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KMCBM 2009 Program   
  
Sunday, April 26  
  
02:00 – 05:00  Arrival, Registration and POSTER SECTION A set–up*  
05:00 – 06:30  Dinner   
07:00 – 09:00  Session I: Cell Biology (chair: Jay Bangs)  
09:00 – 11:00  Mixer  
  
* Registration tables will be located in Swope Building, 5 North Street. Please contact the  
reception desk inside Swope for registration after this period. All talks will be in Lillie.  
  
* POSTER SECTION A: please put up your posters as soon as possible after arrival. You  
must remove them by 11:00 pm on Monday to allow SECTION B Posters to go up.  
  
Monday, April 27  
   
07:00 – 08:30  Breakfast   
08:45 – 12:00  Session II: Biochemistry (chair: Buddy Ullman)  
12:00 – 01:30  Lunch   
01:30 – 04:30  Session III: Genetics (chair: Marc Ouellette)  
05:00 – 06:30  Dinner  
06:30 – 09:00  POSTER PRESENTATIONS Section A  
09:00 – 11:00  Mixer  
  
Tuesday, April 28  
  
07:00 – 08:30  Breakfast   
08:45 – 11:30  Session IV: Nuclear Structure and Function (chair: Christian Tschudi)  
12:00 – 01:30  Lunch   
01:30 – 04:15  Session V: Kinetoplast and Mitochondrion (chair: Michele Klingbeil)  
05:00 – 06:30  Dinner  
06:30 – 09:00  POSTER PRESENTATIONS Section B  
09:00 – 11:00  Mixer  
  
Wednesday, April 29  
  
07:00 – 08:30  Breakfast  
08:45 – 11:00  Session VI: Gene Expression (chair: Piet Borst)  
11:00    Lunch. Lunch boxes will be available for those who would like them  
       (numbers will be determined on TUESDAY)  
  
ROOMS MUST BE VACATED BY 10:00 am ON WEDNESDAY 



TALK SESSIONS: I - VI



April 26 7:00p.m. Chair - Jay Bangs

Session I: Cell Biology

1A Dynamics of flagellum formation in trypanosomes. Buisson, J., Blis-
nick, T., Julkowska, D., Rotureau, B., Bastin, P.

1B How do procyclic and bloodstream form T. brucei trypomastigotes
divide? Some answers and implications. Vaughan, S., Wheeler, R.,
Palmer, R., Gull, K.

1C Structure-function analysis of flagellar proteins identifies viable
bloodstream-form motility mutants in T. brucei. Hill, K., Ralston, K.,
Kisalu, N., Kabututu, Z., Melehani, J., Thayer, M.

1D Structure and function of the Leishmania amastigote flagellum.
Gluenz, E., Smith, A., Höög, J., Dawe, H., Heah, C., Shaw, M., Gull, K.

1E A glycosomal DxDxT phosphatase, TbPIP39, is a substrate of TbPTP1
in the T.brucei differentiation signalling pathway. Szoor, B., Ruberto,
I., Burchmore, R., Matthews, K.

1F NDR protein kinases as drug targets in Trypanosoma brucei. Ma, J.,
Grimaldi, R., Cleghorn, L., Benz, C., Stockdale, C., Woodland, A.,
Wyatt, P., Frearson, J., Hammarton, T.

1G Eradication of animal and human infective African trypanosomes
by TLF gene therapy. Thomson, R., Molina-Portela, P., Raper, J.



April 27 8:45 a.m. Chair - Buddy Ullman

Session II: Biochemistry

2A Trypanosoma brucei adaptor protein-3 (AP-3) β subunit is required
for acidocalcisome biogenesis and endocytosis. Rohloff, P., Fang, J.,
SantAnna, C., Wellems, D., Docampo, R.

2B Developmentally Regulated Sphingolipid Synthesis in African Try-
panosomes. Sevova, E., Sutterwala, S., Hsu, F., Schwartz, K., Zhang,
K., Key, P., Goren, M., Fox, B., Turk, J., Beverley, S., Bangs, J.

2C The Achilles Heel of the Purine Salvage Pathway of Leishmania
donovani. Boitz, J., Ullman, B.

2D Systems analysis of metabolism in Leishmania major: elucidation of
high-priority drug targets. Chavali, A., Papin, J.

Coffee Break

2E Pterin Metabolism in African Trypanosomes. Ong, H., Wyllie, S., Fair-
lamb, A.

2F Characterization of potassium channels in Trypanosoma cruzi.
Jimenez, V., Wagner, J., Docampo, R.

2G Transporters of S-Adenosyl-methionine in and out of Leishmania
cells. Dridi, L., Ahmed Ouameur, A., Vergnes, B., Roy, G., Ouellette,
M.

2H Polyamine Transport in Trypanosoma cruzi. Hasne, M., Ullman, B.
2I Dissection of the Fe-S cluster assembly in Trypanosoma brucei.

Lukes, J., Long, S., Vavrova, Z., Paris, Z., Changmai, P., Wen, Y.
2J Unusual inactivation of a MAP kinase from Leishmania mexicana by

dual- and tyrosine phosphorylation in the TXY motif. Melzer, I., Ble-
icher, N., Rosenqvist, H., Jensen, O., Wiese, M.



April 27 1:30 p.m. Chair - Marc Ouellette

Session III: Genetics and Epigenetics

3A Application of second generation sequencing to parasite
genomes. Hertz-Fowler, C.

3B Four histone variants mark the boundaries of polycistronic transcrip-
tion units in Trypanosoma brucei. Siegel, N., Hekstra, D., Kemp, L.,
Figueiredo, L., Lowell, J., Fenyo, D., Wang, X., Dewell, S., Cross, G.

3C The enrichment of base J at polycistronic transcriptional termination
sites in the genome of trypanosoma brucei is regulated by JBP1.
Cliffe, L., Kieft, R., Marshall, M., Siegel, N., Cross, G., Sabatini, R.

3D The phenotype of J-binding protein 2 (JBP2) knock-out in Leishma-
nia. Vainio, S., Jan, S., van Luenen, H., Borst, P.

Coffee Break

3E TbISWI binds ubiquitously in the T. brucei genome and is involved in
repression of transcriptionally silent regions. Kushwaha, M., Stanne,
T., Wand, M., Rudenko, G.

3F Illuminating the endogenous small interfering RNA pathway in Try-
panosoma brucei by deep sequencing. Franklin, J., Shi, H., Ullu, E.,
Tschdui, C.

3G A novel component of the RNAi pathway in Trypanosoma brucei
is required for loading siRNAs into Argonaute. Barnes, R., Shi, H.,
Tschudi, C., Ullu, E.

3H RNAi in Leishmania braziliensis. Beverley, S., Lye, L., Owens, K., Not-
ton, T., Shi, H., Vieira, A., Turco, S., Tschudi, C., Ullu, E.

3I A genetic analysis of pathogenesis in Trypanosoma brucei. Morri-
son, L., McLellan, S., Sweeney, L., Chan, C., Tait, A., MacLeod, A.,
Turner, M.



April 28 8:45 a.m. Chair - Christian Tschudi

Session IV: Nuclear Structure and Function

4A Cohesin-mediated inheritance of monoallelic VSG expression in Try-
panosoma brucei. Landeira, D., Bart, J., Van Tyne, D., Navarro, M.

4B Nuclear organization in Trypanosomatids. Casanova, M., Blaineau,
C., Crobu, L., Pages, M., Bastien, P.

4C The Aurora-like Kinase in Trypanosoma brucei Plays Critical Roles of
Promoting Metaphase-Anaphase Transition and Initiating Cyokine-
sis. Li, Z., Umeyama, T., Wang, C.

4D Asymmetric chromosomal distribution leads to constitutive mo-
saicism in Leishmania. Sterkers, Y., Lachaud, L., Pages, M., Bastien,
P.

Coffee Break

4E Genome wide adaptable amplification in Leishmania. Ubeda, J.,
Raymond, F., Corbeil, J., Ouellette, M.

4F A single endonuclease-generated DNA break induces antigenic
switching in Trypanosoma brucei. Boothroyd, C., Dreesen, O.,
Leonova, T., Figueiredo, L., Cross, G., Papavasiliou, F.

4G HAT3 and SIR2rp1 control RAD51-dependent DNA repair in African
trypanosomes. Glover, L., Horn, D.

4H Evolutionary changes in the Leishmania cap4-binding eIF4F com-
plex as reflected by the eIF4E-eIF4G interactions. Shapira, M., Yoffe,
Y., Zinoviev, A., Leger, M., Zuberek, J., Darzynkiewicz, E., Wagner, G.



April 28 1:30 p.m. Chair - Michele Klingbeil

Session V: Kinetoplast and Mitochondrion

5A RNA Editing in kinetoplastids: Physical and functional interactions.
Read, L., Ammerman, M., Fisk, J., Presnyak, V., Foda, B.

5B Structure of the Core Editing Complex (L-Complex) Involved in Uri-
dine Insertion/Deletion RNA Editing in Trypanosomatid Mitochon-
dria. Simpson, L., Li, F., Hui, W., Atanasov, I., Rogers, K., Guo, Q.,
Osato, D., Falick, A., Zhou, H., Ge, P.

5C How uridylylation is shaping mitochondrial transcriptome in T. brucei.
Aphasizhev, R., Etheridge, R., Aphasizheva, I.

5D Trypanosoma brucei Tob55 functions as a protein translocator on
mitochondrial outer membrane. Sharma, S., Singha, U., Hamilton,
V., Duncan, M., Chaudhuri, M.

Coffee Break

5E A double inducible system to study mitochondrial tRNA import in
living Trypanosoma brucei. Tschopp, F., Mascha, P., Andre, S.

5F The unexpected effects of ethidium bromide on Trypanosoma bru-
cei. Roy Chowdhury, A., Wang, J., Yildirir, G., Liu, B., Shapiro, T., En-
glund, P.

5G Mitochondrion of kinetoplastid parasites as a chemotherapeutic
target. Yang, G., Siqueira-Neto, J., Jang, J., Moon, S., Cechetto,
J., Genovesio, A., Christophe, T., Freitas-Junior, L.

5H Discovery of the First Drug-like Inhibitors of an Essential RNA Editing
Ligase in Trypanosoma brucei. Amaro, R., Schnaufer, A., Interthal,
H., Hol, W., Stuart, K., McCammon, J.



April 29 8:45 a.m. Chair - Piet Borst

Session VI: Gene Expression

6A Trans-splicing regulation – spliced leader RNA silencing, and spliced
leader RNA discard – two processes that control the level of SL RNA.
Michaeli, S., Goldshmidt, H., Shaked, H., Gupta, S., Tkacz, I.

6B The pseudo-CTD of RNAPII is essential for productive RNA synthesis in
Trypanosoma brucei . Das, A., Bellofatto, V.

6C A novel, TFIIH-associated, multi-subunit transcription factor is essen-
tial for SL RNA gene transcription in Trypanosoma brucei. Lee, J.,
Panigrahi, A., Günzl, A.

6D A novel strategy for the identification of RNA binding proteins reveals
putative regulators of EP procyclin expression. Schimanski, B., Heller,
M., Roditi, I.

6E Differential Trypanosome Surface Coat Regulation by a CCCH Pro-
tein That Co-Associates with procyclin mRNA cis-Elements. Walrad,
P., Acosta-Serrano, A., Matthews, K.

6F Cold-inducible PKA-like kinase of Trypanosoma brucei. Bachmaier,
S., Brenndorfer, M., Kramer, S., Pepperl, J., Boshart, M.

6G Inhibition of initiation of translation by degron-mediated depletion
of eIF2 alpha and the effect on mRNA metabolism. Brown, E.,
Kramer, S., Sunter, J., Webb, H., Carrington, M.

6H PUF9 regulates transcript stability over the cell cycle in Trypanosoma
brucei. Archer, S., Luu, V., Queiroz, R., Brems, S., Clayton, C.



WEB SESSION



1A TriTrypDB: A Functional Genomics Database for Kinetoplastid Par-
asites. Berriman, M., Brunk, B., Carrington, M., Gardner, M., Harb,
O., Hertz-Fowler, C., Kissinger, J., Myler, P., Roos, D., Smith, D.,
Stoeckert, C.



POSTER SESSIONS: A-B

A SERIES: April 27 6:30 p.m.

B SERIES: April 28 6:30 p.m.



200A Functional characterization of the Leishmania folate/biopterin
transporters (FBT) family. Ahmed Ouameur, A., Dridi, L., Ouellette,
M.

201A The SUMOylation system in Trypanosoma cruzi. Bayona, J., Caz-
zulo, J., Alvarez, V.

202A Regulated expression of the surface virulence factor lipophos-
phoglycan (LPG) of Leishmania major using a conditional desta-
bilized protein-fusion regulatory system. Madeira da Silva, L.,
Owens, K., Murta, S., Anderson, B., Beverley, S.

203A The pseudo-CTD of RNAPII is essential for productive RNA synthesis
in Trypanosoma brucei. Das, A., Bellofatto, V.

204A Investigation of fucosylation in Trypanosoma brucei. Bandini, G.,
Guther, L., Ferguson, M.

205A Identification of a new flagellar protein in Trypanosoma brucei
: a role in microtubule stabilisation?. Dacheux, D., Landrein, N.,
Thonnus, M., Robinson, D., Bonhivers, M.

206A AcetylCoA synthetase : the link between glucose/amino acid
degradation and lipid biosynthesis in procyclic trypanosomes.
Riviere, L., Moreau, P., Hahn, M., Allman, S., Biran, M., Plazolles,
N., Franconi, J., Boshart, M., Bringaud, F.

207A Role of thiomodifications in tRNA import in Trypanosoma brucei.
Bruske, E., Schneider, A.

208A Characterization of zinc-iron transporter members and of a puta-
tive ferric reductase in Leishmania infantum. Carvalho, S., Cruz, T.,
Costa, V., Tomas, A.

209A Bioluminescence: A new light on in vivo trypanosome modeling.
Claes, F., Vodnala, S., Van Reet, N., Boucher, N., Lunden-Miguel,
H., Goddeeris, B., Buscher, P., Rottenberg, M.

210A Role of the PERK eIF2-alpha kinase and eIF2-alpha phos-
phorylation in the differentiation process of Leishmania within
macrophages. Cloutier, S., Chow, C., Dumas, C., Papadopoulou,
B.



211A Trypanosome Mitochondrial DNA Polymerase IC Behaves as a
Stable Component of the Tripartite Attachment Complex. Con-
cepcion, J., Laitinen, K., Klingbeil, M.

212A Iron overload favours the elimination of Leishmania infantum from
mouse tissues through the production of reactive oxygen and ni-
trogen species. Costa, S., Pereira, S., Teixeira, C., Tomás, A., Ap-
pelberg, R., Gomes, M.

213A Functional Studies of the Multiple Mitochondrial DNA Polymerases
in Trypanosoma brucei using Chimeric Gene Silencing. De, A.,
Bruhn, D., Mozeleski, B., Klingbeil, M.

214A The function of the mitochondrion in bloodstream form try-
panosomes. Dean, S., Schnaufer, A.

215A Characterization of Leishmania donovani amastigote specific
protein and its role in virulence. Dey, R., Nakhasi, H., Duncan, R.

216A A Comparative Genome-wide Study of ncRNAs in Trypanso-
matids. Doniger, T., Wachtel, C., Katz, R., Michaeli, S., Unger, R.

217A Biomarkers of attenuation in the Leishmania centrin deleted cell
line-measures of safety in a live vaccine candidate. Duncan, R.,
Dey, R., Tomioka, K., Hairston, H., Selvapandiyan, A., Nakhasi, H.

218A Protein palmitoylation in trypanosomes - from a global perspec-
tive to a specific role in protein targeting to the flagellar mem-
brane. Emmer, B., Souther, C., Engman, D.

219A Transcriptome remodeling during the growth curve of procyclic
Trypanosoma brucei. Fernandez-Moya, S., Estevez, A.

220A Genomic distribution and developmental changes of DNA
methylation in the parasite Trypanosoma cruzi . Respuela, P.,
Ferella, M., Aslund, L.

221A Active VSG Expression Site is organized in a uniquely open chro-
matin structure. Figueiredo, L., Cross, G.

222A A tripanosomal sirtuin homologue is involved in mitochondria reg-
ulation. Garcı́a-Perez, A., del Castillo, T., Morales, S., Garcia-
Salcedo, J.



223A A genome-wide RNAi screening to identify human host factors
necessary for Trypanosoma cruzi infection. Giardini, M., Gen-
ovesio, A., Dossin, F., Kwon, Y., Kim, N., Choi, S., Kim, H., Jung, S.,
Emans, N., Freitas-Junior, L.

224A Trypanosome flagellar RNAi mutants: location-to-function for
novel proteins and the role of calmodulin in PFR assembly.
Collingridge, P., Shaw, M., Gull, K., Ginger, M.

225A Exploiting the drug-activating properties of a novel trypanosomal
nitroreductase. Hall, B., Wu, X., Hu, L., Bot, C., Wilkinson, S.

226A Oleate Desaturase as a DNA Vaccine for Chagas Disease. Her-
nandez, A., Maldonado, R.

227A Role of a MAP2 kinase in virulence in Trypanosoma brucei.
Jensen, B., Kifer, C., Parsons, M.

228A CMF70 is a novel subunit of the dynein regulatory complex in Try-
panosoma brucei. Kabututu, Z., Thayer, M., Melehani, J., Hill, K.

229A Centromere-associated topoisomerase activity in Trypanosoma
brucei. Kelly, J., Obado, S., Bot, C., Martin, T.

230A Sequences From The Haptoglobin / Hemoglobin Receptor Un-
translated Region Play An Important Role In Human Serum Re-
sistance in Trypanosoma brucei brucei. Kieft, R., Hajduk, S.

231A DHH1 is central to the correct expression of many developmen-
tally regulated genes in Trypanosoma brucei. Kramer, S., Queiroz,
R., Ellis, L., Webb, H., Sunter, J., Kiefer, C., Hoheisel, J., Clayton, C.,
Carrington, M.

232A Ubiquitin-mediated internalisation and degradation among the
invariant surface glycoprotein family in Trypanosoma brucei. Le-
ung, K., Chung, W., Field, M.

233A Maintenance of the flagellar pocket by an essential CCCH zinc
finger protein in procyclic form T.brucei. Ling, A., Trotter, J., Hen-
driks, E.

234A Trypanosoma brucei Mitochondrial DNA polymerase complexes.
Luo, J., Concepción, J., Klingbeil, M.



235A Assessing stumpy formation and stumpy-specific gene expression
using bloodstream reporter lines in Trypanosoma brucei. Mac-
Gregor, P., Dean, S., Matthews, K.

236A The transcriptome of two life cycle stages of the human infec-
tive parasite, Trypanosoma brucei gambiense revealed by Digital
SAGE. MacLeod, A., Veitch, N.

237A Alba-domain proteins post-transcriptionally regulate GPEET ex-
pression in T. brucei. Mani, J., Schimanski, B., Guettinger, A., Heller,
M., Roditi, I.

238A Determinants for membrane targeting of Trypanosoma cruzi Flag-
ellar Calcium Binding Protein (FCaBP). Maric, D., McGwire, B.,
Buchanan, K., Olson, C., Maric, D.

239A MudPIT Proteomic Analysis of the T. brucei Flagellar Skeleton Re-
veals Many Novel Proteins. Melehani, J., Kabututu, Z., Jonsson, Z.,
Wohlschlegel, J., Hill, K.

240A Investigating the oxidative folding pathway in Trypanosoma bru-
cei. Millerick, M., Nic a Bhaird, N., Rubotham, J.

241A Screening approaches for identification of Trypanosoma brucei
hexokinase 1 inhibitors. Morris, M., Lyda, T., Dodson, H., Sharlow,
E., Leimgruber, S., Lazo, J., Morris, J.

242A Lymphocyte surface targets of Trypanosoma cruzi trans-sialidase.
Muia, R., Yu, H., Hellman, U., Chen, X., Bertozzi, C., Campetella, O.

243A VSG expression in bloodstream Trypanosoma brucei depends
on an essential CITFA-interacting protein of 17 kDa. Nguyen, T.,
Nguyen, B., Lee, J., Panigrahi, A., Günzl, A.

244A Ca2+ inhibition reveals mechanistic and kinetic aspects of the try-
panosomal RNA editing machinery. Niemann, M., Goringer, U.

245A Mitochondrial binding complex 1 (MRB1) in Trypanosoma brucei:
its composition and function in RNA metabolism. Novotna, L.,
Hashimi, H., Cicova, Z., Wen, Y., Hanzalkova, L., Lukes, J.

246A Kinetoplastid adenylosuccinate lyase as drug target. Opperdoes,
F., Montovani, M., Verplaetse, E., Pedrosa, A., Sturm, N., Cruz, A.,
Campbell, D., Thiemann, O.



247A Sphingosine Kinase is Essential for Proper Cell Cycle Progression
and Cytokinesis in Trypanosoma brucei. Pasternack, D., Fridberg,
A., Olson, C., Engman, D.

248A Transcriptome analysis of differentiating trypanosomes reveals the
existence of multiple post-transcriptional regulons. Queiroz, R.,
Hoheisel, J., Clayton, C.

249A Do actin filaments exist in Trypanosoma brucei? Rubotham, J.,
Hanrahan, O., Nolan, D.

250A Deadenylation in Trypanosoma brucei. Schwede, A., Carrington,
M., Clayton, C.

251A Functional Characterization of Trypanosoma cruzi Small Sub-Unit
(ó1) Clathrin-Associated Adaptor Protein-Like (APClaTc). Serna,
C., Ulisses de Carvalho, T., Shpak, M., Miranda, M., Maldonado, R.

252A Homology-independent functional annotation of Trypanosoma
brucei genome. Shateri Najafabadi, H., Salavati, R.

253A Perturbation of phosphatidylethanolamine synthesis affects mi-
tochondrial morphology and cell cycle progression in procyclic
form Trypanosoma brucei. Signorell, A., Gluenz, E., Rettig, J.,
Schneider, A., Shaw, M., Gull, K., Bütikofer, P.

254A Lipid biosynthesis in Trypanosoma brucei- a source of novel ther-
apeutic targets. Smith, T., Major, L., Young, S., Gibellini, F., Lilley,
A.

255A A New RNA Binding Module: Evolving Multi-substrate Specificity
in Editing Deaminases. Spears, J., Ragone, F., Wohlgamuth-
Benedum, J., Howard, C., Alfonzo, J.

256A Growth and microscopic analyses of knockdowns of a putative
inner arm dynein in Trypanosoma brucei.. Springer, A., Kinzel, K.

257A Active VSG Expression Sites are Devoid of Histone H3 in Try-
panosoma brucei. Stanne, T., Rudenko, G.

258A New diagnostic tools for Human African Trypanosomiasis. Sullivan,
L., Ferguson, M.



259A Identification and Characterization of Trypanosoma brucei De-
capping Enzyme. Takagi, Y., Ho, K.

260A Identification of dynein regulatory complex subunits via PTP tag-
ging in Trypanosoma brucei. Thayer, M., Hill, K.

261A Intracellular trafficking of potential virulence factors in Leishmania
major . Tonn, D., Coombs, G., Mottram, J.

262A Casein kinase 1 isoform 2 is essential for bloodstream form Try-
panosoma brucei. Urbaniak, M.

263A Blocking the Synthesis of Variant Surface Glycoprotein in Try-
panosoma brucei Causes a Global Translation Arrest. Vasileva,
N., Smith, T., Gluenz, E., Terry, S., Portman, N., Kramer, S., Carring-
ton, M., Gull, K., Rudenko, G.

264A Acetyl-CoA Carboxylase: Potential Hot Spots for Controlling Fatty
Acid Synthesis in Trypanosoma brucei? Vigueira, P., Paul, K.

265A TbPIF8, related to a yeast mitochondrial DNA helicase, is required
for trypanosome viability and kDNA organization. Wang, J., Liu, B.,
Jensen, R., Englund, P.

266A Role of the Trypanosoma brucei RNA-binding protein RBP10 in
bloodstream form energy metabolism. Wurst, M., Queiroz, R.

267A New Tools for Controlling Constitutive and Inducible Transgene Ex-
pression in Leishmania donovani. Yates, P., Ullman, B.

268A Processing and subcellular localization of Leishmania major
metacaspase. Zalila, H., Gonzalez, I., Delgado, M., Desponds,
C., Mottram, J., Fasel, N.

269A The role of the initial acyltransferase LmDAT in glycerolipid
metabolism, metacyclogenesis, and autophagy of Leishmania.
Zufferey, R., Al-Ani, G.

200B An elongator orthologue regulates RNA Pol I transcription in try-
panosomes. Alsford, S., Horn, D.

201B Spliceosomal proteomics revealed several new candidate SL
trans splicing factors in Trypanosoma brucei. Ambrosio, D., Lee,
J., Panigrahi, A., Nguyen, T., Cicarelli, R., Günzl, A.



202B Essential components of the guide RNA binding complex. Apha-
sizheva, I., Etheridge, R., Aphasizhev, R.

203B Activity of indenoisoquinolines against African Trypanosomes.
Bakshi, R., Sang, D., Morrell, A., Cushman, M., Shapiro, T.

204B Transcription profile around Strand Switch Regions (SSRs) in
T.brucei. Banday, M., Das, A., Bellofatto, V.

205B Role of cargo and retrograde transport motor proteins in the con-
struction of the trypanosome flagellum. Blisnick, T., Buisson, J.,
Cayet, N., Absalon, S., Bastin, P.
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Dynamics of flagellum formation in trypanosomes

Johanna Buisson, Thierry Blisnick, Daria Julkowska, Brice Rotureau,
Philippe Bastin∗

Institut Pasteur, Paris, France
∗ corresponding author: philippe.bastin@pasteur.fr

The flagellum is an essential organelle for trypanosomes as it is in-
volved in motility, morphogenesis, adhesion to tsetse fly tissues and
possibly sensing of the environment. This complex organelle is made
from a basal body and contains two structural elements (the axoneme
and the paraflagellar rod), a matrix and is wrapped by the flagellar
membrane. It is constructed by the action of intraflagellar transport
(IFT) where a kinesin motor transports a complex of IFT proteins to-
wards the tip of the organelle (anterograde movement) that is then
recycled to the base by a dynein motor (retrograde). We have identi-
fied 20 proteins involved in IFT either as motors or as cargos. All the
proteins investigated so far are localised to the basal body and to the
flagellum matrix. Examination of fluorescent IFT motors or cargos in
live cells revealed both anterograde and retrograde motility, the first
one being the most striking. Kymograph analysis demonstrated the
fastest rates of IFT in any organism investigated so far. Two differ-
ent populations of anterograde IFT tracks were identified in the same
cells, in contrast to retrograde transport that appears more homoge-
nous. FRAP (fluorescence recovery after photobleaching) analysis re-
vealed that 40-60 % of the IFT material is in the flagellum and contin-
uously exchanges with the basal body pool. It also allowed a clear dis-
crimination between anterograde and retrograde transport. To iden-
tify partners of the IFT machinery, we have purified intact flagella by
mechanical shearing and used proteomics to analyse the content of the
matrix. Finally, Trypanosomatids provide excellent model organisms
to study IFT regulation as they naturally modulate the length of their
flagellum during their life cycle.
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How do procyclic and bloodstream form T. brucei trypomastigotes
divide? Some answers and implications

Sue Vaughan, Richard J. Wheeler, Rosie Palmer, Keith Gull∗

University Of Oxford, Oxford, UK
∗ corresponding author: keith.gull@path.ox.ac.uk

RNAi technologies in Trypanosoma brucei have led to a rapidly in-
creasing set of mutant descriptions being reported as cell cycle or cy-
tokinesis phenotypes and that these often vary between procyclic and
bloodstream forms. Given this, we were struck by the absence of any
satisfactory, detailed comparison of normal cytokinesis and morpho-
genetic processes in these forms. We have undertaken the first de-
tailed, comparative description and have employed videomicroscopy of
living cells with immunofluoresence, transmission and scanning elec-
tron microscopy. We describe the process of furrow ingression and cy-
tokinesis and show that the cleavage plane forms along an asymmet-
rical plane in both life cycle stages, but the extent and positioning of
this asymmetry differs. Asymmetry is also seen in the shape of the
two daughter posterior ends and there is a cytoplasmic bridge connec-
tion between them, but we note differences in this connection between
life cycle forms. There are also distinct differences in the flagellar con-
nector, in spatial positioning and segregation of the kinetoplasts and
nuclei and also in the end stage division processes and re-entry to the
next cell cycle in the two forms. These descriptions have implications
for interpretation of cell morphogenesis and division phenotypes in
both cell types.
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Structure-function analysis of flagellar proteins identifies viable
bloodstream-form motility mutants in T. brucei

Kent L. Hill, Katherine S. Ralston, Neville Kisalu, Z. Pius Kabututu, Jason
Melehani, Michelle Thayer

MIMG, UCLA, Los Angeles, CA, USA

The dynein regulatory complex (DRC) is required for flagellar motil-
ity in the protists Chlamydomonas reinhardtii and Trypanosoma bru-
cei. We recently demonstrated a DRC requirement for cilium motil-
ity in vertebrates and revealed an unexpected mechanism for cilium-
dependent fluid dynamics in inner ear development, showing fluid vor-
tices generated by motile cilia guide otolith assembly atop specific cells
of the sensory epithelium (Nature 457, 205-9). To further understand
function of axonemal dynein regulatory systems, we exploited the ex-
perimental tractability of T. brucei. We report identification of a novel
DRC subunit, designated DRC-2, which is tightly associated with the
DRC subunit trypanin. To move beyond gene/protein identification
and more deeply into functional analysis, we developed an RNAi-based
system for structure-function studies of dynein-regulatory proteins.
The system employs inducible knockdown of an endogenous gene, with
simultaneous induction of an ectopic copy harboring specific point mu-
tations. Using this system we identified amino acids required for
function of the dynein regulatory light chain LC1 in procyclic and
bloodstream trypanosomes. Notably, bloodstream LC1 mutants are
immotile, yet viable, demonstrating that normal motility is not es-
sential in this life-cycle stage. To summarize, we have established a
system for facile structure-function studies of flagellar proteins, iden-
tified amino acids necessary for dynein motor function and revealed
that the connection between motility and viability in bloodstream-
stage trypanosomes is more complex than might be interpreted from
knockdown studies alone. These studies open new avenues for dissect-
ing mechanisms of flagellar motility and provide an important step in
efforts to exploit the potential of the flagellum as a target for thera-
peutic intervention in African sleeping sickness.
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Structure and function of the Leishmania amastigote flagellum

Eva Gluenz∗, Amy E. Smith, Johanna Höög, Helen Dawe, Charmain Heah,
Mike Shaw, Keith Gull

Sir William Dunn School of Pathology, University of Oxford, Oxford, UK
∗ corresponding author: eva.gluenz@path.ox.ac.uk

Eukaryotic flagella and cilia are complex macromolecular structures
that perform motility and sensory functions. The single flagellum
of the trypanosome is a multifunctional organelle used for locomo-
tion, cell morphogenesis, attachment to insect vector epithelial cells
and, most likely, sensory functions. Leishmania promastigotes have
a motile flagellum with a canonical 9+2 microtubule array and asso-
ciated components critical for motility such as dynein arms and ra-
dial spokes and a paraflagellar rod. The amastigotes, which are often
wrongly described as being ‘aflagellate’, possess a small flagellum that
transverses the flagellar pocket, protrudes only a short distance from
the pocket and is thought to be non-motile. Why then do amastigotes
retain a short flagellum at all? To address this question, we have used
electron microscopy (EM) and 3D electron tomography to analyse and
model the structure of Leishmania mexicana amastigote flagella at
high resolution. We found that the amastigote axoneme architecture
differs markedly from the promastigote. Amastigotes have an unusual
‘collapsed’ arrangement of nine microtubule doublets, which are asso-
ciated only with outer- but not inner dynein arms. Further EM anal-
ysis showed that the ‘collapsed’ microtubule arrangement structure
is strikingly similar to the arrangement of microtubules in the sen-
sory, primary cilia of mammalian cells. Other aspects of the biology
of amastigotes suggest the flagellum is a critical multi-functional or-
ganelle. We postulate that the amastigote flagellum acts in a number
of roles as a sensory organelle with important functions in the intra-
cellular stage of the Leishmania life-cycle.
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A glycosomal DxDxT phosphatase, TbPIP39, is a substrate of TbPTP1
in the T.brucei differentiation signalling pathway

Balazs Szoor∗,1, Irene Ruberto1, Richard Burchmore2, Keith Matthews∗,1

1 University of Edinburgh, Edinburgh, United Kingdom
2 University of Glasgow, Glasgow, United Kingdom
∗ corresponding author: balazs.szoor@ed.ac.uk
∗ corresponding author: keith.matthews@ed.ac.uk

In preparation for transmission from the bloodstream, trypanosomes
generate division-arrested stumpy forms. These forms are pre-
adapted for differentiation and rapidly respond to external signals
when ingested by tsetse flies. Recently, we discovered that a protein
tyrosine phosphatase (TbPTP1) holds stumpy forms in division arrest
until they enter the tsetse fly, at which point TbPTP1 is inactivated
and cell differentiation occurs (Szoor et al., J Cell Biol. 2006). Now,
we have used ‘substrate-trapping’ mutants of TbPTP1 to select its
substrates from stumpy-cell extracts. One molecule was consistently
isolated by this approach and identified by mass spectrometry as a
39kDa protein, named TbPIP39. TbPIP39 is a DxDxT phosphatase,
a member of an unusual class of protein phosphatases with diverse
roles in stress signaling and transcriptional control. TbPIP39 is al-
ready present in stumpy cells but is up-regulated by cold shock (i.e. at
20oC) and during differentiation to procyclic forms. Consistent with
its being a substrate of TbPTP1 in vivo, TbPIP39 has a single con-
served C-terminal tyrosine phosphorylation site and can be dephos-
phoryated by recombinant TbPTP1 in vitro. Moreover, TbPIP39 is de-
phosphorylated (and inactive) when TbPTP1 is active in stumpy forms
but becomes tyrosine-phosphorylated (and activated) when TbPTP1
is inactivated during differentiation to procyclic forms. Intriguing,
these interactions are also modulated in vitro by the differentiation
stimuli, citrate and cis-aconitate. Combined these findings suggest
that TbPIP39 acts downstream from TbPTP1 on the differentiation
signalling-pathway. Interestingly, TbPIP39 has a peroxisomal locali-
sation signal and can be localised to the glycosomes. We propose this
localisation plays an important role in the regulation of differentia-
tion, with TbPIP39 acting as a glycosomal signalling molecule.
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NDR protein kinases as drug targets in Trypanosoma brucei

Jiang Tao Ma1, Raffaella Grimaldi2, Laura Cleghorn2, Corinna Benz1,
Christopher Stockdale1, Andrew Woodland2, Paul Wyatt2, Julie Frearson2,
Tansy C. Hammarton∗,1

1 Infection & Immunity/WCMP, University of Glasgow, Glasgow, UK
2 Division of Biological Chemistry & Drug Discovery, University of

Dundee, Dundee, UK
∗ corresponding author: t.hammarton@bio.gla.ac.uk

Cytokinesis in Trypanosoma brucei is easily perturbed with disastrous
consequences for the parasite. It occurs via the ingression of a unidi-
rectional cleavage furrow along the long axis of the cell, which differs
from the actomyosin contractile ring employed by mammalian cells.
Hence, regulators of cytokinesis may have potential as drug targets in
trypanosomes. T. brucei possesses two NDR (nuclear DBF2-related)
protein kinases, PK50 and PK53. NDR kinases function in a variety
of eukaryotic cellular processes including mitotic exit, cytokinesis and
morphogenesis, and are activated by the binding of a MOB protein
partner. In T. brucei, MOB1 is essential for cytokinesis furrow ingres-
sion, and has previously been shown to bind to PK50. We now show
that depletion of PK50 in bloodstream stage trypanosomes prevents
cells from initiating cytokinesis, while PK53 depletion inhibits furrow
ingression. These kinases also appear to be essential for cell division
in procyclic trypanosomes. Since PK50 and PK53 are essential cell cy-
cle regulators, a focused kinase inhibitor library of >4000 compounds
based on >150 scaffolds was screened with active recombinant PK50
and PK53. A number of compounds, which inhibit PK50 and/or PK53,
with IC50 values ¡1 µM, were identified. The most potent inhibitors
of each enzyme are based on different scaffolds, indicating selective
inhibition of individual NDR protein kinases is possible. Counter-
screening revealed that they do not inhibit the majority of human
kinases tested. These compounds also inhibit trypanosome prolifer-
ation in culture, but without causing significant defects in cell cycle
progression, arguing that despite their relative specificity against the
NDR kinases in vitro, they hit other cellular targets in vivo.
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Eradication of animal and human infective African trypanosomes
by TLF gene therapy

Russell Thomson, Pilar Molina-Portela, Jayne Raper∗

NYU SCHOOL OF MEDICINE, NEW YORK, NY, USA
∗ corresponding author: JR57@nyu.edu

A sub-fraction of human high-density lipoprotein (HDL), which we
term trypanosome lytic factor (TLF), kills African trypanosomes. TLF
is only made by higher primates; human, gorilla, baboon, sooty
mangabey and mandrill. Haptoglobin related protein (Hpr) and
apolipoprotein L-I (apoL-I), are the unique components of TLF. We
have created transgenic mice by hydrodynamic gene delivery that ex-
press functional TLF, which allows dissection of each component’s con-
tribution. We have used our transgenic mice to show that only apoL-I
reconstituted into HDL is lytic, although Hpr can enhance activity
by increasing uptake of TLF efficiently killing T. b. brucei, T. con-
golense and T. evansi. Human TLF cannot kill T. b. rhodesiense due to
the serum resistance-associated protein (SRA). In contrast, the TLF of
baboons are able to kill human serum resistant parasites despite the
presence of SRA. We have purified baboon TLF, identified the proteins,
cloned the genes and reconstituted the baboon TLF by expressing the
key components in transgenic mice. The transgenic baboon-TLF-mice
are resistant to animal infective T. b. brucei, T. congolense and re-
sistant to human infective T. b. rhodesiense. Through the creation
of chimeric human-baboon proteins in our transgenic mice, we have
delineated a novel domain required for resistance to human infective
trypanosomes.
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Trypanosoma brucei adaptor protein-3 (AP-3) β subunit is required
for acidocalcisome biogenesis and endocytosis.

Peter Rohloff∗, Jianmin Fang, Celso SantAnna, Dianne Wellems, Roberto
Docampo

Cellular Biology/CTEGD, University of Georgia, Athens, GA, USA
∗ corresponding author: peter@wuqukawoq.org

Acidocalcisomes are acidic calcium- and phosphorus-storage organelles
found in a diverse range of organisms including trypanosomatdis in
which they were first defined. (Docampo et al., Nat. Rev. Microbiol.
3, 251-61, 2005). Targeting of membrane proteins to the acidocalci-
somes of Leishmania major, but not the biogenesis of the organelle
itself or the growth of the parasite in vitro, was affected by deletion of
the &#948; subunit of the adaptor protein 3 complex (AP-3) (Besteiro
et al., J Cell Sci. 121, 561-70, 2008). To investigate whether transport
of proteins to acidocalcisomes of Trypanosoma brucei is linked to the
expression of AP-3 function, we investigated the effects of ablation of
its β subunit by RNA interference (RNAi). In contrast to the results
reported in L. major, knock down of this subunit led to a dramatic
disappearance of acidocalcisomes from both procyclic and bloodstream
forms, as revealed by immmunofluorescence and electron microscopy
assays, and by the decrease in their total calcium, pyrophosphate, and
polyphosphate content, as well as defects in cytokinesis, growth, and
susceptibility to osmotic stress. These changes were accompanied by
an increase in steady-state levels of procyclin in procyclic forms and
a decrease in receptor-mediated endocytosis in bloodstream forms. In
conclusion, AP-3β is essential for the biogenesis of acidocalcisomes,
and is also involved in receptor-mediated endocytosis and in main-
taining steady-state levels of membrane proteins in T. brucei.
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Developmentally Regulated Sphingolipid Synthesis in African
Trypanosomes

Elitza S. Sevova∗,1, Shaheen S. Sutterwala1, Fong F. Hsu2, Kevin J.
Schwartz1, Kai Zhang3, Phillip Key1, Michael A. Goren4, Brian G. Fox4, John
Turk2, Stephen M. Beverley5, James D. Bangs1

1 Med. Micro. & Immuno., UW-Madison, Madison, WI, USA
2 Medicine, Washington University, St Louis, MO, USA
3 Biological Sciences, Texas Tech University, Lubbock, TX, USA
4 Biochemistry, UW-Madison, Madison, WI, USA
5 Molecular Microbiology, Washington University, St Louis, MO, USA
∗ corresponding author: jdbangs@wisc.edu

Sphingolipids, essential components of eukaryotic membranes, play
critical roles in cellular metabolism, signaling, and recognition. Sph-
ingolipid synthesis begins in the ER with formation of ceramide, which
following transfer to the Golgi, is modified to complex phosphosphin-
golipids by the addition of polar head groups. The major phosphosph-
ingolipid in mammals is sphingomyelin, but many unicellular eukary-
otes, including fungi and kinetoplastid protozoa, are thought to syn-
thesize exclusively inositol phosphorylceramide (IPC). Here we char-
acterize sphingolipids from Trypanosoma brucei, and a trypanosome
sphingolipid synthase gene family (TbSLS1-4) orthologous to Leish-
mania IPC synthase. ESI mass spectrometry indicates that procyclic
trypanosomes contain IPC, and also sphingomyelin, while surprisingly
bloodstream stage parasites contain sphingomyelin and ethanolamine
phosphorylceramide (EPC), but no detectable IPC. In vivo fluorescent
ceramide labeling confirmed stage specific biosynthesis of both sphin-
gomyelin and IPC. Expression of TbSLS4 in Leishmania resulted in
production of sphingomyelin and EPC, as judged by both ESI-MS and
in vivo labeling, indicating that TbSLS4 has bi-functional synthase
activity - a novel finding for SLS enzymes. We have used liposome-
supplemented cell-free synthesis to confirm the enzymatic specificity
of TbSLS4, and will extend this strategy to TbSLS1-3, as well as
SLSs from other kinetoplastid parasites. Pan-specific RNAi silencing
of TbSLS1-4 in bloodstream trypanosomes led to rapid (8 hr) growth
arrest and eventual cell death (24 hr). Ceramide levels were also
rapidly elevated (3-fold) suggesting growth arrest via downstream ef-
fect(s) of this potent intracellular messenger, rather than disruption
of membrane structural integrity. Thus de novo synthesis of phospho-
sphingolipids is essential in trypanosome, unlike Leishmania.
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The Achilles Heel of the Purine Salvage Pathway of Leishmania
donovani

Jan M. Boitz, Buddy Ullman∗

Biochemistry and Molecular Biology, Oregon Health & Science
University, Portland, OR, USA
∗ corresponding author: ullmanb@ohsu.edu

Mutational analysis of the purine acquisition pathway of Leishma-
nia donovani has revealed that all exogenous purines are salvaged
to the nucleotide level through the hypoxanthine-guanine phosphori-
bosyltransferase (HGPRT) and/or xanthine phosphoribosyltransferase
(XPRT) enzymes. Specifically, a hgprt xprt genotype exhibits a con-
ditionally lethal phenotype in promastigotes that can only be stably
maintained in the presence of adenine or adenosine and deoxycoformycin
(dCF), an inhibitor of adenine deaminase (AAH), and this double knock-
out is essentially avirulent in mice. However, a small number of δ hg-
prt xprt parasites persist, a process that is associated with a specific
amplification of the adenine phosphoribosyltransferase (APRT) gene.
These findings lead to a model of purine salvage in Leishmania in
which adenylosuccinate synthetase (ADSS), as well as adenylosucci-
nate lyase, are essential enzymes for which a genetic defect cannot be
overcome by APRT amplification. To test this hypothesis, we created
a adss null mutant by double targeted gene replacement. Among all
the naturally occurring purines, the adss knockout is only capable of
growth in adenine or adenosine, but only when dCF was present in
the culture medium. No other purines supported growth of the adss
mutant. The conditionally lethal phenotype of the adss mutation and
the functional role of ADSS in the purine salvage pathway predict that
ADSS is an essential protein and that targeting the enzyme with in-
hibitory drugs would not trigger persistence mechanisms that could
lead to drug resistance.
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Systems analysis of metabolism in Leishmania major: elucidation
of high-priority drug targets

Arvind K. Chavali, Jason A. Papin∗

Biomedical Engineering, University of Virginia, Charlottesville, VA,
United States of America
∗ corresponding author: papin@virginia.edu

As part of a strategy based on model-driven biological discovery, sys-
tems biology can be used to gain valuable insight into parasitic pro-
cesses and associated disease mechanisms. To be able to characterize
phenotypic properties of an organism, it is necessary to understand
its intracellular network of interactions that are hard-coded into its
genome. Whether questions are related to the synthesis of critical
intermediates required for growth of a pathogen or those pertaining
to the interference of host cellular components by pathogen virulence
factors, computational reconstructions provide a robust framework for
performing perturbation analysis and generating testable hypotheses
(e.g., quantitative prediction of growth rates and byproduct secretion
profiles; endpoint of adaptive evolution; gene essentiality). Compu-
tational modeling facilitates the analysis of biological systems on the
genome-scale and predictive models of biochemical networks can be
built using available genomic, proteomic and metabolomic data. Re-
cently, we published a metabolic network reconstruction of Leishma-
nia major. This network accounted for the function of 560 genes, 1112
reactions and 1101 metabolites with 8 unique sub-cellular localiza-
tions. We hypothesized a comprehensive set of lethal single and dou-
ble gene deletions, some of which were validated using available liter-
ature with approximately 70% accuracy. We also generated hypothet-
ical annotations to dozens of previously uncharacterized genes in the
L. major genome and proposed a minimal medium for growth. This
reconstruction and the associated network analyses of L. major was
the first of its kind for a protozoan. Subsequently, we identified known
drugs for the growth-reducing and essential metabolic genes predicted
by the model. This analysis has resulted in a list of high-priority tar-
gets against L. major with their potential effector drugs.

2D



Pterin Metabolism in African Trypanosomes

Han B. Ong∗, Susan Wyllie, Alan H. Fairlamb

BCDD, University of Dundee, Dundee, United Kingdom
∗ corresponding author: hbong@dundee.ac.uk

Trypanosomatids, such as Crithidia and Leishmania spp., have previ-
ously been shown to be pterin auxotrophs. In other organisms, tetrahy-
dropterins are essential cofactors in a number of enzymatic reactions
including the hydroxylation of aromatic amino acids and the biosyn-
thesis of nitric oxide. However, the functions of pterins in trypanoso-
matids are not known. Here we describe key differences in pterin
metabolism between the African trypanosome (Trypanosoma brucei)
and the extensively studied Leishmania parasite. Progress towards
elucidating the possible roles of pterins within trypanosomatids will
also be discussed.
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Characterization of potassium channels in Trypanosoma cruzi

Veronica Jimenez1, John Wagner2, Roberto Docampo∗,1

1 Celllular Biology, CTEGD, University of Georgia, Athens, GA, USA
2 Physiology and Pharmacology, College of Veterinary Medicine, Univer-

sity of Georgia, Athens, GA, USA
∗ corresponding author: rdocampo@uga.edu

Potassium channels are members of one of the largest and most di-
verse family of membrane proteins. In T. cruzi, K+ channels are im-
portant players on plasma membrane potential regulation, pH home-
ostasis, and osmoregulation. Trypomastigotes are particularly sen-
sitive to changes in extracellular potassium concentration while epi-
mastigotes and amastigotes are less responsive to this ion (Vander-
Heyden and Docampo, Mol. Biochem. Parasitol. 105, 237-51, 2000).
We found sequences encoding for putative voltage-dependent potas-
sium channels (TcKv) and calcium-activated potassium channels (Tc-
CAKC) in the T. cruzi database. The His-tagged recombinant proteins
were expressed in E. coli, purified and used to obtain specific antibod-
ies. TcKv was localized by IFA, near or in the plasma membrane of try-
pomastigotes with a clear defined punctate pattern. In epimastigotes,
TcKv is also membrane-related, but some intracellular labelling can
also be observed. These results were confirmed by immuno-electron
microscopy. TcCAKC immunolocalization was also performed and the
protein showed a peripheral distribution in the parasites, suggesting
an association with the plasma membrane. Interestingly, in trypo-
mastigotes this channel is partially co-localized with flagellar-calcium
binding protein and calmodulin, which could be involved in channel
activity regulation. TcKv and TcCAKC were expressed in Saccha-
romyces cerevisiae mutants deficient in potassium transporters and
channels, and protein expression was verified by immunofluorescence
and western-blot analysis. In both cases, overexpressed T. cruzi K+

channels complemented the deficient transport system and restored
the normal cell phenotype, indicating the functionality of these pro-
teins. Electrophysiological experiments are currently under way in
order to establish the biophysical properties and functional roles that
these channels can play in T. cruzi physiology.
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Transporters of S-Adenosyl-methionine in and out of Leishmania
cells

Larbi Dridi∗, Amin Ahmed Ouameur, Baptiste Vergnes, Gaétan Roy, Marc
Ouellette
Centre de recherhe en Infectiologie, Quebec, Canada
∗ corresponding author: Larbi.Dridi@crchul.ulaval.ca

S-Adenosyl-methionine (SAM, also known as AdoMet) is an impor-
tant biological methyl donor. It is also the precursor of aminopropyl
groups utilized in polyamine biosynthesis and also involved in the
glutathione and trypanothione synthesis in trypanosomatids by the
trans-sulfuration pathway of cysteine. The methionine adenosyltrans-
ferase is an important enzyme for the metabolic synthesis of SAM
in Leishmania, but the parasite is also able to acquire SAM by ac-
tive transport from the outside. Sinefungin (SF), a nucleoside an-
tibiotic produced by Streptomyces griseolus is structurally related to
AdoMet and very effective against strains of Leishmania. To iden-
tify the SAM transporter, we have generated in vitro SF resistant
Leishmania major LV39 strain. We have observed in this mutant a
loss of SAM accumulation related to SF resistance. Resistance to SF
was correlated with gene rearrangement of some members of the fo-
late/biopterin transporter. One of these genes SAMT, was found by
gene transfection, gene inactivation and transport studies to be the
main SAM transporter. Intriguingly, not all Leishmania strains are
SF sensitive and this does not appear to be related to SNPs in SAMT
but to gene expression level. To further study SAM metabolism and
transport, we used functional cloning using SF selection and we have
identified one cosmid conferring SF resistance. This cosmid codes for
two ABCG transporters and ABCG transfectants exhibited a decrease
of accumulation of SAM. This suggests that ABCG proteins may be
involved in the efflux of SAM. This study, has allowed the characteri-
zation of the first SAM importer and exporter in parasites.
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Polyamine Transport in Trypanosoma cruzi

Marie-Pierre Hasne∗, Buddy Ullman

BIOCHEMISTRY AND MOLECULAR BIOLOGY, OREGON HEALTH &
SCIENCE UNIVERSITY, PORTLAND, OR, USA
∗ corresponding author: hasnem@ohsu.edu

As part of an ongoing effort to study nutrient acquisition in kineto-
plastids via specific permeases, we have been interested in identify-
ing polyamine transporters in Trypanosoma cruzi. The synthesis of
putrescine and spermidine de novo does not occur in T. cruzi that
lack both ornithine decarboxylase and arginine decarboxylase. Con-
sequently T. cruzi survival depends on its ability to acquire putrescine
from its environment. A polyamine transporter, TcPOT1.1, was identi-
fied, cloned and characterized in the protozoan parasite Trypanosoma
cruzi. The functional characterization of TcPOT1.1 was accomplished
by over-expression of the transporter in T. cruzi epimastigotes and re-
vealed a high affinity transporter for putrescine (Km: 158±18 nM and
Vmax: 6.3±1 pmol/1e8cells/s) and cadaverine (Km: 1.14±0.01 &mu;
M and Vmax of 60±10 pmol/1e8cells/s). TcPOT1.1 did not appear to
transport spermidine or spermine in this background. TcPOT1.1 ac-
tivity and localization was also found to be regulated with putrescine
availability. The transporter, localized at the cytostome of the parasite
when putrescine is readily available, displayed the ability to traffic
from to the entirety of the plasma membrane upon putrescine scarcity.

2H



Dissection of the Fe-S cluster assembly in Trypanosoma brucei

Julius Lukes∗, Shaojun Long, Zuzana Vavrova, Zdenek Paris, Piya
Changmai, Yan-Ze Wen

Institute of Parasitology, Ceske Budejovice, Czech Republic
∗ corresponding author: jula@paru.cas.cz

Iron-sulfur (Fe-S) clusters are small inorganic cofactors that are om-
nipresent in prokaryotic and eukaryotic cells. Biogenesis of Fe-S clus-
ters involves the participation of numerous proteins and in a typical
eukaryotic cell is composed of the mitochondrial ISC assembly and the
cytosolic CIA machinery, several components of which are highly con-
served. We are investigating the Fe-S cluster assembly in the procyclic
stage of T. brucei. To this end we have knocked down almost a dozen
of proteins involved in the Fe-S cluster assembly and will present the
analysis of obtained phenotypes, most of which are eventually lethal.
We show that the ablation of some components disrupts only the syn-
thesis of mitochondrial Fe-S clusters, while cytosolic clusters are still
assembled. Moreover, we will show that thanks to their conservation,
some components of the Fe-S cluster machinery in T. brucei can be
replaced with homologues from distantly related eukaryotes.

2I



Unusual inactivation of a MAP kinase from Leishmania mexicana
by dual- and tyrosine phosphorylation in the TXY motif

Inga Maria Melzer1, Nadja Martina Bleicher2, Heidi Rosenqvist2, Ole
Norregaard Jensen3, Martin Wiese∗,2

1 Bernhard Nocht Institute for Tropical Medicine, Hamburg, Germany
2 Strathclyde Institute of Pharmacy and Biomedical Sciences, Glasgow,

United Kingdom
3 Biochemistry and Molecular Biology, University of Southern Denmark,

Odense, Odense, Denmark
∗ corresponding author: martin.wiese@strath.ac.uk

The mitogen-activated protein (MAP) kinase LmxMPK1 is essential
for the proliferation of Leishmania mexicana amastigotes. Recom-
binant LmxMPK1 showed autophosphorylation and phosphorylated
myelin basic protein without preceding activation by a MAP kinase
kinase. Highest enzymatic activity was observed above 34C and at
pH7.4 in the presence of Mn2+. Whereas phosphorylation of threonine
176 of the TDY motif in the phosphorylation lip of the recombinant
kinase could not be detected in mass spectrometry analyses, tyrosine
178 of the TDY motif was found to be autophosphorylated in an in-
tramolecular process with a KM value for ATP of 14.7 µM. Prolonged
autophosphorylationof the recombinant kinase led to a decrease in the
kinetics of substrate phosphorylation. We corroborated this inhibitory
effect of tyrosine autophosphorylation by in vitro and in vivo analy-
ses of LmxMPK1 TDY motif mutants demonstrating that phosphory-
lation on tyrosine 178 leads to an inactivated enzyme irrespective of
the phosphorylation state of threonine 176. However, single threonine
phosphorylation is essential for the in vivo activation of the kinase.
Therefore, unlike classical MAP kinases, LmxMPK1 is regulated by
a novel mechanism with highest activity in the presence of phospho-
threonine and inhibition in the presence of phosphotyrosine only and
in the dually phosphorylated state.
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Application of second generation sequencing to parasite
genomes

Christiane Hertz-Fowler∗

Wellcome Trust Sanger Institute, Cambridge, UK
∗ corresponding author: chf@sanger.ac.uk

The challenge of providing access to and integrating sequence data
with biological knowledge is immense. GeneDB (http://www.genedb.org/)
provides a single point of entry for sequence and annotation of eight
kinetoplastid organisms. The resource combines data from finished
and ongoing projects with computational predictions and manual cu-
ration, aiming to provide up-to-date, high quality and consistent
datasets. The web presentation will focus on how: GeneDB displays
primary annotation (e.g. predicted peptide properties and protein do-
mains, gene ontology annotations, similarity information, database
cross-references) and integrates these with expression, phenotype, lo-
calisation and orthologue data. Coding sequences can be viewed in
the genomic context via the genome browsers Artemis and Gbrowse.
Sequence updates and curation are handled within GeneDB. The ma-
jority of available trypanosomatid genomes are still actively being fin-
ished and frequent sequence updates are coupled with ongoing cura-
tion. Development of a new website, extension of existing annotation
tools and curation infrastructure underpins the curation process and
supports remote annotation. GeneDB and EuPathDB interact to pro-
vide integrated and concurrent resources, supporting user choice of
interface and data display. Whilst GeneDB will continue to offer a live
window on annotation and curation as it is produced, researchers are
now encouraged to visit TriTrypDB to download versioned snapshots
of the kinetoplastid genomes for use in publications.
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Four histone variants mark the boundaries of polycistronic
transcription units in Trypanosoma brucei

Nicolai Siegel1, Doeke R. Hekstra2, Louise E. Kemp3, Luisa M. Figueiredo1,
Joanna E. Lowell4, David Fenyo5, Xuning Wang6, Scott Dewell7, George A.
M. Cross∗,1
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3 Department Microbiologie et Medecine Moleculaire, CMU, Universite
de Geneve, Geneva, Switzerland

4 BIO Ventures for Global Health, Washington DC, DC, USA
5 Laboratory of Mass Spectrometry , The Rockefeller University, New

York, NY, United States
6 Information Technology, The Rockefeller University, New York, NY,

United States
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∗ corresponding author: george.cross@mail.rockefeller.edu

Unusually for a eukaryote, genes transcribed by RNA polymerase II
(pol II) in Trypanosoma brucei are arranged in polycistronic transcrip-
tion units. With one exception, no pol II promoter motifs have been
identified, and how transcription is initiated remains an enigma. T.
brucei has four histone variants: H2AZ, H2BV, H3V and H4V. Using
ChIP-seq to examine the genome-wide distribution of chromatin com-
ponents, we show that histones H4K10ac, H2AZ, H2BV and the bro-
modomain factor BDF3 are enriched up to 300-fold at probable pol II
transcription start sites (TSSs). We also show that nucleosomes con-
taining H2AZ and H2BV are less stable than canonical nucleosomes.
Our analysis also identifies more than 60 unexpected TSS candidates
and reveals the presence of long guanine-runs at all TSSs. Apparently
unique to trypanosomes, additional histone variants H3V and H4V
are enriched at pol II transcription termination sites. Our findings
suggest that histone modifications and histone variants play crucial
roles in transcription initiation and termination in trypanosomes and
that destabilization of nucleosomes by histone variants is an evolu-
tionarily ancient and general mechanism of transcription initiation,
demonstrated in an organism in which no general pol II transcription
factors have been identified.
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The enrichment of base J at polycistronic transcriptional
termination sites in the genome of trypanosoma brucei is
regulated by JBP1

Laura J. Cliffe1, Rudo Kieft1, Marion Marshall1, Nicolai Siegel2, George
Cross2, Robert Sabatini∗,1

1 Biochemistry and molecular Biology, UGA, athens, GA, USA
2 Laboratory of Molecular Parasitology, The Rockerfeller University, New

York, NY, USA
∗ corresponding author: rsabatini@bmb.uga.edu

Base J is an unusual DNA modification implicated in the regulation of
antigenic variation in African trypanosomes. JBP2 and JBP1 repre-
sent thymidine-hydroxylases (TH) involved in J-biosynthesis. Based
on our previous analysis of JBP function; JBP2 is a chromatin re-
modeling protein that induces de novo J synthesis whereas JBP1 is
a J-DNA binding protein that propagates J-synthesis. The deletion
of both enzymes from the bloodstream-form trypanosome generates
a J-null cell line, confirming the importance of each in J-biosynthesis.
Surprisingly, both JBP2 and JBP1 were capable of stimulating de novo
J-synthesis when re-expressed in the J-null. We localized the JBP1
and JBP2 stimulated J by performing anti-J (IP) and DNA sequenc-
ing using solexa (Illumina) high throughput sequencing. This quan-
titative, non biased genome wide analysis revealed an enrichment of
base J at polycistronic transcriptional termination sites throughout
the genome, along with Histone variant 3 (H3V), in both WT and Null
+ JBP1 cells. Whilst JBP2 stimulated J-synthesis within the telomeric
environment, it failed to stimulate J at the genome internal sites. The
J that is stimulated by JBP1 is lost over time unless WT JBP2 (but not
SWI/SNF mutant) is co-expressed. This suggests an epigenetic event
inhibiting the maintenance of J by JBP1, which is relieved by JBP2.
These results indicate that two THs are needed to provide both the
specific localization and stability of J-biosynthesis. The co-localisation
of J with H3V as well as its function at chromosome internal sites (ie
chromatin structure and transcription termination) is currently under
investigation.
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The phenotype of J-binding protein 2 (JBP2) knock-out in
Leishmania

Saara Johanna Vainio∗, Sabrina Jan, Henri van Luenen, Piet Borst

The Netherlands Cancer Institute, Amsterdam, The Netherlands
∗ corresponding author: s.vainio@nki.nl

The genomic DNA of kinetoplastid parasites contains a hypermodi-
fied base, beta-D-glucosylhydroxymethyluracil or base J [1]. Base J
localizes to repetitive elements in the genome [2]; in Leishmania, it
is found almost exclusively in the telomeres [3]. To unravel the func-
tion of base J, we seek to target proteins involved in its synthesis. We
have identified two proteins, JBP1 and JBP2, that are likely to be
the enzymes catalyzing the first step in J biosynthesis [4,5]. JBP1 is
essential in Leishmania [6], but JBP2 turned out to be dispensable
[5]. The JBP2-/- cells gradually lose J, eventually reaching a ∼8-fold
reduction in comparison to WT, and display a strong synthetic lethal
phenotype upon treatment with bromodeoxyuridine (BrdU; a thymi-
dine analogue that lowers J-levels in kinetoplastids [7]). This pheno-
type is accompanied with increased cell death but not with specific
cell cycle blocks, telomere attrition or loss of genome integrity. To
gain more insight into the underlying mechanisms, we performed a
genomic cosmid library screen to discover genes capable of rescuing
the BrdU-sensitivity of the JBP2-/- cells. As expected, the most com-
monly occurring cosmid among the rescue colonies contained JBP2,
but in addition, a few other cosmids were found back multiple times.
We are in the process of cloning and testing individual candidate genes
from these cosmids. References: [1] Gommers-Ampt JH, et al. Cell
1993;75:1129-36. [2] Van Leeuwen F, et al. MBP 2000;109:133-45.
[3] Genest PA, et al. NAR 2007;35:2116-24. [4] Yu Z, et al. NAR
2007;35:2107-15. [5] Vainio S, et al. MBP 2009;164:157-61. [6] Gen-
est PA, et al. NAR 2005;33:1699-709. [7] Van Leeuwen F, et al. MCB
1998;18:5643-51.
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TbISWI binds ubiquitously in the T. brucei genome and is involved
in repression of transcriptionally silent regions

Manish Kushwaha, Tara Stanne, Matthew Wand, Gloria Rudenko∗

Biochemistry, University of Oxford, Oxford, UK
∗ corresponding author: gloria.rudenko@medawar.ox.ac.uk

TbISWI, a member of the ISWI family of SWI2/SNF2-related
chromatin-remodelling proteins, is involved in VSG expression site
(ES) downregulation in both bloodstream form (BF) and procyclic form
(PF) T. brucei. Here, we use chromatin immunoprecipitation (ChIP)
on myc-tagged TbISWI cell lines to probe for the genomic loci it binds.
We find that TbISWI binds the minichromosome repeats as well as
the 50-bp and the telomeric repeats in both BF and PF T. brucei. In-
terestingly, TbISIWI is enriched in the CR147 centromeric repeats
in BF T. brucei only. There is no significant difference in TbISIWI
binding to an active versus a silent ES in BF T. brucei. Although
TbISIWI is depleted on the ES promoter, there is little variation in
its distribution along the length of an ES in both BF and PF T. bru-
cei. TbISWI is present on other transcriptionally silent areas of the
genome including the chromosome-internal silent VSG arrays and the
rDNA spacers. TbISWI, like its yeast counterparts, appears to bind
throughout the T. brucei genome and could be influencing the tran-
scription of a broad range of genomic loci. We monitored the effect of
RNAi-mediated TbISWI depletion on the expression of an eGFP gene,
inserted either with or without an ES promoter, into the transcrip-
tionally silent minichromosomes and the chromosome-internal silent
VSG arrays in both BF and PF T. brucei life cycle stages. We find
that TbISWI depletion causes derepression of the ES promoter driven
reporter gene in all these genomic contexts, however, no promoter in-
dependent fortuitous initiation of transcription was observed.
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Illuminating the endogenous small interfering RNA pathway in
Trypanosoma brucei by deep sequencing

Joseph Franklin∗,1, Huafang Shi2, Elisabetta Ullu, Christian Tschdui3
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∗ corresponding author: joseph.franklin@yale.edu

At the core of the RNA interference (RNAi) pathway in the ancient
parasitic eukaryote Trypanosoma brucei is a single Argonaute pro-
tein, TbAGO1, with an established role in the destruction of poten-
tially harmful retroposon transcripts. Recent evidence from higher
eukaryotes suggests that, in addition to transposons, a variety of ge-
nomic sequences with the potential to produce double-stranded RNA
are sources for small interfering RNAs (siRNAs). To test whether
such endogenous siRNAs are present in T. brucei, we affinity purified
TbAGO1 from procyclic- and bloodstream-form trypanosomes and sub-
jected the bound RNAs to Illumina high-throughput sequencing. We
obtained a total of 2.7 million procyclic and 1.2 million bloodstream
sequences able to be mapped to the genome. Confirming our earlier
observations, the majority of reads (about 75%) in both libraries origi-
nated from retroposons. Nevertheless, we also considerably expanded
the repertoire of trypanosome siRNAs to encompass a family of 147 bp
satellite-like repeats (CIR147 for chromosomal internal repeats and
a putative centromeric region), many of the regions where RNA poly-
merase II (Pol II) transcription converges, large inverted repeats and a
few pseudogenes. Notably, our data indicate that putative centromeric
regions, excluding the CIR147 repeats, are not a significant source
for endogenous siRNAs. Furthermore, the relative representation of
different classes of endogenous siRNAs differs substantially between
procyclic and bloodstream trypanosomes. For instance, SLACS retro-
posons contribute 20% of bloodstream-form siRNAs, but only 8% in
procyclic parasites. Taken together, our data suggest that endogenous
RNAi targets may be as evolutionarily old as the mechanism itself.
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A novel component of the RNAi pathway in Trypanosoma brucei is
required for loading siRNAs into Argonaute

Rebecca Louise Barnes∗,1, Huafang Shi1, Christian Tschudi2, Elisabetta
Ullu3
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Our functional studies, supported by comparative genomic analysis,
identified five factors required for RNA interference (RNAi) in Try-
panosoma brucei, namely a member of the Argonaute protein fam-
ily (TbAGO1), two Dicer-like enzymes (TbDCL1 and TbDCL2), Tb570,
the siRNA-AGO1 loading factor, and Tb1509, a protein still in search
of a function. These five factors are likely to constitute the core RNAi
machinery. The only recognizable domain in Tb570 is a 3’-5’ exonucle-
ase domain, also present in the Neurospora QIP protein (qde2/AGO-
interacting protein). We know that Tb570 is central to the RNAi path-
way, since KO cells resulted in RNAi deficiency, as assessed by trans-
fection of double-stranded RNA, and in the accumulation of long retro-
poson transcripts. However, we found that in 570KO cells the level of
TbAGO1 was reduced approximately 20-fold. This is to our knowledge
the only example of an AGO protein whose accumulation is affected by
a specific factor. Both RNAi deficiency and the low level of AGO1 were
restored to wild-type levels by reintroduction of a Tb570-GFP fusion
construct. Tb570-GFP localizes to the cytoplasm and the nucleus and
is present in large complexes with an apparent MW greater that 500
kDa. Notwithstanding the low AGO1 levels, retroposon-derived siR-
NAs accumulated in 570KO cells. However, the majority of the siRNAs
were not found in a complex with AGO1. Furthermore, whereas siR-
NAs in wild-type and 570 complementation cells appeared to be mostly
single-stranded, siRNAs in 570KO cells were present in duplex form.
Thus, our results are consistent with a model whereby Tb570 is re-
quired for loading double-stranded siRNAs into AGO1 and to stabilize
AGO1.
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RNAi in Leishmania braziliensis

Stephen M. Beverley∗,1, Lon-Fye Lye1, Katherine Owens1, Timothy Notton1,
Huafang Shi2, Ana Carolina Vieira3, Salvatore J. Turco3, Christian Tschudi2,
Elisabetta Ullu2
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RNA interference (RNAi) is a powerful tool well suited for genetic
analysis in trypanosomatids, where diploidy, gene families and ge-
netic crossing pose experimental challenges. Previously we reported
that L. braziliensis shows good RNAi activity when tested using GFP
reporters. We have extended these studies to additional reporters and
chromosomal genes. While strong down regulation of target mRNAs
was seen, a range of phenotypic effects ranging from weak to strong
were observed. Little or no effects on LPG synthesis were seen despite
strong down regulation of several LPG gene transcripts. In contrast,
RNAi of two L. braziliensis genes required for paraflagellar rod for-
mation PFR1 and PFR2 gave strong phenotypes including loss of the
paraflagellar rod and swimming defects, comparable to null mutants
described previously in L. mexicana. These findings are similar to
those seen in other creatures and suggest that RNAi will be compara-
bly useful as a genetic tool in L. braziliensis. Further studies suggest
that RNAi activity may occur in several isolates of the Leishmania
subgenus Viannia including L. panamensis and L. guyanensis, but has
been lost in the lineage leading to the higher Leishmania including L.
tarentolae, L. mexicana, L. donovani and L. major. This suggests the
possibility that loss of the RNAi pathway may be related to differ-
ences in the biology of Viannia species relative to other Leishmania,
including infectivity, drug resistance mediated by circular gene am-
plification, and RNA viruses. To probe the forces impacting upon the
retention or loss of RNAi in Leishmania evolution, we have generated
an informative Argonaute null mutant (ago1−) of L. braziliensis, and
a complemented derivative, whose properties will be described.

3H



A genetic analysis of pathogenesis in Trypanosoma brucei

Liam Morrison, Sarah McLellan, Lindsay Sweeney, Chi Chan, Andy Tait,
Annette MacLeod, Mike Turner∗
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∗ corresponding author: m.turner@bio.gla.ac.uk

We have investigated the extent to which variation amongst strains
of T. brucei determines pathogenesis in mice and then investigated
the underlying mechanisms. We compared the pathology in an inbred
mouse strain infected with either of two strains of trypanosome. In-
fections with one strain, 927, cause greater anaemia than infections
with the other, 247, that cause greater splenomegaly and more retic-
ulocytosis. We then investigated the inheritance of these traits in F1
progeny of a genetic cross of the two trypanosome strains. Quanti-
tative Trait Locus (QTL) analysis showed that the pathology pheno-
types were partly heritable and candidate loci could be identified in
our previously described genetic map. Major loci for splenomegaly
and hepatomegaly were identified on the same chromosome along with
other QTLs for anaemia and reticulocytosis. Clinical pathology ‘read-
outs’ are expected to be the products of multiple mechanistic path-
ways and so to elucidate potential mechanisms that determine dif-
ferences in pathogenesis in infections with the two strains we under-
took a microarray analysis of host gene expression, comparing spleens
from mice infected with each of the two trypanosome strains. Ap-
proximately 60 % of transcripts up- or down-regulated (at p¡0.01) are
common to infections with both strains and the remaining 40 % are
regulated in a strain-specific manner. Ingenuity Pathway analysis
identified 13 significantly differentially regulated canonical pathways.
We conclude that pathology in the host is partly parasite driven in a
strain-specific and heritable manner.
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Cohesin-mediated inheritance of monoallelic VSG expression in
Trypanosoma brucei

David Landeira, Jean M. Bart, Daria Van Tyne, Miguel Navarro∗

Molecular Biology, CSIC, Granada, SPAIN
∗ corresponding author: miguel.navarro@ipb.csic.es

Antigenic variation in Trypanosoma brucei allows the parasite to elude
the host immune response. This is achieved because only one out
of ∼20 subtelomeric Variant Surface Glycoprotein-Expression Sites
(VSG-ES) is transcribed at a given time and maintained active through-
out many generations. VSG-ES transcription is mediated by RNA
polymerase I (pol I), which is found in a discrete nuclear site named
the Expression Site Body (ESB). We here investigate how the VSG-
ES active transcriptional state is passed on to the next generation.
During S-phase, G2-phase and early mitosis the active VSG-ES lo-
cus remains associated with the single ESB. Upon mitosis, the active
VSG-ES exhibits a delay in the separation of sister chromatids rela-
tive to control loci. Such a delay is dependent on the cohesin complex,
as the knockdown of cohesin subunits resulted in premature separa-
tion of sister chromatids of the active VSG-ES. Importantly, cohesin
depletion also prompted transcriptional switching from the active to
previously inactive VSG-ESs. These data suggest that in addition to
maintaining sister chromatid cohesion until mitosis, the cohesin com-
plex plays an essential role in the correct epigenetic inheritance of the
active transcriptional VSG-ES state.
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Nuclear organization in Trypanosomatids

Magali Casanova1, Christine Blaineau2, Lucien Crobu2, Michel Pages2,
Patrick Bastien∗,2

1 University Montpellier 1, Montpellier, France
2 Parasitology-Mycology, University of Montpellier 1, Montpellier, France
∗ corresponding author: patrick.bastien@univ-montp1.fr

Mitosis in Trypanosomatids displays original or intriguing features
such as persistence of the nuclear membrane and of the nucleolus, ab-
sence of centrosomes and an insufficient number of kinetochores. Our
objectives are to understand the architecture and functioning of their
nucleus during the cell cycle. A preliminary step to this ambitious
goal is to establish the subcellular localization of proteins involved in
basic molecular processes associated to nuclear activity, and to corre-
late these data with mitotic spindle and chromosomal dynamics. The
results show a high level of structuration of the nucleoplasm, asso-
ciated to original features of Trypanosomatids, as well as to specific
differences between Leishmania major and Trypanosoma brucei that
might have relevant consequences upon their genetics. Thus, the ca.
200 nuclear pores are distributed as a discrete number of 15-20 clus-
ters. These alternate with dense chromatin structures where we found
chromosome telomeres, located at the nuclear periphery. More inter-
nally, the nucleole appears as a second structuring element: (i) it con-
tains proteins with a discrete localization; (ii) the centromeres (solely
identified in T. brucei) were found located by FISH in its periphery and
associated with spastin (also only present in T. brucei), a protein that
might be associated with kinetochores. The presence of non-coding
sequences in this region classically known as transcriptionnally hy-
peractive is intriguing (”functional patchwork”). Moreover, the chro-
mosomes appear in a radiating position, with centromeres at the nu-
cleolar periphery and telomeres at the nuclear periphery. Finally, the
location of enzymes responsible for chromatin condensation as well
as of microtubule associated proteins will be discussed in the light of
their possible implication in mitosis and of novel genetic data.
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The Aurora-like Kinase in Trypanosoma brucei Plays Critical Roles
of Promoting Metaphase-Anaphase Transition and Initiating
Cyokinesis

Ziyin Li, Takashi Umeyama, Ching C. Wang∗

University of California, San Francisco, San Francisco, CA, USA
∗ corresponding author: ccwang@cgl.ucsf.edu

The unusual chromosomal passenger complex (CPC) in T. brucei con-
sists of an Aurora-like kinase (AUK1) and two novel proteins CPC1
and CPC2 and bears little resemblance to the CPC in yeast or meta-
zoans. It moves from chromosomes to the spindle midzone during
metaphase-anaphase transition, and then displays a unique trans-
localization to the dorsal side of the cell to initiate cytokinesis by glid-
ing from the anterior to the posterior end of the cell along the ap-
parent flagellar attachment zones to divide the cell into two (Li et al.
(2008) PLoS ONE 3: e3814). To envision the potential role of AUK1
in driving this unusual process, the procyclic cells expressing fused
CPC1-enhanced yellow fluorescence protein were synchronized by hy-
droxyurea and released in late S-phase. An inhibitor of AUK1 VX-680
with an IC50 of 190 nM on the enzyme and 10 M on cell growth was
added to the cells at different times after the release. The progression
of cell cycle thereafter was monitored with FACScan and fluorescence
microscopy. From 0 to 2 hours, addition of VX-680 arrested the cells
in metaphase, suggesting that AUK1 is essential for the metaphase-
anaphase transition as shown in other eukaryotes. When the cells
reached anaphase 3 hours after the release, however, VX-680 addi-
tion stopped the CPC trans-localization from the spindle midzone, dis-
persed and distributed the CPC back to the two segregating nuclei and
blocked cytokinesis. Addition of VX-680 after 4 hours showed no effect
on the cell cycle progression. This unusual phenomenon, recorded by
time-lapse videos, demonstrates the uniquely AUK1-mediated mech-
anism of cytokinetic initiation that could provide an important model
for in-depth understanding of cytokinesis.
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Asymmetric chromosomal distribution leads to constitutive
mosaicism in Leishmania

Yvon Sterkers∗, Laurence Lachaud, Michel Pages, Patrick Bastien

UNIVERSITY MONTPELLIER 1 CNRS UMR2724 , MONTPELLIER,
FRANCE
∗ corresponding author: y-sterkers@chu-montpellier.fr

Leishmania is generally considered as diploid but aneuploidy exists,
particularly chromosome 1 is known to be triploid in L. major Friedlin
strain. In this work, we analyzed by fluorescence in situ hybridiza-
tion (FISH) the actual number of homologues for seven chromosomes
in individuals cells of the L. major Friedlin strain, of two other strains
of L. major and of eight clones derived from them. Our results show
that (i) aneuploidy affects most of the studied chromosomes. (ii) Ploidy
is not even for a given chromosome in a given strain: cells are ei-
ther disomic or trisomic for that chromosome (Chr 1, Chr 5 and Chr
17), or the repartition is monosomic/disomic (Chr 2). These data show
constitutive intra-strain ploidy heterogeneity, or mosaicism, in Leish-
mania. (iii) Proportions of monosomy/disomy or disomy/trisomy may
vary for a given chromosome from a strain to another. (iv) In sib-
ling clones, these proportions were generally, but not always, similar
to those observed in the parental strain, showing a certain stability
of aneusomy. We hypothesized that the mechanism leading to ane-
uploidy might be of epigenetic nature. In order to further elucidate
the genetic mechanisms involved in mosaicism, we studied the dis-
tribution of chromosomes in dividing cells. We observed asymmetric
chromosome distribution between both divided nuclei for a number of
chromosomes. For Chr 5, asymmetric chromosome distribution was
seen in as much as 50% of dividing cells. The whole of these data
strongly suggest that mis-replication and/or mis-segregation may be
the general rule in Leishmania. These original data should modify
the conception of the biology of these divergent eukaryotes.
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Genome wide adaptable amplification in Leishmania

Jean-Michel Ubeda∗, Frederick Raymond, Jacques Corbeil, Marc Ouellette

Laval University, Quebec, CANADA
∗ corresponding author: jean-michel.ubeda@crchul.ulaval.ca

DNA amplification is found in various organisms and occurs when the
enhanced expression of the amplified genes is advantageous. In Leish-
mania DNA amplification is mainly known as a drug resistance mech-
anism and many studies pinpoint the importance of homologous re-
combination of repeated sequences (RS) for DNA amplification. Using
a bioinformatic approach we analyzed the Leishmania genome to iden-
tify non-coding RS and all related amplifiable locus. A total of 5500 RS
were highlighted scattered through the 36 chromosomes of Leishma-
nia. A large majority of the genes of the Leishmania genome could
thus potentially be amplified extra-chromosomally through these RS.
We report here that stochastic homologous recombination between these
RS occurs randomly in Leishmania parasites at a rate estimated to
¡10-8 and provide to Leishmania populations a bank of amplicons. In-
deed at the population scale and with a sensitive PCR strategy we
showed that up to 80% of the potential amplicons are detected in a
single in-vitro culture. A similar situation may also occur in T. bru-
cei. This random amplification of different genomic loci at the popula-
tion level may represent a mechanism of adaptation to environmental
stresses. To test this we induced stresses and we monitored by qPCRs
the increase of targeted amplicons. We showed that the cells contain-
ing an amplicon providing an advantage under a specific stress are
positively selected and ultimately form a new (sub)population. This
subpopulation reverts to the initial population when stresses are re-
moved. Effective gene amplification and clonal selection for increased
copy number and expression of specific genes under selective condi-
tions may have evolved as a strategy to compensate for the lack of
transcriptional control in Leishmania.
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A single endonuclease-generated DNA break induces antigenic
switching in Trypanosoma brucei

Catharine E. Boothroyd1, Oliver Dreesen2, Tatyana Leonova3, Luisa M.
Figueiredo, George A.M. Cross, F. Nina Papavasiliou∗,3

1 The Rockefeller University, New York, NY, USA
2 The Rockefeller University, New York, NY, USA
3 Laboratory of Lymphocyte Biology, The Rockefeller University, New

York, NY, USA
∗ corresponding author: papavas@rockefeller.edu

Trypanosoma brucei is the causative agent of African Sleeping Sick-
ness in humans and one of the causes of Nagana in cattle. This proto-
zoan parasite evades the host immune system by antigenic variation, a
periodic switching of its variant surface glycoprotein (VSG) coat. VSG
switching is thought to occur predominantly through gene conversion,
a form of homologous recombination initiated by a DNA lesion that
is used by other pathogens (e.g. Candida albicans, Borrelia sp. and
Neisseria gonorrhoeae) to generate surface protein diversity, and by B
lymphocytes of the vertebrate immune system to generate antibody
diversity. Very little is known about the molecular mechanism of VSG
switching in T. brucei. Here we demonstrate that the introduction of a
DNA double-strand break (DSB) within the ∼70-bp repeats upstream
of the transcribed VSG increases switching in vitro ∼250-fold, produc-
ing switched clones with a frequency and features similar to those gen-
erated early in an infection. We were also able to detect spontaneous
DSBs within the 70-bp repeats upstream of the actively transcribed
VSG, suggesting that a DSB is a natural intermediate of VSG gene
conversion and that VSG switching is the result of the resolution of
this DSB by break-induced replication.
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HAT3 and SIR2rp1 control RAD51-dependent DNA repair in African
trypanosomes

Lucy Glover, David Horn∗

Infectious and Tropical Diseases, London School of Hygiene and Tropical
Medicine, London, England
∗ corresponding author: david.horn@lshtm.ac.uk

Antigenic variation in T. brucei depends upon Variant Surface Gly-
coprotein recombination and RAD51 recombinase activity. Covalent
post-translational chromatin modifications have important roles in re-
combination and repair in other organisms but the mechanisms re-
main only partially characterised. We are currently assessing the role
of histone acetylation in DNA repair in T. brucei. Among eleven puta-
tive histone acetyltransferases (HATs) and deacetylases (DACs), sev-
eral are dispensable for growth. We used an inducible meganuclease
system to introduce site-specific DNA double-strand breaks (DSB) and
to assess the dispensable enzymes for roles in DNA repair. This re-
vealed defects in hat3 (histone H4-K4 acetyltransferase) and sir2rp1
(histone deacetylase) null cells. Further analysis revealed hat3-defects
in DNA resection and RAD51 assembly. In contrast, the sir2rp1 strains
displayed defects in ssDNA processing and RAD51 disassembly. Nei-
ther protein was required for efficient single-strand annealing, a RAD51-
independent repair mechanism. These results indicate a role for his-
tone acetylation and deacetylation (possibly involving H4-K4) in RAD51-
dependent DNA repair in trypanosomes.
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Evolutionary changes in the Leishmania cap4-binding eIF4F
complex as reflected by the eIF4E-eIF4G interactions

Michal Shapira∗,1, Yael Yoffe1, Alexandra Zinoviev1, Melissa Leger2, Joanna
Zuberek3, Edward Darzynkiewicz3, Gerhard Wagner2

1 Life Sciences, Ben Gurion University of the Negev, Beer Sheva, Israel
2 Biological Chemistry and Molecular Pharmacology, Harvard Medical

School, Boston, MA, USA
3 Biophysics, Institue of Experimental Physics, Warsaw University, War-

saw, Poland
∗ corresponding author: shapiram@bgu.ac.il

Most translation initiation events in eukaryotes involve the assembly
of an eIF4F complex over the 5’ cap of mRNAs. Complex formation is
based on the interaction between the cap-binding protein eIF4E and
the scaffold-protein eIF4G. The four Leishmania eIF4E orthologues
(LeishF4E-1 through -4) are structurally diverged from their higher
eukaryote counterparts, possibly since they have evolved to bind the
cap-4 structure. This evolutionary diversity is further emphasized by
their inability to functionally complement the mutated yeast eIF4E,
unlike the Drosophila and Arabidopsis orthologues. Based on biophys-
ical and biochemical assays, LeishIF4E-1 and LeishIF4E-4 are most
likely the basal factors involved in translation initiation. Evolution-
ary changes are also reflected in the structure of the eIF4G orthologue
of Leishmania that we characterized (LeishIf4G-3) from a pool of can-
didates. LeishIF4G-3 is smaller than the mammalian eIF4G, but con-
tains a conserved MIF4G domain, interacts directly with LeishIF4E-1
and LeishIF4E-4 but not with the mammalian eIF4E, copurifies with
these factors over m7GTP-Sepharose and comigrates with them over
sucrose gradients. In higher eukaryotes the eIF4E-eIF4G interaction
is mediated by the N-terminus of eIF4G that contains a conserved
peptide signature [Y(X4)Lφ], where X is any aa and φ is a hydrophobic
residue. Although the N-terminus of LeishIF4G-3 is much shorter, we
identified by yeast-two hybrid assays a parallel eIF4E binding peptide
and verified its binding by NMR spectroscopy. However, this binding
motif varies extensively from the parallel peptide in higher eukary-
otes, as indicated by site-directed mutagenesis. In view of these diver-
sities, the characterization of the parasite eIF4E-eIF4G interaction
may serve as a novel target for inhibiting Leishmaniasis and provide
an important insight for future drug discovery.
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RNA Editing in kinetoplastids: Physical and functional interactions

Laurie K. Read∗, Michelle L. Ammerman, John C. Fisk, Vladimir Presnyak,
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Microbiology and Immunology, SUNY Buffalo School of Medicine,
Buffalo, NY, USA
∗ corresponding author: lread@buffalo.edu

Kinetoplastid RNA editing involves insertion and deletion of uridines
to produce translatable mitochondrial RNAs. A multiprotein edito-
some catalyzes the enzymatic steps of editing. In addition, numer-
ous dynamically associated factors appear to be required to facilitate
macromolecular interactions during editing. TbRGG2 is an essential
editing factor in both procyclic and bloodstream Trypanosoma brucei.
The protein transiently interacts with the editosome and with other
factors implicated in mitochondrial RNA metabolism. RNAi-mediated
depletion of TbRGG2 causes a dramatic inhibition of editing of all
pan-edited RNAs, while leaving minimally editing RNAs unaffected.
TbRGG2-depleted cells accumulate RNAs that are edited at their 3’
ends, but unedited at their 5’ ends. This indicates that editing initi-
ates correctly in the absence of TbRGG2, but that the 3’ to 5’ progres-
sion of editing is severely compromised. Accordingly, core editosomes
are not disrupted upon TbRGG2 depletion. To determine the step of
editing impacted by TbRGG2, we carried out detailed sequence anal-
ysis of partially edited RNAs (RNAs in the process of being edited) in
TbRGG2 RNAi cells. We observe a decrease in junction lengths and
a correlation between editing pause sites and the 3’ ends of known
gRNA sequences in TbRGG2-depleted cells, consistent with a model
in which TbRGG2 facilitates sequential gRNA usage during editing.
Biochemical properties of the protein support this model. In vitro,
TbRGG2 exhibits gRNA and mRNA binding. Moreover, the protein
displays both RNA annealing and RNA unwinding activities, which
are separable and can be attributed to distinct domains of the protein.
TbRGG2 is the first described editing processivity factor, and likely
acts through its capacity to modulate RNA-RNA interactions.
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Structure of the Core Editing Complex (L-Complex) Involved in
Uridine Insertion/Deletion RNA Editing in Trypanosomatid
Mitochondria

Larry Simpson∗,1, Feng Li1, Wong Hui2, Ivo Atanasov2, Kestrel Rogers1,
Qiang Guo1, Daren Osato1, Arnold M. Falick3, Hong Z. Zhou2, Peng Ge2

1 MIMG, UCLA, Los Angeles, CA, USA
2 California NanoSystems Institute , UCLA, Los Angeles, CA, USA
3 University of California, Berkeley, CA, USA
∗ corresponding author: larrys3255@gmail.com

Uridine insertion/deletion RNA editing is a novel form of post-transcriptional
RNA processing that occurs in mitochondria of kinetoplastid protists.
Although the basic mechanism of editing is understood, there is no
structural information available with which to understand the pro-
cess in molecular detail. We have carried out three-dimensional struc-
tural analyses of the core editing complex or L-complex from Leish-
mania tarentolae mitochondria. The complex was isolated using the
TAP procedure. The purified material sedimented at 20-25S, migrated
in a blue native gel at 1 MDa and exhibited both pre-cleaved and
full cycle gRNA-mediated U-insertion and U-deletion in vitro activ-
ities. The structural homogeneity of the purified L-complex sample
was subjected to structural analysis by electron tomography. Three-
dimensional structural comparisons of individual particles in the to-
mograms revealed that a majority of the complexes have a similar
shape of a slender triangle. A small portion of the particles exhib-
ited an additional density protruding from the central region. Single
particle reconstruction of L-complex particles at a resolution of ∼15
Å showed a very similar triangular structure with a dimension of
200x140x80 Å with a central ring and several channels, which might
have implications in RNA editing. This structure should prove useful
for a detailed analysis of the editing reaction. body
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How uridylylation is shaping mitochondrial transcriptome in T.
brucei

Ruslan Aphasizhev∗, Ronald D. Etheridge, Inna Aphasizheva

Microbiology and Molecular Genetics, UC Irvine, Irvine, CA, USA
∗ corresponding author: ruslan@uci.edu

Developmentally-regulated expression of the mitochondrial genome in
Trypanosoma brucei is controlled primarily at the post-transcriptional
level. RNA processing begins with a nucleolytic partitioning of mul-
ticistronic transcripts into ribosomal RNAs and pre-messenger RNAs.
All pre-mRNAs are subjected to polyadenylation and many are further
modified by extensive uridine insertion/deletion RNA editing, which
is directed by guide RNAs. Ribosomal RNAs and guide RNAs are
post-transcriptionally uridylylated (10-15 Us); never-edited and fully-
edited mRNAs are marked by A/U heteropolymers (100-200 nt). We
scrutinized the roles of RNA Editing TUTase 1 (RET1) in the forma-
tion and regulation of the mitochondrial transcriptome. The effects of
RET1 repression and overexpression on the processing and stability
of mitochondrial RNAs have been investigated. In addition, we ana-
lyzed protein factors that may modulate RET1 activity. The conclu-
sions are: 1) RET1- catalyzed uridylylation stabilizes short RNAs ulti-
mately affecting RNA-directed processes of RNA editing and, possibly,
nucleolytic partitioning of multi-cistronic transcripts; 2) U-addition di-
rectly controls the stability and, therefore, the abundance of ribosomal
RNAs; 3) The balance of adenosine and uracil residues in A/U tails de-
termines the half-life of translatable mRNAs regardless of their pro-
cessing history. Possible mechanisms of these processes will be dis-
cussed. We postulate the existence of a new class of short RNAs,
termed processing guide RNAs (pgRNA). These RNAs are predicted to
be shorter than 30 nucleotides, uridylylated, and to act in nucleolytic
processing of maxicircle- and minicircle-encoded RNA precursors.
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Trypanosoma brucei Tob55 functions as a protein translocator on
mitochondrial outer membrane

Shvetank Sharma, Ujjal K. Singha, VaNae Hamilton, Melanie Duncan, Minu
Chaudhuri∗

Microbial Pathogenesis and Immune Response, Meharry Medical
College, Nashville, TN, USA
∗ corresponding author: mchaudhuri@mmc.edu

Tob55 is the major component of the TOB complex that is responsible
for the assembly of beta barrel proteins on mitochondrial outer mem-
brane (OM). A Tob55 homolog is identified in Trypanosoma brucei, a
parasitic protozoan, which causes African trypanosomiasis. T. bru-
cei Tob55 (TbTob55) possesses a predicted beta barrel structure and
showed 17-22% identity and 30-38% similarity to Tob55 from other
species. TbTob55 knock-down decreased the level of several mitochon-
drial proteins in the OM, inner membrane (IM), intermembrane space
(IMS), and matrix indicating that TbTob55 is crucial for mitochon-
drial protein biogenesis. TbTob55 depletion decreased and its over
expression increased the level of the matured complex of mitochon-
drial porin suggesting that TbTob55 is involved in beta barrel protein
assembly on OM. Furthermore, in vitro import of the cytochrome oxi-
dase subunit IV (COIV) is drastically reduced in TbTob55 knock-down
mitochondria. Preincubation of isolated mitochondria from T. brucei
with anti-Tob55 antibody blocked the import of this nuclear encoded
mitochondrial protein, showing that TbTob55 is directly involved in
mitochondrial preprotein import. These results strongly suggest that
TbTob55 is a protein translocator of OM. Various searches in try-
panosome genome database have failed to identify either a homolog
of Tom40 or any other compenents of the TOM complex. Thus, it is
likely that TbTob55 is the protein translocator on the OM in T. brucei.
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A double inducible system to study mitochondrial tRNA import in
living Trypanosoma brucei

Florence Tschopp, Pusnik Mascha, Schneider Andre∗

Chemistry and Biochemistry, University of Bern, Bern, Switzerland
∗ corresponding author: andre.schneider@ibc.unibe.ch

The mitochondrial genome of the kinetoplastid Trypanosoma brucei
does not encode any tRNA genes. Thus, in order for mitochondrial
translation to occur, all mitochondrial tRNAs have to be imported from
the cytosol. The observed extent of import ranges for 1 - 12% of the
total cellular complement depending on the tRNA species. While all
mitochondrial tRNAs derive from cytosolic ones, there are two tRNA
(tRNAMet and the tRNASec) that are cytosol-specific. The composition
of the tRNA import machineries in the inner and the outer mitochon-
drial membranes is still unknown. Thus, we have established an in
vivo system that permits us to identify tRNA import factors. It con-
sists of a cell line that allows separate induction of RNAi by tetracy-
cline and expression of a tagged tRNA by IPTG at any desired time
point. This double inducible system allows us to follow import of a
newly synthesized tagged tRNA during RNAi-mediated knockdown of
any putative mitochondrial import factor. Preliminary results showed
that ablation of the trypanosomal Tim17, a component of the inner
membrane protein translocation machinery, as well as ablation of an
unidentified protein necessary for mitochondrial matrix protein im-
port (unpublished data), abolished import of the newly synthesized
tRNA. Those results indicate that some components of the protein im-
port machinery are, directly or indirectly, required for mitochondrial
tRNA import in Trypanosoma brucei.

5E



The unexpected effects of ethidium bromide on Trypanosoma
brucei

Arnab Roy Chowdhury1, Jianyang Wang1, Gokben Yildirir1, Beiyu Liu1,
Theresa Shapiro2, Paul T. Englund∗,1

1 BIOLOGICAL CHEMISTRY, JOHNS HOPKINS MEDICAL SCHOOL,
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∗ corresponding author: penglund@jhmi.edu

Ethidium bromide (EB) has been used to treat bovine trypanosomi-
asis in Africa for a half-century. EB causes kDNA loss in BSFs and
is a poison for mito-topoisomerase II. We now report unexpected ef-
fects of EB on kDNA. EB should intercalate within network minicir-
cles and free minicircle replication intermediates. Those that were
covalently-closed would develop positive supertwists that would be re-
moved by an endogenous topo, thereby reducing the minicircle link-
ing number. Following DNA isolation and EB extraction, the minicir-
cles would then develop negative supertwists. As shown by gel elec-
trophoresis and other methods, this occurred with covalently-closed
free-minicircle replication intermediates. The minicircles average link-
ing number was reduced to a level so low that it could not be compen-
sated by supertwisting and some sequences were forced to flip into left
handed Z-DNA. These extreme effects on free minicircle topology ex-
plain our observation that EB abruptly stops kDNA replication. We
found a totally different situation with network minicircles. Surpris-
ingly, EM demonstrated that EB does not supertwist network mini-
circles, even though they reside in the same compartment as the free
minicircles. One probable reason is that networks are bound to pro-
teins that effectively prevent helix unwinding and, consequently, per-
mit little EB binding. In support of this hypothesis, we found that
one such protein, p19, which localizes to the kinetoplast, prevents EB
binding to networks in vitro. Since we now know that kDNA is es-
sential for wild type BSF viability, these results provide a mechanism
for EB toxicity to BSFs. However, there must be other mechanisms
because akinetoplastic BSFs are also killed by EB.
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Mitochondrion of kinetoplastid parasites as a chemotherapeutic
target

Gyong Seon Yang1, Jair Siqueira-Neto1, Jiyeon Jang2, Seunghyun Moon3,
Jonathan Cechetto2, Auguste Genovesio3, Thierry Christophe2, Lucio
Freitas-Junior∗,1
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∗ corresponding author: junior@ip-korea.org

Kinetoplast is the mitochondria of flagellated protozoa of the order
Kinetoplastida, showing unique structure and function and known
to be essential in survival of these parasites. The kinetoplast DNA
(kDNA) consists of few dozen maxicircles, encoding typical mitochon-
drial proteins and ribosomal RNA and several thousands minicircles,
encoding guide RNA molecules that function in the edition of maxicir-
cles mRNA transcripts. We designed a high-throughput/high-content
assay for Leishmania donovani intramacrophagic amastigote as a pri-
mary screening for selection of compounds that kill L. donovani in a
unspecified manner, and a kDNA-targeted assay in L. donovani pro-
mastigote as a secondary screening in order to identify, among the
leishmanicidal compounds from the primary screening, those acting
through a kDNA replication-dependent mechanism. Giving the unique-
ness of kinetoplast replication (as compared to host mitochondria),
this approach provides substantial advantages, increasing potential of
finding parasite-specific drugs. In primary screening, human macrophage
THP-1 infected by L.donovani metacyclic form were cultured in 384-
well plates. After drug exposure, cells and parasites were fixed and
DNA was stained for reading in the automated confocal microscopy.
Amphotericin B was used as positive control for drug activity. Auto-
mated image analysis used in-house built algorithm taking into ac-
count parameters such as infection ratio, cell numbers, and parasite
numbers in order to evaluate infection of macrophages by amastigotes.
Currently, we are about to finish 200,000 drug-like small compounds
from chemically diverse library in the primary screening, and selected
hits will be screened in kinetoplast targeted assay, which is under de-
velopment and will be based on high-content screening and analysis
of a BrdU replication assay. Sponsored by IPK, DNDi, GTZ on behalf
of the German Government.
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Discovery of the First Drug-like Inhibitors of an Essential RNA Editing
Ligase in Trypanosoma brucei

Rommie E. Amaro∗,1, Achim Schnaufer2, Heidrun Interthal3, Wim Hol3,
Kenneth Stuart4, J. Andrew McCammon5

1 Chemistry and Biochemistry, University of California, San Diego, La
Jolla, CA, USA

2 University of Edinburgh, Edinburgh, Scotland
3 University of Washington, Seattle, Seattle, WA, USA
4 Seattle Biomedical Research Institute, Seattle, WA, USA
5 Howard Hughes Medical Institute, La Jolla, CA, USA
∗ corresponding author: ramaro@mccammon.ucsd.edu

Trypanosomatid RNA editing is a unique process and essential for
these organisms. It therefore represents a promising new drug target
for a group of protozoa that includes the causative agents for African
sleeping sickness and other devastating tropical and subtropical dis-
eases. Here, we present the first drug-like inhibitors of a key en-
zyme in the editing machinery, RNA editing ligase 1 (REL1). These
inhibitors were identified through a novel strategy employing molec-
ular dynamics to account for protein flexibility. A virtual screen of
the REL1 crystal structure against the NCI Diversity Set was per-
formed using AutoDock4. The top 30 compounds, predicted to inter-
act with REL1’s ATP binding pocket, were further refined using the
relaxed complex scheme (RCS), which redocks the compounds to re-
ceptor structures extracted from an explicitly solvated molecular dy-
namics trajectory. The resulting reordering of the ligands and filtering
based on drug-like properties resulted in an initial recommended set
of eight ligands, two of which exhibited micromolar activity against
REL1. A subsequent hierarchical similarity search with the most ac-
tive compound over the full NCI database and RCS rescoring resulted
in an additional set of six ligands, two of which were confirmed as
REL1 inhibitors with IC50 values of ∼1 µM. Tests of the three most
promising compounds against the most closely related bacteriophage
T4 RNA ligase 2 as well as against human DNA ligase IIIβ indicate a
considerable degree of selectivity for RNA ligases. These compounds
are promising scaffolds for future drug design and discovery efforts
against these important pathogens.
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Trans-splicing regulation – spliced leader RNA silencing, and
spliced leader RNA discard – two processes that control the level
of SL RNA

Shulamit Michaeli∗, Hannoch Goldshmidt, Hadassa Shaked, Sachin Kumar
Gupta, Itai Dov Tkacz

The Mina and Everard Goodman Faculty of Life Sciences, Bar-Ilan
university , Ramat-Gan , Israel
∗ corresponding author: michaes@mail.biu.ac.il

Trans-splicing is regulated at different levels; transcription of the SL
RNA, biogenesis of the SL RNP and its utilization. SL RNA silencing
(SLS) was first observed in cells depleted for the SRP receptor (Lustig
et al., EMBO rep. 2007). Here we show that SLS is induced also by
depletion of ER translocation factors SEC63 and SEC61. SLS elicits
a specific shut-off of SL RNA transcription due to the failure of the
SL RNA transcription factor tSNAP42 to bind to its cognate promoter
(Lustig et al., 2007). We now find that SLS is induced under ER stress
by inducers of the unfolded protein response (UPR) in other eukary-
otes. SLS is a death pathway that is induced upon persistent ER stress
and has all the hallmarks of programmed cell death (PCD). The PCD
is associated with perturbation in calcium homeostasis. Proteome and
transcriptome analyses are in progress to identify the signaling path-
way leading to SLS. SL RNA biogenesis is also a highly regulated pro-
cess. Here we describe a novel process that we term SL RNA discard
(SLD) that removes defective SL RNA from the nucleus, exports it to
the cytoplasm and then excretes it from the cell. SLD is induced in
cells depleted for Sm proteins. The particle (SL RNP-C) was purified
and proteins such as actin, helicase, and ATPase were identified in
the complex. Live cell imaging and SEM microscopy were used to fol-
low the secretion of the complex from the cell. SLD is therefore the
first mechanism described to date that removes defective RNA not by
degradation, but by sequestration and excretion from the cell.
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The pseudo-CTD of RNAPII is essential for productive RNA synthesis
in Trypanosoma brucei

Anish Das∗,1, Vivian Bellofatto∗,2

1 Microbiology and Molecular Genetics, UMDNJ-New Jersey Medical
School, Newark, NJ, USA

2 UMDNJ-New Jersey Medical School, Newark, NJ, USA
∗ corresponding author: dasak@umdnj.edu
∗ corresponding author: bellofat@umdnj.edu

The RNA polymerase II (RNAPII) machinery is complex and only stud-
ied extensively in metazoa and yeast. In these organisms, the carboxy-
terminal domain (CTD) of the largest subunit of RNAPII is composed
of heptapeptide repeat sequences and is essential for gene expression.
The CTD orchestrates myriad transcriptional and co-transcriptional
processes that are accomplished in part by a dynamic set of modifi-
cations. Differentially phosphorylated CTD signals release of enzyme
from the preinitiation complex at transcriptional promoters, ensures
subsequent elongation and coordinates messenger RNA (mRNA) 5’
capping, processing, polyadenylation and termination. Despite this
strict structural and functional conservation of CTD found in many
organisms, a surprising number of eukaryotes lack a heptapeptide
repeat containing RNAPII and yet produce 5’ capped, processed and
polyadenylated mRNAs. To investigate how this non-heptapeptide
CTD, called pseudo-CTD, contributes to RNAPII machinery we ex-
plored this phenomenon in trypanosomes. African trypanosome, Try-
panosoma brucei contains an ∼285 amino acids long pseudo-CTD, rich
in serine and proline, that follows the highly conserved A through H
domains characteristic of the largest subunit (RPB1) of all eukary-
otic RNAPII. We learned that RNAPII lacking the CTD altogether
or containing only 95 amino acids, fails to support cell viability. In
contrast, RNAPII with 186 amino acids long CTD maintains cellular
growth. Moreover we observed that RNAPII with pseudo-CTD trunca-
tions resulted in abortive transcription initiation that was more pro-
nounced in the case of the shorter pseudo-CTD. These data reveal that
a highly divergent CTD plays as important a role in gene expression
as a heptapeptide-repeat containing CTD in RNAPII transcription.
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A novel, TFIIH-associated, multi-subunit transcription factor is
essential for SL RNA gene transcription in Trypanosoma brucei

Ju Huck Lee1, Aswini K. Panigrahi2, Arthur Günzl∗,1

1 Genetics and Developmental Biology, University of Connecticut Health
Center, Farmington, CT, USA

2 Seattle Biomedical Research Institute, Seattle, WA, USA
∗ corresponding author: gunzl@uchc.edu

In eukaryotes, general transcription factors (GTFs) including TFIIH
and TFIIE form pre-initiation complexes with RNA polymerase (pol)
II at all core promoters. Only recently, extremely divergent GTF ortho-
logues were identified in trypanosomatids and shown to be essential
for transcription of spliced leader (SL) RNA genes (SLRNAs) which
encode the SL donor in trans splicing of all nuclear pre-mRNA. Since
SL RNA is consumed in the process, parasite survival requires a con-
tinuously high SL RNA synthesis rate. We have characterized an ac-
tive form of Trypanosoma brucei TFIIH and shown that it is essential
for SLRNA transcription. TbTFIIH harbors orthologues of all seven
core subunits but apparently lacks the cyclin-activating kinase (CAK)
sub-complex which, in other eukaryotes, is involved in RNA pol II
phosphorylation; instead, TbTFIIH contains two additional core sub-
units which have no sequence resemblance to other GTFs. Currently,
we are investigating the possibility that these subunits represent or-
thologues of the TFIIE alpha/beta ubunits. Furthermore, we noted
co-purification/sedimentation of several minor proteins with TFIIH.
Since they could be CAK components, we identified one of them by
mass spectrometry. Subsequent PTP tagging and purification com-
bined with a sedimentation analysis revealed a protein complex of
nine subunits all of which were annotated as hypotheticals and none
of which resembled a kinase. Moreover, only seven of these subunits
are present in leishmanias and we were unable to detect a transcrip-
tion factor motif in these proteins or find sequence similarities outside
of trypanosomatids. Nevertheless, by analyzing one of the subunits,
we showed in vivo and in vitro that this factor is essential for para-
site viability, localizes to the nucleus, and is indispensible for SLRNA
transcription.
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A novel strategy for the identification of RNA binding proteins
reveals putative regulators of EP procyclin expression

Bernd Schimanski∗,1, Manfred Heller2, Isabel Roditi1

1 Insitute of Cell Biology, University of Bern, Bern, Switzerland
2 Department of Clinical Research, University of Bern, Bern, Switzerland
∗ corresponding author: schimanski@izb.unibe.ch

The insect forms of Trypanosoma brucei are densely covered with pro-
cyclins. In the early phase of tsetse fly infection, both EP and GPEET
are expressed whereas the latter is downregulated as development
progresses. The regulation of these genes occurs at the posttransrip-
tional level involving elements in the 3’UTR of the mRNAs. We have
recently identified members of a protein family that interact with a
loop region in the 3’UTR of GPEET mRNA by standard biochemi-
cal purification methods. For the isolation of EP regulating factors,
a novel strategy was developed. The method combines the specific
interaction of the bacteriophage coat protein MS2 with a particular
RNA stem-loop motif and the advantages of tandem affinity purifica-
tion (TAP). We have generated stable cell lines for inducible expression
of TAP tagged MS2-PTP to purify GFP reporter mRNAs containing a
MS2 binding site at the 5’ terminus and the 3’UTR of EP1. This re-
porter mRNA can be isolated via TAP in a sequence-specific manner
in order to identifiy copurified RNA-associated proteins by mass spec-
trometric analysis. In addition to highly abundant proteins which are
known to be common contaminants in TAP procedures, we were able
to identify several proteins with annotated RNA binding activity. Two
proteins were chosen for further analysis. One of them shows sequence
specific interaction with EP1 mRNA whereas the other one interacts
with all procyclin mRNAs. Currently, we are analyzing their subcellu-
lar localization, interacting proteins and the effect on the expression
of procyclins after downregulation by RNA interference.
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Differential Trypanosome Surface Coat Regulation by a CCCH
Protein That Co-Associates with procyclin mRNA cis-Elements

Pegine Walrad1, Alvaro Acosta-Serrano2, Keith Matthews∗,1

1 Institute of Immunology and Infection Research, University of Edin-
burgh, Edinburgh, United Kingdom

2 Liverpool School of Tropical Medicine, Liverpool, United Kingdom
∗ corresponding author: keith.matthews@ed.ac.uk

The genome of Trypanosoma brucei is regulated almost entirely at the
post-transcriptional level. Although procyclin mRNA cis-regulatory
sequences have provided the paradigm for post-transcriptional control
in kinetoplastid parasites, trans-acting regulators of procyclin mRNAs
have remained elusive despite intensive effort. Here we identify the
developmental regulator, TbZFP3, a CCCH-class RNA binding pro-
tein, as an isoform-specific regulator of Procyclin surface coat expres-
sion in trypanosomes. We demonstrate (i) that endogenous TbZFP3
shows sequence-specific co-precipitation of EP1 and GPEET, but not
EP2 and EP3 procyclin mRNA isoforms, (ii) that ectopic overexpres-
sion of TbZFP3 does not perturb the mRNA abundance of procyclin
transcripts, but rather that (iii) their protein expression is regulated
in an isoform-specific manner, as evidenced by mass spectrometric
analysis of the Procyclin expression signature in the transgenic cell
lines. Hence, the TbZFP3 mRNA-protein complex (TbZFP3mRNP) is a
long-sought trans-regulator of differential surface protein expression
in trypanosomes. To investigate other targets of the TbZFP3mRNP,
specific RNA-precipitation coupled with Solexa analysis of selected
transcripts has been used, this revealing significant enrichment of sev-
eral transcript classes. Interestingly, in silico analysis of the 3’UTRs of
these transcripts demonstrates the presence of significantly enriched
motifs that are shared with the selected procyclin isoforms. Combined
with an ongoing analysis of protein components of the TbZFP3mRNP,
our studies are dissecting the pathway of gene expression control me-
diated by a novel group of RNA binding proteins, for the first time
linking specific mRNA targets to the gene expression machinery in
trypanosomes.
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Cold-inducible PKA-like kinase of Trypanosoma brucei

Sabine Bachmaier, Martin Brenndorfer, Susanne Kramer, Julia Pepperl,
Michael Boshart∗

Genetics, University of Munich (LMU), Biocenter, Planegg-Martinsried,
Germany
∗ corresponding author: boshart@lmu.de

Cyclic AMP is one of the most important second messengers in many
organisms and the abundance of cyclases and phosphodiesterases in
T. brucei suggests the presence of cyclic nucleotide signaling. Yet,
the major target for cAMP in other organisms, the cAMP-dependent
protein kinase (PKA) does not bind cAMP, and alternative targets
were not identified. Using reverse genetic manipulation of intracel-
lular cAMP concentration and a transgenic kinase reporter assay we
demonstrated in vivo that PKA-like kinase is not regulated by cAMP.
However, this kinase is specifically activated in the bloodstream stage
by cold shock, an established differentiation trigger. Structural dif-
ferences in the regulatory subunit PKAR provide a unique example of
evolution of a PKA-family kinase that has acquired an alternative ac-
tivation mechanism. To investigate the functional role and respective
signaling pathway downstream of PKA-like kinase we use a combina-
tion of phosphoproteomics and phospho-specific antibodies that recog-
nize the highly conserved target phosphorylation sequence RXXS*/T*.
Several substrates phosphorylated by PKA-like kinase in vivo imme-
diately after cold shock were identified.
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Inhibition of initiation of translation by degron-mediated depletion
of eIF2 alpha and the effect on mRNA metabolism

Emily Brown, Susanne Kramer, Jack Sunter, Helena Webb, Mark
Carrington∗

Department of Biochemistry, University of Cambridge, Cambridge, UK
∗ corresponding author: mc115@cam.ac.uk

The relationship between mRNA translation and decay remains enig-
matic. Translation elongation inhibitors such as cycloheximide, which
causes ribosomes to arrest, and puromycin, which causes ribosome re-
lease, often have different effects on mRNA stability. For example,
in procyclic trypanosomes GPI-PLC mRNA is stabilised by cyclohex-
imide but not by puromycin. This difference may result from the ef-
fect of the inhibitors on P-bodies, cycloheximide causes them to disap-
pear whereas puromycin causes them to increase. Here, translation
was blocked without the use of inhibitors by making a cell line with
a conditional mutation in the gene encoding eIF2alpha. The cell line
contained a single eIF2A gene encoding eIF2alpha fused to a degron
derived from human FKBP12; the fusion protein was stable in the
presence of Shld-1 (a non-active rapamycin derivative) but unstable
in the absence of Shld-1. In the presence Shld-1 the cells grew nor-
mally; removal of Shld-1 caused a cessation of proliferation after 4 h,
and a depletion of protein to ¡10% within 16 h. Polysomes were greatly
reduced. The eIF2alpha depletion was repeated in reporter cell lines
expressing fluorescent stress granules or P-body markers. Depletion
caused an increase in the number of P-bodies, but did not cause the
appearance of stress granules. Unexpectedly, P-bodies remained sen-
sitive to cycloheximide after eIF2alpha depletion. These data provide
evidence that the action of cycloheximide on P-bodies may not require
translation initiation providing an explanation for the effect of cyclo-
heximide of the stability of some mRNAs. In conclusion, the use of a
degron-based conditional mutant was successful and has been used to
answer questions about the relationship between mRNA translation
and sites of decay.
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PUF9 regulates transcript stability over the cell cycle in
Trypanosoma brucei

Stuart K. Archer∗,1, Van D. Luu1, Rafael A. Queiroz2, Stefanie Brems1,
Christine Clayton1

1 Zentrum fur Molekular Biologie Heidelberg, Heidelberg University, Hei-
delberg, Germany

2 Deutsches Krebsforschungszentrum, Heidelberg University, Heidel-
berg, Germany

∗ corresponding author: s.archer@zmbh.uni-heidelberg.de

In kinetoplastids, regulation of gene expression is almost entirely post-
transcriptional, leading to interest in RNA-binding proteins as im-
portant regulators of gene expression for differentiation, the cell cy-
cle, and other processes. One widespread family of eukaryotic RNA-
binding proteins consists of the Pumilio/Fem-3 binding factor (PUF)
domain proteins, of which up to 12 members are encoded in the Try-
panosoma brucei genome. T. brucei PUF9 possesses 4-6 repeats of the
PUF RNA-binding domain, and RNAi against the protein results in a
mild growth phenotype and an accumulation of G2-phase cells. Four
transcripts co-precipitate with an affinity-tagged version of the PUF9
protein when expressed in bloodstream-form cells, and three of these
are strongly downregulated when PUF9 is knocked down by RNAi.
One of these transcripts, encoding kDNA ligase alpha, has previously
been shown to be regulated in the cell cycle in Crithidia fasciculata,
prompting us to investigate cell-cycle regulation in T. brucei. All three
PUF9-regulated transcripts were indeed cell-cycle regulated, peaking
in late S-phase, while RNAi against PUF9 abolishes regulation. We
have identified 3’UTR motifs that appear to play a role in regulation
and are also analyzing other co-regulated transcripts.
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TriTrypDB: A Functional Genomics Database for Kinetoplastid
Parasites

Matt Berriman1, Brain P. Brunk2, Mark Carrington3, Malcolm J. Gardner4,
Omar S. Harb2, Christiane Hertz-Fowler1, Jessica C. Kissinger5, Peter J.
Myler4, David S. Roos∗,2, Deborah F. Smith6, Christian J. Stoeckert7

1 Wellcome Trust Sanger Institute, Hinxton, Cambridge, UK
2 University of Pennsylvania, Philadelphia, PA, USA
3 Biochemistry, University of Cambridge, Cambridge, UK
4 Seattle Biomedical Research Institute, Seattle, WA, USA
5 Center for Tropical & Emerging Global Diseases, Athens, GA, USA
6 Centre for Immunology and Infection, University of York, Heslington,

York, UK
7 Center for Bioinformatics, University of Pennsylvania School of

Medicine, Philadelphia, PA, USA
∗ corresponding author: droos@sas.upenn.edu

TriTrypDB.org is an integrated database providing access to genome-
scale datasets for kinetoplastid parasites, and supporting a variety
of complex queries driven by research and development needs. TriT-
rypDB represents a joint undertaking on behalf of the Kinetoplas-
tid scientific community utilizing computational infrastructure devel-
oped by EuPathDB, integrating genome annotation and analyses from
GeneDB and elsewhere, along with a wide variety of functional ge-
nomics datasets made available by members of the global research
community, often pre-publication. These resources have been made
possible by support from the Bill & Melinda Gates Foundation, the
NIH (US), and the Wellcome Trust (UK). Currently, TriTrypDB in-
tegrates datasets from Leishmania braziliensis, L. infantum, L. ma-
jor, Trypanosoma brucei and T. cruzi. Users may examine individual
genes or chromosomal spans in their genomic context, including syn-
tenic alignments with other kinetoplastida. Data within TriTrypDB
can be interrogated based on text terms, gene IDs, GO/EC numbers,
chromosomal location, BLAST, sequence features (length/MW, gene
type and structure, signal sequences, Pfam domains, user-defined mo-
tifs), predicted protein structure, epitopes, orthology, and functional
information (proteomics and transcriptomics, etc.). User queries are
stored, allowing future access and integrated searches. Tools permit
users to combine queries such as ”Find L. major kinases with expres-
sion evidence and no human orthologs in any kinetoplastid parasite”.
User Comments may be added to any gene page, enhancing available
annotation. Such comments are immediately searchable via the text
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search and are forwarded to the annotation team for integration. Rep-
resentatives from EuPathDB and GeneDB will be available through-
out the meeting at the booth outside the cafeteria to provide demon-
strations, answer questions, gather feedback, arrange to accept your
data and discuss new datasets.
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Functional characterization of the Leishmania folate/biopterin
transporters (FBT) family

Amin Ahmed Ouameur, Larbi Dridi, Marc Ouellette∗

Laval University, Québec, Canada
∗ corresponding author: Marc.Ouellette@crchul.ulaval.ca

The genome of Leishmania infantum contains 14 members of the fo-
late/biopterin transporter (FBT) family. Other members of this family
are found in trypanosomes, apicomplexa parasites, higher plants and
cyanobacteria. Leishmania parasites are folate and pterin auxotrophs
and thus rely entirely on membrane transporters to mediate the up-
take of these molecules from their host cells. Previous work has led to
the characterization of three FBT members in Leishmania, two folate
transporters (FT1 and FT5) and one biopterin transporter (BT1). FT1,
the main folate transporter, is a plasma membrane protein with 14 pu-
tative transmembrane domains with the N- and C-termini experimen-
tally shown to be in the cytoplasm. All FBT members, except one as
determined by GFP-tagged versions, are located in the plasma mem-
brane. We have investigated the role of the most conserved charged
amino acids of FBTs on the transport kinetics of FT1 by site-directed
mutagenesis. Some of these conserved amino acids appear to be es-
sential for the transport or the binding of the substrate. Folic acid and
S-adenosylmethionine (SAM) are the main metabolic carbon donor
in the cells. Interestingly, a methotrexate-mutant with several rear-
rangements in the FBT genes was cross-resistant to sinefugin (SF),
a structural analogue of SAM. Gene transfection, gene inactivation
and transport studies indicated that the main SAM plasma membrane
transporter of Leishmania is part of the FBT family. Despite their
structural similarities, this study highlights the functional diversity
of the FBT members and their importance in the biology of the para-
site.
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The SUMOylation system in Trypanosoma cruzi

Julio C. Bayona, Juan J. Cazzulo, Vanina E. Alvarez∗

Instituto de Investigaciones Biotecnológicas, Buenos Aires, Argentina
∗ corresponding author: valvarez@iib.unsam.edu.ar

SUMOylation is a post-translational modification present in eukary-
otic organisms that involves the covalent attachment of the ubiquitin-
like protein SUMO to other cellular proteins. Unlike ubiquitination,
which targets proteins for degradation, SUMOylation participates in
a number of cellular processes such as nuclear transport and tran-
scriptional regulation. The SUMO conjugation pathway is biochemi-
cally similar to the ubiquitin conjugation pathway. SUMO is initially
synthesized as inactive precursor that needs to be processed at the C-
termini by specific proteases to expose the glycine carboxylate that is
the site of substrate conjugation. The processed SUMO is then acti-
vated by E1 enzyme, transferred to the E2 conjugating enzyme and
finally ligated to a substrate with the aid of an E3 enzyme. In or-
der to determine if the SUMO conjugation system operates in T. cruzi,
western blot analysis of total extracts from the different forms of the
parasite was performed. Anti-TcSUMO polyclonal antibodies revealed
the presence of free-SUMO protein as well as several bands within the
range of about 40 kDa to 100 kDa corresponding to potentially sumoy-
lated targets. In vivo processing of SUMO precursor was studied by
transfecting epimastigotes with TcSUMO with an N-terminal 6xHis-
HA and a C-terminal Flag tags. Western blot analysis showed that
TcSUMO is processed at the C-terminus and is conjugated to several
target proteins. The SUMOylation pattern was also observed when
epimastigotes were transfected with mature SUMO already exposing
the Gly residue. Indirect immunofluorescence studies performed with
anti-TcSUMO antibodies suggests that SUMO targets are predomi-
nantly nuclear proteins. In order to identify the identity of SUMOy-
lated proteins a proteomic approach based on tandem affinity purifi-
cation scheme is being developed.
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Regulated expression of the surface virulence factor
lipophosphoglycan (LPG) of Leishmania major using a conditional
destabilized protein-fusion regulatory system

Luciana Madeira da Silva, Katherine L. Owens, Silvane F. M. Murta, Britta
A. Anderson, Stephen M. Beverley∗

Molecular Microbiology, Washington University in St. Louis, St. Louis,
MO, United States
∗ corresponding author: beverley@borcim.wustl.edu

Surface glycoconjugates play important roles in the infectious cycle of
Leishmania major, including the abundant lipophosphoglycan (LPG)
implicated in parasite survival in the sand fly vector and the initial
stages of establishment in the mammalian host macrophage. We de-
scribe a system for inducible expression of LPG, applying a novel pro-
tein based system that allows controlled degradation of a key LPG
biosynthetic enzyme, UDP-galactopyranose mutase (UGM). This method-
ology relies on a mutated FK506 binding protein (FKBP) destabilizing
domain (‘dd’) fused to the protein of interest; in the absence of ra-
pamycin analogs such as Shld1, the ‘dd’ domain is destabilized lead-
ing to proteasomal degradation, whereas drug treatment confers sta-
bilization. Tests in L. major using ‘dd’ fusions to a panel of reporters
and cellular proteins confirmed its functionality, with a high degree
of regulation and low background, and we established the kinetics of
protein activation and/or loss. Two inexpensive and widely available
ligands, FK506 and rapamycin, functioned similar to Shld1 without
effect on Leishmania growth or differentiation. We generated para-
sites lacking UGM through deletion of the GLF gene and substitution
with a ddGLF fusion construct, either as chromosomal knock-ins or
through episomal complementation; these showed little or no LPG ex-
pression in the absence of inducer, while in its presence high levels
of LPG were rapidly attained. Complement lysis tests confirmed the
correct integrity of the Leishmania LPG coat. These data suggest that
the ‘dd’ approach has great promise in the study of LPG and other
pathways relevant to parasite survival and virulence.

202A



The pseudo-CTD of RNAPII is essential for productive RNA synthesis
in Trypanosoma brucei

Anish Das∗, Vivian Bellofatto∗

Microbiology and Molecular Genetics, UMDNJ-New Jersey Medical
School, Newark, USA
∗ corresponding author: dasak@umdnj.edu
∗ corresponding author: bellofat@umdnj.edu

The RNA polymerase II (RNAPII) machinery is complex and only stud-
ied extensively in metazoans and yeast. In these organisms, the carboxy-
terminal domain (CTD) of the largest subunit of RNAPII is composed
of heptapeptide repeat sequences and is essential for gene expression.
The CTD orchestrates myriad transcriptional and co-transcriptional
processes that are accomplished in part by a dynamic set of modifi-
cations. Differentially phosphorylated CTD signals release of enzyme
from the preinitiation complex at transcriptional promoters, ensures
subsequent elongation and coordinates messenger RNA (mRNA) 5’
capping, processing, polyadenylation and termination. Despite this
strict structural and functional conservation of CTD found in many
organisms, a surprising number of eukaryotes lack a heptapeptide
repeat containing RNAPII and yet produce 5’ capped, processed and
polyadenylated mRNAs. To investigate how this non-heptapeptide
CTD, called pseudo-CTD (YCTD), contributes to RNAPII machinery
we explored this phenomenon in trypanosomes, which are unicellu-
lar eukaryotes that parasitize birds, fish and mammals. African try-
panosome, Trypanosoma brucei contains an ∼285 amino acids long
YCTD, rich in serine and proline, that follows the highly conserved
A through H domains characteristic of the largest subunit (RPB1) of
all eukaryotic RNAPII. We learned that RNAPII lacking the YCTD
altogether or containing only 95 amino acids, fails to support cell vi-
ability. In contrast, RNAPII with 186 amino acids long YCTD main-
tains cellular growth. Moreover we observed that RNAPII with YCTD
truncations resulted in abortive transcription initiation that was more
pronounced in the case of the shorter YCTD. These data reveal that a
highly divergent CTD plays as important a role in gene expression as
a heptapeptide-repeat containing CTD in RNAPII transcription.
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Investigation of fucosylation in Trypanosoma brucei

Giulia Bandini, Lucia M S Guther, Michael A. J. Ferguson∗

Biological Chemistry & Drug Discovery, University of Dundee, Dundee,
UK
∗ corresponding author: m.a.j.ferguson@dundee.ac.uk

Trypanosoma brucei is the extracellular protozoan parasite responsi-
ble for African sleeping sickness. The lysosomal and endosomal com-
partments of this organism are rich in glycoconjugates that play a very
important role in its virulence, infectivity and also survival. An inter-
esting angle in glycobiology is to focus on the building blocks of the
glycan chains, which are the monosaccharides. The source of monosac-
charides in the glycans are sugar nucleotides. The sugar nucleotides
pools in T. brucei has been previously analyzed using a LC-ES-MS/MS
approach. GDP-fucose was amongst those detected [1]. Interestingly,
there was no prior knowledge of any fucose-containing glycoconjugates
in this organism. Furthermore, null mutants for GDP-mannose dehy-
dratase, one of the enzymes involved in the de novo synthesis of GDP-
fucose, revealed this sugar nucleotide to be essential for the parasite
cell growth [2]. The fucosylation process in T. brucei still needs to be
investigated. Several approaches have been utilized to try to identify
the fucose-containing glycoconjugates: labelling with GDP-[3H]fucose
in cell free-system, metabolic radio-labelling, detection with fucose-
specific lectins (i.e. AAL, UEA-1) and mass spectrometry. The results
of these experiments will be discussed here. One putative fucosyl-
transferase has been identified in T. brucei. It shows homology to
the CAZy GT11 family, which comprises alpha1,2-fucosyltransferases.
This protein is expressed in both proliferative forms of the parasite.
Results from the trials for the recombinant expression and character-
ization of this enzyme will be analyzed here. [1]. Turnock D.C., Fergu-
son M.A.J., Eukaryotic Cell 2007, 6:1450-1463 [2]. Turnock D.C.et al.,
J. Biol. Chem. 2007, 282:28853-28863
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Identification of a new flagellar protein in Trypanosoma brucei : a
role in microtubule stabilisation?

Denis Dacheux, Nicolas Landrein, Magali Thonnus, Derrick R. Robinson,
Melanie Bonhivers∗

Microbiologie Cellulaire Et Moleculaire Et Pathogenicite, CNRS,
Bordeaux, France
∗ corresponding author: melanie.bonhivers@u-bordeaux2.fr

Cilia and flagella are widespread eukaryotic organelles that are con-
served from protists to mammals. Their functions are involved in cell
motility, organelle segregation, extracellular fluid movement and sen-
sory reception. We have characterised a novel cytoskeleton protein
from T. brucei that we have named TbSL. Initially identified and char-
acterised by our group as a flagella marker, TbSL has also been iden-
tified in the T. brucei flagellome (1). We show here using RNAi knock-
down studies that TbSL is a flagellar protein involved in motility. We
have identified TbSL orthologs that apparently are present only in
flagellated or ciliated organisms from ciliated/flagellated protozoan to
mammals. Further, BLAST mediated analysis of the TbSL primary se-
quence allowed us to identify a new group of putative STOP proteins.
STOP proteins are calmodulin-regulated microtubule associated pro-
teins involved in the stabilisation of cold- or nocodazole-resistant mi-
crotubules in superior eukaryotes (2). TbSL appears to belong to a
family of STOP-Like proteins and our data suggest that these STOP-
Like proteins might be involved in the stabilisation of specific micro-
tubules such as the microtubules of the axoneme. The identification of
TbSL and TbSL orthologs opens new avenues in the search for pro-
teins involved T. brucei and kinetoplastisd flagella function and in
ciliary related diseases. (1) Broadhead et al. (2006) Flagellar motil-
ity is required for the viability of the bloodstream trypanosome. Na-
ture. 440:224 (2) Bosc C et al. (2003) STOP proteins. Biochemistry.
42:12125
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AcetylCoA synthetase : the link between glucose/amino acid
degradation and lipid biosynthesis in procyclic trypanosomes

Loc Riviere1, Patrick Moreau1, Matthias Hahn2, Stefan Allman2, Marc
Biran1, Nicolas Plazolles1, Jean-Michel Franconi1, Michael Boshart2,
Frederic Bringaud∗,1

1 CNRS, Universite Victor Segalen Bordeaux 2, Bordeaux, France
2 University Munich, Munich, Germany
∗ corresponding author: bringaud@rmsb.u-bordeaux2.fr

AcetylCoA synthetase : the link between glucose/amino acid degrada-
tion and lipid biosynthesis in procyclic trypanosomes Acetyl-CoA pro-
duced in mitochondria from carbohydrate or amino acid catabolism
needs to reach the cytosol to initiate de novo synthesis of fatty acids.
All eukaryotes analyzed so far use the citrate/malate shuttle to trans-
fer acetyl group equivalents from the mitochondrial matrix to the cy-
tosol. We have investigate how this acetyl group transfer occurs in the
procyclic life cycle stage of Trypanosoma brucei. Deletion of the poten-
tial citrate lyase gene, a critical cytosolic enzyme of the citrate/malate
shuttle, has no effect on de novo biosynthesis of fatty acids and sterols
from 14C-labeled glucose, indicating that another route is used for
acetyl group transfer. Since acetate is produced from acetyl-CoA in the
mitochondrion of this parasite, we considered genes encoding cytosolic
enzymes producing acetyl-CoA from acetate. We identified an acetyl-
CoA synthetase gene encoding a cytosolic enzyme (AceCS), which is
essential for cell viability of the procyclic trypanosomes. Interestingly,
induction of RNAi against AceCS results in a 10- to 20-fold reduction
of 14C-radiolabeled glucose or acetate incorporation in de novo synthe-
sized fatty acids or sterols. We have demonstrated that the essential
cytosolic enzyme AceCS of T. brucei is responsible for activation of ac-
etate into acetyl-CoA to feed de novo biosynthesis of lipids. Therefore,
we identify the procyclic form of T. brucei as the first eukaryotic organ-
ism where acetate instead of citrate is used to transfer acetyl groups
from the mitochondria to the cytosol.
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Role of thiomodifications in tRNA import in Trypanosoma brucei

Ellen Inga Bruske, Andre Schneider∗

Department of Chemistry and Biochemistry, University of Bern, Bern,
Switzerland
∗ corresponding author: andre.schneider@ibc.unibe.ch

In T. brucei essentially all tRNAs have a dual localisation and are in
part imported into the mitochondrion whose genome does not encode
any tRNAs. Interestingly, the extent of tRNA import is highly vari-
able and specific for a given tRNA species. It ranges from 1 to 12% of
the total cellular content. This raises the question of how the extent
of import is regulated? It has been suggested that a cytosol-specific
thiomodification in the anticodon wobble nucleotide of trypanosomatid
tRNAGlu and tRNAGln prevents their import and by doing so regulates
the extent of their mitochondrial localization (Kaneko, T. et al. EMBO
J. 22, 657-667 (2003)). A prediction of that model is that the lack of
the thiomodification should enhance import of the two tRNAs. To test
this prediction RNAi cell lines allowing inducible ablation of enzymes
essential for the thiomodification of tRNAs were produced. In these
cell lines an up to 10-fold accumulation of non-thiomodified tRNAGlu

and tRNAGln was observed. However, even though non-thiomodified
tRNAs accumulated in the cytosol this did not lead to an increased
mitochondrial import of the molecules. Moreover, in vitro experiments
showed that both thiomodified and non-thiomodified tRNAGlu were
imported into mitochondria with comparable efficiency. In summary,
these results show that the thiomodification in the tRNAGlu and tRNAGln

is not acting as an antiderminant for tRNA import. Further stud-
ies comparing the kinetics of tRNA thiomodification and tRNA import
are in progress and may reveal why in vivo thiomodified tRNAGlu and
tRNAGln are restricted to the cytosol.
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Characterization of zinc-iron transporter members and of a
putative ferric reductase in Leishmania infantum

Sandra I. Carvalho∗, Tania Cruz, Vitor Costa, Ana M. Tomas

IBMC (Institute for Molecular and Cell Biology), Porto, Portugal
∗ corresponding author: sandra@ibmc.up.pt

In order to survive and replicate in the phagolysosome harsh environ-
ment, Leishmania amastigotes must acquire certain nutrients, amongst
which are iron and zinc. We are looking for the Leishmania infan-
tum proteins involved in these processes. Mining the parasite genome
for potential candidates, we selected three proteins with homology to
members of the zinc-iron family and one reductase for further anal-
ysis. The study of these proteins involves the following aspects: ex-
pression and localization in the parasite and particularly in amastig-
otes, demonstration of the capacity to transport or to reduce the metal
and analysis of their involvement in infection. The results obtained so
far will be presented. Briefly, one of the zinc-iron members (LiIZT1),
which is expressed mainly in the early stages of the parasite growth,
locates to a region of the cell that likely corresponds to the flagellar
pocket in both promastigotes and amastigotes. In the case of the vec-
tor stage, LiIZT1 is also found in the cellular membrane. It is not yet
clear which metal does LiIZT1 transport. On the contrary, LiIZT3 was
found to transport zinc. As for the reductase (LiFRed), the protein was
found in internal membranes of promastigote overexpressing cells and
is downregulated by iron excess suggesting that it functions as a ferric
reductase in vivo.

208A



Bioluminescence: A new light on in vivo trypanosome modeling

Filip Claes∗,1, Suman K. Vodnala2, Nick Van Reet1, Nathalie Boucher3, Hilda
Lunden-Miguel2, Bruno Goddeeris4, Philippe Buscher1, Martin E.
Rottenberg2
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Current in vivo trypanosome models can not monitor the spread of par-
asites in different tissues; except when ex vivo studies are included.
Monitoring parasite spread using real-time imaging provides a fast
method to evaluate parasite distribution especially in immunoprivi-
leged locations and allows a significant reduction in the number of
animals required. Here, we generated Trypanosoma brucei recombi-
nants, expressing Renilla luciferase, allowing us to conduct real-time
bioluminescent in vivo trypanosome studies. In vitro luciferase ac-
tivity measurements confirmed the uptake of the coelenterazine sub-
strate from live parasites and light emission. We further validated
the use of Renilla luciferase-tagged trypanosomes for real-time biolu-
minescent in vivo analysis. Interestingly, a preferential testis tropism
was observed with both the monomorphic and pleomorphic recombi-
nants. This is of importance when considering trypanocidal drug de-
velopment, since parasites might be protected from many drugs by
the blood-testis barrier. This hypothesis was supported by our final
study of the efficacy of treatment with trypanocidal drugs in T. brucei-
infected mice. We showed that parasites located in the testis, as com-
pared to the abdominal cavity, were not readily cleared by the drugs.
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Role of the PERK eIF2-alpha kinase and eIF2-alpha
phosphorylation in the differentiation process of Leishmania within
macrophages

Serge Cloutier, Conan Chow, Carole Dumas, Barbara Papadopoulou∗
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∗ corresponding author: barbara.papadopoulou@crchul.ulaval.ca

During the infection of the mammalian host, Leishmania encounters
drastic environmental changes, including a high temperature shift
and acidic pH within the phagolysosome of macrophages. These condi-
tions trigger rapid morphological and biochemical changes that allow
infective promastigotes to differentiate into amastigote forms, adapt
and survive within the phagolysosome. In other eukaryotes, the re-
sponse to stress or to diverse environmental stimuli predominantly
involves the phosphorylation of the translation initiation factor eIF2-
alpha by four distinct kinases leading to a decrease in protein syn-
thesis and growth suppression. In Leishmania, eIF2-alpha is con-
stitutively expressed in both life stages of the parasite. However,
when Leishmania are grown as axenic amastigotes under conditions
mimicking macrophage growth, eIF2-alpha becomes phosphorylated
at Thr166. EIF2-alpha phosphorylation coincides with downregula-
tion of global mRNA translation. We have generated a Leishmania
mutant lacking one allele of the PERK eIF2-alpha kinase gene ho-
molog encoding an endoplasmic reticulum (ER) kinase regulating the
response to ER stress. PERK is an essential gene in Leishmania. We
showed that the PERK heterozygous mutant exhibits a significant
delay in the differentiation process, especially within the first hours
following entry of the parasite into macrophages. Furthermore, we
demonstrated that a PERK dominant negative mutant that is defec-
tive in eIF2-alpha phosphorylation exhibited a more pronounced de-
lay in differentiation. These findings demonstrate for the first time
in protozoan parasites that an eIF2-alpha kinase can act as a key
player during the parasite’s differentiation in the mammalian host
and that there is probably a link between eIF2-alpha phosphoryla-
tion and adaptation of Leishmania to the harsh environment of the
macrophages. Proteomic and transcriptomic analyses are now under-
way to better characterize these PERK mutants.
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Trypanosome Mitochondrial DNA Polymerase IC Behaves as a
Stable Component of the Tripartite Attachment Complex

Jeniffer Concepcion, Karen Laitinen, Michele M. Klingbeil∗
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∗ corresponding author: klingbeil@microbio.umass.edu

The Trypanosoma brucei mitochondrial genome is a network contain-
ing thousands of catenated DNA molecules (minicircles and maxicir-
cles) called kinetoplast DNA (kDNA). Multiple proteins with specific
roles at different stages of kDNA replication surround this condensed
network. POLIC is one of three essential T. brucei mitochondrial DNA
polymerases required for parasite growth and maintenance of the kDNA
network. Additionally, POLIC is an active DNA polymerase, contains
two putative transmembrane domains, and localizes to the kinetoflag-
ellar zone, the region between the kDNA disk and the basal body
where minicircle replication intermediates are detected. This region
also contains a transmembrane filament system called the Tripartite
Attachment Complex (TAC) that connects the kDNA to the flagellar
basal body. The TAC is present throughout the cell cycle, plays a role
in kDNA segregation and is insensitive to extraction by non-ionic de-
tergents. Only two TAC components have been identified, mitochon-
drial p166 and AEP-1. RNAi demonstrated that p166 plays an im-
portant role in kDNA network segregation, but not in kDNA replica-
tion. Based on pilot purifications, we hypothesized that POLIC was
the first membrane-associated replicative DNA polymerase in any or-
ganism and pursued characterization of this novel association. Using
alkaline carbonate extraction, POLIC behaves as a membrane protein
partitioning with the mitochondrial membrane protein alternative ox-
idase (TAO) while lipoamide dehydrogenase (matrix marker) remains
soluble. Surprisingly, POLIC mainly associated with the pellet frac-
tion following Tritox-X100 extraction while TAO was completely solu-
bilized. POLIC partitioning was unaffected by DNase I treatment sug-
gesting an association with the TAC. We are currently isolating kDNA-
flagellar complexes to confirm that POLIC stably associates with the
TAC and provide evidence of the first TAC-associated replication pro-
tein.
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Iron overload favours the elimination of Leishmania infantum from
mouse tissues through the production of reactive oxygen and
nitrogen species

Silvia Vale Costa∗,1, Sandra Gomes Pereira2, Carlos Miguel Teixeira1, Ana
Tomás2, Rui Appelberg1, Maria Salomé Gomes1
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∗ corresponding author: svcosta@ibmc.up.pt

We have previously determined that iron overload decreases the growth
of Leishmania infantum in the liver and spleen of a susceptible mouse
strain. The purpose of this work was to investigate if the inhibitory
effect of iron overload on the growth of this protozoan is dependent on
the production of reactive oxygen and nitrogen species. To achieve this
goal, we evaluated the effect of iron overload on the expression of iNOS
in L. infantum-infected tissues. Additionally, we used mice genetically
deficient in the p47phox subunit of NADPH oxidase (p47phox knock-
out) or in the inducible nitric oxide synthase (iNOS knock-out) to study
the course of infection. Control and knock-out mice were treated with
iron-dextran (10mg) or saline solution and 10 days later were infected
with L.infantum. Mice were sacrificed 15 days after infection and the
parasite load was determined in the liver and spleen. Iron overload
tended to increase the expression of iNOS. Iron treatment decreased
L.infantum growth in control mice but not in p47phox- or iNOS-knock-
out mice, indicating that the mechanism through which iron exerts its
inhibitory effect is dependent on the production of reactive oxygen and
nitrogen species by the host cell. Iron overload may increase the host
capacity to control L.infantum growth, through the stimulation of the
production of reactive oxygen and nitrogen species, potent antimicro-
bial mechanisms to which Leishmania are susceptible.
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Functional Studies of the Multiple Mitochondrial DNA Polymerases
in Trypanosoma brucei using Chimeric Gene Silencing
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The unique mitochondrial DNA of Trypanosomatids is a cate-
nated network of minicircles and maxicircles called kinetoplast DNA
(kDNA). The network is essential for survival, and replication involves
release of covalently closed minicircles, replication as free molecules,
and reattachment of progeny to the network. Single-gene silencing
experiments revealed that three of the six Trypanosoma brucei mito-
chondrial DNA polymerases (POLIB, POLIC and POLID) are essential
for parasite growth and maintenance of the kDNA network. How T.
brucei uses three polymerases to replicate the maxicircles and minicir-
cles is unknown. Analysis of free minicircle replication intermediates
in single-gene silencing experiments suggested non-redundant, coop-
erative roles for the essential DNA polymerases. To test this hypoth-
esis we used chimeric stemloop RNAi to knockdown the polymerases
in different combinations (IB/IC, ID/IB, ID/IC and IB/IC/ID) to evalu-
ate cooperative roles in kDNA replication. Targeted transcripts were
knocked down >85%, resulting in growth inhibition and kDNA net-
work loss similar to single-gene silencing experiments. Within 4 days,
dual silencing of IB/IC and ID/IC led to 50% and 60% loss of kDNA,
respectively. Dual silencing of ID/IB, however, resulted in a rapid and
complete loss of kDNA compared to single or dual-gene silencing. Si-
multaneous ablation of ID and IB reduced both minicircles and maxi-
circles by 80% within 4 days and caused a 3-fold increase in abundance
of all free minicircle species within 48 hours. Although ongoing anal-
ysis of both minicircle and maxicircle replication intermediates will
provide additional information on how these polymerases are working
together to replicate the kDNA network, our current findings high-
light the utility of chimeric-gene silencing as a tool to study the com-
plex mechanism of kDNA replication.
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The function of the mitochondrion in bloodstream form
trypanosomes

Samuel D. Dean, Achim Schnaufer∗
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The bloodstream form trypanosome does not use mitochondrial ox-
idative or substrate phosphorylation for energy generation, instead
relying exclusively upon glycolysis for ATP production. Nonetheless,
the mitochondrion and mitochondrial gene expression are essential in
these forms. Recent work (Schnaufer et al., 2005) has shown that ATP
synthase is essential for the maintenance of mitochondrial membrane
potential and that dyskinetoplastid (dk) trypanosomes that lack mi-
tochondrial DNA appear to maintain their mitochondrial membrane
potential through the action of a mutated ATP synthase. Work in
our laboratory now uses transgenic trypanosome cell lines and next-
generation sequencing techniques to determine the exact role of ATP
synthase mutations in the dk phenomenon and to idenify other poten-
tial mechanisms that allow dk trypanosomes to survive without mito-
chondrial gene expression. Preliminary results from these studies will
be presented.
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Characterization of Leishmania donovani amastigote specific
protein and its role in virulence

Ranadhir Dey, Hira Nakhasi, Robert Duncan∗
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Leishmania are vector-borne pathogens which invade the macrophage
in the vertebrate host. In an effort to generate an attenuated L. dono-
vani parasite that could be evaluated as a vaccine candidate, we have
characterized an amastigote specific 27kDa protein encoding gene (p27),
which was identified by gene expression analysis on a Leishmania
donovani genomic microarray. Northern blot analysis confirmed the
stage specific expression of the gene coding for p27 in axenic amastig-
otes. Antibodies raised against the recombinant protein confirmed
abundant expression in the amastigote stage. Analysis of the de-
duced amino acid sequence revealed motifs similar to 1) a mitochon-
drial targeting signal at the N-terminus, 2) a transmembrane helix
in the center of the protein, 3) a putative tyrosine kinase domain on
the C-terminal end. Colocalization of p27 antigen using p27 specific
antibody with the mitotracker dye revealed its possible mitochondrial
localization. Biochemical analysis of mitochondrial fraction revealed
that it’s a membrane bound protein. Further analysis suggests that
p27 protein is a component of Cytochrome C Oxidase (COX) complex.
A point mutated form of p27 disrupts the COX activity. Moreover p27
null mutant and parasites over-expressing a point mutated p27 show
defects in virulence in infecting human macrophages. The p27 null
mutant shows reduced survival inside the BALB/c mice. Immuniza-
tion of mice with p27 null mutant parasite protected them from vir-
ulent challenge as indicated by significantly reduced parasite burden
both in liver and spleen. These results clearly suggesting that p27
null mutant parasite could be used as a live attenuated vaccine for
leishmaniasis.
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A Comparative Genome-wide Study of ncRNAs in Trypansomatids
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Recent experimental and computational studies have provided evi-
dence for multitudes of non-coding RNA (ncRNA) transcripts in a wide
range of eukaryotic genomes. ncRNAs are emerging as key players in
multiple layers of cellular regulation. With the availability of many
whole genome sequences, comparative analysis has become a power-
ful tool to identify ncRNA. We undertake a systematic genome-wide
in silico screen to search for novel ncRNAs in the genome of Try-
panosoma brucei by comparative genomics. The entire Trypanosoma
brucei genome was divided up into a window size of 100 bps with a
sliding window of 50bps. These sequences were searched for similar-
ity against the other Trypansomatid genomes using FASTA. Scripts
written in PERL/bio-PERL has been used to post-process the FASTA
results. Sequence alignments were further analyzed if they fit the fol-
lowing criteria: 25 bps or longer, an e-value less than or equal to 0.01,
and percent identity equal or greater than 60%. Fasta matches were
than mapped back to the T. brucei genome. A total of 8877 and 15,141
sequences were found to be conserved in six genomes and at least
four genomes, respectively. Almost one third of the known ncRNA
was found in six genomes, and about half were found in four genomes.
Annotated sequences were then filtered out. Thus, yielding at total
of 57 conserved unannotated sequences in six genomes and 126 in at
least four genomes. Among this collection we identified tRNA-sec, pre-
viously annotated incorrectly in the GeneDB T. brucei genome anno-
tation. Many of the predicted ncRNAs were validated experimentally
and categorized to their families.
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Biomarkers of attenuation in the Leishmania centrin deleted cell
line-measures of safety in a live vaccine candidate
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Biomarkers of the attenuated phenotype are needed to develop live at-
tenuated parasites into safe Leishmania vaccines. The centrin-1 gene
deleted strain of Leishmania donovani (LdCEN1−/−) shows promise
as a vaccine candidate. To identify genes whose expression patterns
are indicators of attenuation, the LdCEN1−/− line was compared to
wild type by gene expression microarray. Two genes, one coding for
a 27kDa protein (p27) and another coding for putative Argininosucci-
nate Synthase (AS) have such expression patterns. Both genes are ex-
pressed more in the amastigote stage than in the promastigote stage of
wild type cells; however they are down-regulated in the LdCEN1−/−

amastigote cells. Western blots indicated that the AS protein level
is also reduced in the LdCEN1−/− amastigotes, while the p27 protein
level is not reduced even when its mRNA level has diminished. North-
ern and Western blot analysis with these two biomarkers showed that
LdCEN1−/− parasites recovered after five weeks of infection in mice
had the same expression pattern as they had prior to infection. There-
fore, both the mRNA and/or the protein levels of these two genes could
be used as biomarkers of attenuation to monitor the safety of the
LdCEN1−/− cell line as it is developed as a potential vaccine.
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Protein palmitoylation in trypanosomes - from a global perspective
to a specific role in protein targeting to the flagellar membrane
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∗ corresponding author: d-engman@northwestern.edu

In eukaryotic cells, the sorting of many proteins to specific membrane
domains is regulated by the covalent attachment of palmitic acid. Pro-
tein palmitoylation is catalyzed by palmitoyl acyltransferases (PATs),
which share an enzymatic DHHC-cysteine-rich domain. Through acyl-
biotin exchange chemistry of African trypanosomes, we have uncov-
ered the first cellular palmitoyl-proteome of a protozoan cell. The pro-
teins identified include several whose orthologues were similarly iden-
tified in yeast and rat neuronal palmitoyl-proteomes, as well as many
kinetoplastid-specific hypothetical proteins. Several enzymes with pu-
tative signaling functions, such as protein kinases, phosphatases, and
cyclic nucleotide phosphodiesterases, were also identified. To inves-
tigate the function and regulation of protein palmitoylation, we engi-
neered individual RNAi mutants for each of the twelve DHHC-CRD
genes in T. brucei. Despite the lethality of pan-PAT inhibition with a
chemical inhibitor, none of the PAT mutants exhibited a growth deficit
in vitro, suggesting either enzymatic redundancy and/or non-canonical
PAT catalysis of essential palmitoyl-proteins. However, an in vivo at-
tenuation in a mouse model of infection was demonstrated for several
PAT mutants, including TbPAT7, which we previously identified as
the enzyme responsible for calflagin palmitoylation and trafficking to
the flagellar, rather than pellicular, membrane. Inhibition of either
TbPAT7 or calflagins themselves renders parasites susceptible to the
early host response, as first wave parasitemias fall to undetectable
levels before subsequent proliferation of a population expressing an
alternative VSG. Finally, epitope tagging of TbPAT7 shows it, like its
substrates, to localize to the flagellar membrane. We therefore present
a model whereby palmitoylation of calflagin at the flagellar membrane
restricts its lateral diffusion out of this organelle, possibly via an asso-
ciation with lipid raft microdomains and intraflagellar transport par-
ticles.
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Transcriptome remodeling during the growth curve of procyclic
Trypanosoma brucei
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We have compared, using microarray hybridizations, the transcrip-
tome of procyclic T. brucei cells harvested at the beginning of logarith-
mic growth with that of trypanosomes grown until stationary phase.
Our results indicate that there are about 80 transcripts whose abun-
dance is altered at least 2.5-fold when cells enter stationary phase.
The determination of the half-lives of some selected up- and down-
regulated transcripts indicates that the observed changes in mRNA
abundance are due, at least in part, to changes in the degradation
rates. These results could be useful to understand how trypanosomes
control gene expression in order to adapt to different extracellular en-
vironments.
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Genomic distribution and developmental changes of DNA
methylation in the parasite Trypanosoma cruzi
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In most organisms epigenetic mechanisms have emerged as major reg-
ulatory machineries of cellular processes. As such, DNA methylation
plays important role in regulating gene expression, development and
replication. In higher eukaryotes, cytosine methylation is the most
common DNA modification, but seems to be present to a much lower
extent, or even undetectable, in several protozoans (1). This epigenetic
modification appears to be present in trypanosomes (2,3), however, the
targets and functions of DNA methylation in Trypanosoma cruzi, the
etiological agent of Chagas disease, are unknown. Here, we report the
detection and genomic distribution of 5-methyl cytosine (m5C) in T.
cruzi DNA determined by methyl DNA immunoprecipitation (MeDIP).
Among the identified methylated genomic loci were repetitive retro-
transposons or pseudogenes, suggesting a role for DNA methylation
in silencing of gene expression. DNA methylation was also detected
at intergenic regions in proximity to transcription start sites, as well
as in regions of transcriptional termination. Immunostaining and
immunoprecipitation results demonstrated that DNA methylation is
particular abundant in T. cruzi kinetoplast DNA. DNA methylation
might also be involved in T. cruzi differentiation as variable amount
of methylation was detected in non-replicative compared to replica-
tive stages of the parasite. Further studies will reveal whether DNA
methylation has any function in T. cruzi. Such epigenetic modifica-
tions might provide means for development of new and effective drugs.
1. Gissot M, Choi SW, Thompson RF, Greally JM, Kim K. Eukaryot
Cell. 2008, 7(3):537-40 2. Rojas MV, Galanti N. FEBS Lett. 1990
Apr 9;263(1):113-6. 3. Militello KT, Wang P, Jayakar SK, Pietrasik
RL, Dupont CD, Dodd K, King AM, Valenti PR. Eukaryot Cell. 2008
Nov;7(11):2012-6.
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Active VSG Expression Site is organized in a uniquely open
chromatin structure
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In most eukaryotes, RNA polymerase I is dedicated to transcribing ri-
bosomal RNA genes. It has become evident, recently, that rDNA is
subject to sophisticated epigenetic regulation, which depends on the
balance between activating and silencing complexes. Both of these
remodel chromatin and interact with histone-modifying enzymes and
non-coding RNAs to establish a euchromatic or heterochromatic state
at a rDNA unit. In Trypanosoma brucei, Pol I can also transcribe other
genes, including those encoding Variant Surface Glycoproteins (VSG).
Although a few chromatin-related factors are important for VSG gene
regulation, the differences between the euchromatic and heterochro-
matic structures at the active and silent VSG expression sites (ES) is
unclear. By chromatin immunoprecipitation, we show that the active
ES contains 4-10 fold less Histone H3 than silent ESs, which suggests
fewer nucleosomes at the active site. Using a fractionation method
that differentiates DNA by the tightness of its association with nucle-
osomes, we observed that chromatin at silent ESs is about 10 times
more compact than at the active ES. Micrococcal nuclease digestion
confirmed that the active ES is essentially devoid of regularly spaced
nucleosomes. Thus, we conclude that there are major structural differ-
ences between the chromatin of active and silent ESs, with the active
ES being more open. These differences may be involved in marking
and propagating the epigenetic state of each ES from one generation
to the next, a hallmark of antigenic variation. Moreover, an open chro-
matin structure at the active ES may facilitate the introduction of
double-strand breaks that promote VSG switching by gene conversion.
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A tripanosomal sirtuin homologue is involved in mitochondria
regulation
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Homologues of the Sacharomyces cerevisiae Sir2 protein, the sirtuin
family of NAD+-dependent protein deacetylase/mono-ADP-ribosyl-transferase
enzymes are emerging key players in nuclear and cytosolic signaling
but also in mitochondrial regulation and aging. T. brucei genome con-
tains three situins, one of them, Tbsir2rp1, is nuclear, the other two,
Tbsir2rp2 and Tbsir2rp3, are mitochondrial. We are investigating the
function of Tbsir2rp2 in regulating energy metabolism. We show that
trypanosome Tbsir2rp2 is a soluble mitochondrial protein that inter-
acts with the glutamate deshydrogenase and likely ribosylates the
ADP/ATP translocase. Functional studies using Tbsir2rp2 RNAi cell
lines as well as enzymatic inhibitors will be presented and discussed.
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necessary for Trypanosoma cruzi infection

Miriam A. Giardini1, Auguste Genovesio2, Fernando M. Dossin1, Yong Jun
Kwon3, Nam Youl Kim3, Seo Yeon Choi3, Hi Chul Kim3, Sung Yong Jung3,
Neil Emans3, Lucio Freitas-Junior∗,1

1 CND3-Center for Neglected Diseases Drug Discovery, Institut Pasteur
Korea, Seoul, Korea, Republic Of

2 Image Mining, Institut Pasteur Korea, Seoul, Korea, Republic Of
3 Discovery Cell Biology, Institut Pasteur Korea, Seoul, Korea, Republic

Of
∗ corresponding author: junior@ip-korea.org

The protozoan parasite Trypanosoma cruzi is the etiologic agent of
Chagas’ disease. Current chemotherapy provides unsatisfactory re-
sults and suffers from considerable side effects, making urgent the de-
velopment of new efficient drugs. Recent studies have been gradually
clarifying the host cellular events during the infection process by T.
cruzi, but although several host determinants of the entry have been
uncovered, the molecular requirements for intracellular growth and
parasite persistence could not be satisfactorily determined. With this
aim, we performed a genome-wide RNAi screening to identify human
host factors required during T. cruzi infection. We used a microar-
ray technology where spots containing siRNAs covering the entire hu-
man genome are printed onto 7 glass slides. Human cells are seeded
over these spots and reverse transfected with the siRNAs, silencing
the corresponding host genes. After 24 hours, the cells are infected
by T. cruzi tissue culture trypomastigotes. The screening procedure
was reproduced 6 times, creating more than 163,000 experiments (in-
cluding controls). In our hit selection system, we used an in-house
built highly specific selection algorithm that employed several inde-
pendent criteria, and a novel multidimensional visual profiling was
used to distinguish direct effects on parasite/host interactions from
indirect, pleiotropic or false positive readouts. Presently, all hits are
being carefully analyzed and organized in order to provide to the sci-
entific community a comprehensive list of the human proteins that are
important for each step of the infective process. The identification of
these proteins can expose the necessities of the pathogen and hence
indicate potential targets for anti-parasitic therapies.
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Trypanosome flagellar RNAi mutants: location-to-function for novel
proteins and the role of calmodulin in PFR assembly
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With the availability of tractable reverse genetics tools for and several
hundred candidate flagellum proteins identified, Trypanosoma bru-
cei is a popular model for studies of flagellar biology. Insight into
the biochemistry of the iconic 9+2 microtubule axoneme is of fun-
damental interest, and many aspects of human health are recently
known to be dependent upon the assembly of functional flagella. How-
ever, the exquisite sensitivity of bloodstream trypanosomes to per-
turbations in flagellum function identifies flagellar motility as an in-
triguing drug target for sleeping sickness. As part of our ongoing in-
terest in probing the function of putative metabolic proteins in the
trypanosome flagellum we have combined comparative bioinformatics
with RNAi-mediated ablation of prominent axonemal sub-structures
as approaches to defining location for novel proteins. Here, we will il-
lustrate how loss of radial spokes from the axoneme unmasks the sub-
structure of the central pair microtubules and points towards identifi-
cation of a divergent (i.e. not readily recognisable by sequence analy-
sis alone) trypanosome member of the CPC1 adenylate kinase-related
protein family. As part of our comparative analysis of flagellar RNAi
mutants we also looked at calmodulin, a conserved component in both
the central pair apparatus and radial spokes of many flagellate eu-
karyotes. In trypanosome flagella, calmodulin is additionally present
within the paraflagellar rod (PFR). We report here that RNAi against
calmodulin has no discernable effect on axoneme sub-structure, but
results in the total failure of PFR assembly, and flagellar detachment.
This detachment is sufficient to explain why a PFR is needed by T.
brucei, informs on the function of the glycoprotein FLA1, and suggests
one reason why endosymbiont-bearing trypanosomatids might have
retained a relic PFR.
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The nitroheterocyclic compounds nifurtimox and benznidazole func-
tion as pro-drugs and must undergo enzyme-mediated activation to
have cytotoxic effects. The key step involves reduction of the nitro-
group, reactions catalyzed by type I nitroreductases (NTRs). Crucially,
type I NTRs are associated with bacteria and absent from most eu-
karyotes, with trypanosomes being a major exception. Here we ex-
ploit this difference by evaluating the trypanocidal activity of a li-
brary of nitroaryl phosphoramide mustards against T. brucei. Bio-
chemical screening against purified enzyme revealed that a subset of
halogenated compounds were effective substrates for TbNTR, having
apparent Kcat/KM values approximately 100 times greater than that
of nifurtimox. When tested in vitro against bloodstream form T. bru-
cei, cytotoxicity mirrored the enzyme activity. The IC50 values of the
most effective substrates were <5 µM with the most potent compounds
having IC50s <10 nM. Alteration of cellular NTR levels confirmed that
this enzyme plays a key role in parasite killing: T. brucei NTR het-
erozygous lines displayed resistance to the compounds while parasites
over expressing NTR showed hypersensitivity. We also evaluated the
therapeutic index of those mustards with highest trypanocidal activity
against mammalian THP-1 cells. In most cases, the relative toxicity
of these newly identified compounds was lower than that of the exist-
ing nifurtimox therapy. We conclude that halogenated nitroaryl phos-
phoramide mustards are a promising novel class of anti-trypanosomal
drug and their efficacy validates the strategy of specifically targeting
NTR activity to develop new therapeutics.
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Oleate Desaturase as a DNA Vaccine for Chagas Disease
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More than 11 million individuals are affected in Latin America by
Chagas disease. Also, this is an emerging disease in the U.S. Cur-
rently; there is no vaccine available for Chagas disease. Oleate de-
saturase (ODTc) is a transmembrane enzyme that is expressed in all
stages of T. cruzi’s life cycle. Based on computational analysis we pro-
posed to use ODTc as antigen for a DNA vaccine against this disease.
In this research we made a construct with an ODTc C-terminal re-
gion (252−417ODTc) in pcDNA3. The adjuvants used in this experiment
were á-galactosyl ceramide (PBS-57) and Galá 1-3Galâ 1-4GlcNAc-
BSA (trisaccharide), and the immunization route was nasal. After
the third immunization 10 µl of blood were taken from the tail of the
animals to prepare antiserum. However, after the fourth immuniza-
tion the Western Blot will be repeated. In case that we do not obtain
better results other immunization routs will be tested as well as the
complete ODTc ORF.
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Trypanosoma brucei encounters a number of different environments
that it must sense and respond to accordingly. Key molecules involved
in sensing and responding to changing environments are protein ki-
nases, such as those participating in the MAP kinase signaling cas-
cade. In an effort to determine role that these kinases play within T.
brucei we have started to examine the role of the MAP kinase kinases
(MKKs). We have generated strains individually deleted for two of
these genes, Tb927.3.4860 (MKK1) and Tb10.70.1800 (MKK2). These
knockout strains show no obvious defect in growth in vitro, or in their
ability to adapt to a number of stresses. Mice infected with either
the wild-type or the MKK1 knockout strain showed similar patterns
of infection, with a near-lethal parasitemia by four to five days post
infection. In contrast, the parasitemia of mice infected with the strain
deleted for MKK2, was delayed by one day, and then dropped to un-
detectable levels by day five post infection. The mice were not able
to eliminate the infection as evidenced by successive waves of low-
level parasitemia. Increasing the inoculum of MKK2 deletion para-
sites yielded a first wave of parasitemia similar to that seen for the
low dose of the wild-type strain, but once again the mice were able
to control the parasitemia. This evidence indicates that the defect in
MKK2 knockout parasites is not solely in establishing an infection.
The phenotype was partially rescued when MKK2 was expressed ex-
ogenously. Overall the data support the hypothesis that deletion of
MKK2 sensitizes T. brucei to in vivo host defenses.
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CMF70 is a novel subunit of the dynein regulatory complex in
Trypanosoma brucei
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Flagellar motility is central to pathogenesis and development in the
protozoan parasite Trypanosoma brucei. The dynein regulatory com-
plex (DRC) plays an important role in the flagellar motility of T. brucei
by transmitting regulatory signals from the central pair microtubules
via radial spokes to the dynein arms. Of the estimated seven polypep-
tides thought to comprise the DRC, trypanin is the only identified sub-
unit. Here we provide evidence that CMF70, a conserved coiled coil
protein identified through comparative genomics for proteins of motile
flagella, is a novel subunit of the DRC in T. brucei. Fluorescence local-
ization and biochemical fractionation of epitope-tagged CMF70 con-
firm a flagellar distribution for this protein. CMF70 and trypanin
co-sediment on a sucrose density gradient and co-immunoprecipitate
in T. brucei flagellar skeletons. RNAi knockdown of trypanin expres-
sion in T. brucei cells disrupts the association of CMF70 with the ax-
oneme, further supporting that both components are part of the same
complex. CMF70-depleted T. brucei cells display a range of motility-
related phenotypes including a slow swimming, sedimentation phe-
notype and growth defect, as seen in other motility mutants. Loss-
of-function DRC mutants act as extragenic suppressors of paralyzed
flagella in central pair mutants. Ongoing functional studies will de-
termine if suppression of flagellar paralysis without restoration of the
defective central pair structure is achieved in CMF70-depleted PF16
central pair mutants. Taken together, our results indicate that CMF70
is a novel subunit required for normal DRC-mediated regulation of
flagellar motility in T. brucei and provide a molecular basis for identi-
fying the remaining DRC components.
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Topoisomerase-II accumulates at active centromeres during prometaphase,
where it resolves the DNA catenations that represent the last physical
link between sister chromatids. Previously, using approaches includ-
ing etoposide-mediated topoisomerase-II cleavage, we mapped centromeric
domains in trypanosomes, organisms in which the mechanisms in-
volved in chromosome segregation are poorly understood. In Trypanosoma
brucei, the organisation of centromeric DNA is more complex than sug-
gested by the genome project. Here, we show that in bloodstream form
T. brucei, RNAi-mediated depletion of topoisomerase-IIalpha, but not
topoisomerase-IIbeta, results in the abolition of centromere-localised
activity and is lethal. Both phenotypes can be rescued by expression
of the corresponding enzyme from Trypanosoma cruzi. Therefore pro-
cesses which govern centromere-specific topoisomerase-II accumula-
tion/activation have been conserved within trypanosomes, despite the
long evolutionary separation of these species and differences in the
organisation of centromeric DNA. The variable carboxyl terminal do-
main of topoisomerase-II is known to have a major role in regulating
biological function. We therefore generated T. brucei lines expressing
T. cruzi topoisomerase-II truncated at the carboxyl terminus and ex-
amined activity at centromeres after the RNAi-mediated depletion of
endogenous enzyme. A region necessary for nuclear localisation was
delineated to 6 residues. The carboxyl terminal domain also contains
two putative sumoylation motifs. However, in contrast to other organ-
isms, sumoylation of topoisomerase-II does not appear to be required
for centromere-specific activity in trypanosomes.
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Resistance in Trypanosoma brucei brucei
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The animal pathogen Trypanosoma brucei brucei has been shown to
be sensitive to a subclass of human High Density Lipoproteins (HDL),
named the trypanosome lytic factor (TLF). Sensitivity towards TLF is
demonstrated by cell lysis due to Haptoglobin / Hemoglobin (Hp/Hb)
receptor mediated uptake and trafficking of TLF to the lysosome. The
human pathogen Trypanosoma brucei rhodesiense is resistant to TLF
because of the expression of a serum resistance associated protein
(SRA), which binds TLF and prevents TLF mediated lysosomal mem-
brane break down. We have generated a TLF resistant T.b.brucei cell
line in vitro, which is able to withstand high concentrations of TLF.
The initial observation correlating with the change in the TLF re-
sistance phenotype is an expression site (ES) recombination event.
Continuous culturing in the absence of TLF has resulted in subpop-
ulations of TLF resistant and TLF sensitive cells that outgrew the
original TLF resistant cells. In these cells, RT PCR and FACS anal-
ysis has not revealed a direct correlation between ES recombination
or switching events and TLF resistance. However, all cell lines show
a clear correlation with the presence or absence of Hp/Hb receptor
mRNA and sensitivity or resistance to TLF. Both TLF sensitive and
resistant cell lines retain an unaltered genomic copy of the Hp/Hb re-
ceptor gene. TLF sensitivity can be restored in TLF resistant cells by
expressing an ectopic copy of the Hp/Hb receptor with 5’ actin and 3’
tubulin untranslated regions (UTR). We propose that the endogenous
Hp/Hb receptor UTR sequences play an important role in stabilization
of the mRNA and therefore sensitivity to TLF in T.b.brucei.
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DHH1 is central to the correct expression of many developmentally
regulated genes in Trypanosoma brucei
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The RNA helicase DHH1 was identified in an RNAi screen for genes
involved in developmental regulation of gene expression. Expression
of a dominant negative dhh1 E182Q mutant in procyclic trypanosomes
caused rapid growth arrest, a reduction in polysomes, a small decrease
in total mRNA and increased P-bodies. This phenotype is consistent
with a general reduction in translation. A microarray experiment was
used to screen mRNAs specifically affected by dhh1 E182Q expres-
sion. The mRNAs identified were nearly all from developmentally
regulated genes. The up-regulated mRNAs were almost exclusively
expressed at higher levels in BSFs than in PCFs (10 out of 12 tested).
In contrast, the down-regulated genes were enriched for mRNAs ex-
pressed at higher levels in PCFs than BSFs (6 out of 7 tested). The
effect of dhh1 expression on the mRNAs was apparent within 4 hours
of dhh1 E182Q expression, and resulted from changes in half-lives.
In the case of one gene, ISG75, there was an increase in protein re-
sulting from translation of the up-regulated mRNA. Thus, while the
expression of the mutant dhh1 causes the majority of mRNAs to move
from polysomes, consistent with the general repressor of translation
function identified in yeast, one group of mainly developmentally reg-
ulated genes is excluded and is stabilized (possibly by maintainance
in polysomes) and another is destabilized. These data provide strong
evidence that DHH1 is involved in regulating developmental expres-
sion of multiple genes and also suggests that, unlike previously as-
sumed, both active stabilization and destabilization of mRNAs might
contribute to regulate differential mRNA levels during development.
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Ubiquitin-mediated internalisation and degradation among the
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The invariant surface glycoprotein (ISG) 65 and ISG75 families are ex-
clusively expressed in the Trypanosoma brucei bloodstream form and
are among the most abundant trans-membrane domain (TMD) pro-
teins. Since their discovery over 15 years ago, very little has been
uncovered concerning ISG function. While classical endocytic signals
such as tyrosine-based and dileucine-based motifs are absent, ISG65
family proteins possess three highly conserved lysine residues within
their cytoplasmic domains and ISG75 family proteins possess five.
These are potential sites for modification by ubiquitin, which can act
as a signal for endocytosis and/or protein degradation. Using a re-
porter protein BiPNHA, containing the TMD and cytoplasmic domain
of either ISG65 or ISG75, we demonstrate that the cytoplasmic do-
main of ISG65 and ISG75 undergo modification by multiple ubiqui-
tin moieties in a lysine-dependent manner, with more ubiquitin con-
jugates found for ISG75. More importantly, deletion of all cytoplas-
mic lysines abolished ubiquitylation and almost completely inhibits
protein degradation and internalisation of the ISG75 reporter, while
the ISG65 lysine null mutant leads to a similar result, albeit less sig-
nificant than for ISG75. The discovery of a ubiquitin-mediated en-
docytosis pathway implicated a role for the Endosomal Sorting Com-
plex Required for Transport (ESCRT) which is involved in the sorting
of ubiquitylated cargo. Using both comparative genomics and func-
tional analysis, we find that the ESCRT machinery is evolutionarily
conserved in the kinetoplastids as well as in a spectrum of divergent
eukaryotes and that it is functionally conserved in T. brucei. Thus
trafficking and protein turnover of ISG65 and ISG75 are mediated
by signals within their cytoplasmic domain via a ubiquitin-dependent
pathway.
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In trypanosomes, the flagellar pocket is the exclusive site for
endo/exocytosis, and its biogenesis and maintenance is essential for
cell viability. This work focuses on two CCCH zinc finger proteins,
TbZC3H20 and TbZC3H21, which are hypothesised to regulate gene
expression via mRNA stability, and consequently control normal cell
functions. Overexpression of TbZC3H20 in insect procyclic form cells
causes a severe growth defect. Immunofluorescence and electron mi-
croscopy showed that TbZC3H20 overexpression causes the flagellar
pocket to enlarge, a phenotype previously referred to as BigEye. Ad-
ditionally, quantitative-PCR data shows that clathrin and β-tubulin
mRNAs are downregulated as a result of TbZC3H20 overexpression.
Other studies have shown that downregulation of clathrin by RNAi
results in BigEye, an increase in the expression of a cysteine-rich
acidic transmembrane (CRAM) protein and a defect in endocytosis,
all of which are shown to occur when TbZC3H20 is overexpressed
in procyclic cells. Our data indicate that perturbing the expression
of TbZC3H20 influences an arm of the endocytic pathway in pro-
cyclic T. brucei. Downregulation of TbZC3H20 or 21 by RNAi results
in compromised growth, and null mutants could not be created, in-
dicating that both are essential in procyclic parasites. Microarray
data from downregulating TbZC3H20 has shown mRNA downregu-
lation of META1, a protein of unknown function that is expressed
3 times higher in procyclic than bloodstream cells. A Leishmania
major META1 is known to localise in vacuoles around the flagellar
pocket. Collectively, the data suggests that the tight regulation of
TbZC3H20 is required for maintaining the flagellar pocket, and per-
turbing TbZC3H20 expression has profound effects on endocytosis, cell
architecture and cell viability.
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Trypanosoma brucei Mitochondrial DNA polymerase complexes
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Kinetoplast DNA (kDNA), the unique mitochondrial DNA of Trypanoso-
matids, is a catenated network of minicircles and maxicircles. RNA
interference indicated that three of the six DNA polymerases (POLIB,
IC, and ID) in Trypanosoma brucei are essential and have non-redundant
roles in kDNA replication. POLIB and POLIC localize to where mini-
circle replication intermediates are detected. However, it is unclear
how T. brucei utilizes three DNA polymerases to replicate the kDNA
network. One possible mechanism may be different asymmetric repli-
cation fork complexes for the minicircle and maxicircle templates. To
test this hypothesis, we are systematically purifying three mitochon-
drial Pol complexes to clarify whether the Pols associate within a pu-
tative replisome and to identify interacting proteins. To date, no mi-
tochondrial replisome has been isolated from any organism. For this
study, we fused the PTP (ProtA-TEV-ProtC) tag to the C-terminus of
POLIB, POLIC and POLID in individual cell lines for tandem affin-
ity purification. The non-ionic detergent NP-40 (0.25%) provides op-
timal solubilization of the three PTP-tagged pols. Mass spectrometry
analyses indicated that the major component in each of the three in-
dependent purifications was the tagged protein. Tb 927.3.5590 (a con-
served hypothetical protein) was co-purified with POLIB-PTP and has
been detected in the mitochondrial proteome project. These data sug-
gests that the majority of the PTP-tagged polymerases are not present
in a stable complex. Immunofluorescence indicated that the PTP tag
did not disrupt endogenous localization of the Pols. POLIB-PTP and
POLIC-PTP localized near the kDNA and POLID localized throughout
the mitochondrial matrix. Future PTP purifications in hydroxyurea-
synchronized cells may reveal temporal replication protein associa-
tions and provide additional insight into the complex replication mech-
anism of kDNA.
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During the bloodstream stage of the Trypanosoma brucei lifecycle, the
parasite exists in two different states: the proliferative slender form
and the non-proliferative, transmissible, stumpy form. The transition
from the slender to stumpy form is important in infection dynamics
and contributes to ordered antigenic variation. The study of the differ-
entiation between these two forms, however, has been hindered by the
lack of non-mitochondrial molecular markers for the stumpy life stage.
PAD1 is a recently identified stumpy-specific surface protein. To mon-
itor stumpy formation in vivo and in vitro reporter cell lines which
couple the chloramphenicol acetyltransferase (CAT) reporter gene to
the PAD1 3’UTR have been created in monomorphic and pleomorphic
cells. The pleomorphic cell line shows an increase in CAT expression
upon differentiation to the stumpy life stage. The monomorphic cell
line, when treated with compounds reported to induce the slender to
stumpy transition, shows an increase in CAT expression. These cell
lines are being used to study the dynamics of the slender to stumpy
transition during a pleomorphic infection as well as to evaluate the bi-
ological relevance of compounds reported to induce stumpy formation.
Further, the identification of any instability elements in the PAD1
mRNA may contribute to the understanding of stumpy specific post-
transcriptional control. Therefore a series of reporter constructs have
been generated in which CAT is attached to a deletion series of the
PAD1 3’UTR and activity measured in monomorphic cells. The full
length 3’UTR causes repression of CAT expression in monomorphs,
yet this is alleviated to varying degrees with progressive deletions.
Further mutations are being created to identify the precise regulatory
elements involved.
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The transcriptome of two life cycle stages of the human infective
parasite, Trypanosoma brucei gambiense revealed by Digital
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Next generation sequencing promises to revolutionize expression pro-
filing. By combining serial analysis of gene expression (SAGE) tech-
nology with massively parallel sequencing, an unprecedented level of
sensitivity is achievable which is orders of magnitude greater than
that offered by microarray technology or affordable by RNAseq. Here
we have combined Illumina (Solexa) sequencing technology with SAGE
to analyse the transcriptome of two different life cycle stages of the
evolutionary ancient protozoan parasite that is the causative agent of
African sleeping sickness, Trypanosoma brucei gambiense. The impli-
cations of this work are discussed.
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Alba-domain proteins post-transcriptionally regulate GPEET
expression in T. brucei
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Modulation of mRNA stability and translation represent the main
means of regulating gene expression in trypanosomatids. We have
identified a novel protein complex involved in post-transcriptional con-
trol of GPEET, a member of the procyclin family of T. brucei. The
GPEET mRNA harbors several cis regulatory elements in its 3’ UTR,
of which the so-called glycerol responsive element (GRE) was previ-
ously shown to affect GPEET mRNA abundance. Four proteins con-
taining Alba domains (TbAlba1-4) were isolated based on their affin-
ity for the GRE in a gel retardation assay. Members of the Alba su-
perfamily bind chromosomal DNA in Archaea and are (possibly) com-
ponents of RNAse P in higher eukaryotes. Knockdown of Alba1, 2 or
3 caused a reduction in specific complexes in gel retardation assays,
and a decrease in GPEET mRNA, with the most pronounced effect be-
ing observed for Alba1. Alba proteins in T. brucei are constituents of
cytoplasmic ribonucleoprotein particles and colocalize to granules to-
gether with poly(A) RNA when the parasites are deprived of glucose.
Tandem affinity purification using tagged Alba proteins revealed in-
teractions between the four proteins, suggesting that they are part of
one or more protein complexes. In addition, several components of
the translation machinery, including elongation factors and ribosomal
proteins, copurified with Alba2. Proteins containing Alba domains are
also encoded in the genomes of T. cruzi, Leishmania and Plasmodium.
Taken together, these findings suggest new functions for members of
the Alba superfamily in regulating mRNAs and open up avenues of re-
search that might have implications for gene regulation in many other
organisms.
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The flagellum of Trypanosoma cruzi is a multifunctional organelle
that plays critical roles in motility, chemotaxis, cell signaling, and host
cell invasion. The unique lipid composition of flagellar membrane is
responsible for localization of some dually acylated proteins. One such
protein is the 24 kDa flagellar calcium-binding protein (FCaBP). Stud-
ies of this highly immunogenic and abundant protein, and the related
calflagin proteins T. brucei, have illuminated unique mechanisms of
protein trafficking to the flagellar membrane. We previously demon-
strated that the N-terminal 24 amino acids of FCaBP are necessary
and sufficient for flagellar localization of this protein. Dual acyla-
tion with myristate and palmitate is also required. However, since
other dually acylated proteins are not targeted exclusively to mem-
branes, acylation cannot be the sole determinant for membrane tar-
geting. Our data indicate that the membrane targeting of FCaBP is
abolished by deletion of amino acids 13-24 suggesting that a specific
property of this domain plays a contributing role in flagellar target-
ing. Our data indicate that a cluster of positively charged residues
within this domain act in conjunction with acyl groups to anchor the
protein to membranes. In a parallel line of investigation we examined
the role of calcium in flagellar targeting of FCaBP and found out that,
while calcium is required for flagellar targeting of FCaBP, the binding
of calcium by FCaBP is not essential. This suggests that a calcium-
dependent association of FCaBP with a binding partner and/or dimer-
ization are also required. An FCaBP binding partner has been iden-
tified that exhibits calcium-dependent binding association. Current
studies employ Leishmania as a living test tube for fine dissection of
the molecular requirements for flagellar targeting.
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MudPIT Proteomic Analysis of the T. brucei Flagellar Skeleton
Reveals Many Novel Proteins
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The flagellum is a single organelle that drives motility of the African
trypanosome, Trypanosoma brucei, the causative agent of African sleep-
ing sickness. RNA interference (RNAi)-induced depletion of individual
proteins within the flagellum disrupts flagellum substructures, inter-
feres with the generation of a productive motor force and disrupts
cell division. In the bloodstream life cycle state, this often results
in lethality. Attachment of the trypanosome flagellum to Tsetse fly
host tissues as well as social motility studies in vitro suggest that the
flagellum also plays a role in sensing and communication with the
surrounding environment. However, the exact mechanism by which
the flagellum influences these processes is unclear. We have taken a
proteomic approach to identify proteins within the detergent-insoluble
fraction of the flagellum, referred to as the flagellar skeleton, which in-
cludes the axoneme, basal body and flagellum attachment zones struc-
tures. The current inventory of flagellar proteins in T. brucei is in-
complete, since previous proteomic analyses employed flagellar skele-
tons extracted with high salt concentrations that disrupt flagellum
ultrasturcture. Here we report that improvements on flagellar skele-
ton preparation preserve flagellum substructures, yielding a prepa-
ration that closely resembles the flagellum in intact cells. MudPIT
proteomic analysis of the flagellar skeleton resulted in the identifica-
tion of 867 proteins, including 467 proteins not identified in previous
datasets. This dataset is referred to as the T. brucei flagellar skeleton
proteome (TbFSP). Comparison to earlier flagellar proteomic datasets
from T. brucei shows that significant variability exists in the number
and identity of proteins and that our proteomic analysis encompasses
this variability. Evaluation of flagellar localization and investigation
of function are underway for many interesting targets.
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Investigating the oxidative folding pathway in Trypanosoma brucei

Michael I. Millerick∗, Noirnn Nic a Bhaird, Joyce Rubotham
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The formation of correct disulphide bridges during protein folding, fre-
quently referred to as the oxidative folding pathway, is important in
all cells. African trypanosomes are well suited for investigation of
this pathway. Firstly, there are only a limited number constituents in
this pathway compared to mammalian cells. For example, the genome
of T. brucei appears to encode only five putative protein disulphide
isomerases (TbPDIs) and a single endoplasmic reticulum oxidase 1
(TbEro 1). In addition there is an obvious endogenous substrate for
the pathway in bloodstream forms, namely the variable surface gly-
coprotein (VSG). Despite extensive variation in primary structure, all
VSGs fold into the same tertiary structure which is underpinned by a
series of conserved disulphide bonds. We have observed that elements
of the oxidative pathway appear to be up-regulated in bloodstream
forms and evidence will be presented that indicates that these pro-
teins are essential in bloodstream forms.
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Screening approaches for identification of Trypanosoma brucei
hexokinase 1 inhibitors
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In Trypanosoma brucei, glycolysis is an essential pathway that is ini-
tiated when hexokinase (HK) transfers the γ-phosphoryl of ATP to a
hexose. Here, we describe three approaches to identify novel inhibitors
T. brucei HK1 (TbHK1). First, we screened HK inhibitors identified
in other systems for activity against TbHK1. Using this approach,
we identified the bioflavonoid quercetin (QCN) as a potent inhibitor
of TbHK1 (IC50 ∼35 µM). QCN also inhibited TbHK activity in cell
lysates and was toxic to both bloodstream (BSF) and procyclic (PF)
form parasites with LD50s of ∼7.5 µM and ∼35 µM, respectively. Ge-
netic manipulation to increase or deplete cellular TbHK1, respectively,
protected or sensitized the parasites to QCN. We have also completed
two library screens to identify TbHK1 inhibitors. The first screen of a
library of 1280 pharmaceutically active compounds (LOPAC) was used
to validate the assay developed for high throughput screening (HTS)
of the recombinant enzyme. This screen yielded 12 primary hits (a
0.94% hit rate) that inhibited TbHK1 >50% at 10 µM. Of note, one
compound, myricetin, differs structurally from QCN by a single hy-
droxyl group. The screen also revealed 8 compounds that activated the
enzyme at 10 µM. Last, we have completed an HTS of 220,233 unique
compounds, which yielded 239 compounds as primary hits (>50% in-
hibition at 10 µM) for a 0.1% hit rate. The average Z-factor for the
screen was 0.80 +/- 0.14. IC50 determinations have resolved this list to
14 compounds with IC50s less than QCN <35 µM). LD50 determination
for cultured BSF parasites is underway, and structure-function rela-
tionships explored. (Research funded in part by NIH R03-MH082340
and U54-MH07441).
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Lymphocyte surface targets of Trypanosoma cruzi trans-sialidase
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The trans-sialidase (TS) from Trypanosoma cruzi is a virulence factor
that is able to transfer alpha(2,3) sialyl residues between glycoconju-
gates. It is shed by trypomastigotes which is responsible to apoptotic
events in thymus, spleen and ganglia during the acute phase of the
infection. The apoptosis is induced by TS-mediated sialylation of cell
surface molecules. Identification of such molecules is then important
to understand the pathogenic mechanisms involved. In this work we
assayed the use of a bio-orthogonal pair group (azide/phosphineFLAG)
to label the acceptor molecules of the sialyl residue transferred by TS.
Metabolic enzymes involved in glycoprotein biosynthesis tolerate the
introduction of an azido group in their nucleotide-sugar substrates.
To test if TS accepts N-Azidoacetyl sialic acid (SiaNAz), Jurkat cells
fed with the precursor N-Azidoacetyl mannosamine were used. TS
hydrolyzed SiaNAz and transferred it to an exogenously added gly-
coprotein. By using SiaNAz-lactose as donor, the trypomastigote cell
surface was labelled by the endogenous or exogenously added TS and
the pattern of acceptor molecules was compatible with the expected
mucins, thus validating the approach. Then, the surface of thymo-
cytes and Jurkat cells was labelled using SiaNAz-lactose as donor and
a discrete band pattern was observed. Several sialyl residue acceptors
were identified by MALDI-TOF assay.
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VSG expression in bloodstream Trypanosoma brucei depends on
an essential CITFA-interacting protein of 17 kDa
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The unique multifunctional RNA polymerase I of Trypanosoma brucei
transcribes ribosomal gene units and units encoding the parasite’s ma-
jor antigens variant surface glycoprotein (VSG) and procyclin. Anti-
genic variation of the dense VSG cell surface coat is the parasite’s
means to evade the mammalian immune system but, as shown by Dr.
Gloria Rudenko and co-workers, VSG expression itself is essential for
parasite viability in the bloodstream form (BF) because its silencing
caused rapid cell-cycle arrest in vitro and effective clearance of para-
sites from infected mice. Recently, we characterized the general class
I transcription factor A (CITFA) which is absolutely required for cell
viability and VSG transcription. The factor binds specifically to class
I promoters and consists of six trypanosomatid-specific subunits and
the dynein light chain DYNLL1. Since dynein light chains have been
implicated in factor sequestration, we have formulated the hypothe-
sis that the position-dependence of class I transcription is mediated
through the DYNLL1 subunit of CITFA. We have now identified a
protein of 17 kDa which localizes to the nucleolus [and prelim-wise
to the ESB], interacts with DYNLL1 and co-sediments with purified
CITFA. In BFs, RNA interference of p17 targeting its 3’ UTR results
in rapid cessation of cell growth and affects the levels of rRNA and
VSG mRNA. This effect is specific to p17 silencing because the cells
can be rescued by expressing p17 with a different 3’ UTR. Interest-
ingly, the p17 knockdown leads to a concomitant reduction of CITFA-2
mRNA but not of other mRNAs confirming the functional association
between p17 and CITFA. Our current efforts are directed towards un-
raveling the specific role of p17 in class I transcription.
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Ca2+ inhibition reveals mechanistic and kinetic aspects of the
trypanosomal RNA editing machinery
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RNA editing in African trypanosomes is a process that is character-
ized by the insertion and/or deletion of uridylates into otherwise in-
complete mitochondrial (mt) transcripts. The individual reaction steps
are executed by sub-cellular machines, called editosomes. Editosomes
are high molecular mass protein complexes that orchestrate the in-
dividual steps of the catalytic cascade. The majority of the mtRNAs
is incompletely edited at steady-state conditions in vivo. In addi-
tion, mis- and alternatively edited RNAs have been found as well as
chimeric gRNA/mRNA side products. Is this an attestation of the poor
accuracy of the editosomal machinery in vivo? Additionally, in vitro
RNA editing assays show multiple reaction byproducts. Does this
reflect the situation in the cell? Or is this effect attributed to sub-
optimal conditions in vitro? Here we show that editosomes possess
both higher accuracy and catalytic activity in the absence of Ca2+-ions
in vitro. Ca2+-ions abolish the insertion of uridylates by inhibiting
the TUTase with an IC50[Ca2+] of ∼0.4mM. In U deletion-type edit-
ing, Ca2+-ions affect individual reaction steps differentially: exoUase
IC50[Ca2+] = 20±5mM; ligase IC50[Ca2+] = 30mM. However, gener-
ation of edited product is to >70% reduced at Ca2+-concentrations
>5mM. These results are congruent with the inhibition of the 3’ nu-
cleotidyl phosphatase by Ca2+-ions. Furthermore, we provide a kinetic
analysis of the U-insertion/deletion editing reaction in vitro. The data
indicate that individual catalytic steps of the reaction cascade initially
compete for substrate binding and processing. This supports the con-
cept that editosomes provide a reaction platform for substrate binding
and individual processing steps.
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Mitochondrial binding complex 1 (MRB1) in Trypanosoma brucei:
its composition and function in RNA metabolism
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The mitochondrial RNA binding complex 1 (MRB1) is comprised of
14 proteins, which are associated with the poly(U) binding protein
TbRGG1 in an RNA-mediated manner. This complex was shown to
have essential functions in RNA metabolism of the procyclic and blood-
stream stages of T. brucei. Some subunits of the MRB1 complex have
motifs involved in RNA metabolism and protein-protein interactions,
whereas other subunits have no known motifs. Several laboratories
have recently reported different but overlapping compositions of MRB1.
Here we address this issue by comparing the phenotypes of various
RNAi knockdowns for putative MRB1 subunits in the procyclic and
bloodstream forms. To further determine the structural composition
of the MRB1 complex, glycerol gradients of purified mitochondria of
various knockdowns were analyzed using antibodies against the GAP1
subunit of this complex.
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Kinetoplastid adenylosuccinate lyase as drug target
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Kinetoplastid parasites are completely dependent on purine recycling
and the scavenging of host purines due to the lack of a de novo biosyn-
thetic pathway. We have characterized the Leishmania major Friedlin
adenylosuccinate lyase (LmjASL) and shown by RNA interference in
Trypanosoma brucei cells the importance of this salvage enzyme for
parasite survival. The ASL gene is transcribed as a 2060 nucleotide-
long mRNA from a single copy gene located in Leishmania on chromo-
some 4, defined by restriction analysis, pulse field gel electrophoresis
and genome survey. Immunolocalization and cell fractionation showed
that the enzyme is present in both the glycosome and the cytoplasm.
A phylogenetic reconstruction of homologous ASL sequences indicated
that the parasite enzyme belongs to a different class than the mam-
malian enzyme and may be the result of a lateral gene transfer event
from a bacterium. The recombinant ASL from Leishmania (rLmjASL)
exhibited kinetic properties which were significantly different from
the human enzyme with a pH optimum at pH 8.5 and with a Km of 9
± 1 microM, and kinetic efficiency (Kcat/Vm) of 3.3 x 10e6 M-1 s-1, for
the adenylosuccinate (ADS) substrate. Contrary to the human enzyme
it shows no activity when SAICAR is used as a substrate, indicating
that it has lost its activity in the de novo pathway. We suggest that
kinetoplastid ASL may serve as a potential target for drug develop-
ment.
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Sphingosine Kinase is Essential for Proper Cell Cycle Progression
and Cytokinesis in Trypanosoma brucei
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Sphingolipids are second messengers that regulate growth, prolifer-
ation, and apoptosis in a wide variety of eukaryotic cells. Sphingo-
sine kinase (SPHK), a key enzyme in the signaling process, phospho-
rylates sphingosine to produce sphingosine-1-phosphate (S1P), a pro-
proliferative lipid. In higher organisms, S1P promotes extracellular
signal-regulated kinase (ERK)-mediated proliferation, which requires
the activation of growth factor receptors. S1P-mediated signaling is
unexplored in Trypanosoma brucei, a protozoan parasite and causal
agent of African sleeping sickness. A putative SPHK ortholog that har-
bors a conserved sphingosine kinase domain has been identified in the
T. brucei genome. Genetic and pharmacological inhibition of T. bru-
cei SPHK (TbSPHK) indicates that TbSPHK is essential for parasite
viability. Depletion of TbSPHK by RNA interference results in cell cy-
cle and cytokinesis defects, suggesting that TbSPHK plays a role in T.
brucei proliferation. TbSPHK-depleted cells exhibit enhanced tubulin
tyrosination and elongated and/or branched posterior end morphology,
indicating that TbSPHK plays a role in cytoskeleton remodeling and
acts as a negative regulator of tubulin polymerization. Serum growth
factors and ERK family members of mitogen-activated protein kinases
are known to play a role in T. brucei proliferation; however, the signal
transduction pathways involved in this growth regulation are unex-
plored. Because trypanosomes lack obvious orthologs of eukaryotic
S1P and growth factor receptors, it is likely that the mechanisms of
TbSPHK activation and S1P-mediated signaling are divergent. We
hypothesize that S1P acts as a positive regulator of ERK-mediated
proliferation in which novel signal transduction pathways are utilized.
The goal of this study is to characterize the function of TbSPHK and
to elucidate the novel mechanisms of TbSPHK/S1P-mediated signal-
ing in T. brucei.
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Transcriptome analysis of differentiating trypanosomes reveals the
existence of multiple post-transcriptional regulons
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We used microarrays to analyse differentiation of pleomorphic
EATRO1125 Trypanosoma brucei brucei in vitro. 1113 mRNAs
showed reproducible differences in expression. We clustered them
into classes based on their regulation patterns. We found striking
co-regulation of genes in particular functional classes. The mRNAs
encoding procyclins and META were co-regulated; so were mRNAs
encoding different subunits of mitochondrial enzymes, and those for
several glycosomal enzymes. The most dramatic discovery was that
28 mRNAs encoding ribosomal proteins showed a coordinate and tran-
sient decrease after the onset of differentiation; flagellar protein mR-
NAs followed, with a 12-hour lag. Intriguingly, mRNAs encoding
some RNA-binding proteins showed co-regulation with their mRNA
targets. These results provide strong support for the concept of post-
transcriptional regulons in trypanosomes.
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Do actin filaments exist in Trypanosoma brucei?
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The polymeric status of actin remains open in T. brucei as direct ev-
idence for the presence of F-actin in these parasites is lacking since
no obvious microfilament structures have been observed in electron
micrographs and universal F-actin binding agents such as the phal-
lotoxins do not bind to actin from trypanosomes or indeed other pro-
tozoan parasites. Nevertheless, indirect data suggest that actin can
be organized into filaments at least in bloodstream forms of T. bru-
cei. For example, the distribution of actin is highly polarized in blood-
stream forms and co-localizes with the endocytic pathway, whereas the
protein appears to be uniformly distributed in procyclic forms. More-
over loss of actin compromises endocytic traffic in the former cells.
Finally, bloodstream but not procyclic forms are extremely sensitive to
inhibitors of actin polymerization such as latrunculin. Since F-actin
cannot be visualized directly in trypanosomes using conventional ap-
proaches, we approached the problem from an alternative direction: to
localize the G-actin pool. This approach was feasible because DNase
I binds tightly and specifically to G-actin from trypanosomes. Alexa
labeled DNaseI and confocal microscopy was employed to investigate
the distribution of G-actin in trypanosomes and the pattern was com-
pared with that of the total pool as observed with anti actin antibod-
ies. Evidence will be presented which indicates that G-actin is the
predominant form of actin in procyclic but not in bloodstream forms.
We propose that the bulk of actin in bloodstream forms may be orga-
nized into short, dynamic filaments as appears to be the case in other
protozoan parasites.

249A



Deadenylation in Trypanosoma brucei
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Deadenylation, the shortening of the poly(A) tail at the 3’ mRNA end,
to less than a threshold length is usually the rate-limiting step in
mRNA degradation. Three deadenylases have been described in eu-
karyotes so far: the CCR4/CAF1/NOT complex, the PAN2/PAN3 dead-
enylase and PARN. Trypanosome cell extracts possess deadenylase ac-
tivity but the proteins had not been identified. Two different deadeny-
lases were identified: the TbCAF1/NOT complex and the PAN2 homo-
logue, are required for normal cell growth. Interestingly, TbCAF1 is
the only catalytic subunit of the TbCAF1/NOT complex and possesses
deadenylase activity in vivo and in vitro. TbCAF1 depletion strongly
inhibited the degradation of constitutively expressed mRNAs whereas
at the same time the decay of some developmentally regulated, unsta-
ble mRNAs was only partially inhibited. This leads to the hypothesis
that deadenylation by TbCAF1 is the rate-limiting step in the degra-
dation of stable mRNAs, while several pathways are involved in the
degradation of some unstable mRNAs. One of the degradation inter-
mediates of an unstable reporter mRNA with a secondary structure
slowing exonuclease degradation was a polyadenylated 3’ UTR inter-
mediate, which could come from a pathway that does not require prior
deadenylation. TbCAF1 depletion stabilised both, the polyadenylated
full-length reporter and the polyadenylated 3’ UTR degradation inter-
mediate. TbPAN2 is mainly localised in the cytosol. TbPAN2 deple-
tion resulted in a weak deadenylation defect. TbPAN2 seems to play
a role in the degradation of rapidly degraded transcripts (including a
developmentally regulated mRNA) but not in the degradation of more
stable transcripts. We conclude that there are at least two different
deadenylases in trypanosomes which seem to have different functions.
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Clathrin-associated adaptor proteins (AP) are large heterotetrameric
structures, located between the membrane and the clathrin lattice.
The adaptor protein complexes have been shown to be involved in in-
tracellular trafficking. Two AP complexes are known, AP1 and AP2.
These complexes are responsible for the clathrin recruitment and ful-
fill a role as the sorting component in the clathrin-dependent traf-
fic pathway recognizing membrane proteins targeted for internaliza-
tion. In mammalian cells, the AP1 complex is located in the trans
-Golgi network and is composed of two large sub-units (gamma and
beta-1), a medium chain (micro-1) and a small sub-unit (sigma-1). In
this study we analyze the role of the small sub-unit AP-19-like pro-
tein (APClaTc) in Trypanosoma cruzi, the causative agent of Chagas’
disease. In this regard, we performed functional assays, electronic
microscopy and phylogenetic analysis. Epimastigotes overexpressing
AP-19 fussed to GFP (APClaTc-GFP) showed a great extent of co-
localization with Texas red-labeled transferrin. In addition, the im-
munogold electron micrographs, from all stages of the parasite’s life
cycle, showed the localization of APClaTc in the Golgi and other mem-
brane structures. The co-immunoprecipitation experiments showed
the interaction of APClaTc and clathrin coated proteins, strongly sug-
gesting the involvement of APClaTc in membrane protein trafficking.
The analysis of the ortholog tree demonstrates that clathrin assembly
protein APCLaTc is evolutionarily conserved across the eukaryota,
as is confirmed by its presence in most eukaryotic genomes assayed,
and by the fact that its phylogeny closely mirrors eukaryotic phyloge-
nies that have been obtained from ribosomal RNAs and combined data
methods. The paralog phylogeny demonstrates that the gene family
to which the APClaTc belongs has undergone extensive duplication
events.

251A



Homology-independent functional annotation of Trypanosoma
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The genomes of trypanosomatids contain many trypanosomatid-
specific genes whose functions cannot be determined using homology-
dependent annotation methods. This is while a very limited set of
homology-independent computational methods are available for pre-
dicting gene function, all of which require additional data beyond
genome sequences. Here, we present two novel homology-independent
methods to directly infer biological functions of genes solely based on
their sequences. The first method is based on the premise that coex-
pressed genes have similar synonymous codon usages. Using rigorous
statistical analysis, we have shown that codon usage may regulate
the expression pattern of proteins in a wide range of organisms, and
have provided experimental data supporting this hypothesis. Know-
ing the high correlation between expression pattern and gene func-
tion, we have developed a method for prediction of function based on
codon usage. The second method uses a set of function-specific regu-
latory motifs in 5’ and 3’ untranslated regions in order to predict gene
function. We have shown that the combination of these two meth-
ods provides a powerful homology-independent annotation tool. Ap-
plying these methods to the genome sequence of Trypanosoma brucei,
we have been able to predict the functions of many hypothetical pro-
teins. When applicable, these predictions are usually corroborated by
predicted interactome of T. brucei and/or other sequence features of
genes.
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Perturbation of phosphatidylethanolamine synthesis affects
mitochondrial morphology and cell cycle progression in procyclic
form Trypanosoma brucei
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Phosphatidylethanolamine (PE) and phosphatidylcholine (PC) are the
two major constituents of eukaryotic cell membranes. In the protist
Trypanosoma brucei, PE and PC are synthesized exclusively via the
Kennedy pathway. To determine which organelles or processes are
most sensitive to a disruption of normal phospholipid levels, the cel-
lular consequences of a decrease in the levels of PE or PC, respec-
tively, were studied following RNAi knockdown of four enzymes of the
Kennedy pathway. RNAi against ethanolamine-phosphate cytidylyl-
transferase (ET) disrupted mitochondrial morphology and ultrastruc-
ture. At the electron microscope level, the mitochondria showed alter-
ations of inner mitochondrial membrane morphology, defined by a loss
of disk-like cristae. Despite the structural changes in the mitochon-
drion, the cells maintained oxidative phosphorylation. Our results
indicate that the inner membrane morphology of T. brucei procyclic
forms is highly sensitive to a decrease of PE levels, as a change in
the ultrastructure of the mitochondrion is the earliest phenotype ob-
served after RNAi knockdown of ET. Interference with phospholipid
synthesis also impaired normal cell cycle progression. ET RNAi led
to an accumulation of multinucleate cells. By contrast, RNAi against
choline-/ethanolamine phosphotransferase, which affected PC as well
as PE levels, caused a cell division phenotype characterised by non-
division of the nucleus and production of zoids.

253A



Lipid biosynthesis in Trypanosoma brucei- a source of novel
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An overview of phospholipids biosynthesis will be given, along with
highlighting key areas the group are focusing on to genetically and
chemically validate drug targets in the fight against African sleeping
sickness. Two key enzymes will be covered 1) Cytidine triphosphate
synthase- CTP is a central metabolite not only in nucleic acid synthe-
sis but also for all glycolipid and phospholipid de novo biosynthesis. 2)
Neutral sphingomyelinase- an enzyme involved in recycling a specific
pool of sphingomylein involved in protein (including VSG) exocytosis.
This work is funded by The Wellcome Trust
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RNAs from all three domains of life–eukarya, bacteria, and archaea–
can act as substrates for numerous posttranscriptional modifications,
including tRNA editing. Of particular interest is the deamination of
adenosine to inosine that occurs at the first or wobble position of the
anticodon in tRNAs. Given the ability of inosine to base pair with cy-
tosine, uridine and adenosine, this editing event allows a single tRNA
to decode multiple codons. In eukaryotes, adenosine deaminases act-
ing on tRNA (ADATs) are heterodimeric enzymes (comprised of sub-
units ADAT2 and ADAT3) responsible for conversion of adenosine to
inosine. Here, we show through systematic single amino acid substi-
tutions to active site residues of ADAT2 that the RNA binding domain
is not within the active site, which is in contrast to the bacterial sys-
tem. We further demonstrate that mutations to a region rich in pos-
itively charged residues at the c-terminus of ADAT2 impairs tRNA
binding, which defines a potential tRNA binding site on the enzyme
that is distal from the active site. We have termed this region the KR-
domain, which is reminiscent of the R-domain found in ADAR3. The
identification of this KR-domain provides the first clues for the basis
of substrate recognition for this group of eukaryotic enzymes and has
implications in the evolution of new substrate specificities among eu-
karyotic deaminases.
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Growth and microscopic analyses of knockdowns of a putative
inner arm dynein in Trypanosoma brucei.
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The trypanosome flagellum is an important organelle that controls
motility and is a key player in cell polarity and cell division. While
some features of the flagellum are unique to trypanosomes, the ax-
oneme is highly conserved among eukaryotes. Many axonemal com-
ponents have yet to be characterized in trypanosomes, including the
dyneins of the inner arm. These are complex and heterogeneous struc-
tures, and the functions of many of the components are not well un-
derstood. We are taking advantage of the molecular and genetic tools
available in T brucei to begin to characterize some of these compo-
nents. We have identified a T brucei gene predicted to encode the
inner arm dynein alpha heavy chain. This gene, TbDNAH10, has
amino acid identity to Chlamydomonas reinhardtii DhcI and 44% to
human DNAH10, the respective inner arm dynein alpha heavy chains
of these organisms. In addition, phylogenetic analyses suggest that
TbDNAH10 clusters with this class of dyneins. Procyclic T brucei cells
in which TbDNAH10 was silenced are immotile, cell growth slows dra-
matically and cells are found in large clusters that can be disrupted by
agitation. Microscopic analysis shows that the flagella of cells in these
silenced strains appear detached and tangled, small clumps of cells
that appear entangled are visible. DAPI analyses show normal nu-
clear and kinetoplast staining suggesting that mitosis is unaffected.
The inner arm dyneins in other organisms have a role in proper con-
trol of motility and the coordination of flagellar beat. Studies to char-
acterize the roles of individual components of the flagellum will help
define the mechanism of this coordination.
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Active VSG Expression Sites are Devoid of Histone H3 in
Trypanosoma brucei

Tara M. Stanne, Gloria Rudenko∗

The Peter Medawar Building for Pathogen Research, Department of
Biochemistry, University of Oxford, Oxford, UK
∗ corresponding author: gloria.rudenko@medawar.ox.ac.uk

In eukaryotes DNA is wrapped around an octamer of core histone
proteins, which together form nucleosomes- the basic unit of chro-
matin. Here we use chromatin immunoprecipitation (ChIP) and qPCR
to show that one of these core histones, histone H3, is not uniformly
distributed throughout the Trypanosoma brucei genome. Two blood-
stream form T. brucei cell lines containing marker genes in silent and
active VSG expression sites (ES), as well as a procyclic form cell line
were used in our analyses. In both life cycle stages, the rDNA pro-
moter and the genes within the rDNA transcription unit contained
significantly less histone H3 compared with the non-transcribed rDNA
spacer. This finding is consistent with studies in yeast, where chro-
matin structure differs in silent and active rDNA genes, the latter
being devoid of nucleosomes. To investigate whether nucleosome oc-
cupancy is inversely proportional to the rate of transcription at other
highly transcribed regions in the genome, we looked at VSG and pro-
cyclin transcription units which encode the major cell-surface proteins
of bloodstream and procyclic form trypanosomes, respectively. The av-
erage histone H3 content on all 20 ES promoters was lower compared
to control non-transcribed regions in bloodstream form, but was com-
parable in procyclic T. brucei where all ESs are silent. In addition, we
determined that the actively transcribed ES in bloodstream form T.
brucei is completely devoid of histone H3 extending from the ES pro-
moter to the telomeric VSG gene. Interestingly, histone H3 was less
abundant on the procyclin promoter and in the procyclin genes in both
life cycle stages. This lack of histone H3 may be a common feature of
highly-transcribed regions in T. brucei.
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New diagnostic tools for Human African Trypanosomiasis

Lauren Sullivan, Micheal A, J, Ferguson∗
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Current diagnostic tests for Human African Trypanosomiasis (HAT)
have variable success throughout the endemic area, which spans over
30 countries. Diagnosis is crucial for the correct drugs to be adminis-
tered; however, the current diagnostic tests need to be updated and im-
proved. African Trypanosomiasis is caused by the protozoan parasite,
Trypanosoma brucei, which evades the host immune system by switch-
ing its Variant Surface Glycoprotein (VSG) coat. GPI-specific Phos-
pholipase C (GPI-PLC) cleaves the VSG coat from the plasma mem-
brane, simultaneously creating a Cross-Reacting Determinant (CRD)
present on the soluble VSGs (sVSGs) product. An ELISA assay was
developed using immobilised sVSG221 and anti-sVSG117 antibodies.
This assay can detect any heterologous sVSG by competition between
the anti-CRD antibodies in the anti-VSG serum and the CRD epitope
on the immobilised sVSG221. This assay will be used to screen for
CRD epitope-containing sVSGs in patient sera. In addition to this ap-
proach, the main bulk of our research will be to discover new biomark-
ers. For this work, trypanosomal antigens will be isolated by affinity
purification using antibodies obtained from infected sera. The anti-
gens will then be processed and analysed by mass spectrometry. The
use of new methodologies including Label-Free Quantitation will be
explored.

258A



Identification and Characterization of Trypanosoma brucei
Decapping Enzyme
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In kinetoplastid protozoan, protein coding genes are transcribed poly-
cistronically, and thus the level of gene expression is controlled largely
by post-transcriptionally. NUDIX hydrolase is a major protein family
that is responsible for eukaryotic mRNA decapping, which leads to
rapid degradation of the message from 5’ end. Among several putative
NUDIX proteins in Trypanosoma brucei genome, we have identified
TbDcp2 as a T.brucei decapping enzyme. Recombinant TbDcp2 can hy-
drolyze m7Gpp from 43 mer m7Gppp-terminated RNA. TbDcp2 is also
capable of removing Gpp from Gppp-RNA. TbDcp2 decapping activity
progressively decline as capped RNA was shortened down to 13 nu-
cleotides. Includion of dinucleotide cap analogues, such as m7GpppG,
m7GpppA, GpppG and GpppA, did not inhibit decapping of 43 mer
RNA. Down regulation of TbDcp2 by RNAi showed prolonged half-life
of mRNA, but did not inhibit cell growth. The effect of TbDcp2 over-
expression in T.brucei is currently under investigation to understand
the role of this enzyme in mRNA turnover.
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Identification of dynein regulatory complex subunits via PTP
tagging in Trypanosoma brucei
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Trypanosoma brucei is the causative agent of African trypanosomiasis
and possesses a single flagellum with a canonical 9 + 2 axoneme that
is central to parasite development in the insect vector and pathogen-
esis in the mammalian host. The flagellum is responsible for motility
of the parasite and flagellar beating results from the sliding of outer
doublet microtubules relative to one another driven by ATP-dependent
dynein translocation. This requires the coordinate spatial and tempo-
ral regulation of thousands of dynein motors. The Dynein Regulatory
Complex (DRC) is a reversible inhibitor of dynein and an essential
complex for normal motility. Only one confirmed DRC subunit, try-
panin, has been identified to date. The work presented here seeks to
purify the intact DRC from T. brucei using a modified tandem affinity
purification (TAP) tag, termed ProtC-TEV-ProtA (PTP). We have used
an in allele integration vector to fuse the C-terminal coding sequence
of trypanin to the PTP tag. Transfected cells have been fractionated to
isolate the axoneme and extracted to solubilize the DRC. The extracted
DRC will be incubated with IgG Sepharose, facilitating binding of en-
dogenous PTP tagged trypanin. Bound proteins will be released with
AcTEV protease, bound to an anti-protein C affinity matrix and finally
eluted with EGTA elution buffer. Proteins will then be identified using
Multidimensional Protein Identification Technology (MudPIT) analy-
sis. We will conduct genetic tests for DRC function and subunits will
be selected for further analysis. Dynein regulation is a fundamental
and unresolved question in eukaryotic biology. The work presented
here will substantially address this question, thereby advancing our
understanding of dynein regulation and trypanosome pathogenesis.
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Intracellular trafficking of potential virulence factors in Leishmania
major
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Leishmania resides inside mammalian macrophages from where it is
thought to manipulate the host immune system by releasing virulence
factors. Such factors are trafficked through the cell, from the site of
synthesis to the flagellar pocket, the only site of endocytosis and exocy-
tosis in Leishmania. The cysteine peptidase CPB has been shown to be
released by the parasite and act as a virulence factor. CPB is released
through the flagellar pocket while being trafficked to the lysosome or
through direct secretion. We are interested to discover if other pep-
tidases are secreted and whether they also act as virulence factors.
To identify secreted peptidases, we have been investigating the intra-
cellular location of several candidates, including a Bem46-like serine
peptidase of the Clan SC, family S9. The S9 serine peptidase family
includes oligopeptidase B, which is a known trypanosomatid virulence
factor. Bem46 is located close to the flagellar pocket, but is not appar-
ently secreted. L. major Bem46-like null mutants have been generated
and their phenotype will be presented. Apart from secretion of viru-
lence factors, rapid protein turnover in the lysosome is also important
for differentiation and thus infectivity of Leishmania. To investigate
lysosome structure and function in L. major, two potential lysosomal
membrane proteins, a LAMP-like protein and a CLN3-like protein,
have been identified and their location and role explored through gen-
eration of transgenic parasites.

261A



Casein kinase 1 isoform 2 is essential for bloodstream form
Trypanosoma brucei
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Protein kinases (PKs), key mediators of growth and cell signalling,
are one of the major drug target families being tackled by the phar-
maceutical industry. The T. brucei genome encodes 176 putative PKs,
which are in theory attractive targets for anti-trypanosomal drug dis-
covery, given the possibility of ‘piggy-back’ drug discovery. The ser-
ine/threonine protein kinase casein kinase I family (CK1s) plays an
important role in eukaryotic signalling pathways, and their substrates
include key regulatory protein involved in cell differentiation, prolif-
eration, chromosome segregation and circadian rhythms. Essential
CK1s are attractive targets for anti-trypanosomal drug discovery as
CK1s are monomeric, constitutively active and usually co-factor inde-
pendent, simplifying assay development, and there are several high
resolution structures of CK1s with ATP or inhibitors bound to aid ra-
tional drug design. The Leishmania major CK1 isoform 2 (LmCK1.2,
LmjF35.1010) has been implicated as an essential enzyme through
studies using immobilized or radiolabelled inhibitors. The same com-
pounds were also shown to be cytotoxic to T. brucei, implying that the
homologous T. brucei enzyme (TbCK1.2) may also be essential. Induc-
tion of RNA interference targeted against CK1 isoform 2 (TbCK1.2,
Tb927.5.800) in bloodstream form Trypanosoma brucei in vitro results
in rapid cessation of growth, gross morphological changes, multinu-
cleation and ultimately cell death. A null mutant of the highly ho-
mologous CK1 isoform 1 (Tb927.5.790) in bloodstream form T. brucei
displays no growth or morphological phenotype in vitro. A truncated
form of TbCK1.2 expressed in E. coli as a GST fusion produces cat-
alytically active recombinant protein, facilitating screening for small
molecule inhibitors.
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Blocking the Synthesis of Variant Surface Glycoprotein in
Trypanosoma brucei Causes a Global Translation Arrest
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The surface of the unicellular parasite Trypanosoma brucei is covered
with a homogeneous layer of variant surface glycoprotein (VSG). Ear-
lier we have shown that blocking VSG synthesis by inducing VSG
RNAi results in a precise pre-cytokinesis cell cycle arrest with the ac-
cumulation of 2N2K cells. Here we show that the induction of VSG221
RNAi triggers a global block in translation. This observed translation
arrest is not due to a decrease in levels of total mRNA, but is caused
by a decrease in polysomes. The increase in the pool of free mRNA is
correlated with a dissociation of the ribosomes from the endoplasmic
reticulum. The VSG221 RNAi phenotype is not caused by siRNA toxi-
city as the VSG221 RNAi-induced cell cycle arrest is alleviated if a sec-
ond different VSG (VSG117), which is not recognised by the VSG221
RNAi, is inserted downstream of the active VSG Expression Site pro-
moter. Further, we show that it is possible to knock-out the telom-
eric VSG221 leaving the cells completely reliant on the second com-
plementing VSG117 gene. Transiently transfecting cells with anti-
VSG221 morpholino oligonucleotides allows us to specifically block
translation of VSG221 mRNA without degrading it. This results in
a pre-cytokinesis cell cycle arrest similar to that induced by VSG221
RNAi. These experiments demonstrate that the VSG RNAi-induced
cell cycle arrest is due to blocking VSG221 protein synthesis rather
than a consequence of ablating the abundant VSG221 transcript.
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Acetyl-CoA Carboxylase: Potential Hot Spots for Controlling Fatty
Acid Synthesis in Trypanosoma brucei?
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In lieu of the conventional fatty acid synthesis (FAS) pathway, Try-
panosoma brucei uses an unusual elongase (ELO) pathway as the pre-
dominant mechanism of FAS. The ELO pathway is likely essential
in both bloodstream (BSF) and procyclic forms (PCF), and appears
to be modulated in response to the availability of exogenous lipids.
Acetyl-CoA carboxylase (ACC) catalyzes the conversion of acetyl-CoA
to malonyl-CoA, the two carbon donor in the ELO pathway. Malonyl-
CoA decarboxylase (MCD) can convert malonyl-CoA back to acetyl-
CoA. We hypothesize these two enzymes play a role in the regulation
of the ELO pathway by controlling the availability of malonyl-CoA. To
test our hypothesis, we generated ACC RNAi mutant cell lines that
reduced ACC enzymatic activity (87% in BSF and 93% in PCF). To-
tal ELO activity is reduced upon the knock down of ACC. Induction of
ACC RNAi in PCF parasites grown in normal media caused no growth
defect. However, ACC knock down in low lipid media resulted in a
36% reduction in growth rate. We have also generated MCD RNAi
and MCD over-expressing cell lines. Initial studies of both cell lines
showed unchanged parasite growth rates in both normal and low-lipid
media. The T. brucei ACC protein sequence has no known targeting
motifs and is predicted to be a cytosolic protein. Immunofluorescence
microscopy of myc-tagged ACC shows a cytoplasmic punctuate pat-
tern. ACC does not co-localize with known markers for the glycosomes,
mitochondrion, endoplasmic reticulum, or lipid droplets. Subcellular
fractionation of myc-tagged and native ACC demonstrates that ACC
is cytosolic and not associated with membranes. These localization
studies indicate a novel cytoplasmic localization pattern for ACC.
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TbPIF8, related to a yeast mitochondrial DNA helicase, is required
for trypanosome viability and kDNA organization
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In investigating T. brucei kDNA replication, we studied 8 proteins ho-
mologous to the yeast mitochondrial DNA helicase, ScPIF1. We found
that six of them localize to the mitochondrion and at least 3 of these
are essential for viability. One of the essential proteins, TbPIF8, local-
izes to the kinetoplast disk. However, since it lacks some conserved he-
licase domains, this protein may not have helicase activity. Nonethe-
less, RNAi of TbPIF8 caused growth arrest at day 5 and shrinking of
the kinetoplast. Surprisingly, when we assessed the kDNA level dur-
ing the course of RNAi by Southern blotting, we found little change in
levels of either minicircles or maxicircles. We reconciled these appar-
ently contradictory results by fluorescence microscopy of DAPI-stained
networks isolated from RNAi cells. We found that many networks be-
came not only smaller in surface area but also brighter. This result
suggested that RNAi caused condensation of the network, possibly
without large changes in the minicircle copy number. EM of isolated
networks confirmed this finding and raised the possibility that con-
densation was due to increasing the number of interlocked neighbors
of each mincircle. These findings suggest that TbPIF8 may control
network topology by antagonizing the action of kDNA network con-
densing factors. For example, p19, a basic protein that localizes in
the kDNA disk, condenses kDNA in vitro. It is likely that depletion
of p19 by RNAi would make the network looser. In contrast, RNAi
knockdown of TbPIF8 makes the network more condensed. During
kDNA loosening or condensation, a topoisomerase II would be needed
to change the number of interlocked neighbors of each minicircle. How
this occurs is under investigation.
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Role of the Trypanosoma brucei RNA-binding protein RBP10 in
bloodstream form energy metabolism
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The energy metabolism of Trypanosoma brucei shows strong devel-
opmental regulation. In the bloodsteam form (BS), ATP is gener-
ated by glycolysis. In the procyclic form (PC), additional pathways
are present. T. brucei RBP10 is a cytoplasmic RNA-binding protein
containing one RNA recognition motif (RRM). RBP10 is found only in
BS trypanosomes. RNAi targeting RBP10 was lethal in BS, but had
no effect in PC. In BS RBP10 RNAi, 100 mRNAs were significantly
decreased; strikingly, the most strongly affected transcripts included
many encoding glycolytic enzymes such as PGKC, and proteins in-
volved in glucose metabolism, e.g. the hexose transporter THT1. VSG
mRNA was decreased, while EP procyclin mRNA increased. It is un-
clear which of these effects are a direct result of RBP10 depletion, and
which are secondary to metabolic disturbance. Many developmentally-
regulated mRNAs were not affected (for example, alternative oxidase
mRNA) and the results were not just due to growth arrest. Overex-
pression of myc-tagged RBP10 in PC caused a severe growth effect
and up-regulation of the endogenous RBP10 mRNA and RBP10 pro-
tein. PGKC and THT1 mRNAs increased, while PC-specific PGKB
mRNA decreased. We are currently assaying the effect of RBP10 ex-
pression on the PC transcriptome, and determining which portions of
the protein are required for the regulatory effects. So far, our results
suggest that RBP10 may be a key regulator for expression of proteins
required for bloodstream-form energy metabolism.
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A variety of vectors exist for episomal gene expression in Leishma-
nia that exploit the propensity of nearly any transfected circular DNA
molecule to be transcribed and replicated under appropriate selective
conditions. While these standard vectors have proven invaluable tools
for genetic manipulation of Leishmania, they have limitations. For
example, the wide variation in both episome copy number and expres-
sion levels within the transfected population has made it impossible to
select a vector that will express a transgene at a predetermined level
in all cells. Moreover, the instability of standard vectors in the absence
of antibiotic selection restricts their usefulness for experiments in an-
imal models where selection cannot be maintained. To overcome these
limitations, we have designed a novel set of low copy number vectors
that allow uniform expression throughout the transfected population
and are retained in the absence of selection both in vitro and following
passage in mice. Stability and copy number control are conferred by
a 550 base pair (bp) fragment containing the L. donovani ribosomal
RNA promoter and 200 bp of adjacent downstream sequence. A series
of six vectors covering a 450-fold range of defined expression levels
(from very high to very low) was created using different combinations
of 5’- and 3’-untranslated regions to modulate pre-mRNA processing
efficiency and mRNA stability, respectively. These vectors have exten-
sive multiple cloning sites, and versions are available for producing
N- or C- terminal GFP fusions. In addition, a useful inducible expres-
sion system has been generated by combining these vectors with the
commercially available ProteoTuner system which allows direct mod-
ulation of transgenic protein levels by the membrane-permeable small
molecule Shield-1.
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Processing and subcellular localization of Leishmania major
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Metacaspases are cysteine peptidases that could play a role similar
to caspases in the cell death pathway of plants, fungi and protozoa.
Leishmania major expresses a single metacaspase gene (LmjMCA).
Structurally, LmjMCA comprises an N-terminal mitochondrial local-
ization sequence (MLS), a central domain with the catalytic dyad his-
tidine/cysteine described for caspases and a C-terminal proline-rich
sequence. LmjMCA has been shown to be autoprocessed and its cat-
alytic domain active against defined substrates having arginine in the
P1 position. In this study, we investigated the activation by process-
ing of LmjMCA and its cellular localization. Processing of LmjMCA
occurs in every stage of the life cycle of the parasite. It can be induced
by stress conditions such as heat shock, H2O2 or by environmental
conditions. Using tagged MCA polypeptides and site directed muta-
genesis of potential cleavage sites, we determined the sites which are
important in the processing of LmjMCA catalytic domain. Although
LmjMCA polypeptide precursor form harbors a functional MLS, we
demonstrated that LmjMCA is mainly localized in the cytoplasm due
to an amino acid sequence blocking its transport into the mitochon-
drion. We also found that in stress conditions, overexpression of LmjMCA
enhanced sensitivity of parasites to reactive oxygen species likely by
disrupting the mitochondrion. These results suggest that LmjMCA
processing and differential localization could be essential in its inter-
actions with other polypeptides and its role in physiological and stress
situations.

268A



The role of the initial acyltransferase LmDAT in glycerolipid
metabolism, metacyclogenesis, and autophagy of Leishmania
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Leishmania species are arthropod-born protozoan parasites that cause
important diseases in human, collectively termed leishmaniasis, which
affects at least twelve million patients worldwide. Because of the lack
of effective vaccine and adequate pharmacological agents, more effi-
cacious drugs are urgently needed for the treatment and prevention
of this parasitic disease. The ability of the parasite to generate new
membranes, composed mostly of ester and ether glycerolipids, is es-
sential for their active multiplication in order to cause disease. Fur-
thermore, the Leishmania cell surface is made of glycerolipid-derived
lipoglycoconjugates that play a pivotal role for the parasite develop-
ment in the insect vector and in the mammalian host. Last, glycerolipid-
based drugs are inhibiting Leishmania growth in vitro and in vivo,
suggesting that the glycerolipid biosynthetic pathway may offer a novel
target for chemotherapeutic intervention. All together these observa-
tions support the notion that genes/enzymes involved in the biosyn-
thesis of glycerolipids are likely to be important for parasite viru-
lence. The focus of our research is to identify and characterize the
molecular machinery involved in Leishmania glycerolipid biosynthe-
sis, with an eye toward drug development. One key enzyme of the
glycerolipid biosynthetic pathway LmDAT, an unusual dihydroxyace-
tonephosphate acyltransferase, will be described. Data related to its
role in glycerolipid metabolism, metacyclogenesis, and autophagy will
be presented.
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An elongator orthologue regulates RNA Pol I transcription in
trypanosomes
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In the African trypanosome, constitutive polycistronic RNA polymerase
(RNAP) II transcription is widespread, while RNAP-I is bi-functional,
directing transcription of ribosomal RNA (rRNA) in the nucleolus and
mono-telomeric transcription of a variant surface glycoprotein (VSG)
gene in an extranucleolar expression site body (ESB). The putative
catalytic component of the RNAP II elongator in yeast and human cells
is a histone acetyltransferase (ELP3), but the protein also functions in
other pathways. Trypanosomatid genomes are unique in encoding two
distinct ELP3 orthologues. In T. brucei, both genes were dispensable
but elp3b null cells displayed a specific increase in resistance to the
transcription elongation inhibitor 6-azauracil (6-AU) suggesting that
ELP3b has a negative effect on elongation. GFP-tagged ELP3b com-
plemented the 6-AU phenotype and localised to the nucleolus indicat-
ing a role in RNAP-I transcription. Consistent with these findings,
transcription assays revealed an increase in RNAP-I transcription in
elp3b null strains. Our results reveal a transcription regulatory role
for ELP3b and the emergence of distinct orthologues that discriminate
among RNA polymerases.
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Spliceosomal proteomics revealed several new candidate SL trans
splicing factors in Trypanosoma brucei
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In trypanosomatid parasites, SL trans splicing and polyadenylation
resolve individual mRNAs from polycistronic precursor RNA. Since
SL trans splicing does not occur in mammalian and insect hosts of try-
panosomatids and since the latter organisms have diverged very early
in evolution from the main eukaryotic lineage, we hypothesize that the
trypanosomatid spliceosome harbors unique proteins and/or highly di-
vergent orthologues of known proteins which are essential this pro-
cess. A commonality of the spliceosomal snRNPs U1, U2, U4/U6 and
U5 as well as of the SL RNP is a complex of seven proteins called Sm.
Fusing the PTP-tag C-terminally to T. brucei SmD1, which is shared
among all spliceosomal snRNPs, we tandem affinity-purified compo-
nents of the spliceosome and identified 47 proteins by LC/MS/MS. Ex-
cept for three LSm proteins, this set contained all known spliceosomal
snRNP proteins of trypanosomes and 21 proteins lacking a specific
annotation. The latter were analyzed bioinformatically and revealed
several highly divergent orthologues of known splicing factors includ-
ing the U1-specific U1A protein which was hypothesized to not exist
in trypanosomatids. RNA analyses of epitope-mediated protein pull
down assays as well as immunofluorescence microscopy confirmed the
identity of several of the newly identified snRNP proteins. We also
found a novel U5-specific factor and showed that it is essential for cell
growth and cis and trans splicing. Interestingly, this protein was de-
tected in both nucleus and cytoplasm whereas the other factors local-
ized exclusively to the nucleus suggesting that the novel U5 factor has
an important role beyond the splicing process itself. Currently, we are
analyzing snRNP-association and functional relevance in cell growth
and in RNA splicing of those proteins which remain un-annotated.
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Essential components of the guide RNA binding complex
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In mitochondria of Trypanosomes, insertion and deletion of uridines
occurs, often on a massive scale, to create functional messenger RNAs.
The editing machinery is a dynamic system, in which multi-protein
complexes undergo transient interactions in the course of gRNA pro-
cessing, gRNA-mRNA recognition and the cascade of nucleolytic and
phosphoryl transfer reactions. Identification of RNA binding proteins
that interact with the gRNAs, facilitate editing reactions or contribute
to mRNA stability is critical for understanding the editing process. We
have identified a guide RNA binding complex, termed GRBC, which is
essential for the guide RNA stabilization and function in the editing
process. The core of GRBC is composed of subunits 1 and 2, which form
a stable alfa-betta heterotetramer. Approximately a dozen proteins
associate with this core particle by protein-protein and RNA-mediated
interactions. RNAi repression of GRBC1 or 2 led to accelerated gRNA
decay thereby inhibiting mRNA editing. GRBC1/2 complex was co-
expressed in bacteria and purified to homogeneity. In vitro studies
demonstrated that the GRBC1/2 heterotetramer forms a single, dis-
crete complex with gRNA. RNA binding is accomplished mostly by the
GRBC2 subunit and does not require oligo(U) tail. Collectively, our
data suggest that gRNAs are stabilized by direct binding to GRBC1/2
particle prior to uridylylation by RET1 TUTase. The GRBC interac-
tome overlaps with editing and polyadenylation complexes but its de-
pletion does not affect the 20S editosome activity or mRNA polyadeny-
lation. Further investigation of GRBC subunits revealed specific fac-
tors that may contribute to gRNA-mRNA hybrid definition and post-
editing gRNA displacement.
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Activity of indenoisoquinolines against African Trypanosomes
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African trypanosomiasis (sleeping sickness), caused by protozoan Try-
panosoma brucei species, is a debilitating disease that is lethal if un-
treated. Available drugs are antiquated, toxic and compromised by
emerging resistance. The indenoisoquinolines are a class of non-camptothecin
topoisomerase IB poisons that are under development as anti-cancer
agents. We tested a variety of indenoisoquinolines for their ability
to kill T. brucei. Indenoisoquinolines proved trypanocidal at submi-
cromolar concentrations in vitro. Structure-activity analysis yielded
motifs that enhanced potency including alkylamino substitutions on
N6, methoxy groups on C2 and C3, and a methylenedioxy bridge be-
tween C8 and C9. Detailed analysis of eight water-soluble indenoiso-
quinolines demonstrated that in trypanosomes the compounds inhib-
ited DNA synthesis and acted as topoisomerase poisons. Testing these
compounds on L1210 mouse leukemia cells revealed that all eight
were more effective against trypanosomes than against mammalian
cells. In preliminary in vivo experiments one compound delayed para-
sitemia and extended survival in mice subjected to a lethal trypanosome
challenge. The indenoisoquinolines provide a promising lead for devel-
oping drugs against sleeping sickness.
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Transcription profile around Strand Switch Regions (SSRs) in T.brucei
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Many protein-coding genes in trypanosomes are transcribed as poly-
cistronic pre-mRNAs and mature mRNA are generated by addition
of SL RNA and 3’end processing. The majority of these polycistronic
genes are arranged as divergent head-to-tail arrays radiating away
from regions of non-coding DNA termed Strand Switch Regions (SSRs).
In these SSRs, the direction of transcription switches from one strand
of DNA to the other. Studies in Leishmania major have indicated
that transcription initiates bidirectionally from these regions (P.Myler
laboratory). In addition the SSRs harbors modified histones, which
are associated with actively transcribed genes (L.Aslund laboratory).
Since our knowledge of RNA Pol II transcription initiation in T.brucei
is limited due to the lack of any known RNA Pol II promoter, SSRs
make an interesting study. To investigate the role of SSRs in RNA
Pol II transcription we have chosen to study two representative SSRs,
one on chromosome 3, and the other on chromosome 7. This analysis
will include enzyme based reporter assays to test promoter activity of
regions of SSRs, and transcription profile using nascent transcription
analysis. Recent work will be presented.
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Role of cargo and retrograde transport motor proteins in the
construction of the trypanosome flagellum

Thierry Blisnick∗,1, Johanna Buisson1, Nadege Cayet2, Sabrina Absalon1,
Philippe Bastin1

1 Parasitology and Mycology, Institut Pasteur, Paris, France
2 Cell Biology, Institut Pasteur, Paris, France
∗ corresponding author: tblisnic@pasteur.fr

The trypanosome flagellum is constructed by intraflagellar transport
(IFT), a dynamic process where flagellum precursors are transported
to the tip of the organelle by a kinesin motor and a complex of cargo
proteins that are recycled to the base by the action of a dynein motor
associated to a different set of cargo proteins. The dynein complex is
usually composed of a single heavy chain termed DHC1b that has mo-
tor activity and of two intermediate chains called XBX1 (or D1bLIC)
and FAP133. Curiously, trypanosomes possess two distinct genes en-
coding DHC1b and DHC1bis that possess the signature of IFT dyneins
but only share 37 % identity. In contrast, XBX1 and FAP133 exist
as single copy genes, exactly as genes encoding IFT cargo proteins.
Both dyneins are present at the basal body and in the flagellum ma-
trix where spinning disk microscopy analysis revealed IFT motility
in anterograde and retrograde directions. Scanning and transmission
electron microscopy revealed that inhibition of DHC1b or DHC1bis re-
sulted in formation of short dilated flagella, filled with IFT material,
demonstrating that they are not redundant and both involved in retro-
grade transport. The same phenotype was obtained upon knock-down
of XBX1 or FAP133 expression, or of 5 different IFT cargoes. This
can be explained if kinesin and IFT cargo proteins enter the flagellar
compartment but fail to be recycled due to the absence of the dynein
motor. This was confirmed by immunofluorescence that showed large
amounts of IFT cargo proteins in the short flagella. However, dynein
heavy chain(s) did not show this behaviour and were able to cycle back
to the basal body in the absence of cargo.
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Exploiting Trypanosmal Nitroreductase as a Drug Target

Christopher Bot, Belinda Hall, Shane Wilkinson∗
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Nitroheterocyclic drugs such as nifurtimox and benznidazole have
been used for over forty years against Chagas disease. However, their
use is problematic due to toxic side-effects and emerging resistance.
Despite this, plans to extend the use of nifurtimox in co-therapy with
eflornithine against African Sleeping Sickness are being evaluated.
Both nifurtimox and benznidazole function as pro-drugs and are ac-
tivated in trypanosomes by a type I nitroreductase (NTR). Here we
exploit this mechanism to analyse a library of nitrofuran based com-
pounds for efficacy and mode of action against both Trypanosoma bru-
cei and Trypanosoma cruzi. When screened against wild type blood-
stream form T. brucei, half of the compounds displayed significant try-
panocidal activity (IC50 values ¡1 uM). Their effects against parasites
with altered NTR levels were also evaluated: heterozygous lines dis-
played resistance to the nitrofurans and conversely, over expressing
lines showed hypersensitivity. No obvious structure-activity relation-
ship was observed in this study. To investigate the efficacy of these
drugs against T. cruzi, we have developed a luciferase based reporter
system to facilitate high throughput compound screening against the
clinically relevant mammalian stage. Data regarding this evaluation
will be presented. Together this information will provide a valuable
resource in the design of the next generation of NTR activatible, try-
panocidal nitroheterocyclic drugs.
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Trypanosoma brucei Mitochondrial DNA Polymerase IB plays an
essential role in leading and lagging strand minicircle replication
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Kinetoplast DNA (kDNA) of Trypansomatids is a catenated network
composed of minicircles and maxicircles that is essential for para-
site survival. Maintenance of the kDNA network requires numerous
proteins for the release, replication and reattachment of minicircles.
Despite the identification of several new kDNA associated proteins,
characterization of a protein working at the minicircle replication fork
remains elusive. To fill this gap in knowledge we investigated the
cellular role of POLIB, one of six Trypanosoma brucei mitochondrial
DNA polymerases. POLIB localizes where minicircle replication in-
termediates are detected and contains amino acid residues critical for
proofreading exonuclease and DNA polymerase activities suggesting
it is an ideal candidate for the minicircle replicative DNA polymerase.
Using inducible stemloop RNAi, POLIB silencing resulted in 90% re-
duction of POLIB mRNA, growth inhibition, and progressive loss of
the kDNA network. Within 48 hours of POLIB ablation, minicircle
and maxicircle abundance decreased by 40%. Analysis of free mini-
circle replication intermediates revealed that newly replicated free
minicircle progeny (nicked/gapped species) declined to almost unde-
tectable levels while unreplicated, covalently closed molecules were
most abundant. Additionally, a heterogenous population of free mini-
circles migrating similarly to incompletely replicated, multiply gapped
minicircles accumulated during POLIB RNAi. As evident from two-
dimensional gel electrophoresis, leading and lagging strand minicircle
progeny similarly declined during silencing, indicating POLIB plays a
role in replication of both strands. Furthermore, in the second dimen-
sion the heterogenous minicircle population migrated as a distinct and
previously unreported population of free minicircles. Characterization
of this new free minicircle species is ongoing. These data indicate that
POLIB plays a critical role at the core of the minicircle replication
machinery.
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Definition of residues that confer substrate specificity in Leishmania
mexicana sugar transporters
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Faculty of Biomedical & Life Sciences, University of Glasgow, Glasgow,
UK
∗ corresponding author: r.burchmore@bio.gla.ac.uk

Sugars, the major energy source for many organisms, must be trans-
ported across biological membranes. Glucose is the most abundant
sugar in human plasma, and in many other biological systems, and
has been the primary focus of sugar transporter studies in eukary-
otes. We have previously cloned and characterised a family of glu-
cose transporters from the protozoan parasite Leishmania mexicana.
These transporters, called LmGT1, LmGT2 and LmGT3, are homol-
ogous to the well-characterised GLUT family of mammalian glucose
transporters. We have demonstrated that LmGT proteins are impor-
tant for parasite viability. Here we show that one of these trans-
porters, LmGT2, is also an effective carrier of the pentose sugar ri-
bose. A comparative reverse genetic analysis has shown that a pair
of threonine residues, located respectively in the loops joining trans-
membrane helices 3 and 4, and transmembrane helices 7 & 8, appear
to act as part of a filter that prevents ribose approaching the exofa-
cial substrate binding pocket. When these are substituted by alanine
residues as found in LmGT2 the LmGT3 permease acquires robust
ribose-permease activity. The fact that these residues are located near
the extracellular face of the transporter molecule supports recent sug-
gestions that substrate recognition and substrate binding may not be
a single step process in this group of transporters.
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Global gene expression analysis of Trypanosoma cruzi under
hyperosmotic stress
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Osmoregulation is essential for Trypanosoma cruzi since it is sub-
jected to a variety of osmotic stresses during its life cycle. When
epimastigotes were subjected to hyperosmotic stress (from 300 to 650
mOsm, by addition of sorbitol) they shrank dramatically within a few
minutes, and did not regain their normal volume at least during the
following 2 h. However they adapted well to these conditions, be-
ing virtually indistinguishable in terms of motility from control cells
maintained in isosmotic buffer. Treatment of the cells with low concen-
trations of HgCl2, a known inhibitor of T. cruzi aquaporin 1 (TcAQP1),
reduced the intensity of shrinking while there was a direct correlation
between levels of shrinking and TcAQP1 overexpression, suggesting
that aquaporin could be mediating water efflux during osmotic chal-
lenge. Hyperosmotic stress also resulted in a great increase in the size
of the contractile vacuole. A genome-wide transcriptional analysis of
T. cruzi epimastigotes submitted to hyperosmotic stress resulted in up-
regulation and down-regulation of the expression of a number of genes.
Several of these changes were confirmed by northern and western blot
analyses. Sequence analysis of gene transcripts allowed the identi-
fication of different RNA motifs, with stem-loop structures of 35-50
nt, preferentially localized in the 3’-UTRs. These motifs are enriched
in the experimental dataset compared with the entire transcriptome:
Up-m was found in 85% of up-regulated mRNAs (24 of 28) against
21% of the T. cruzi Reference Sequence (RefSeq) database; Down-m
was present in 50% (15 of 30) of the down-regulated genes, and in 3%
of the transcripts in the database. The lists of the Up-m- and Down-
m-containing transcripts include trans-sialidases and mucins, among
other proteins.
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Knockout of acyl carrier protein in T. brucei causes kDNA loss
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While studying mitochondrial fatty acid synthesis (FAS) in T. brucei
BSFs, we discovered that conditional knockout of acyl carrier protein
(ACP, a component of the FAS machinery) caused changes in phos-
pholipid content. Surprisingly, it also caused a loss of kDNA as ob-
served by microscopy of DAPI-stained cells. kDNA loss is frequently
caused by knockdown of a replication enzyme. However, we found
using Southern analysis that ACP depletion caused little change in
total minicircle or maxicircle levels or in free minicircle replication in-
termediates. These results indicate that kDNA loss is not due to a
deficiency in replication but instead may be caused by a kDNA seg-
regation defect. Normally, kDNA replicates to produce a double-size
network that divides into two equal-size daughter networks. During
defective segregation, a double-size network can divide asymmetri-
cally to produce daughters differing in size or it may not divide at
all. In this case, one progeny cell acquires a double-size network and
the other receives no kDNA. Direct evidence for a segregation defect
following ACP depletion came from observations of large networks ei-
ther by DAPI-staining or EM. We also observed that nearly 20% of
dividing kDNAs were doing so asymmetrically. kDNA segregation is
mediated by the tripartite attachment complex (TAC), a transmem-
brane filament system linking the kDNA to the flagellar basal body.
One TAC component is a specialized segment of the mitochondrial in-
ner and outer membranes. Since mitochondrial FAS produces fatty
acids for phospholipids in the mitochondrial membranes, we speculate
that ACP depletion alters the lipid composition of the TAC-associated
membranes. This change could affect TAC structure and cause the
defective kDNA segregation.
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Gene disruption of a Leucine rich repeats (LRR) protein involved in
antimonials resistance in Leishmania spp
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Pentavalent antimonials (SbV) are the main drugs for the control of
leishmaniasis, a parasitic disease with an estimated 500,000 new cases
each year. Resistance to this class of drug is now prevalent in sev-
eral endemic areas. Recently, we isolated a novel resistance protein,
LinJ34.0570, which belongs to the superfamily of leucine-rich repeat
(LRR) whose parasites overexpressing this LRR protein were resis-
tant to antimonials (Genest et al., 2008). This gene was re-isolated
in a functional cloning screen while selecting for resistance to anti-
monials. Here, we generated double knockout parasites for this gene
by Loss of Heterozigoty (LOH) and we found that Leishmania major
promastigote parasites are more sensitive to SbIII . This phenotype is
reverted in the add back mutant. Our next goal is to verify the role of
this gene in intracellular amastigotes, the form responsible for the dis-
ease in humans. These data indicate that this gene has an important
role in the mechanism of resistance to antimonials.
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Over-expression of the histone methyltransferase DOT1B disturbes
cell cycle progression in Trypanosoma brucei
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Trypanosoma brucei has a complex parasitic life cycle in different
hosts. Many cellular functions, including cell cycle control are care-
fully coordinated and adapted in order to survive in different host en-
vironments. Although many cell cycle regulators are conserved in try-
panosomes, substantial divergence of their functions and other regu-
latory mechanisms seem to have evolved. We observed cell cycle asso-
ciated changes in chromatin structure mediated by methylation of hi-
stone H3K76 by two members of the DOT1 histone methyltransferase
family (DOT1A and DOT1B). Di-methylation of H3K76 by DOT1A is
only detectable during mitosis and cytokinesis. RNAi-mediated de-
pletion of DOT1A causes severe cell cycle defects and generates a cell
population with a potential haploid DNA content (Janzen et al., 2006).
To further investigate the possible role of these methyltransferases
in cell cycle regulation, we analyzed the effects of over-expression of
DOT1B, which is responsible for tri-methylation of H3K76. DOT1B
over-expression is lethal and generates a substantial population of
zoids suggesting that the parasites are forced into premature cytoki-
nesis without completion of karyokinesis. This is an unexpected ob-
servation considering that histone phosphorylation (eg. H3S10p) but
not histone methylation is involved in cell cycle regulation in other eu-
karyotes. We will discuss our hypothesis that coordinated regulation
of DOT1A and DOT1B activity and hence histone methylation influ-
ence cell cycle progression in trypanosomes.
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The mitochondrial elongation factor Tu of Trypanosoma brucei
contains an insertion essential for function
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The mitochondrial genome of Trypanosoma brucei does not encode any
tRNAs. This lack is compensated for by import of a small fraction
of nucleus-encoded cytosolic tRNAs. As a consequence the mitochon-
drial (and therefore bacterial-type) translation machinery has to work
exclusively with imported eukaryotic type tRNAs. During mitochon-
drial translation aminoacylated tRNAs are targeted to the ribosome
by the bacterial-type elongation factor Tu (EFTu), a small GTPase.
In contrast to other systems trypanosomal EFTu has to recognize im-
ported tRNAs of eukaryotic origin. Analysis of the T. brucei EFTu
sequence showed that it contains a trypanosomatid-specific insertion
close to the C-terminus. This insertion is similar to a sequence located
in the same relative position of the cytosol-specific eukaryotic elonga-
tion factor 1a (eEF1a). Here we show that RNAi-mediated depletion
of EFTu causes a growth arrest in procyclic and bloodstream T. brucei
cells. Moreover, in vivo complementation studies demonstrate that
the trypanosomatid-specific insertion is required for correct function
of the protein, and that it can be replaced by the corresponding region
of T. brucei eEF1a. However, the insertion is not required for binding
of trypanosomal EFTu to its GTP-GDP exchange factor EFTs suggest-
ing that its absence does not interfere with correct EFTu folding.
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The initiation stage of protein synthesis is a likely target for events
regulating gene expression in the trypanosomatids. This is highlighted
by the identification in several species of multiple homologues of the
translation factor eIF4E, the cap binding protein. Here we describe
work aimed at the characterization of four eIF4E homologues from
Trypanosoma brucei (TbEIF4E1-4). First, their genes were cloned and
the corresponding recombinant proteins produced and used to raise
polyclonal sera. Northern and western blots were then performed us-
ing total RNA and protein extracts from both the procyclic and blood-
stream stages of the parasite. All four mRNAs were found to be ex-
pressed constitutively although the TbEIF4E2 message seems to be
less abundant than the others. TbEIF4E1, 3 and 4 proteins were
detected in protein extracts from both stages with TbEIF4E3 and 4
being more abundant than TbEIF4E1. Next, through cap-binding as-
says, using 35S labelled proteins, TbEIF4E1, 2 and 4 were found to be
able to bind the 7-methyl-GTP sepharose resin. Subcellular localiza-
tion experiments were then carried out and whilst TbEIF4E3-4 were
found to be strictly in the cytoplasm, TbEIF4E1 was also found in the
nucleus but seemed to localize preferentially to the posterior end of
the cell. Through RNA interference experiments, only TbEIF4E3 was
found to be strictly required for cellular growth in both procyclic and
bloodstream forms whilst TbEIF4E1 and 4 were also required for sur-
vival of bloodstream cells. Finally, pull down and immunoprecipitation
assays, investigating the interaction between TbEIF4E3 and selected
T. brucei homologues of its binding partner eIF4G, have uncovered a
specific interaction between TbEIF4E3 and TbEIF4G4 implying a rel-
evant role for both proteins in translation.
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Comparative expression profiling of Leishmania amastigotes
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Genome sequencing of three species of Leishmania (L. major, L. in-
fantum and L. braziliensis) that cause a spectrum of disease pheno-
types in the host has revealed a highly conserved gene content and
synteny across the genus, with only a small number of differentially-
distributed genes present (Peacock et al. (2007) Nature Genetics 39,
839) . We have used custom microarrays (representative of a tar-
get gene set covering ∼10% of the genomes) to confirm that all of
these differentially-distributed genes are expressed in intracellular
amastigotes with only a few regulated at the RNA level. In the first
study of gene expression during the L. braziliensis life cycle, we show
that only ∼9% of the target genes analysed are regulated in their RNA
expression, a figure consistent with that observed in other Leishmania
species. Comparison of the amastigote expression profiles generated
for each species confirms that Leishmania transcriptomes undergo lit-
tle regulation, although a number of genes conserved across the genus
are differently regulated between the species. These findings support
the hypothesis that Leishmania amastigotes are pre-adapted for in-
tracellular survival and undergo little dynamic modulation of gene ex-
pression at the RNA level. In addition, the immune competence of the
host has little influence on parasite gene expression, at least in L. ma-
jor. Comparing amastigotes derived from either wild type (BALB/c)
or immunologically-compromised (Rag2−/−c−/−) mice has shown that
while parasite dissemination from the site of infection is enhanced in
the Rag2−/−c−/− background, parasite RNA expression profiles re-
main unperturbed.
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Regulation of Gene Expression of Two Nearly Identical
Trypanosoma brucei hexokinases, TbHK1 and TbHK2
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Trypanosoma brucei expresses two nearly identical hexokinases (TbHK1
and TbHK2) in both procyclic form (PF) and bloodstream form (BSF)
parasites. The TbHKs share 98.5% identity at the nucleotide level
from the 5’UTR to the ORF, however, major sequence differences are
found in the 3’UTRs. Using a reporter gene system, we have found
that the two TbHKs are differentially expressed in the BSF and PF
in good agreement with steady state mRNA abundance. TbHK1 ex-
pression is nearly twice that of TbHK2 in PF parasites, while in BSF
parasites, expression levels for the two genes are more similar, with
TbHK2 expression 15% lower than TbHK1. The 3’UTRs for both genes
contain putative K-box and CAAC elements. In Drosophila, these el-
ements bind microRNAs and function as negative expression regula-
tors. To determine if the putative K-box/CAAC elements are involved
in differential regulation of expression of TbHKs, we generated dele-
tions and point mutations in the TbHK1 3’UTR and assessed their
impact on reporter expression. Notably, a point mutation in the K-box
led to a 6-fold increase in expression of the reporter when compared
to the authentic 3’UTR. Downstream and anti-parallel to the TbHK1
K-box/CAAC motif, there is a DNA sequence that would yield a RNA
that is highly complementary to the K-box/CAAC motif. Transfection
of in vitro transcribed RNA from this region restored regulation of the
point mutant K-box/CAAC construct, suggesting a possible role for the
small RNA in K-box/CAAC regulation.

216B



Characterization of a nuclear Pumilio domain protein in
Trypanosoma brucei
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Proteins of the PUF family contain Pumilio RNA binding domains.
They have been found in all eukaryotes so far examined. Some of them
bind to the 3’-untranslated regions of mRNAs, repressing translation
and destabilising the bound mRNA. Others are known to be involved
in ribosomal RNA maturation. The genome of T. brucei has eleven
open reading frames containing pumilio repeats. A previous phyloge-
netic analysis, concentrating on the Pumilio domains alone, grouped
PUF7 and PUF8 together with yeast Nop9 and Puf6, and with human
KIAA0020, all of which are found in the nucleolus. Consistent with
this, we have found that epitope-tagged TbPUF7 is located in the nu-
cleolus. Tandem affinity purification of tagged TbPUF7 revealed bind-
ing to a cyclophilin-like protein, TbNCP1, which is found throughout
the nucleus, but no associated RNA could be detected. The PUF7-
NCP1 interaction was verified by bidirectional co- immunoprecipita-
tion. RNAi targeting PUF7 caused a mild growth defect, but we could
find no defect in the processing of rRNA or 7SL RNA.
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Stage-regulated mRNA decay in the protozoan parasite
Leishmania
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Leishmania life cycle alternates between developmental forms resid-
ing within the insect vector (promastigotes) and the mammalian host
(amastigotes). In Leishmania, nearly all control of gene expression is
posttranscriptional and involves sequences in the 3′-untranslated re-
gions (3′UTRs) of mRNAs. Little is known as to how these cis-acting
elements regulate mRNA turnover and translation rates in Leishma-
nia. Using the amastin mRNA-an amastigote-specific transcript-as
a model, we showed that a U-rich element (URE) within its 3′UTR
significantly accounts for developmental gene regulation. Destabiliz-
ing AU-rich or URE elements have also been associated with rapid
turnover of developmentally regulated transcripts in Trypanosoma species.
RNase-H-RNA blot analysis revealed that rapid turnover of the amastin
mRNA in promastigotes is initiated without a prior shortening of the
poly(A) tail. This is in contrast to the stable amastin mRNA in amastig-
otes and to reporter RNAs lacking the URE, which, similarly to most
eukaryotic mRNAs are degraded through a progressive deadenyla-
tion. In our attempt to identify trans-acting factor(s) involved in the
rapid decay of amastin mRNA in promastigotes, we carried out UV-
crosslinking assays. The target URE RNA and control RNAs were
mixed with several fractions derived from ammonium sulfate protein
prefractionation of Leishmania lysates and a ∼25 kDa protein was de-
tected in the 60%-70% ammonium sulfate fraction to bind specifically
the URE RNA. RNA affinity tagged-RNA with the D8 RNA-tag that
binds Sephadex beads and RNA affinity chromatography combined
to mass spectrometry has now been completed. MS/MS analysis al-
lowed the identification of promising RNA-binding protein candidates.
We are currently validating the MS/MS results. The identification of
trans-acting factors would shed light into the mechanistic aspects of
mRNA decay in Leishmania.
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VSG expression is monitored via a conserved stem-loop in the
3’UTR of VSG genes
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¡p align=justify¿ The expression of variant surface glycoprotein (VSG)
is vital for bloodstream stage Trypanosoma brucei. VSG RNAi causes
a rapid and precise cell cycle arrest (Sheader et al., 2005). It has been
proposed that the declining amount of VSG protein triggers this phe-
notype. However, VSGs are relatively stable proteins (half-life ca 30
h) and, hence, it is difficult to envisage how trypanosomes would rec-
ognize minute changes in VSG concentration. We propose that the
amount of VSG mRNA is being controlled rather than the VSG pro-
tein itself. Two conserved motifs within the VSG 3’UTR are required
and sufficient for monitoring VSG expression levels. In the presence
of an ectopic VSG gene the native VSG gene can be knocked-out or
knocked-down, but only if the rescue copy contains the VSG 3’UTR
including the conserved 8mer and 16mer. In the absence of these con-
served motifs, even high-level expression of an ectopic VSG cannot
rescue the cell cycle arrest. Mutation analyses have shown that both
motifs form a single stem-loop. Any interference with the stem-loop
structure leads to complete loss of function. The VSG open reading
frame is not involved, neither is the genomic context of the VSG gene.
We propose that via the 8/16mer motif the cellular concentration of
VSG mRNAs is continuously monitored by an as yet unknown, labile
factor. In the event of an expression site shut down, the rapidly de-
clining amount of VSG mRNA could act as most upstream signal for
activation of a new expression site. To our knowledge this would be
the first example of a control of gene expression by mRNA counting.
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Expression of the T. brucei mitochondrial genome requires the coordi-
nation of several RNA processing steps in order to generate mature
mRNAs. Initial partitioning of multicistronic precursors is followed
by KPAP1-catalyzed addition of a short poly(A) tail to pre-mRNAs. To
generate translatable messages, however, many of these transcripts
must undergo U-insertion/deletion RNA editing. Completion of the
editing process triggers the extension of the short A-tail into a long
(A/U) heteropolymer (100-200 nucleotides) structure. This work fo-
cuses on the long tail’s synthesis and possible function in translation.
Analysis of the KPAP1 polyadenylation complex revealed the presence
of several PentatricoPeptide Repeat (PPR) proteins. Members of this
family have been identified as sequence-specific RNA binding proteins
in organelles of plants and other organisms. Two proteins, PPR1 and
PPR21 appeared to be nearly stoichiometric with the catalytic sub-
unit of the polyadenylation complex. An RNAi knockdown of PPR1
resulted in growth inhibition and loss of long-tail structures while
knockdown of PPR21 had no discernible phenotype. Proteomics of the
affinity-purified complexes revealed that PPR1 and PPR21 form a het-
erodimer which interacts with polyadenylation, Guide RNA Binding
(GRBC), editing, and translation machineries. The PPR1-PPR21 het-
erodimer has been co-expressed and purified from bacteria. Biochem-
ical characterization of this PPR heterodimer will be discussed. Sed-
imentation analysis of mitochondrial ribosomal RNA-containing par-
ticles demonstrated a co-sedimentation of the assembled monosomes
and mRNAs bearing a long A/U tail. Taken together these data are the
first demonstration of a PPR heterodimer and suggests a functional
role for mRNA long-tails in ribosome association and translation.
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TbRBP33 is a putative RNA-binding protein that has been identified
by affinity chromatography using a U-rich RNA element as bait. It
is 318 amino acids long and has a predicted molecular mass of 34
kDa. Its sequence reveals a canonical RNA recognition motif (RRM)
and a nuclear localization signal. The carboxyl half has no similarity
to any known protein outside the Kinetoplastids. Antibodies raised
against TbRBP33 recognize a single protein of the expected size in
bloodstream and procyclic trypanosome extracts. The protein seems
to be located mainly in the nucleus, as judged by immunofluorescence
assays. To study the function of TbRBP33, the protein has been de-
pleted in vivo using RNA interference in bloodstream and procyclic
trypanosomes. TbRBP33 ablation results in cell death after 48 h of
tetracycline induction in both life forms. We present preliminary ev-
idence suggesting that TbRBP33 is a ribonuclease, whose properties
and role in RNA metabolism are currently being investigated.
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Trypanosomes exhibit many unique transcriptional characteristics, in-
cluding the non-repetitive C-terminal domain (CTD) of the largest
subunit of RNA polymerase (RNAP) II. The repetitive CTD of RNAP
II is pivotal in many co-transcriptional processes in well-studied or-
ganisms. Therefore, we predict that the non-repetitive CTD of try-
panosome RNAP II interacts with trypanosome-specific proteins to
achieve gene expression. To identify CTD-interacting proteins, we per-
formed a yeast two-hybrid screen and identified four candidate Try-
panosoma brucei proteins. One such protein, A10 is a novel protein
of unknown function. We hypothesize that the interaction between
A10 and the CTD occurs in the T. brucei cell nucleus and supports
RNAP II-mediated transcription. We have generated a cell line with a
tagged A10 and are currently using an immunofluorescence assay to
determine the localization of A10 in the cell. We will then assess the
interaction between A10 and RNAP II in vivo by determining whether
A10 and RNAP II co-immunoprecipitate from nuclear extracts. The re-
sult of this work may implicate A10 as the first trypanosome-specific
protein to be involved in RNAP II-mediated transcription.
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The ethanolamine branch of the Kennedy pathway is essential in
bloodstream Trypanosoma brucei
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Phosphatidylethanolamine (GPEtn), a major component of the try-
panosome membrane phospholipids, is synthesised de novo from ethanolamine
through the Kennedy pathway. Because membrane phospholipids de-
termine membrane fluidity and the surface charge of cell surfaces,
ethanolamine utilization and GPEtn biosynthesis control a variety of
cellular processes, including vesicle formation and intracellular traf-
ficking, membrane fusion events, and mitochondrial function. GPEtn
is also the donor of the ethanolamine-phosphate capping of the gly-
cosylphosphatidylinositol (GPI) anchor. The GPI anchor is required
for membrane attachment of cell surface proteins and this is partic-
ularly important for the bloodstream form of Trypanosoma brucei,
which relies on a dense coat of GPI-anchored variant surface glyco-
protein (VSG) to circumvent the attack of the host immune system.
Disruption of GPEtn biosynthetic pathways in T. brucei is likely to
severely impair the parasite homeostasis and thus, the constituent
enzymes may represent novel targets for chemotherapy. In our study
we use biochemical and molecular-genetic approaches to characterise
the Kennedy pathway in bloodstream T. brucei and establish its suit-
ability as a drug target.
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Apart from its pivotal role during polypeptide synthesis, eukary-
otic elongation factor 1A (eEF1A) is involved in many other cel-
lular processes. Remarkably, although eEF1A contains multi-
ple post-translational modifications, their roles have remained un-
known. One modification involves the attachment of ethanolamine-
phosphoglycerol (EPG) to two glutamate residues that are conserved
between mammals and plants. Recently, we showed that EPG is also
present in eEF1A of Trypanosoma brucei. However, in contrast to
mammalian and plant eEF1A, T. brucei eEF1A contains a single EPG
modification only. To determine a minimal structural motif required
for EPG attachment, we expressed a set of truncated versions of HA-
tagged eEF1A in T. brucei procyclic forms. The presence of the EPG
moiety was analyzed by in vivo labeling of T. brucei eEF1A with [3H]-
ethanolamine, and by mass spectrometric analyses of the tryptic pep-
tides containing the EPG modification site. Deletions of domains I or
II and truncations in domain III of the full length protein revealed
that an 80 amino acid peptide is sufficient for the attachment of the
EPG moiety. In addition, to define the sequence requirements for EPG
attachment, we introduced a series of amino acid point mutations in T.
brucei eEF1A at, or around, the conserved modification site glu362. As
expected, the substitution of glu362by alanine, glutamine or aspartate
abolished EPG attachment. In contrast, several point mutations of
conserved amino acids around glu362 did not affect EPG addition. Fi-
nally, since Saccharomyces cerevisiae eEF1A was reported not to con-
tain the EPG modification, we are currently studying the expression
of yeast eEF1A, or modified constructs of it, in T. brucei.
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The N-terminal signal peptide from human haptoglobin related
protein exhibits potent and specific toxicity towards bloodstream
form Trypanosoma brucei
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Haptoglobin related protein (Hpr) is a component of the trypanolytic
human high density lipoprotein, termed trypanosome lytic factor (TLF).
Unusual for secreted proteins, Hpr retains its N-terminal 19 amino
acid signal peptide. Native, delipidated Hpr has been shown to be cy-
totoxic to Trypanosoma brucei. We show here that trypanosome killing
by Hpr is dependent upon the presence of the highly hydrophobic sig-
nal peptide and that a synthetic peptide corresponding to the signal
sequence is sufficient for killing. Indeed, the synthetic Hpr signal pep-
tide specifically kills bloodstream but not procyclic form T. brucei, is
not inhibited by the serum resistance associated protein (responsible
for evasion of TLF killing in T. b. rhodesiense), and appears to act
at the surface of the trypanosome. In vitro studies with model lipo-
somes suggests that bloodstream form T. brucei are uniquely suscepti-
ble to killing by the peptide due to the acyl chain composition of their
cellular membrane. Due to the VSG coat, bloodstream form T. bru-
cei have a high content of relatively short myristoyl acyl chains (14
carbon, saturated), whereas the signal peptide resistant procylic form
T. brucei contain a larger content of palmitoyl (16 carbon, saturated)
and stearoyl (18 carbon, saturated) chains, providing greater van der
Waals interactions within the bilayer and possibly inhibiting signal
peptide penetration. Preliminary data shows that the Hpr signal pep-
tide is not toxic towards mammalian cells, thus it may provide a novel
therapeutic for treatment of African trypanosomiasis.
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Electron tomography of the Trypanosoma brucei flagella
connector

Johanna L. Hoog1, Sylvain Lacomble2, Andreas Hoenger3, Richard J.
McIntosh3, Keith Gull∗,2

1 Sir William Dunn School of Pathology/MCDB, University of Ox-
ford/Colorado University, Boulder, CO, USA

2 Sir William Dunn School of Pathology, University of Oxford, Oxford, UK
3 MCDB, University of Colorado, Boulder, CO, USA
∗ corresponding author: keith.gull@path.ox.ac.uk

We are undertaking full cell electron tomography (ET) reconstructions
of high pressure frozen (HPF) T. brucei bloodstream and procyclic cells.
These reconstructions of complete cells will reveal the ultrastructural
details of cytoskeletal events at key cell cycle stages. Initially, we have
focused on the flagella connector (FC), a mobile transmembrane junc-
tion that connects the extending new flagellum tip to the side of the
old flagellum in procyclic form parasites. Electron microscopy of chem-
ically fixed cells revealed the FC as a tripartite structure consisting of
an extracellular domain and two internal plates inside each flagel-
lum. The electron dense plates connect the axonemes to the internal
face of the respective membranes in this area. ET reconstructions and
3D models of this chemically-fixed material show that this tripartite
structure is positioned in register to the two surrounding axonemes.
However, in HPF cells the view is more complex; both the extra cel-
lular structure and the axonemal internal plate of the old flagellum
are thinner and the material is more uniformly distributed. The inter-
nal plate of the new flagellum is less observable because of the higher
density of preserved material. We conclude that the three regions in
the FC that interconnect become more evident when using chemical
fixation. However, it is likely that the more diffuse structure we see in
HPF cells is the more native state of this structure. A previously unde-
tected electron dense cap in the new growing flagellum tip is present
in the HPF cells. The axonemal microtubule cohort coalesces in this
growing flagella tip and the doublet microtubules extending the fur-
thest into the tip end in the electron dense cap.
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The gene expression profiles of bloodstream and procyclic forms of
African trypanosomes have been previously analysed by microarray
hybridization. However, such studies have used parasite populations
grown in vitro or monomorphic cell lines. Such assays have ignored
stumpy forms and have not tracked changes in gene expression pro-
files as these parasites differentiate between bloodstream and pro-
cyclic forms. In this study we have used AnTat1.1 cells capable of gen-
erating stumpy forms and exploited the ability of such cells to undergo
synchronous differentiation to procyclic forms to assay the dynamic
changes in gene expression during parasite development. In total,
5 biological replicates representing the differentiation of 5 matched
parasite populations derived from individual mouse infections were
assayed, with RNAs being derived at key biological time points dur-
ing the time course of their synchronous differentiation to procyclic
forms (i.e. at 0h, 1h, 6h, 18h and 48h after differentiation of stumpy
forms was induced by the addition of cis-aconitate). Importantly, the
context of these mRNA profiles was established by assaying the coin-
cident cellular events in each population (surface antigen exchange,
morphological restructuring, cell cycle re-entry), thereby linking the
observed gene expression changes to the well-established framework
of trypanosome differentiation. Using stringent statistical analysis
and validation of the derived profiles against experimentally-predicted
gene-expression changes, we have established a reliable profile of reg-
ulated genes during this life cycle transition. Specific analysis of those
genes regulated in the stumpy-form of the life cycle reveal genes im-
portant in cell cycle control, RNA metabolism and ion transport. We
have begun initial characterisation of some of these genes to assess
their role in differentiation.
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Identification of the KREPA4 RNA binding domain and elucidation
of its biochemical role in RNA editing
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Mitochondrial mRNAs in trypanosomes undergo RNA editing by in-
sertion and deletion of uridylates (Us) to produce mature functional
mRNAs. The editing process is carried out by a multi-protein com-
plex, the editosome that has not yet been fully characterized. KREPA4
(Kinetoplastid RNA Editing Protein A4) is an essential protein compo-
nent of the editosome. It is potentially associated with both insertion
and deletion editing subcomplexes and may play a role in the stabil-
ity and perhaps assembly of the editosome. Structural prediction and
compositional analysis of KREPA4 has identified a conserved oligonu-
cleotide binding fold (OB fold) at the C-terminal, and two low composi-
tional complexity regions (LCRs) at the N-terminal of KREPA4. Con-
current with these predictions, recombinant KREPA4 has been shown
to bind to synthetic guide RNA in vitro, specifically the gRNA 3’-(U)-
tail. Here we report the RNA binding domain of KREPA4 by analyzing
the RNA binding activities of the full length and truncated versions of
this protein. Our results suggest that the RNA binding activity of
KREPA4 is mainly localized to the OB fold at the C-terminal of the
protein, with additional contribution from the LCRs which might fur-
ther stabilize the interaction. We also show that KREPA4 has RNA
annealing activity as it is able to stimulate gRNA/pre-mRNA hybrid
formation.
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Like other African trypanosomes, T. congolense express trans-sialidases
(TS) in the procyclic form in the insect vector (1), where the sialyla-
tion appears to improve the survival rate dramatically (2). Based on
a partial sequence (3) and an open reading frame (TS1) in the WTSI
data base, we amplified DNA sequences encoding for seven proteins
with overall 83% amino acid identity. Several of the resulting amino
acid changes were found in the predicted active site of the enzyme.
Further database searches confirmed the presence of these TS1 gene
copies in the T. congolense genome and provided evidence for at least 5
additional TS-like genes having only 50-60% amino acid identity with
TS1. All these TS-like sequences were clearly more closely related to
each other than to the T. brucei TS genes (4). Four of the putative
TS were expressed as recombinant proteins, isolated and assayed for
trans-sialylation activity. Three of the purified proteins desialylated
fetuin only in the presence of lactose and produced 2,3-sialyllactose,
clearly demonstrating their TS activity. In summary, our observations
demonstrated that the heterogeneity of TS in T. congolense is some-
what more complex than in T. brucei. Of particular interest are the
7 almost identical copies of one gene with different enzymatic activi-
ties raising the question of what their functions might be. 1) Engstler
et al. (1993), Mol. Biochem. Parasitol. 61: 1-14 2) Nagamune et al.
(2004), J. Exp. Med. 199:1445-1450 3) Tiralongo et al. (2003), Biol.
Chem. 384: 1203-1213 4) Montagna et al. (2002), Eur. J. Biochem.
269: 2941-2950
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Homologous recombination (HR) mediates one of the major mecha-
nisms of antigenic variation in T. brucei. It has been shown that es-
sential components for HR, including RAD51 and BRCA2, play critical
roles. The molecular mechanism of antigenic variation however, re-
mains a mystery. Duplicative-gene conversion occurs predominantly,
while crossover is tightly suppressed during recombination-mediated
switching. Suppression of crossover is intriguing because, in principle,
the outcome of VSG gene conversion (VSG GC) holds no apparent ad-
vantage over crossover, as re-expressing old VSG, either exchanged or
duplicated, will be lethal. A RecQ family helicase, Sgs1 is one of the
major factors that regulate spontaneous crossovers in yeast. The Sgs1
pathway includes Top3 (a type IA topoisomerase) and Rmi1 (RecQ-
mediated genome instability), and suppresses crossover by ‘dissolv-
ing’ double Holliday junction (dHJ) intermediates. To understand how
trypanosomes employ recombination factors to control antigenic vari-
ation, we took advantage of two potential members of T. brucei Sgs1
pathway, TbTOPO3α and TbRMI1. With a new switching-reporter
strain in which we could measure switching frequency and score dif-
ferent switching mechanisms easily, we discovered that TOPO3α defi-
ciency increased switching frequency by 5-20-fold and that Topo3α is
required to specifically control VSG GC and crossover, but not ES GC.
We found that 70-bp repeat units are important for VSG GC. Finally,
Topo3α physically interacts with Rmi1, and RMI1 deficiency mimicked
topo3α mutation. Topo3α-Rmi1 may be required to remove recombi-
nation intermediates arising between the active ES and potential VSG
donors, thereby acting to control antigenic switching. Our results sug-
gest critical regulatory roles for the T. brucei Sgs1 pathway, and pro-
vide a cornerstone to further understand the molecular mechanism of
recombination-mediated switching.
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Eukaryotic translational initiation requires that the 4E factor (eIF4E)
binds to the cap structure located at the 5 end of messenger RNAs
(mRNA). The 4G factor (eIF4G) serves as a scaffold protein that medi-
ates recruitment of the small ribosomal subunit at the cap structure.
Four eIF4E homologues were found in the parasite Leishmania major
among which two (LIF4E-1, LIF4E-4) were identified as reasonable
candidates to adopt the function of eIF4E, while a putative homo-
logue of eIF4G (LIF4G 3) has also been found in L. major. Our aim
is to develop specific leishmaniasis inhibitors by perturbing the inter-
action between LIF4E-1 and LIF4G-3. We use NMR spectroscopy to
pursue structure characterization of LIF4E-1 and validated by titra-
tion experiments the binding of LIF4G-3 minimal interaction domain
to LIF4E. Finally, the LIF4G-3 minimal interaction domain will be
used in fluorescence-polarization assays to screen for inhibitors that
prevent the interaction of LIF4E-1 and LIF4G-3 from combinatorial-
libraries available at the Institute for Chemistry and Chemical Biol-
ogy.

232B



RAP1 is Essential for Silencing Telomeric Variant Surface
Glycoprotein Genes in Procyclic Trypanosoma brucei
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Trypanosoma brucei has a large family of genes encoding the Variant
Surface Glycoprotein (VSG), a surface protein present on bloodstream
form cells. However, VSG is exclusively expressed from subtelom-
eric VSG expression sites (ES) in a strictly monoallelic fashion at the
bloodstream form stage and is completely silent at the procyclic form
stage when procyclins are produced as surface molecules. Therefore
regulation of VSG expression is important for T. brucei pathogenesis
and differentiation. Telomeres are the nucleoprotein complex at the
end of linear chromosomes. In T. brucei, telomeres form a specialized
chromatin structure that can suppress nearby RNA Pol I transcribed
genes and have been proposed to play an important role in VSG silenc-
ing. Indeed, we have recently identified tbRAP1 as an intrinsic com-
ponent of the T. brucei telomere complex and have shown that tbRAP1
plays a critical role in ES silencing in bloodstream form cells, demon-
strating for the first time that the telomere structure is important for
VSG silencing. To explore tbRAP1’s function at the procyclic stage,
we depleted tbRAP1 protein by RNAi and found that this again led to
derepression of subtelomeric ES VSG genes, indicating that the telom-
ere structure is also essential for VSG silencing at the procyclic stage.
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Trypanosoma brucei is the causative agent of African sleeping sick-
ness. T. brucei exhibits a biphasic lifecycle in which motility is thought
to play an important role. Within its insect vector, the parasite must
complete a series of migrations required for its maturation into a mamailian-
infectious form. Within the mammalian host, mortality is associated
with migration of the parasite into the central nervous system. The
means by which these parasites navigate through their host envi-
ronments are not yet known. Through studying trypanosome motil-
ity on semisolid agarose plates, we have discovered that procyclic T.
brucei cells exhibit highly coordinated social behaviors. This behav-
ior, termed social motility, is characterized by the active assembly of
motile parasites into large groups, which are able to seek out satel-
lite colonies and initiate a polarized movement in the direction of that
colony resulting in the merger of the two colonies. In addition, cells en-
gaged in social motility are able to move en masse from the source of
inoculation, resulting in the formation of multicellular rafts stretched
out across the agarose plate. We hypothesize that this ability of try-
panosomes to coordinate movement in response to external cues might
facilitate tropism of the population to specific host tissues. We are
currently employing various tools to identify the signals and genes in-
volved in social motility. The ability to direct migration in response
to external stimuli is a fundamental property of living cells. Identify-
ing the mechanisms governing social motility in trypanosomes should
shed light not just on how trypanosomes migrate within their hosts,
but also on how other microbial pathogens and non-pathogenic eu-
karyotic cells communicate and engage in complex social behaviors.
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Trypanosoma brucei expresses two hexokinases (TbHK1 and TbHK2)
that are 98% identical in both bloodstream form and procyclic form
parasites. While both proteins harbor a PTS2 N-terminal signal se-
quence that directs them to glycosomes, immunofluorescence studies
using anti-TbHK2 antibody revealed additional flagellar localization.
This localization is not without precedent, as glycolytic enzymes, in-
cluding HKs, have been found associated with flagella in other organ-
isms, including Chlamydomonas and mice. Kinetoplastid metabolic
enzymes have also been found proximal to the flagellum. These in-
clude adenylate kinase isoforms and a Leishmania HK that localizes to
an extra-glycosomal compartment in the flagellar pocket. Comparison
of the TbHK protein sequences with known flagellar proteins revealed
that the TbHKs harbor a sequence similar to a described flagellar tar-
geting sequence that could direct the protein to the flagellum. This
sequence is modeled to be exposed on a surface face of the proteins
and available for protein-protein interaction. Analysis of live cells ex-
pressing GFP with an N-terminal PTS2 targeting sequence and a C-
terminal portion of TbHK2 harboring the putative targeting sequence
directs fluorescence partially to the flagellum. Mutation of the puta-
tive targeting sequence disrupts flagellar targeting, supporting that
the sequence is important for localization.
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The Leishmania-specific hydrophilic acylated surface (HASP) proteins
are exclusively expressed in infective stages of Old World Leishma-
nia species and show both inter- and intra-specific variation in their
repetitive domains. Sera from leishmaniasis patients recognise recom-
binant HASPB with high specificity, while this protein also induces
long-term protection at low doses, in the absence of adjuvant, in the
mouse model of visceral disease. This promising vaccine candidate is
currently entering phase I clinical trials. The HASPs are dually acy-
lated by the N-terminal addition of myristate and palmitate, co- and
post-translational modifications essential for trafficking to the plasma
membrane (Denny et al. 2000). Using N-terminal HASPB-GFP re-
porter constructs, we have confirmed that HASPB transport requires
N-myristoylation to reach the Golgi and subsequent palmitoylation
to target the plasma membrane. To further investigate HASPB pre-
sentation at the cell membrane and to quantify its exposure on the
external surface of infective Leishmania, we have developed live cell
FACS and microscopy methods, utilising confocal, transmission and
scanning electron microscopy. These approaches have confirmed that
HASPB can be translocated across the plasma membrane and shed
from the parasite surface. FACS analysis of live cells during in vitro
differentiation has allowed quantitation of HASPB exposure on the
extracellular surface, a process correlating with entry into stationary
growth phase. Further analysis of this unusual pathway for protein
trafficking may help further elucidate the functions of these unusual
Leishmania proteins during intracellular infection.
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Within the mitochondrion of kinetoplastids, genes are modified by
RNA editing. Alteration of pre-mRNA is carried out through the coor-
dinated activities of a number of proteins constituting the core editing
complex(es), plus additional proteins that are not stably associated
with the core. We previously identified REAP-1, an RNA binding pro-
tein with the ability to recognize unedited RNAs. We have compared
the sequences of the REAP-1 gene cloned from Trypanosoma brucei
667 cells with the sequences from the 927 cell line and the human
pathogen T. b. gambiense. Surprisingly, the open reading frame could
be extended at the 5’ end to encode a 65-kDa protein. Reexamination
of the sequence confirmed the larger open reading frame in both T.
brucei cell lines and in T. b. gambiense. We determined that mono-
clonal antibodies, which identified the REAP-1 cDNA from an expres-
sion library, also react with a second, distinct 45-kDa protein. The
45-kDa protein is the primary protein recognized in cell lysates. We
show that the 45-kDa protein sediments with a 35-40S complex while
REAP-1 remains near the top of glycerol gradients, indicating that
it is not found in a protein complex. Immunofluorescent microscopy
for the 45-kDa protein and REAP-1/GFP fusion protein shows distinc-
tive mitochondrial staining patterns for both proteins. However, cell
fractionation, digitonin solubilization and proteinase K sensitivity in-
dicate only the 45-kDa protein is protected by the mitochondrial mem-
brane. Immunoaffinity purification and mass spectrometry to identify
the 45-kDa protein are underway.
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A common approach to infer the function of uncharacterized genes
is to compare them with their known homologues. However, in the
case of species such as Trypanosoma brucei, where a large portion
of its genome is specific to its class, homology-based predictions are
of little use. Our lab aims to develop a set of homology-independent
computational genome analysis tools that will be available in several
user-friendly formats including a web-interface and stand-alone soft-
ware packages for the most common operating systems. Currently two
homology-independent computational platforms are under implemen-
tation. The first one predicts the function of a protein using the codon
usage of its coding sequence, based on the observation that proteins
of the same function have similar codon usages. The second pack-
age is based on an algorithm for function prediction based on a set of
function-specific 3’ and 5’ UTR regulatory motifs. Each of the mod-
ules of the web-interface can be used on its own to create valuable
data. For example, our computational methods provide information
about functional and/or physical association with other proteins, likely
regulatory mechanisms, and likely stage of expression of genes. It is
our goal to design a reliable, efficient and user-friendly pipeline that
complements the recently launched TriTrypDB. This pipeline will give
the researchers the option to modify the communications among the
modules if desired, and to feed the pipeline with their own data in-
stead of automatically-generated data. We plan to use this pipeline to
compile a catalogue of computationally predicted functional data for
all available parasite genomes, providing researchers with one of the
most comprehensive databases specialized in parasite genomics.
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Beta-D-glucosyl hydroxymethyluracil, also known as base J, is a mod-
ified thymidine residue found in the genome of African trypanosomes
and implicated in the regulation of antigenic variation. The base is
synthesized in a two-step pathway. Initially, a thymidine residue in
DNA is hydroxylated by a thymidine-hydroxylase enzyme (TH). This
intermediate (HOMedU) is then glucosylated to form base J. There
are two proteins proposed to be involved in the first step of the path-
way. JBP2 stimulates de-novo site-specific J-synthesis, whereas JBP1
binds base J in DNA acting as a J-maintenance factor. Previous anal-
ysis has indicated that both JBP1 and JBP2 contain a putative thymi-
dine hydroxylase domain related to the family of Fe2+/2-oxoglutarate-
dependent hydroxylases. Although mutations in the TH domain of
JBP1 kill its ability to function, comparative analysis in JBP2 has not
been carried out. Here we show that mutation of key residues in the
TH domain of JBP2 ablate its ability to induce de-novo J-synthesis.
While the individual JBP1 and JBP2 KO have reduced J levels, the
deletion of both from the trypanosome genome generates a cell line
that completely lacks base J. Reintroduction of JBP2 in the J-null
stimulates the formation of HOMedU in vivo. In order to explore
TH activity in vitro, we have expressed JBP1 and JBP2 in E. coli.
Anti-HOMedU IP analysis indicates that IPTG induced expression
of JBP1 or JBP2 leads to HOMedU synthesis in the E. coli genome.
JBP catalyzed HOMedU synthesis in E. coli is stimulated by Fe2+in a
concentration-dependent manner. Thus, JBP1 and JBP2 are the two
TH enzymes related to the Fe2+/2-oxoglutarate-dependent hydroxy-
lase family involved in J-synthesis.
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Showing Efficacy in Mouse Models for African Trypanosomiasis
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Human African Trypanosomiasis (HAT) is a fatal disease caused by
Trypanosoma brucei ssp. There is a need for new treatment for HAT
because current treatments are costly, difficult to administer and fre-
quently toxic. A collaborative drug discovery effort by SCYNEXIS,
Anacor, DNDi and Pace University has identified boron-containing
compounds as promising leads for development of new, safe and effec-
tive treatments for HAT. AN3520 is a lead oxaborole compound that
demonstrates potent activity against T. brucei brucei (IC50 ∼100 nM)
in vitro and exhibits efficacy against both the acute and chronic CNS
stages of HAT in mouse models. The precise mechanism of action for
AN3520 is currently unknown. Exposure of T. b. brucei to AN3520
leads to significant changes in shape, reduction in cellular size and
detached flagella at the time of death. Assessment of AN3520 time-
dose-response kinetics on T. b. brucei in vitro shows parasite killing
beginning within 9 hours of exposure, as indicated by the parasites
reduced ability to generate ATP. Parasite commitment to death occurs
with similar kinetics even when AN3520 is washed out after 3 hours of
exposure. Fluorescently tagged analogues of AN3520 have been syn-
thesized and used to study the sub-cellular distribution of oxaboroles
within the parasite. In addition, an analogue of AN3520 has been im-
mobilized on an agarose matrix for use in affinity capture of parasite
target proteins which will be identified by mass spectrometry and data
base searches. All of these studies could lead to a better understanding
of the mechanism through which oxaboroles exert their trypanocidal
effects and also provide valuable tools for use in our lead optimization
program.
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∗ corresponding author: marc.ouellette@crchul.ulaval.ca

Anti-Leishmania treatment relies on chemotherapy with antimonial
derivatives as the main therapeutics, and amphotericin B or miltefos-
ine becoming more frequently used. Antimony has no known specific
cellular target identified so far. It is associated with oxidative stress
generation, mitochondrial failure and apoptotic cell death. Ampho-
tericin B targets ergosterols containing membranes. It is associated
with mitochondrial failure and apoptotic cell death. Miltefosine is a
phosphocholine analog that interacts with membrane lipids. Its ac-
tion also implies mitochondrial failure leading to cell death. In brief,
the mode of action of these anti-Leishmania drugs remains elusive
and poorly understood. In this study we used Leishmania infantum
wild-type cells and three corresponding mutants, Sb2000.1 (resistant
to trivalent antimony SbIII) Mf200.5 (resistant to miltefosine) and
Aö1000.1 (resistant to amphotericin B) in order to clarify the com-
mon mechanism of cell death induced by these drugs. Our results pin-
pointed commonalities in the mode of action of these drugs. Indeed,
wild-type cells in contact with any of the three drugs accumulated re-
active oxygen species (ROS) within their mitochondria. This was not
observed in the drug resistant mutants. Furthermore, pre-incubating
the cells with an iron chelator or anti-oxidants prevented the accu-
mulation of ROS within the mitochondria. The three drug resistant
mutants contained less NAD(P)H reducing equivalents compare to the
susceptible cells. This was correlated with changes in Krebs cycle’s en-
zymatic activities. We also confirmed the apoptotic cell death induced
by these three drugs by controlling the mitochondrial depolarization
and the DNA laddering. These results can be incorporated into a uni-
fying model where drugs with different cellular targets do nonetheless
share similarities in their mechanism of cell death and of resistance.

241B
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Mitochondrial gene expression in trypanosomatid pathogens requires
extensive post transcriptional modification called RNA editing. This
unique molecular mechanism, catalyzed by a multiprotein complex
(the editosome), generates translatable transcripts for essential com-
ponents of parasite respiratory complex. How editosome proteins are
assembled and perform RNA editing is not fully understood. Also, pre-
vious studies have shown that editosome proteins are essential for par-
asite survival, which makes editosome a potential target for drug dis-
covery. Currently, researchers use radiolabeled based assays to mon-
itor RNA editing process. However, these assays are not suitable for
high throughput screening of editosome inhibitors, have low detection
limits, and cannot monitor RNA editing in real time. Here we present
a homogenous fluorescence-based RNA editing reporter assay that is
based on a hammerhead ribozyme activity. Ribozyme structure was
remodelled by adding or removing uridylates in its conserved catalytic
core to make an inactivate ribozyme. In the presence of the editosome,
inactive ribozyme is edited to an active ribozyme. Consequently, ham-
merhead ribozyme activity can be measured by cleaving its fluores-
cently labelled substrate. We show that higher sensitivity is achieved
using fluorescent based assay than conventional radio-labelled assay.
Moreover, we can use this assay for rapid screening and identification
of chemical compounds for their ability to selectively inhibit editosome
assembly and/or function in trypanosomatids.
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Gamma glutamyl cysteine synthetase which catalyzes the ATP depen-
dent ligation of L-Cysteine and L-Glutamate to produce gamma glu-
tamyl cysteine has been demonstrated to be the rate limiting enzyme
in the biosynthesis of glutathione in mammalian cells and of trypan-
othione in Leishmania. We tried to decipher the importance of GSH1
gene encoding for this enzyme in Leishmania by attempting to gener-
ate GSH1 null mutants by gene disruption in L. infantum. Removal
of even a single wild type allelic copy of GSH1, invariably led to the
generation of an extra copy of GSH1, maintaining two intact WT alle-
les. However, by first supplementing the WT parasites with a rescue
plasmid and then with two rounds of inactivation at the chromosomal
locus, we succeeded in obtaining a null mutant at the chromosomal
locus, thus indicating the essentiality of this gene in Leishmania. Par-
asites with one intact GSH1 allele at the chromosomal locus lost the
plasmid but not the double knock out, when grown in the absence
of antibiotic, again indicating its essentiality. Heterozygous mutants
with one allele inactivated transcribed less GSH1 mRNA and synthe-
sized less glutathione and trypanothione than WT. Mutants grew like
WT in culture but were more susceptible to handle oxidative stresses
in vitro as promastigotes. Significantly, these mutants showed atten-
uated infectivity and a decreased survival inside macrophages which
had the capacity to produce reactive oxygen species. These mutants as
intracellular parasites showed a significant decreased survival in the
presence of antimony (SbV) compared to control cells. All phenotypes
were reverted in the add back mutant, thus proving the importance of
this enzyme in dealing with oxidants including the action of antimo-
nials.
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Actin is a ubiquitous, highly conserved cytoskeletal protein which is
involved in cell movement, intracellular traffic and cell division. Actin
is expressed at similar levels but is organized differently in the blood-
stream and procyclic forms. Ablation of actin by RNAi has shown that
it is an essential protein in bloodstream but not in procyclic forms. In-
direct evidence shows that filamentous actin is present only in blood-
stream forms and that inhibition of its formation leads to cell death.
Since the levels of actin are the same in both life forms, the differ-
ential regulation of actin function may occur at the level of nucle-
ation/depolymerization carried out by actin binding and regulatory
proteins. Screening of the genome of T. brucei. identified 22 proteins
that are likely to be involved in the regulation of the actin cytoskele-
ton. We have begun a systematic analysis to investigate the expres-
sion, localization and function of these proteins. Transcriptional anal-
ysis by qRTPCR shows that a number of these proteins are upregu-
lated in the bloodstream form. We have, to date, carried out RNAi
knockdown on several of these proteins in bloodstream and procyclic
forms. In procyclic cells the knockdown of these proteins had no effect
on growth or morphology whereas in bloodstream forms differential
effects ranging from no observable phenotype to cell death were ob-
served.
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flagellar adhesion in T. brucei
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Flagellar attachment is a striking morphological feature of the African
trypanosome Trypanosoma brucei. Here we describe and character-
ize in detail the first example of a life cycle stage specific membrane
protein involved in flagellar attachment. The protein has no similar-
ity with previously described proteins and is expressed only in blood-
stream forms. The protein exhibits extensive N-glycosylated and lo-
cates to the flagellar attachment zone. Ablation of the mRNA through
RNAi leads to detachment of the new but not the old flagellum with
a concomitant failure of cytokinesis. Flagellar detachment is obvious
within 6 h induction of the dsRNA and the new flagellum is often com-
pletely detached as it emerges from its own flagellar pocket. In other
cases the loss leads to detachment mid way during the synthesis of the
new flagellum leading to a partially attached flagellum at the poste-
rior end of the cell. Within 12 h most cells possess multiple detached
flagellae along side a single attached flagellum. These results sug-
gest that the protein is not shared or exchanged between the two at-
tachment zones. In other respects the detached fllagellae appear nor-
mal, they beat even faster than normal although directional motion
is lost,appear to be approximately the same lenght and they possess
an apparently normal axoneme and paraflagellar rod structure. How-
ever, ultrastructural and immunofluorescence analysis indicates that
the flagellar attachment zone appears to disrupted in these cells. The
significance of these results will be discussed.
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The impact of cell-cell communication and a multicellular lifestyle on
the physiology and pathogenesis of bacterial pathogens is now well-
established, but this paradigm has not been applied to parasitic proto-
zoa. We have discovered a novel aspect of trypanosome biology, demon-
strating that these parasites communicate with one another and as-
semble into multicellular communities on agarose surfaces. These
colonies grow through active recruitment of nearby cells and migrate
en masse, requiring coordinate motility of hundreds to thousands of
cells. Trypanosome communities exhibit features similar to that de-
scribed for bacteria that undergo swarming/social motility, suggesting
cells in each community are able to sense nearby communities and ad-
just their behavior in response. Motility mutants are incapable of so-
cial motility, demonstrating that normal motility is required and that
this behavior is an active process. Social motility of trypanosomes
indicates that these parasites are able to sense each other, to com-
municate and to coordinate their movement. These behaviors reveal
a level of communication and coordination not previously recognized
in trypanosomes and are expected to impact interactions with their
vertebrate and invertebrate hosts. Social motility further provides a
defined in vitro assay for analyzing cell-cell communication and envi-
ronmental sensing in trypanosomes. Currently we are investigating
the cell surface receptors and downstream signalling pathways under-
lying social motility. Various flagellar signalling pathways crucial for
environmental sensing in a variety of cell types like sperm or epithe-
lial cells are present in the T. brucei flagellum. This suggests that
the flagellum provides a sensing platform and might host key proteins
involved in social motility of trypanosomes.
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Leishmania species such as L. infantum and L. major lack RNAi ma-
chinery. However, their genome codes for an Argonaute-like protein
with a PIWI domain that is homologous to the RNase H-like catalytic
domain in Piwi proteins present in Drosophila, zebrafish, and mice
that are required for germline development and associate with 24-30
nucleotide RNAs termed piRNAs. PIWI proteins have also been asso-
ciated with transposon suppression, and the Leishmania Piwi homolog
is may be not foreign to the widespread distribution of SIDER retro-
poson elements in this parasite. To address the role of this protein
in Leishmania, we have generated a piwi -/- mutant by homologous
recombination both in L. infantum and L. major. The piwi -/- mutant
grows normally in culture media. However, this mutant demonstrated
lower infection rates in mouse bone marrow macrophages. BALB/c
mice infected with the piwi -/- mutant showed an important delay in
footpad lesion development. To better understand the cause(s) of the
delayed infection in mice, we carried out DNA microarray analysis to
compare expression profiling between WT and piwi -/- mutant Leish-
mania. The whole genome microarray analysis revealed two striking
observations in the piwi -/- mutant. First, there was a downregulation
of several membrane-bound proteins, including GP63, which plays a
role in Leishmania pathogenesis. Second, all the histone genes were
upregulated. As histones are involved in chromatin modification, we
are investigating the possibility that piwi plays a role in epigenetic
control in Leishmania, similarly to what has been reported in higher
eukaryotes. Experiments are also underway to assess whether piwi
gene inactivation affects SIDER retroposon-mediated control or gene
expression within highly repetitive genomic loci.
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The enzyme myristoyl-CoA: protein N-myristoyltransferase (NMT)
catalyses the N-myristoylation of target proteins and is a promising
drug target in Trypanosoma brucei and Leishmania major . In an on-
going study to define the essential downstream targets of NMT, we
have identified over 60 putative N-myristoylated proteins encoded in
the T. brucei genome, including ARF1 and ARL1 which are both es-
sential for parasite viability. Current targets for functional analysis
are two N-myristoylated trypanosome orthologues of proteins which
have been implicated in human genetic disorders with possible links
to ciliagenesis. The small GTPase ARL6 is implicated in the multi-
systemic human disorder Bardet-Biedl syndrome but its functions are
largely unknown. ARL6 orthologues are only found in organisms with
flagella or cilia. However, the T. brucei orthologue of this protein does
not predominantly localise to the flagellum but to a punctate pattern
throughout the cell. The nucleotide binding properties and binding
partners of TbARL6 have been investigated in detail using fluores-
cence spectroscopy and Tandem affinity Purification (TAP). TbDIP13
is the T. brucei orthologue of a Chlamydomonas basal body protein
implicated in flagellum biosynthesis. The human orthologue of this
protein is NA14, identified as an autoantigen in serum taken from
a patient with Sjögren’s syndrome. Despite the clinical relevance of
the NA14 protein, little is known about its precise function and ortho-
logues are not found in the model organisms S. cerevisiae, C. elegans
and Drosophila. Modulation of TbDIP13 expression in bloodstream
form T. brucei causes extensive disruption of normal cell morphology;
the functional consequences of these changes are under study, using
imaging and proteomics-based approaches.
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Hesperadin inhibits Aurora kinase-1 and blocks mitotic progression
in bloodstream forms of Trypanosoma brucei
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Aurora kinase family members coordinate a range of events associ-
ated with mitosis and cytokinesis. Anti-cancer therapies are currently
being developed against them. Here, we evaluate whether Aurora
kinase-1 (TbAUK1) from pathogenic Trypanosoma brucei might be
targeted in anti-parasitic therapies as well. Conditional knockdown
of TbAUK1 within infected mice demonstrated its essential contribu-
tion to infection. An in vitro kinase assay was developed which used
recombinant trypanosome histone H3 (rTbH3) as a substrate. Tan-
dem MS identified a novel phosphorylation site in the carboxyl-tail
of rTbH3. Hesperadin, an inhibitor of human Aurora B, prevented
the phosphorylation of substrate with IC50 of 40 nM. Growth of cul-
tured bloodstream forms (BF) was also sensitive to Hesperadin (IC50
of 50 nM). Hesperadin blocked nuclear division and cytokinesis, but
not other aspects of the cell cycle. Consequently, growth arrested cells
accumulated multiple kinetoplasts, flagella and nucleoli; similar to
the effects of RNAi-dependent knockdown of TbAUK1 in cultured BF
cells. Molecular models predicted high affinity binding of Hesperadin
to both conserved and novel sites in TbAUK1. Collectively, these data
demonstrate that cell cycle progression is essential for infections with
T. brucei, and that parasite Aurora kinases can be targeted with small-
molecule inhibitors.
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Posttranscriptional RNA editing by uridine insertion and removal is
essential for mitochondrial gene expression in trypanosomatids but
absent from the host and therefore a potentially powerful novel drug
target. The editing process is catalyzed by a multiprotein complex, the
editosome, and involves a series of enzymatic steps. A key catalyst is
RNA editing ligase 1 (REL1), an essential enzyme in bloodstream and
insect stage Trypanosoma brucei. To identify REL1 inhibitors that
might serve as leads for the development of new anti-trypanosomal
drugs we are pursuing two complementary approaches. A biochemical
high-throughput screen (HTS) is under development that will enable
us to rapidly screen large compound libraries using recombinant en-
zyme. Preliminary experiments with an assay based on fluorescence-
resonance energy transfer (FRET) are very encouraging and we are
currently validating whether this assay satisfies criteria for a HTS
campaign. A parallel virtual screening approach incorporates molec-
ular dynamics simulations of the REL1 structure. An initial screen
of the National Cancer Institute (NCI) diversity set was followed by
a hierarchical similarity search with the most active compound over
the full NCI database. Top compounds were tested for their effects
on REL1 activity in biochemical assays. Three drug-like compounds
were confirmed to inhibit REL1 with IC50 values around 1 micromo-
lar. Tests of these compounds against the most closely related bac-
teriophage T4 RNA ligase 2, as well as against human DNA ligase
IIIbeta indicated a considerable degree of selectivity for RNA ligases.
These studies as well as preliminary tests of anti-parasite activity will
be presented.
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Trypanosomatid mitochondrial mRNAs are remodeled through RNA
editing to make usable messenger RNAs for components of an essen-
tial energy generating system. This process is catalyzed by a multi-
protein complex (editosome) through the insertion and deletion of uridy-
late (U) residues in pre-mRNA. This study is an in-vitro compari-
son of two closely related editosome Kinetoplastid RNA Editing Lig-
ase 1 (KREL1) and 2 (KREL2) in the presence and absence of their
interacting partners KREPA2 and KREPA1, respectively. The role
of KREPA1/A2 proteins is important, as they seem to provide the
Oligonucleotide/Oligosaccharide Binding (OB) fold in trans for KREL1
and KREL 2 proteins and hence play an important role in substrate
recognition. Full length recombinant proteins are used to analyze
structural interaction of KREL1 with KREPA2 and KREL2 with KREPA1,
using co-immunoprecipitation assay. For functional interactions, an
adenylation assay is performed to inspect the adenylation rate of KREL1
and KREL2 in the presence and absence of their interacting partners.
Preliminary results show a two fold increase in KREL1 pull down in
the presence of KREPA2 while its adenylation is increased six fold
in the presence of KREPA2 compared to KREL1 alone. On the other
hand, KREL2 adenylation is increased by two folds in the presence of
its interacting partner KREPA2. These results suggest a significant
increase in adenylation activity at least in the case of KREL1 in the
presence of its interacting partner and provide clear evidence for the
role of OB fold in the adenylation activity. Furthermore, it highlights
the unique structural and functional features of the related RNA edit-
ing ligases in trypanosomatids.
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Trypanosoma brucei devotes ∼10% of its protein synthesis to GPI-
anchored VSG, which is rapidly transported (t1/2 ∼15 min) to the cell
surface. The GPI anchor is critical for efficient export of VSG from
the ER, giving rate enhancements of 3-5 fold relative to non-anchored
VSG reporters. COPII vesicles mediate export of newly synthesized
proteins from the ER, and contain three core components: Sar1,
Sec23/Sec24, and Sec13/Sec31. The Sec23/Sec24 heterodimer binds
and selects nascent cargo into budding vesicles. T. brucei has two or-
thologues of the Sec23/Sec24 subunits (TbSec23.1/TbSec23.2; and Tb-
Sec24.1/TbSec24.2). RNAi against each subunit is lethal, but little
effect is seen on the rates of transport of the soluble and membrane
lysosomal markers, trypanopain and p67. Strikingly, VSG trafficking
is severely delayed (3-5 fold) following knockdown of either TbSec23.2
or TbSec24.1. Pull-down analyses revealed that these two compo-
nents form an obligate physical pair, as do the TbSec23.1/TbSec24.2
subunits. IFA indicates that all four subunits colocalize to one or
two ER Exit Sites (ERES) that align with the FAZ:associated ER,
closely juxtaposed to corresponding Golgi clusters. Interestingly in
bloodstream trypanosomes, TbGRASP defines an intermediate zone
between the ERES and Golgi, in contrast to procyclic parasites where
TbGRASP localizes precisely with the Golgi [He et. al. (2004) JCB
165:313], suggesting a primary role in tethering these organelles to-
gether. Studies are underway to investigate the effect of TbGRASP
silencing on Golgi architecture and protein trafficking in bloodstream
trypanosomes. Our results suggest a cargo selective mechanism for
VSG loading into COPII vesicles, and a remarkable degree of stream-
lining in the early secretory pathway, all presumably designed to max-
imize efficiency of VSG transport.
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Silencing of the universal minicircles sequence binding protein (UMSBP)
by RNAi has previously revealed its function in kDNA minicircles
replication initiation and in the segregation of the replicated kDNA
network. Regulation of UMSBP interactions with the minicircle repli-
cation origin is mediated via the cell cycle control of the protein redox
state. Enzymes reconstitution analyses revealed that an enzymatic
mechanism, consisting of the trypanosomal major redox-regulating
pathway, can catalyze the direct reversible reduction and oxidation of
UMSBP and thereby may function as a redox-based molecular switch
in the regulation of minicircles replication initiation. Protein affin-
ity chromatography and yeast two hybrid analyses, revealing protein-
protein interactions between UMSBP and both tryparedoxin and try-
paredoxin peroxidase are in accord with this notion. A previous model,
proposing that binding of UMSBP to the origin sequence is regulated
via the redox-mediated interconversions of active (reduced) UMSBP
monomers and inactive (oxidized) UMSBP oligomers, has been chal-
lenged both in vivo and in vitro, revealing that the two redox-driven
processes are independent and that regulation of UMSBP binding to
the replication origin is rather mediated through the reversible gener-
ation of intra-molecular disulfide bonds. Kinetics analyses of UMSBP
interactions with the origin sequence demonstrated that redox affects
the pre-initiation loading of free UMSBP onto the origin sequence, but
not its release from the nucleoprotein complex, suggesting that redox
signaling may control the generation of the origin-associated initiation
complex. This is corroborated by protein affinity chromatography, co-
immunoprecipitation and yeast two hybrid analyses, which revealed
high affinity interactions between UMSBP and the kDNA replication
proteins SSE1 and pol beta, as well as with the kDNA associated pro-
teins KAP3 and KAP4.
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A bacterial type mitochondrial porin in Trypanosoma brucei is
essential for its energy production and cell survival
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Mitochondrial porin in Trypanosoma brucei, a unicellular parasitic
protozoa and the causative agent of African trypanosomiasis possesses
a â-barrel structure with 8 predicted â-strands and the C-terminal á-
helix similar to bacterial outer membrane porin OmpA. T. brucei Porin
(TbPorin) expression is developmentally regulated. TbPorin is present
as a monomer as well as oligomer on mitochondrial outer membrane
(OM). In spite of its distinct structure, TbPorin function is similar to
other eukaryotic porins. It is essential for cell growth. TbPorin RNAi
decreased the steady-state level of mitochondrial ATP, as well as ATP
production upon addition of ADP and substrates to isolated mitochon-
dria. Furthermore, a decrease in the level of mitochondrial porin re-
duced cellular respiration via trypanosome alternative oxidase (TAO),
which is not coupled with oxidative phosphorylation, but increased the
capacity of the cytochrome-dependent pathway (CP). Due to TbPorin
RNAi, the expression level of TAO decreased, while the level of the
cytochrome oxidase subunit 4 (COIV) and cytochrome c1 increased. A
blue-native gel electrophoresis showed an increased level of complex
III and complex IV due to porin RNAi. Together, these data revealed
that TbPorin knock-down reduced the mitochondrial ATP level, which
in turn increased the CP capacity in an attempt to compensate mi-
tochondrial energy crisis. However, a simultaneous decrease in the
substrate level phosphorylation due to TbPorin RNAi caused growth
inhibition in T. brucei. We also found that the expression of TAO and
CP proteins are coordinately regulated in T. brucei according to mito-
chondrial energy demand
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Identification of Amastigote-Specific Protein Kinases in Leishmania
Donovani by Activity-Based Proteome Analysis
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The FP7-LEISHDRUG consortium (www.leishdrug.org) uses a highly
interdisciplinary approach to reveal Leishmania signaling molecules
associated with amastigote virulence. Our major aim is to exploit the
Leishmania kinome for anti-parasitic drug development using target-
based strategies. We screened the Leishmania proteome for appropri-
ate target kinases, showing amastigote phospho-transferase activity,
using in-gel kinase assay (IGKA) in combination with 2D electrophore-
sis. We observed multiple radioactive signals in a 1D-IGKA, which
were sensitive to inhibition by Staurosporine and Genistein, indicat-
ing the presence of abundant kinase activities in Leishmania. Com-
pared to promastigotes, amastigote extracts showed substantially in-
creased signal intensities of 120kD, 50kD and 30kD bands, and novel
robust phosphorylation activities were detected in the 50-70kD as
well as in the low molecular range. These data are consistent with
our previous findings showing increased phosphoprotein abundance
in amastigotes. In order to increase resolution and allow for the iden-
tification of protein kinases we adapted the in-gel kinase assay on 2D
gels. We used either total amastigote extracts or phosphoproteins en-
riched by immobilized metal affinity chromatography (IMAC). In the
former case parasites were lysed directly in a low salt IEF buffer,
as TCA precipitation interfered with kinase renaturation. Protein
extracts were subjected to isoelectric focusing on pH 4-7 IEF strips
prior to separation by SDS-PAGE and subsequent in-gel kinase as-
say. Our current efforts are focused on differentiating between auto-
and substrate kinase activities employing amastigote-specific phos-
phoproteins and phosphopeptides previously identified by phospho-
proteomics. The use of 2D-IGKA may allow us to identify atypical
parasite protein kinases which escaped previous bio-informatic kinase
screens and are more suitable for anti-leishmanial drug development.
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Role of myosin in bloodstream form of T. brucei
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A functional actin cytoskeleton involves the molecular motor myosin.
Genome analysis reveals the presence of only two genes that poten-
tially code for myosin motors in T. brucei. This number is consid-
erably less than found in mammalian cells, where ∼15 classes are
present and myosins represent a large superfamily of proteins. The
precise function of many of these motor proteins remains unknown.
The two myosins in T. brucei can be differentiated by their tail regions.
The encoding genes are Tb927.4.3380, which is a class I myosin, and
Tb11.01.7990, which might be a class VII myosin. Class I myosins
have been implicated in vesicle transport, therefore we focused on the
role of this protein in T. brucei. Analysis of the putative protein re-
vealed a motor domain (Pfam score: 7.4e-293) and a tail domain (Pfam
score: 2.4e-07). The tail region also contains a weak hit for a zinc
binding domain possibly involved in endosomal targeting. Expression
analysis using antibodies and qRT-PCR indicated upregulation of this
myosin in the bloodstream form versus the procyclic form. The role
of was investigated using RNAi. Loss of the protein produced severe
effects on growth and morphology in bloodstream but not in procyclic
forms. The results of functional and localization studies will be pre-
sented and discussed.
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Interacting partners of Leishmania major metacaspase

Clara Stefanie Sprissler, Iveth Gonzalez
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Unicellular organisms such as Leishmania undergo cell death (CD)
with characteristic features of programmed cell death. CD has been
well characterized in mammalian cells where caspases play an es-
sential role. In L. major, the genome code for a single metacas-
pase (LmjMCA) which represents a distant orthologue of caspases.
LmjMCA has little sequence identity with caspases but shares the con-
served catalytic His/Cys-dyad and similar secondary structure. Con-
trary to aspartate substrate specificity of caspases, LmjMCA possesses
a arginine/lysine substrate specificity. Structually, LmjMCA is com-
posed of an N-terminal mitochondrial localization sequence, a caspase-
like catalytic domain with the dyad His147/Cys202, and a C-terminal
proline-rich domain. In this study we were interested in analyzing
the functional role of LmjMCA by investigating potential interaction
partners and substrates using a yeast-two-hybrid interaction assay.
Firstly we observed that LmjMCA could interact with itself like cas-
pases do. This interaction is mediated mainly by the C-terminal se-
quence. Interestingly this self-interaction induced flocculation of yeast
cells. Using cDNA libraries from different life cycle stages of the par-
asite, we observed also that two proteins interacted with the catalytic
domain suggesting that they could be substrates of LmjMCA. Finally
several other proteins interacted with the full length form but not with
the catalytic domain indicating that the C-terminal sequence might
be responsible for those interactions. Thus far, we confirmed the in-
teraction of two of those proteins by co-immunoprecipitation. These
proteins are known to be involved in cell death pathways in other or-
ganisms.
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An Unusual Protein Trafficking Pathway in African Trypanosomes
Leads to Infectivity in Humans
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Trypanosoma brucei brucei is unable to infect humans due to its sus-
ceptibility to a minor subclass of high-density lipoproteins (HDL) found
in human serum, called trypanosome lytic factor (TLF). Unlike T. b.
brucei, T. b. rhodesiense causes acute human trypanosomiasis and
evades TLF-mediated killing through the expression of the serum re-
sistance associated (SRA) gene. SRA is closely related to the variant
surface glycoproteins (VSG), which are the major coat proteins of T.
brucei. VSGs contain several key features involved in the trafficking
and cell surface localization of the mature protein. These features in-
clude an N-terminal signal peptide, and a GPI-anchor addition site,
which are also common to the transferrin receptor (TfR) of T. brucei,
another VSG-like protein. Both VSGs and TfR are resident cell surface
proteins that are continually endocytosed into endosomes, trafficked to
the lysosome and recycled to the cell surface. The signal peptide and
GPI-anchor, in particular, are critical to the targeting and surface lo-
calization of these membrane-bound proteins. Like VSGs and TfR, we
have confirmed that SRA is a GPI-anchored protein, however, SRA ap-
pears to localize only transiently to cell surface. We have shown that
SRA is then endocytosed into endosomes, and is ultimately trafficked
to the lysosome. We have also shown that TLF colocalizes with SRA
in both intracellular compartments. This trafficking pathway of SRA
therefore conveniently allows its intersection of the toxin’s intracellu-
lar route as it is transported to the lysosome. This unusual trafficking
and localization of a GPI-anchored protein facilitates its interaction
with TLF, which is critical to SRA-mediated inhibition of trypanosome
lysis.
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Development of the next generation of vectors
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Currently there are a few vector systems available, which allow in-
ducible expression, such as pLEW and and pDEX. Both vectors rely
upon the EP promoter under the control of the tet operator to drive
expression of the gene of interest. There are some differences, pLEW
uses a disabled T7 promoter to drive the expression of the antibiotic re-
sistance gene and is targeted to the non-transcribed ribosomal spacer
whereas pDEX uses a rRNA promoter for expression of its resistance
gene and is targeted to the 177 repeats in the minichromosomes. How-
ever there are problems with these vectors, pLEW can only be used in
cell lines expressing the T7 RNA polymerase and the levels of expres-
sion from both are lower than would be expected from an EP promoter.
A modular vector system has been designed where the gene of inter-
est and the antibiotic resistance gene can be readily shuttled in and
out of the vector. The major alteration over previous vectors is to po-
sition the vector backbone between the two promoters that drive the
antibiotic resistance gene and the gene of interest. The new vector is
used in conjunction with the tetracycline repressor expressed from the
procyclin locus. Initially expression levels of an eYFP tagged protein
were incredibly high when induced but the vector was not silent when
uninduced. Mutations and deletions were made in the EP promoter
to reduce the level of expression, creating a series of vectors that can
give a range of expression levels that are mostly fully inducible.
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Investigation of the role of Vitamin C in Trypanosoma cruzi
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Vitamin C (ascorbate) functions widely in eukaryotes as an antioxi-
dant and enzyme co-factor. It is an essential dietary component of hu-
mans, who lack the last enzyme in the biosynthetic pathway. T. cruzi
possesses an ER-localised ascorbate-dependent peroxidase (APX), an
enzyme absent from T. brucei. APX is expressed throughout the life
cycle and plays an important role in protecting T. cruzi against hydro-
gen peroxide, but not organic peroxides. Deletion of APX is achievable
only in the presence of an ectopic copy. However the episome is readily
lost in the absence of drug selection and APX null mutants can be gen-
erated. These parasites are capable of traversing the entire life-cycle
and infecting Vero cells. They show a reduced resistance to exoge-
nous H2O2, but otherwise display no obvious phenotype. In T. cruzi
, the ascorbate biosynthetic enzyme is a glycosomal FMN-dependent
galactonolactone oxidase (GAL). T. cruzi appears to lack an ascorbate
uptake capacity and the GAL genes are not readily deleted except in
the presence of an ectopic copy [pTEX-GAL]. In contrast, GAL is dis-
pensable in bloodstream-form T. brucei parasites which are also defi-
cient in ascorbate uptake. We are currently testing the T. cruzi GAL
-/- [pTEX-GAL] cells to determine if the ectopic copy is retained in the
absence of drug selection or whether vitamin C deficient null mutants
can be generated. The latest results will be presented.

260B



New prospects regarding the classical tryparedoxin/peroxiredoxin
pathway operating within the Leishmania infantum mitochondrion
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In Leishmania spp., as well as in other trypanosomatids, 2-cysteine
peroxiredoxins (Pxns) are chief components of the hydroperoxide
(ROOH) reducing machinery. In biochemical assays, Pxns eliminate
ROOH at expenses of reducing equivalents provided by tryparedox-
ins (TXNs), members of the thioredoxin superfamily. In Leishma-
nia infantum the occurrence of mitochondrial Pxn and TXN enzymes
(LimTXNPx and LiTXN2, respectively) suggests that, within this or-
ganelle, ROOH reduction proceeds via the classical TXN/Pxn pathway.
To assess the essentiality of both enzymes for parasite survival, we
have produced LimTXNPx and LiTXN2 knockouts by homologous re-
combination (LimTXNPx-/- and of LiTXN2-/-, respectively). As pro-
mastigotes, both mutants are morphologically similar to wild type
cells. In addition, LimTXNPx-/- mutants display identical suscep-
tibility to exogenous sources of peroxides (H2O2, t-bOOH, ONOO-)
as wild type promastigotes. Interestingly, however,LimTXNPx-/- and
LiTXN2-/- display different phenotypes when tested in in vivo infec-
tions. Using Balb/c mice as model, we observed that LimTXNPx de-
pletion impairs parasite infectivity in comparison to wild type par-
asites or to LimTXNPx-/- mutants with restored LimTXNPx expres-
sion. As for LiTXN2, abrogation of this enzyme does not influence
the outcome of parasite infection. Together these observations in-
dicate that (i) LimTXNPx is critical for L. infantum invasion and/or
persistence within the mammalian host, and (ii) LimTXNPx function
in the amastigote stage is independent of LiTXN2. Because experi-
mental evidence points towards LiTXN2 being the only TXN molecule
sharing the same subcellular compartmentalization as LimTXNPx,
these data challenge the classical view regarding TXN/Pxn path-
ways. We are now looking for LimTXNPx partners which, in the con-
text of drug design, might be amenable for specific inhibition. FCT:
SFRH/BPD/20610/2004; POCI/SAU-IMI/59560/2004.
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Identification of proteins localized to the contractile vacuole of
Trypanosoma cruzi
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The contractile vacuole (CV) is an osmoregulatory organelle which
controls the intracellular water balance by accumulating and expelling
excess water from the cell. Trypanosoma cruzi is the etiologic agent
of Chagas’ disease and survives a wide range of osmotic conditions
in its life cycle as it moves among the insect gut, the bloodstream,
phagolysosomes, and host cell cytosol. We hypothesize that the CV
mediates volume regulation in each of these environments, particu-
larly through fusion with acidocalcisomes. Proteomic analysis of CV-
enriched fractions from epimastigotes identified a total of 1695 pro-
teins (false discovery rate 1%) of which ∼60% are annotated as hy-
pothetical. Transport-related proteins were represented by at least
55 members. Additionally, 39 unique disperse gene family 1 (DGF-1)
proteins were also identified. We expressed GFP-fusions of 3 proteins
(TcSNARE2-1, TcSNARE2-2, and TcVATPase subunit B) with known
CV localizations in Paramecium and Dictyostelium to validate our pro-
teomic dataset. All 3 localized to the contractile vacuole of T. cruzi epi-
mastigotes. We are focusing on improving predictions of CV-specific
proteins and validation of the cellular locations of additional proteins.
We anticipate that comparison of the CV proteome with our existing
acidocalcisomal proteomics databases (T. cruzi and Trypanosoma bru-
cei) will identify organellar interactions that facilitate volume regula-
tion in T. cruzi.
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The Role of Poly(A)-Specific Ribonuclease in mRNA Turnover in
Trypanosoma brucei
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In trypanosomes most protein-encoding genes are transcribed as part
of long polycistronic pre-mRNAs that are subsequently processed into
mature monocistronic mRNAs. Each of the open reading frames of the
original pre-mRNA can exhibit different steady state levels, suggest-
ing a reliance on post-transcriptional regulation in these organisms.
Therefore, our laboratory is defining the enzymatic processes of mRNA
turnover in trypanosomatids to better understand the mechanisms of
their regulation of gene expression. In eukaryotes, mRNA degrada-
tion usually initiates by shortening of the poly(A) tail by one or more
deadenylases. We have identified three potential orthologues of mam-
malian poly(A)-specific ribonuclease (PARN) in Trypanosoma brucei;
however, the specific functions of each of these proteins is unknown.
Biochemical assays have shown that two of these proteins have dead-
enylase activity in vitro. In order to determine the role of PARN on
gene regulation in vivo, these proteins have been both overexpressed
and depleted by RNAi in both the insect form and bloodstream form
stages of the parasite. Microarray analysis was then used to examine
the effects on steady stage mRNA levels.
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The protozoan trypanosome Leishmania major is an obligate intracel-
lular parasite that is the causative agent for cutaneous leishmaniasis.
This disease is endemic is many regions such as Asia, Africa, South
America, Latin America, and with the constant deployment of U.S.
troops to endemic areas it has now become a major concern for the
U.S. as well. Therapeutic treatment for this disease is very limited
with only antimony-containing compounds and fungicides being used
as the primary treatment. However, these drugs can be toxic to pa-
tients and there has been a rise in frequent treatment failures as a
result of drug resistance. This has led to a higher demand for the
availability of newly synthesized therapeutic drugs. High-throughput
drug screening provides a starting point for drug design and for un-
derstanding the interaction of a compound with its target site. In this
study, this method is being used to perform experiments on L. ma-
jor (Freidlin V1) promastigotes and LLC-MK2 mammalian cells using
the Dimmock library. Viability of L. major is rapidly analyzed utilizing
the bioluminescent activity of the LUC gene that has been integrated
into the parasite’s ribosomal SSU RNA locus. Cell proliferation and
cytotoxicity of the mammalian cells is analyzed using alamarBlue R©.
Analysis of the results showed that 3 of the 126 drugs tested provided
sufficient parasiticidal effects with the absence of harmful cytotoxicity
to mammalian cells, showing potential for use as chemotherapeutic
agents against Leishmaniasis. These 3 drugs are currently being re-
searched in detail and will soon be tested in vivo.
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Structure of the C-terminal domain of Transcription Factor IIB from
Trypanosoma brucei
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In metazoans, Transcription Factor IIB (TFIIB) plays a key role in
RNA polymerase II (RNAP-II) transcription initiation. In particu-
lar, TFIIB binds specifically to TATA-box binding protein (TBP) and
the DNA promoter through its C-terminal domain, and, using its N-
terminal domain, recruits RNAP-II and positions it directly at the
transcription start site. The highly divergent trypanosome TFIIB (tTFIIB)
has been shown to be essential for SL RNA gene transcription and cell
viability, interacting with tTBP, tRNAP-II, and the SL RNA gene pro-
moter region. Here we describe the 2.3 Å ngstrom resolution structure
of the C-terminal domain of tTFIIB from Trypanosoma brucei (tTFI-
IBc). The structure consists of two helical modules followed by a 32
amino acid extended region that is disordered. The helical modules
are similar in overall structure to metazoan TFIIBc, but motifs in-
volved in tTBP binding and site-specific DNA recognition are diver-
gent. Moreover, the 32 amino acid extension is absent from metazoan
TFIIB, suggesting that tTFIIB may make additional protein-protein or
protein-DNA interactions through the extension. Docking of tTFIIBc
in place of TFIIBc in the human TFIIBc/TBP/DNA complex structure
reveals three regions in tTFIIBc that may be involved in DNA or tTBP
binding. Alanine substitutions of amino acids in each of these regions
reduce or abolish the activity of full-length tTFIIB by in vitro tran-
scription. Our tTFIIBc structure provides a foundation from which to
study assembly of RNAP-II-dependent complexes in trypanosomes.
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¡B¿ Investigating mechanisms of diamidine resistance in
Leishmania ¡B¿
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Leishmania parasites can acquire resistance to pentamidine through
serial exposure to sub-lethal drug concentrations. The mechanisms
through which pentamidine acts, and by which resistance develops
are incompletely understood. We have generated a pentamidine re-
sistant Leishmania mexicana line (LmPentR) and initiated a compar-
ative phenotypic comparison with the isogenic pentamidine sensitive
progenitor (LmPentS). The LmPentR displayed a 12-fold resistance to
pentamidine compared with LmPentS, in addition to 5-fold cross resis-
tance to DB75, a related diamidine compound. Cell were not however,
cross resistant to arylimidamines - a novel class of drug with potent
leishmaniacidal activity. Resistance was stable for several weeks in
the absence of drug pressure indicating the observed resistance has
a genetic basis. We are investigating the differences between these
cell lines using proteomic and metabolomic approaches. Difference
gel electrophoresis (DiGE) has highlighted a small subset of proteins
whose expression is significantly and reproducibly changed in the Lm-
PentR cell line. Using NMR and high resolution mass spectrometry
we are also investigating changes at the metabolic level. These ap-
proaches should provide a greater understanding of the mode of action
of pentamidine and the mechanism(s) behind resistance.
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RAP1 Is Essential for Silencing Telomeric Variant Surface
Glycoprotein Genes in Trypanosoma brucei
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Trypanosoma brucei is a protozoan parasite that causes African try-
panosomiasis in humans. In mammalian host, T. brucei regularly
switch its surface antigen, Variant Surface Glycoprotein (VSG), to evade
host immune elimination. To maximize the efficiency of antigenic vari-
ation, T. brucei expresses VSG genes in a strictly monoallelic fashion
and exclusively from one of 15 nearly identical subtelomeric VSG Ex-
pression Sites (ESs), but it is unclear how this important virulence
mechanism is enforced. Telomere position effect (TPE), an epigenetic
phenomenon, has been proposed to play a critical role in VSG regu-
lation, yet no telomeric protein was identified whose disruption led to
VSG derepression. We have recently identified tbRAP1 as an intrinsic
component of the T. brucei telomere complex and a major regulator for
silencing ESs. Knockdown of tbRAP1 led to derepression of all VSGs
in silent ESs, but not VSGs located elsewhere, and resulted in stronger
derepression of genes located within 10 kb from telomeres than genes
located further upstream. This graduated silencing pattern suggests
that telomere integrity plays a key role in tbRAP1-dependent silenc-
ing and VSG regulation.
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Cyclosporin A treatment leads to stage-specific effects on
Leishmania donovani morphology, proliferation, and viability
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We previously identified L. donovani cyclophilin-40 (LdCyP40) as amastigote-
specific phosphoprotein utilizing a phosphoproteomic approach. Ld-
CyP40 belongs to the cyclophilin (CyP) protein family characterized by
the binding of the polypeptide inhibitor cyclosporin A (CsA). The pres-
ence of 17 highly conserved CyP-like proteins in the L. major genome,
and the amastigote-specific phosphorylation of LdCyP40, primed us to
investigate the effects of CsA on parasites in culture. CsA treatment
of L. donovani promastigotes resulted in a dose-dependent inhibition
of cell growth with a nearly 50% reduction in parasite numbers 48h
after treatment with 15 µM inhibitor. This defect was independent
form cell death but due to a significant slow down in proliferation and
cell cycle progression. The growth phenotype was associated with a
striking change in promastigote morphology reminiscent to amastig-
ote differentiation, including reduction of flagellum length and tran-
sition from spindle to oval cell shape. However, CsA treatment had
no effect on stage-specific gene expression as judged by the mainte-
nance of surface LPG and the lack of expression of amastigote-specific
A2 protein. In contrast to promastigotes, CsA treatment was highly
toxic to axenic amastigotes, indicating stage-specific functions of CsA
target proteins. Our data implicate Leishmania CyPs in parasite dif-
ferentiation and identify members of this protein family as potential
drug targets.
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A mitochondrial RNase D family exoribonuclease from
Trypanosoma brucei impacts both mRNAs and gRNAs
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Ribonucleases are expected to impact kinetoplastid mitochondrial
gene expression at multiple levels. This includes regulating the sta-
bility of mature mRNAs, gRNAs, and rRNAs as well as removing non-
functional maturation by-products. Moreover, 3’ end maturation of
mRNAs, rRNAs, gRNAs likely involves both endo- and exoribonucle-
ases. Here, we report characterization of a putative exoribonuclease
of the ribonuclease D family from Trypanosoma brucei, which we term
TbRND. TbRND has been assigned to the mitochondrial proteome by
mass spectrometry studies. It exhibits a unique domain structure for
RND family enzymes, possessing a C-terminal zinc knuckle that may
confer RNA binding specificity. RNAi studies indicate that TbRND is
essential for procyclic form growth. Cells depleted of TbRND exhibit a
modest stabilization of a subset of mRNAs, suggesting that TbRND is
not exclusively responsible for mRNA turnover. To determine whether
TbRND functions in the previously reported decay of non-adenylated
edited and never-edited RNAs, we created dual knockdown of TbRND
and kPAP1, the major mitochondrial poly(A) polymerase. Again, we
observed stabilization of a subset of mRNAs, but TbRND depletion
did not restore the levels of all destabilized, deadenylated RNAs, indi-
cating specificity in mRNA target selection by TbRND. Interestingly,
the total gRNA population in TbRND-depleted cells was reproducibly
slightly extended by 2-3 nt. Thus, TbRND may function in gRNA
processing, potentially acting on precursor minicircle transcripts or
maintaining the strict length of a gRNA’s non-coded U tail. Future
experiments will include analysis of 3’ end sequences of those mRNAs
and gRNAs stabilized upon TbRND depletion and determination of
the sequence specificity of both recombinant enzyme and myc-his-TAP
tagged enzyme isolated from trypanosomes.
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146, rue Léo Saignat
Bordeaux 33076, France
(33) 5 57 57 46 32
(33) 5 57 57 45 56 Fax
bringaud@rmsb.u-bordeaux2.fr

David F. Bruhn
Microbiology
University of Massachusetts, Amherst
203 Morrill Science IVN
639 North Pleasant Street
Amherst 01003, USA
413-577-3135
413-545-1578 Fax
dbruhn@mcb.umass.edu

Brian P. Brunk
Department of Biology
University of Pennsylvania
1403 Blockley Hall
Philadelphia PA 19104-6021, USA
215-573-3118
brunkb@pcbi.upenn.edu

Ellen Inga Bruske
Department of Chemistry and Biochemistry
Unversity of Bern
Freiestrasse 3
Bern 3012, Switzerland
0041316314196
ellen.bruske@ibc.unibe.ch

Richard JS Burchmore
Faculty of Biomedical & Life Sciences
University of Glasgow
Joseph Black Building room B2-25f
University Avenue
Glasgow G12 8QQ, UK
+44 141 330 8612
r.burchmore@bio.gla.ac.uk

Peter Butikofer
Institute of Biochemistry & Molecular Medicine
University of Bern
Buhlstrasse 28
Bern 3012, Switzerland
+41 31 631 4113
peter.buetikofer@mci.unibe.ch

Scott Cameron
Biological Chemistry and Drug Discovery,
College of Life Sciences
University of Dundee
Wellcome Trust Biocentre
Univeristy of Dundee
Dow Street
Dundee DD1 5EH, United Kingdom
+44-1382-385840
s.cameron@dundee.ac.uk

Robert Campbell
Marine Biological Laboratory
7 MBL Street
Woods Hole MA 02543, USA
7814923157
bcampbell@mbl.edu

Mark Carrington
Biochemistry, University of Cambridge
80 Tennis Court Road
Cambridge CB2 1GA, UK
00441223333683
mc115@cam.ac.uk



Sandra I. Carvalho
IRIS
IBMC (Institute for Molecular and Cell Biology)
Rua do Campo Alegre 823
Porto 4150-180, Portugal
351226074956
sandra@ibmc.up.pt

Juan J. Cazzulo
Instituto de Investigaciones Biotecnologicas
Av. General Paz 5445, INTI, edificio 24
San Martin 1650, Argentina
(54 11) 4580-7255
(54 11) 4752-9639 Fax
jcazzulo@iib.unsam.edu.ar

Minu Chaudhuri
Microbial Pathogenesis and Immune Response
Meharry Medical College
1005 D.B.Todd Jr. Blvd
West Basic Science Building
Nashville TN 37208, USA
1 615 327 5726
1 615 327 6072 Fax
mchaudhuri@mmc.edu

Arvind K. Chavali
Biomedical Engineering
University of Virginia
Dept. Of Biomedical Engineering
BOX 800759, Health System
Charlottesville VA 22908, USA
(434) 982-6267
(434) 982-3870 Fax
arvind@virginia.edu

Filip Claes
Institute of Tropical Medicine Antwerp
Nationalestraat 155
Antwerp 2060, Belgium
+3232476534
fclaes@itg.be

April M. Clayton
Biological Chemistry
Johns Hopkins Medical School
Department of Biological Chemistry
725 N. Wolfe St.
Baltimore MD 21205, USA
410-955-3458
410-955-7810 Fax
aclayton@jhmi.edu

Laura J. Cliffe
Biochemistry and molecular Biology
UGA
175 spruce valley road
athens GA 30605, USA
508-292-8454
lcliffe@uga.edu

Serge Cloutier
Infectious Disease Research Center
2705 Boulevard Laurier, Local RC-709
Quebec G1V4G2, Canada
418-654-2705
serge.cloutier@crchul.ulaval.ca

Adriano Cappellazzo Coelho
Centre de recherche en Infectiologie
Université Laval
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Québec G1V 4G2, Canada
1-418-654-2705
1-418-654-2715 Fax
wilfried.moreira@crchul.ulaval.ca

Meredith T. Morris
Genetics and Biochemistry
Clemson University
217 Biosystems Research Complex
51 New Cherry Street
Clemson SC 29634-0324, USA
864-656-0367
864-656-0393 Fax
mmorri3@clemson.edu

Houtan Moshiri
Biochemistry/Parasitology
Parasitology
21111 Lakeshore Road
Saint Anne De Bellevue H9X3V9, Canada
5148808928
houtan.moshiri@mail.mcgill.ca

Jeremy C. Mottram
University of Glasgow
120 University Place
Glasgow G11 8TA, UK
441413303745
j.mottram@bio.gla.ac.uk

Romina Muia
Instituto de Investigaciones Biotecnologicas
Universidad Nacional de San Martin
Predio INTI, Edificio 24
Av Gral Paz 5445
San Martin B1650WGA, Argentina
54-11-45807255
54-11-47529639 Fax
romuia@unsam.edu.ar

Angana Mukherjee
Infectious Diseases Research Center
Laval University
Infectious Diseases Research Center
2705 Boulevard Laurier
Quebec G1V4G2, Canada
1-418-6542705
1-418-6542715 Fax
angana.mukherjee@crchul.ulaval.ca

Miguel Navarro
CSIC
IPBLN, CSIC
Av del Conocimiento
Granada 18100, SPAIN
34 958181651
34 958181633 Fax
miguel.navarro@ipb.csic.es



Tu N. Nguyen
Genetics and Developmental Biology
University of Connecticut Health Center
263 Farmington Avenue
E-7053
Farmington CT 06030, USA
(860) 679-8869
(860) 679-8345 Fax
tunguyen@uchc.edu

Noirin Nicabhaird
Biochemistry and Immunology
Trinity College Dublin
Dept Biochemistry and Immunology
Trinity College
Dublin 2, Ireland
353-1-896-3959
nicabhan@tcd.ie

Moritz Niemann
Genetics
Darmstadt University of Technology
Moritz Niemann (AG Schneider) Freiestr.3
Dept. für Chemie und Biochemie
Universität Bern
Bern 3012, Switzerland
0041 (0)31 631 4225
niemann@dcb.unibe.ch

Derek Nolan
School of Biochemistry and Immunology
Trinity College Dublin
26 Foxfield St. John
Blackbanks
Raheny
Dublin Dublin 5, Ireland
00-353-1-8962455
00-353-1-6772400 Fax
denolan@tcd.ie

Lucie Novotna
Biology Center, Institute of Parasitology
Branisovska 31, Biology Center
Ceske Budejovice 37005, Czech Republic
420387775416
luluc.6@seznam.cz

Han B. Ong
BCDD
University of Dundee
MSI/WTB Complex
Dow Street
Wellcome Trust Biocentre
Dundee DD1 5EH, United Kingdom
+44(0)1382385761
hbong@dundee.ac.uk

Michael Ooberholzer
Microbiology, Immunology and Molecular
Genetics
University of California Los Angeles
609 Charles E. Young Drive
Los Angeles CA 90095, USA
310-206-7452
moberholzer@ucla.edu

Fred R. Opperdoes
Tropical Diseases
de Duve Institute
ICP-TROP 7439
Avenue Hippocrate 75
Brussels B-1200, Belgium
+32 2 7647 439
+3227626853 Fax
fred.opperdoes@uclouvain.be

Fred R. Opperdoes
Res. Unit for Tropical Diseases
de Duve Institute
Ave. Hippocrate
Brussels B-1200, Belgium
+3227647439
+3227626853 Fax
fred.opperodes@uclouvain.be

Prasad Padmanabhan
Department of Medical Biology
Laval University
2705 Laurier Blvd
Quebec G1V 4G2, CANADA
418-654-2705
418-654-2715 Fax
prasad.padmanabhan@crchul.ulaval.ca



Nina F. Papavasiliou
The Rockefeller University
1230 York Ave
New York 10065, USA
1-212-327-7857
papavasiliou@rockefeller.edu

Marilyn Parsons
Seattle Biomedical Research Institute
SBRI
307 Westlake Ave. N. STE 500
Seattle WA 98109, USA
206-256-7315
206-256-7229 Fax
marilyn.parsons@sbri.org

Deborah A. Pasternack
Pathology
Northwestern University
Department of Pathology, Feinberg School of
Medicine
303 E. Chicago Avenue
Chicago IL 60611, USA
312-503-1267
d-pasternack@northwestern.edu

Kimberly S. Paul
Biological Sciences
Clemson University
132 Long Hall
Clemson SC 29634, USA
864-656-1489
864-656-0435 Fax
kpaul@clemson.edu

Helen P. Price
Centre for Immunology and Infection
University of York
Department of Biology
University of York, Heslington
York YO10 5YW, UK
44 1904 328859
44 1904 328844 Fax
hp502@york.ac.uk

Rafael A. Queiroz
Center for Molecular Biology Heidelberg -
ZMBH/German Cancer Research Center -
DKFZ
DKFZ, Im Neuenheimer Feld 580
Heidelberg D-69120, Germany
+49-6221-42-2718
+49-6221-42-4687 Fax
r.queiroz@dkfz.de

Jayne Raper
NYU School of Medicine
341, East 25th Street
New york NY 10010, USA
1-212-263-7632
jr57@nyu.edu

Dan S. Ray
Microbiology, Immunology and Molecular
Genetics
UCLA
Boyer Hall
611 Charles Young Drive
Los Angeles CA 90095, USA
310 825-4178
danray@ucla.edu

Laurie K. Read
Microbiology and Immunology
SUNY Buffalo School of Medicine
Dept. Microbiology and Immunology
138 Farber Hall
Buffalo NY 14214, USA
7168293307
lread@buffalo.edu

Derrick Roy Robinson
MCMP
CNRS - University of Bordeaux 2
UMR-CNRS 5234 (MCMP)
Univ. Bordeaux 2 - Bât 3A -1 er étage
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