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Karine Frenal:
The expert of Toxo glideosome and IMC

Damien Jacot:
Expert in ... about everything...
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Biochemistry




Apicomplexans are human and animal pathogens

Apicomplexa

Piroplasmida
Theileriidiae—| Theileria
Babesiidae Babesia

Haemosporida

—— Cryptosporidium spp

East coast fever

——Plasmodium spp = Malaria
Coccidia
_ | Bimeriida | Eimeriidae Eimeria | m—> Coccidiosis
Neospora
»
. 7
Sarcocystidac Toxoplasma| pp : \T Toxoplasmosis
Sarcocystis -
Cryptosporidiidae

cryptosporidiosis



Malaria

* (Caused by  Malaria
- Plagmodzum falciparum - Fever
- P. vivax ,
- P. malariae - Anaemia
- P. ovale - Metabolic dysfunctions :

P. knowlesi

acidosis, hypoglycemia ...

e At risk

- More than 40% of the
world population

e Deaths

- Around 0.7 million per
year




Plasmodium falciparum life cycle
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Plasmodium falciparum erythrocytic stages

Replication
phase

ASEXUAI
ERY THROC!

Egress & Invasion
phase



Plasmodium falciparum erythrocytic stages
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0-5h Rings 5-10h 10-20h >40h Schizont
Early trophozoite Mid-Late Trophozoite



Apicomplexan invasive tachyzoite and merozoite

Micronemes

Rhoptries

Complex (IMC)

Dense granules

Adapted from Frenal K et al (2013) Traffic

Inner Membrane

Mitochondrion

Plastid Microtubules
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Plasma membrane Rhoptry

. Pellicular cisterna
Ribosomes

Parasitology Today



Toxoplasma gondii Plasmodium berghei Plasmodium falciparum

Model organism Mouse malaria Human malaria
Easy genetics “Easy” genetics Tricky genetics
“good looking” In vivo only Relevant
Easy to grow Full life cycle

accessible



Aspartic endopeptidases (ASP/PM)

v Present in all eukaryotes

v' Broad range of roles: - protein degradation
- enzyme maturation
- signal transduction
- virulence factors
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v’ Use Asp residues in the motifs DTG or DSG
v Pro-region inactivates enzyme
v Proteolytic maturation leads to activation



Mode of action

Activation with hydroxyl-anion Peptidic bond
water formation lysis



Apicomplexan ASPs follow 6 distinct groups

PMVIII T8ASP4

Protein export %‘
PV/PVM

TEASP2

Plasmodium specific
Hemoglobin degradation
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Plasmodium falciparum Plasmepsins

10 aspartic proteases: P PMI-PfPMX

7 expressed during the erythrocytic stages
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Hemoglobin degradation

- A massive catabolic process.

- Consumes =75% of the infected cell Hb,
which provides an important source of

amino acids for the parasite growth and
maturation

- In an acidic food vacuole

- Catalyzed by four aspartic proteases
(plasmepsins), three cysteine proteases
(falcipains) and one metalloprotease
(falcilicin)

= Drug target?

Goldberg, PNAS
2006



“The way you cut your meat reflects the way
you live” — Confucius

endocytosis
Hemoglobin

Plasmepsins
aspartic-proteases

Falcipains
cysteine-proteases
Falcilysin
metallopeptidase

Aminopeptidase
metallopeptidase

Amino acids



“The way you cut your meat reflects the way you live”

— Confucius
o B
docytosis “Cﬁc“
endocytosi e i o
Hemoglobin ‘_jkn Fc”---h)l—|

Amino acids




Plasmodium falciparum Plasmepsins

10 aspartic proteases: P PMI-PfPMX

7 expressed during the erythrocytic stages
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Aspartyl proteases implicated in protein export
in P. falciparum

/ Red Blood
f/ Cell cytosol
Maurer’s \N

cleft v

Parasite

PEXEL/HT motif

PfPMYV - Plasmepsin V

Boddey et al, Nature, 2010
Russo et al, Nature, 2010

Homologue in 7. gondii

TgASP5 - Aspartyl
Protease 5

Hsiao et al, Traffic, 2013

Curt-Varesano et al, Cell microbial, 2015
Hammoudi et al, PLoS pathogens, 2015
Coffey et al, eLife, 2015



Plasmepsins’ expression throughout the life cycle
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Plasmodium falciparum Plasmepsins

KO viable Phenotype
PEMI ﬁ:é’g;g © ] 4 None
SRl m@:\g £ 1 v None
PHAP m@;&:g & ) v None
PEMIV e 4 None

PMY E L E - - X Asexual growth

PIPMVI =6 © " o/ Oocyst
PPMVI me © I v None
PIPMVI P e e




PMIX localizes at the apical end of merozoites




PfPMIX-Ty-Lox expression/excision
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PfPMIX expected size 74 kDa



PMIX 1s critical for blood stages development

40
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Parasitemia %




Toxoplasma gondii ASPs
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Asp3 1s a ‘post-Golgl’ resident protease

> Asp3-3Ty 3Tytag______~
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Modified locus

TgASP3-Ty GRASP-GFP




Tet-inducible knock-down of ASP3
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TgAsp3 1s critical for Toxo lytic cycle
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hydroxyethylamine scaffold-based drug 49c

Contents lists available at SciVerse ScienceDirect e
Bioorganic & Medicinal Chemistry Letters :
g ry 2w

| NSEVIER journal homepage: www.elsevier.com/locate/bmel e

Novel in vivo active anti-malarials based on a hydroxy-ethyl-amine scaffold

Claire-Lise Ciana®, Romain Siegrist*, Hamed Aissaoui®, Léo Marx®, Sophie Racine?, Solange Meyer®,
Christoph Binkert*, Ruben de Kanter?, Christoph Fischli®<, Sergio Wittlin®<, Christoph Boss **
* Actefion Marmeceutical Lid Dng Dacow ry Chemartry and Bology, Megenbrimermatiweg 91, (H-4123 Albchw i/, Swdtseriond

* Swiss Tropical ond Pabic Health hssitute, Porasite Chemotherspy, Sochistramse 57, Q44002 Basel Swiraeriand
 University of Basel, (H-2003 Basel Switaeriand

Table 2
In vitro antk-malanal xtivity of hydraxy-ethyb-amine compounds: optimizaton of the 20d part
Entry Compound K Koo NF2lb Koo NF, s0r Koo N, 2D Koo NF,, ab Koo P berghed MAM (pul)
T2h(aM) TIh(nM) 24 h (aM) 48h(nM) 24h(aM) (minmg))
1 N FCON"Y, 20 10 2500 i » 500 1250
2 o 4-CON"; 16 65 »S00 - »500 1250
3 b JCONYY, »500 »500 - - - -
B} o AC0Me-piperanine 06 <06 >soo - »500 75
S ad 3-CO-Me-piperar (o o 10? - - -
6 O 350, Me-piperad - - 908
’ po teomimeridine | LOWIC50 at 72 hr | .| HighIC50 at 24hr |~ ane ot
8 o 3L O0-pyrolidne 49 ° 3 - - - -
A o FHO-arepane s 1) - - - -
10 o I CONHPr 12 0 - - - -
" "y Me-piperazine 87 55 >500 - » 500 50
12 ok I Me.piperazine 190 100 - - - -




hydroxy-ethyl-amine scaffold-based drug 49c

IC;, (24 hours) >500 nM, 1C;, (72 hours) 0.6 nM

Ciana et al. 2013

Peptidomimetic inhibitor of aspartic proteases
Designed to target Plasmodium food vacuole aspartyl
proteases

“slow” acting drug and dropped...



Compound 49c efficiently blocks Toxo lytic cycle

\yy/@j\ /é;j C?)H3 IC50 650 nM (4 days)




What we want!

Functional characterization of PfPMIX
Functional characterization of TgAsp3

Molecular targets of compound 49c



