a protein implicated in parasite protein delivery into
the host cell, which will allow for the identification of secreted effectors
during the bradyzoite stage by mass spectrometry of biotinylated
proteins. The discovery of secreted effectors by bradyzoites into their
host cell would open a unique avenue of investigation on understanding
how bradyzoites alter host cell function and maintain persistency within
their hosts.
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151: The activity and function of TgDCX, a component of non-tubular
tubulin polymers in the human parasite, Toxoplasma gondii
Hu, Ke (Indiana University, Bloomington, IN, USA); Nagayasu, Eiji (Department
of Infectious Diseases, University of Miyazaki, Miyazaki); Hwang, Yu-Chen
(Nikon Instruments Inc); Leung, Jacqueline M. (Indiana University Bloomington,
Bloomington, IN); Liu, Jun (Indiana University Bloomington); Pierce, P.G. (Seattle
Structural Genomics Center for Infectious Disease, Seattle, WA); Murray, John
(Indiana University, Bloomington, IN,)

Purified tubulin subunits spontaneously form microtubules in vitro, and thus tube
formation is an intrinsic property of the tubulin subunits. However, in the human
parasite, Toxoplasma gondii, these same tubulin subunits are assembled into 14
non-tubular fibers spirally arranged in a truncated cone-shaped complex (the
conoid) as well as at least 5 other structures formed of canonical (tubular)
microtubules. Identifying the structural determinants of the conoid and
characterizing their activity in catalyzing the formation of the ribbon-like conoid
fibers will therefore provide insight into how the intrinsic tendency of tubulin
subunits to form a tube can be overridden by associated proteins. One candidate
for this role is TgDCX, a protein bound to the conoid fiber in Toxoplasma that has
a doublecortin (DCX) domain and a TPPP/P25-alpha domain, both of which are
known modulators of tubulin polymer structure. Using an icosahedral virus
particle containing exactly 240 copies of fluorescent proteins as the calibration
standard, we estimated that approximately every 2 tubulin subunits is decorated
with one TgDCX molecule in the conoid fibers. We previously showed that loss of
TgDCX radically disrupts the structure of the conoid, severely impairs host-cell
invasion, and slows growth. We recently found that recombinant TgDCX bundles
tubulin polymers in vitro and in vivo. Furthermore, by cross-species
complementation, we are able to generate "conoids" in which the TgDCX
molecules are partially or fully replaced with a homolog from a photosynthetic,
free-living relative of T. gondii that has a drastically different conoid structure.
This makes it possible to examine the molecular basis for the evolution of this
fascinating cytoskeletal complex over hundreds of millions of years. The nontubular polymeric form of tubulin found in the conoid is not found in the host cell,
suggesting that TgDCX may be an attractive target for new parasite-specific
chemotherapeutic agents. To facilitate that effort, a C-terminal fragment of
TgDCX that contains the DCX domain has been crystalized and a preliminary
model obtained by Seattle Structural Genomics Center for Infectious Disease.
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