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Proteomic approaches for the 

study of protozoa parasites





LeishmaniasisChagas disease

Sleeping sickness

Territories are sized in proportion to 

the absolute number of people who 

died from each disease in one year.
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180 !! Since 1995

http://www.genomenewsnetwork.org/resources/sequenced_genomes/g

enome_guide_p1a.shtml

http://www.dermpath.de/
http://www.infek.lu.se/bakt/english/index.htm
http://www.genomenewsnetwork.org/articles/08_00/cholera_genome.shtml
http://www.genomenewsnetwork.org/articles/05_02/xanthomonas.shtml
http://www.genomenewsnetwork.org/articles/04_02/rice_genomes.shtml




We’ve got the sequence, and now what...?



Among ~8,000 coding genes in Leishmania

~6,200 are common to the tritryp (Leishmania major, 

Trypanosoma cruzi, Trypanosoma brucei)

~1,000 are Leishmania-specific

El-Sayed et al. 2005; Ivens et al. 2005; Berriman et al., 2005 

Ivens et al. 2005; Peacock et al. 2007; Smith et al., 2007

only ~200 genes (including pseudogenes) are 

species-specific (L. major, L. braziliensis, L. infantum)

Chappuis  et al. 2007





The complexity of an organism is mainly based on the complexity of its 

proteome rather than on the complexity of its genome. 

The protein expression in a cell is very dynamic. Different proteins are 

expressed at different times including different isoforms and 

modifications. 



Cuervo et al. 2010



http://www.sanger.ac.uk/Projects/Pathogens/



Typical experiment of proteomic analysis

Trypsin, Lys-C, Asp-N, 
Glu-C

HPLC

Sequest, Mascot
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Leishmania spp. Trypanosoma 

cruzi
Trypanosoma 

brucei

Trichomonas 

vaginalis

Plasmodium 

falciparum

Giardia spp.

Entamoeba spp.



Molecular polymorphism

Leishmania (Viannia) braziliensis

MICROSATELLITES
Turetz et al. 2002

de Oliveira-Neto et al. 2000

Chappuis et al. 2007

Cutaneous lesion

Disseminated form

Mucosal lesion

Clinical pleomorphism



Post-translational modifications:

• Acetylation: acetyltransferases

• N-terminal pyroglutamylation: glutaminyl cyclase

• N-terminal processing of methionine: methionine 

aminopeptidase  and peptide deformylase

• Deamidation

• Tryptophan oxidation

~20% of identified proteins 

contain modified peptides



Trichomonas vaginalis

Human Urogenital Trichomoniasis

More than 180 million 

cases/year around the 

world

Symptomatic women

• Important cofactor in 

amplification of HIV transmission

• May induce rupture of placental 

membranes

• Pre-term delivery 

• Low-birth-weight resulting in an 

increase in infant mortality



In contact with epithelial cells: ellipsoid   amoeboid

Trichomonas vaginalis



MDH LDH
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Trophozoites

Pseudocysts



Actin

Cysteine 

peptidases
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Proteomic analysis

Nature 2006; 440(7081):224-7.



RNAi

Nature 2006; 440(7081):224-7.

Lethal failure of cytokinesis 



Immunomodulating proteins 

Cyclophilin a 

IgE-dependent histamine-releasing factor, putative 

 

Signal Transduction proteins 

Histidine secretory acid phosphatase 

Activated protein kinase C receptor LACK 

Pyruvate kinase 

 

Intracellular survival  

Proteasome activator protein pa26, putative 

Heat shock protein hsp70  

Proteasome alpha 1 subunit, putative 

Enolase 

Proteasome alpha 5 subunit, putative 

Putative elongation factor 1 beta 

Heat shock protein hsp70 – related protein. 

Peroxiredoxin 

Tryparedoxin peroxidase 2 
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XP_001569291 
XP_001566321 

XP_843114 

 

 
XP_001568187 
XP_001566325 
XP_001568579 

XP_001563419 
XP_001567859 
XP_001564363 
XP_001566867 
XP_001562236  

AAV31765  

 

NCBI accession No.

XP_001561947

Putative virulence factors detected in the extracellular medium 

collected from promastigotes of  L. (V.) braziliensis



5%  secreted by classic pathway

Unconventional secretion mechanisms
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HSP83 interferes with 

mitochondrial membrane 

potential increasing 

antimoniate resistance 

and reducing drug-

mediated programmed 

cell death.

SKCRP14.1 promotes 

antimoniate-induced 

programmed cell death, 

but protects against 

miltefosine-mediated 

PCD.
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Jose Batista De Jesus, Patrícia Cuervo, Constança Britto, Leonardo Sabóia-Vahia, 

Fernando Costa e Silva-Filho, Andre Borges-Veloso, Débora Barreiros Petrópolis, Elisa 

Cupolillo,  and  Gilberto Barbosa Domont.

T. vaginalis papain-like CPs are the main factors 

involved in the cellular damage. CP4 isoform is 

a potential virulence marker



Sangre

blood + P. falciparum

ferriprotoporphyrine

Blood + P. falciparum





• Holland et al. Rapid Commun Mass Spectrom. 1996;10(10):1227-32. 

• Claydon et al. Nat Biotechnol. 1996 Nov;14(11):1584-6.

Intact microorganisms identification using MALDI-TOF (matrix-

assisted laser desorption/ionization-time-of-flight mass 

spectrometry) - BIOMARKERS

Applications:

Surveillance of air quality

Water quality

Food quality

Medical diagnosis

Taxonomy

Biological reserve quality
Demirev et al. 



Basic research, 

biomarker description 

and characterization

Biomarker validation

Development,

Entry in a chain of  

rational design
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