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THE FUTURE OF PHD AND POST-DOC SCIENTISTS

K. Balaraman | - Post-doc in Chemistry in Washington (US)

> Post-doc Cell Biology in CEA-Saclay (FR)

Post-doc

- Clinical research assistant in Biology CHRU Lille (FR)

- Just State-certified in Pharmacy Paris-Saclay (FR) = Start-up in Viet-Nam

- ATER in Chemistry Paris-Saclay (FR)

- Lecturer in Pharmacognosy (University of Kumasi Ghana)

-> Research engineer in Biochemistry in INRA-Jouy (FR)
- Post-doc in Chemistry in University of Orléans (FR)

- Searching for a post-doc position in Microbiology

2013 2014 2015 2016 2017 2018 2019 2020 2021

- Biologist practitioner in Créteil Hospital (FR) >
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PARACHEM 2013-18 : QUANTITATIVE DATA Team 4- Antiparasite Chemotherapy

Currentcontract 69 (+18) 2(+1) 2(+1) 425 55

Articles Patents Chapters IF FTE +35%
Previous contract 51 1 1 3.94 8.5 /
B NombredeQl d_“
1 NombredeQ2 Average number of Average number of
NombredeQ3 publications/Ph.D publications/Post-doc
B NombredeQ4 3 Ls

‘x’\ ) w14 contracts signed
Y
v @ 22 seminars & invited lectures

= 2 Diploma : Two PARACHEM permanent staffs have obtained their HDR (2017 and 2018)

X v
f 1: = 3 Distinctions: 2 Knights of Academic Palms, Academy of Pharmacy

PARACHEM 2013-18 : HIGHLIGHTS Team 4- Antiparasite Chemotherapy

Major scientific achievements » L .
, ﬂ Scientific recognition
- Identification of a promising inhibitor of GDP-MP, &%k e
a therapeutic target in Leishmania sp. Y Y International 2
ol }!‘9 i
X
(PrOi),0OR, . . . .
N o\/\N \ PO(OIPr), I=X=>—:?;x ; (‘_ > Coordlr)atlon o.f an Europea_n con'sortlum gathering
Ny el 27 countries dedicated to antiparasite chemotherapy
% & =3 on the period 2014-2018
‘:'-E - EU-COST Action CM1307
- Identification of a drug-candidate acting on the host-cell
vesicular trafficking National
N
|=X=> 04 aniie -> National Council of Universities I I
@J/B Z - Academy of Pharmacy
- Optimisation of a formulation for the treatment of cutaneous Regional
leishmaniasis and another one for visceral leishmaniasis
> Scientific Council of DIM1HEALTH  yjledcFrance
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PARACHEM 2020-24 . PROJECT Team 4- Antiparasite Chemotherapy

Current contract
e M
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.
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~N

S

Developing new formulations
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treatment of both visceral and
cutaneous leishmaniasis
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Antileishmanial chemotherapy
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Main topic

Antileishmanial chemotherapy

/" DRUGTARGETS '\ KDRUGRESISTANCE\

1- Identification and 2- Studying drug 3- Drug targeting for an
valorization of resistance through optimal drug delivery
therapeutic targets to OneHealth to reduce toxicity and
identify new approaches to pre_vent drug
antileishmanial drug understand resistance emergence
candidates resistance

transmission and

\ j Qentify markers J \ J
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1- Identification and valorization of therapeutic targets to identify new antileishmanial
drug candidates

Global objective - Finding antileishmanial drugs involved in host-parasite interactions

) Targeting the b § Targeting the
Virulence \ parasite S host cell Development

Mammalian host

To prevent the
parasite
development
inside

To prevent
host-cell
recognition
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drug candidates

Background and rationale
Mannose

1- Identification and valorization of therapeutic targets to identify new antileishmanial

1-1- Strategy focused on a parasite target > GDP-MP (Guanosine-Diphospho-Mannose-Pyrophosphorylase)
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Biosynthesis of GDP-mannose
in Leishmania sp.
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Team 4- Antiparasite Chemotherapy

AGDP-MP

Amastigote Amastigote
growth X death
Essential

for amastigote survival

¢ GDP-MP

Biological validation
as therapeutic target

Involved in @,
glycoconjugate L

biosynthesis " <
(LPG, GPI, PPG...)

- Host cell recognition
and invasion

1-1- Strategy focused on a parasite target > GDP-MP (guanosine-diphospho-ma nnose- pyrophos phorylase)

WT ~
N
: L I/
@ ' @ Molecular modeling % gk}}
- g u; ’ of the human counterpart

Pomel et al., 2012, Parasite, 19: 6370, Daligaux et al., 2016, Eur J. Med. Chem. 107: 109-118

-~ Differences in the catalytic pocket

GDP-MP is a druggable target




PARACHEM 2020-24 : PROJECT

15/01/2019

Team 4- Antiparasite Chemotherapy

drug candidates

1-1- Strategy focused on a parasite target
- GDP-MP (guanosine-diphospho-ma nnos e-pyrophosphorylase)

Present situation
From the substrate GDP-mannose

1- Identification and valorization of therapeutic targets to identify new antileishmanial

K;=7.00 = 3.39 uM

8 &8 3

16.9 pM
84uM
opMm

1NV (EMmin)!

r T T 1
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(Mao etal, 2017; Sci. Rep.)

1/Man-1-P] (uM"")
- Modelling
M on - Docking (PrOi);0R
Hoﬁg 0 R NZ Oy \ PO(OiPr),
HO N )
o_ﬁ_o_ﬁ_o 4 f”” -Synthesis of substrate analogs N=N Y
dn o o N N7 ONH, - Biological evaluation
Compound 99
OH OH - Competitive GDP-MP inhibitor = Invitro

Substrate \

> 1G5 = 0.6 uM
on L. donovani
intramacrophage

amastigotes

® Competitive
inhibitor.

PARACHEM 2020-24 . PROJECT Team 4- Antiparasite Chemotherapy

1-1- Strategy focused on a parasite target 2 GDP-MP (guanosine-diphospho-ma nnose- pyrophos phorylase)
Project
. . n ¥
Pharmacomodulations o =
n tr == ger s
GOUN » < <
N/ 7 CH20H Modulation of the
spacer
N —
[O] F ) N/ O\AN/N\N
— Target
N . . .
o . visualisation by
= Compound 99 ~1 « click
F NN \(o S o chemistry »
2-substituted quinolines Deprotection
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PARACHEM 2020-24 . PROJECT Team 4- Antiparasite Chemotherapy

1-1- Strategy focused on a parasite target > GDP-MP (guanosine-diphospho-mannose- pyrophos phorylase)
Project
Invitro and in vivo biological evaluation

NIVERSITY OF

<BC s

GlaxoSmithKline

—> HTS on human and leishmanial recombinant GDP-MPs
- Chemical libraries (BioCIS, ICSN, CNE, GSK and WIPb Re:Search BVGH) = New scaffolds
- Invitro and in vivo evaluation against Leishmania donovani ’
-> Hit identification N
—> Docking analysis of identified hits D

- Pharmacomodulations = to optimize affinity and specificity for the target, as well as antileishmanial
activity = Lead

- GDP-MP functional analysis
- To be studied in several Leishmania species —i
to determine its biochemical importance in the main Leishmania species

-> Functional analysis = knockout (CRISPR-Cas9) - analysing the phenotype of the GDP-MP KO

- Optimizing the strategy of specific inhibitor development

PARACHEM 2020-24 . PROJECT Team 4- Antiparasite Chemotherapy

1- Identification and valorization of therapeutic targets to identify new antileishmanial
drug candidates

1-2- Identification of target(s) of a drug-candidate affecting the vesicular trafficking of the host cell
preventing the parasitophorous vacuole formation

Background and rationale

Identifying a drug-candidate for the treatment of visceral leishmaniasis having the following
characteristics:

-> An original mechanism of action that interferes with vesicle trafficking in host-cell
impairing the development of the vacuole in which the parasite proliferates

- No direct and intrinsic antiparasitic activity on the parasite itself in order to
reduce the risk of drug resistance

- No toxicity on the host-cell

- A suitable druggability for oral or intravenous administration

11
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PARACHEM 2020-24 . PROJECT Team 4- Antiparasite Chemotherapy

1-2- Identification of target(s) of a drug-candidate affecting the vesicular trafficking of the host cell
preventing the parasitophorous vacuole formation

Background and rationale

Identification by HTS of compounds selectively blocking retrograde transport of toxins

Shiga toxins -
(;ri::m toxin "\ - n{ &n@
Aeceto™ l s,:r\ e er ,
Ce::;?\sed Lats \ Early O Recyeling Retrol R tW?Z
Throughput| Lysosomes ® d etro etro-
Screening © %
Screening of 20,000 compounds 2 active molecules

Stechmann et al, Cell 2010 POC in mice

Retro-1  Retro-2

Transport - End C
blocked ~—=—y ransport unaffected A e 0L
@ re e j Compounds inhibiting the vesicular g..- * N
> o A H
'~'z,« @gt\ trans trafficking were able to } '. ‘
v

il - impair the formation of the
Cytosol

325 A U 9seanaq

— .
-— arasitophorous vacuole
_:;‘:‘DSP.SD ndoplasmic P P

2_
I—¢ ~£{)E reticulum
o8 Jesth % - inhibit the development of

. Ricin + Retro-2 the parasite inside

et
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1-2- Identification of target(s) of a drug-candidate affecting the vesicular trafficking of the host cell
preventing the parasitophorous vacuole formation

Present situation . . . .
Getting an antileishmanial drug-candidate (compound ABMA-2) and one back-up (compound ABMA-3)

from a library of 300 compounds selected as affecting vesicular trafficking

Compound ABMA-2
-> In vitro activity
- 1Cs0 = 40 nM on intramacrophage amastigotes
- Selectivity Index = CCs0/IC5o = 5625
- RetroLeishma Index= ICs, amas axenic/ICs, intramacrophage amastigotes = 240

- Active in vivo on the L. infantum/BALB/c mice model at 10 mg/kg/day x 5 days
by oral and iv routes (60% reduction of parasite burden)
- Noin vivo toxicity at 100 mg/kg
- Microsomal stability (human): 46% at 45 min
- PK
- Per os at 10 mg/kg: =80 ng/ml in 15 min
- Iv: at 1 mg/kg: Bioavailability 1%
9 Tl/z = 4h

12



Project

The goals of the study consist in:

PARACHEM 2020-24 : PROJECT

7 N\
( 1heo\th 800

=" XileceFrance

Post-doc fellow

recruited on December 2018

1-2- Identification of target(s) of a drug-candidate affecting the vesicular trafficking of the host cell
preventing the parasitophorous vacuole formation

15/01/2019

Team 4- Antiparasite Chemotherapy

R B

ANR LeishmaStop

beginning on January 2019 v

DRUGABILIS

from molacules to drug candidstes

- Understanding the basis for cellular protection against Leishmania given by ABMA-2 and ABMA-3 by confocal
microscopy and videomicroscopy

- Effect on the parasitophorous vacuole development using GFP expressing parasites and markers of different steps of

the endo-lysosomal pathway (such as EEA1, Rab7, Lamp1, etc.)

Identifying drug targets of ABMA-2 and ABMA-3 by proteomic analysis and siRNA libraries

- Identifying the intracellular localization of the targets by confocal microscopy
- ininfected macrophages during cell invasion and intracellular parasite development
- If altered localization after treatment = confirmation of involvement in the mechanism of action of the
compounds

Functional analyses of the identified target genes
- Knockout using CRISPR-Cas9, or by knockdown using si/shRNA specific of the target genes
- Phenotype analysis of these cell lines and as well as their susceptibility to ABMA-2/ABMA-3

HEM 2020-24 : PROJECT

Team 4- Antiparasite Chemotherapy

Main topic

Antileishmanial chemotherapy

/DRUGTARGETS \ (DRUGRESISTANCE\

2- Studying drug
resistance through

3- Drug targeting for an
optimal drug delivery

1- Identification and
valorization of

therapeutic targets to OneHealth to reduce toxicity and
identify new approaches to pre_vent drug
antileishmanial drug understand resistance emergence
candidates resistance

transmission and

\ ) Qientify rrjnarkers ) \ J
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2- Studying drug resistance through OneHealth approaches to understand resistance
transmission and identify markers

I\\IH HO,
Background, rationale and objectives o o
Nep¥
O/Sb\o
- Development of drug resistance in the field Ho OH 1o o
- Resistance to antimonials o N

- Main molecular mechanisms described from isolates/clones
- What about the influence of the successive hosts (mammal and insect) in the transmission of drug-
resistant parasites ?

Project

- Developing a OneHealth concept for studying drug resistance parameters by modelling a natural life cycle of cutaneous
leishmaniasis

PARACHEM 2020-24 . PROJECT Team 4- Antiparasite Chemotherapy

> Settlhg up of a natural life cycle with Lels.hmama m-ajor, |t§ host I\(Ierlones_ shawii ﬂhenotype analysis  of selectD
and the insect vector Phlebotomus papatasi collected in gerbil holes in Algeria pressions from host change on
(Collaboration with Algeria Pasteur Institute, Dr. Z. Harrat) parasite biological parameters:

Institut Pasteur
d’Algérie {9 BioCIS Virulence

Analyses Parasites Variation of resistance intensity

.,
> Stability/ ibility of
Resistant ? ability/reversibility o
@@ 2 Virlent ? @ K resistance /
) Insect and gegbil
@‘s breedlng
Parasite recovery ( \

=Ta T
! > Molecul lysi f level f
Gerbils Metacyclic > olecular analysis o evels o
( > Infected ? T~ > promastigotes Parasite recovery amplification and expression of some

In vitro et in vivo fitness

YV VVYV

molecular markers:

Parasite recovery Gerbils infection by L. major

WT and Drug-Resistant » MRPA (Multidrug Related Protein A)
e ) =N » MDR1 (Multidrug Resistance 1)
\ > ryparedoxine Peroxidase
-, "L s > TP(T doxine Peroxidase)
. s -,
Blood meal ‘_ "—/Infected
Insects Blood meal gerbils
- Infected ?

14
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2- Studying drug resistance through OneHealth approaches to understand resistance
transmission and identify markers

The natural life cycle of L. major = Proposed as a predictive model to measure the resistance parameters for any drug
candidate in development

\

-> First application to: NH Ho
- Meglumine antimoniate o_ 0
/sb\
O O

HO OH

OH Ho

OH HN

N

- Next applications

- Amphotericin B

- Any drug candidate to assess the risk of drug resistance (ABMA-2, ...)

PARACHEM 2020-24 . PROJECT Team 4- Antiparasite Chemotherapy

Conclusion

- Main PARACHEM objectives

- Reinforcing relevant international collaborations

- Participating to the development

of new antileishmanial drug candidates /formulations

Antiparasite

Chemotherapy
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