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What can we do ?

Targeting the intrinsic mechanism of
pathogenic bacteria

Various strategies are available

New targets



Total procedures

protein purification and

cloning and protein characterization
expression

protein crystallization

Va1

-+ ,J} biomolecular
- .
analysis

[

0

structure solution/SBDD data collection







Procedures In detall

tructs
of fusion partners
lession vectors

ization of culture conditions
Various cell disruption

New mixing injector Protein purification Various induction methods
12
Improvement of SFX program Microcrystallization -
High success rate of structural for SFX program Macrocrystallization

determination

i
_ . /' Various prufication methods
~— XFEL experiment (SFX) ¢ SER

Reductive methylation

New paradigm establishment / 4 f | | Limited proteolysis
= f. Data collection / New constructs
New information from ¥
Biological works Phasing (MAD, MIR. MR) Va'rlous post-crystalllzathn methods
Y ' Micro/macro crfystal sT'gdlqg
Structure/function relationship = Structural determination Sppmaasenohdystaliation

¥
v Identification of new function l
N\ ; Structural analysis for SBDD

Identification of new partners +
Lead compound design
¥

Discovery of new scaffolds Analysis on theiad

s Discovery and
‘ Library screening \E/:ﬁ:l?;l: I(;If
: ./ | development of

\ SAR analysis
validation '\ {2
3 A\ Ligand-bound structure

% Candidate selection

New lead candidates

Validatopn of whole system using control
molecules by switching the pathway.



ot 229
(Inc. coenzyme-binding site)

2k A
= O

x>



)
W
=
oF .S
H__..m
-l O
70 O
N
jojfl >
< =
o 8
O
O
-



Pathogenesis of Staphylococcus aureus
. 5 aureus ¢ Worldwide prevalence of MRSA
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Most available data@are from high-income countries.
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D
Global burden of bacterial antimicrobial resistance

# of Antibiotic Resistant Enzymes (beta lactamase) over time

4,000

Global deaths attributable to and associated with bacterial
antimicrobial resistance by pathogen 0

Rapid development of bacterial
resistance to beta lactam
antimicrobials
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The development of new antibacterial drugs is
lagging behind the increasing rate of antibiotic

resistance.
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We need novel antibiotics against new targets

« Capitalists are commercial. ANTIMICROBIAL R&D IS NOT
Yilne 55 S Sihggpiiesss 5, | ATTRACTIVE TO VENTURE CAPITALISTS

i Less than 5% :
of venture capitatinvestirent i phérmaceutical
R&D between 2003 and 2013 was for
antimicrobial development.
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Review on

. Antimicrobial
Resistance

THE BIG

ISSUE

 Many of the currently used antibiotics will
sooner or later become ineffective due to
the acquisition of resistance mechanisms
by pathogenic bacteria.

R

Total venture capital Antimicrobial venture
Source: Renwick MJ, Simpkin V, Mossialos E, International and European Irpesement EHp LNy EspmEng
Initiatives Targeting Innovation in Antibiotic Drug Discovery and Development, The Need 8 1 8

for a One Health — One Europe — One World Framework, Report for the 2016 Dutch $3 bn $1.Obn

Presidency of the European Union.




ToxXin- antltoxm systems In bacteria
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Toxin-antitoxin systems in bacteria

Toxin-antitoxin systems

Translation
or —_

é Transcription

Auto-regulation
of Toxin &
Antitoxi/n
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Nat Chem Biol (2016)

Elimination of persister

- Reduction of the number o
infections

- benefit of red er of antibiotic-

resistant mutati

Possible approaches

Inhibition of the toxins
= inhibiting entry into growth arrest

Dissociation of TA complexes
—> Activation of toxins, leading to cell death



PemIK toxin—antitoxin complex from S. aureus

* To dissociate toxin-antitoxin complexes for activation of toxins, leading to cell death

Nucleic Acids Research (2022) 50(4):2319-2333
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Structure-based drug design (SBDD)

Design of new anti-cancer candidate based upon
Human Pim1 kinase structure
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S One (2013) 8(7):e70358
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Human NSDHL

2014 sales in billions

Humira $12.54

Sovaldi 10.28

Remicade 9.24

Rituxan 8.68

Enbrel I C.o4

Lantus I, /.28

Avastin I .06

Herceptin I, ./

Advair I 5.4

Crestor I - 5/

Neulasta I 5 .G T

Abilify I 52/ Rosuvastatin

Lyrica I .1/

Revlimid I 408 Ai f f EGFR dd
Hypercholesterolemia Gleevec I —— ImS T0r treatment o targete rugs

Prevnar I /.45 resistance and hypercholestrolemia
Copaxone I /.24
Zetia/Vytorin | 4.7

Januvia I 505
Symbicort I .5
Nexium I .66
Atripla I .47
Truvada I .34
Avonex I C.01

ezetimibe
Celebrex I 2./



Human NSDHL

CHILD syndrome

Congenital hemidysplasia with ichthyosiform
erythroderma and limb defects

Genetic disorder

Site-mutations in NSDHL

(A105V, A182P, G205S)

CK syndrome
X-linked recessive intellectual disability
syndrome
Genetic disorder
Deletion in NSDHL
(K232A)

I1I-7 at 19 years

V-3 at 16 years V-8 at 20 years

Human CHILD and
CK syndromes

Am J Hum Genet. 2010 Dec 10;87(6):905-14



Human NSDHL

Differential Scanning Fluorimetry study on the mutants

The temperature at which a protein unfolds is measured by
an increase in the fluorescence of a dye with affinity for

hydrophobic parts of the protein, which are exposed as the
protein unfolds.

A

Human CHILD and
CK syndromes

Fluorescence

Temperature >

ATm



Human NSDHL

Melt Curve Plot/Derivative Plot (NSDHL _ligand1)
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Cellular and Molecular Life Sciences (2021) 78:207-225






Human NSDHL (related to CHILD syndrom)
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Why Mycobacterium tuberculosis (MTB)?

Pathogen of the respiratory system

One-quarter of the world's population is infected with MTB
Tuberculosis (TB) is one of the top 10 causes of death worldwide.

In 2017, 10 million people fell ill with TB, and 1.6 million died from the

disease (including 0.3 million among people with HIV)

Approximately new 350,000 MDR-TB (Multi-drug resistant tuberculosis)

cases occur annually worldwide.

Wikipedia

Percentage of new tuberculosis cases with MDR-TB*

1
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[ .
V\xéb [ Notapplicable

Global tuberculosis report 2012, WHO




Why Mycobacterium tuberculosis?

10% of latent infections progress to active disease which, if left untreated,
Kills about half of those affected.

Bacteria inside the granuloma can become dormant, resulting in latent
Infection.

Latent TB Is treated with either isoniazid alone, or a combination of
Isoniazid with either rifampicin or rifapentine ( at least three months).

Latéit\\(é Tg,bféase

* TB lives but doesn’t * TB is active and
grow in the body grows in the body

* Doesn’t make a person § @ * Makes a person feel

feel sick or have sick and have symptoms

symptoms * Can spread from

» Can't spread from , person to person
~  person to person

« Can cause death if not
Can advance to TB treated

https://www.tbfacts.org/latent-tb/
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Opposing reactions in coenzyme A
metabolism sensitize Mycobacterium
tuberculosis to enzyme inhibition

Elaine Ballinger", John Mosior*, Travis Hartman, Kristin Burns-Hnang, Ben Gold,

Morris, Laurent
Sophie Lagrange, Laurent Fraisse,

Isabelle Blanc, Julien Vaubourgeix,
Sans, Cedric C

Exic Bacqué,

Eyu Rhee, Sarah M. Scarry, Jeffrey Aubé, Guangbin Yang, Ouathek Ouerfelli,
Dirk Schnappinger, Thomas R. Toerger, Curtis A. Engelhart, Jennifer A. McConnell,
Kathrine McAulay, Allison Fay, Christine Roubert, James Sacchettinit, Carl Nathanti

INTRODUCTION:

(Mih) is the leading global canse of lethal in-
fection inhumans and accounts for the largest
number of drug-resistant infections by a sin-
gle bacterial pathogen. Resistance is partic-
ularly high agmmn.‘he most wnhb- pn.-smhud

that fre the lipids critical to Mtb strue-
tural integrity and virulence.
RATIONALE: TB drug discovery often begins

with whole-cell, high-throughput screens that
vield compounds that kil Mth by unknown

(1B} drug, i

means. ion of Mth mutants resistant

blocks synth of U ultrall ‘hai

fatty acids that provide structure to the waxy
coat that surrounds Mth cells and are ineor-
porated into some of its virulence lipids. There
is currently no known method to block the
hesis of both lates and it
eontaining virulenee lipids of Mtb at a sin-
gle point of control. One such control point &
phosphopantetheiny] transferase (PptT). PptT
transfers 4-phosphopantetheine (Ppt) from
enenzyme A (CoA)to acyl earrier proteins (ACPs)

Adenvsine
3' 5" hisphosphate
X @

to these ds can indicate did
targets of the active compound, but experi-
mental validation & required to confirm the
functionally relevant target, which is often an
enzyme. A suitable target must be essential in
viv, such that its inhibition precludes devel-
opment of TB mnmmulmndd;ghnts‘lm“‘wl-
nerable,” meaning that a

attainable level of inhibition should be lethal
to Mtb within a patient. The inhibitor should
aet only on Mib, and resistanee should be rare.
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to be a target for drug development.

PptT transfers 4" phosphupanthelhelne (Ppt) from Col to apa-acyl carrier pratains (Apa-ACP)
in Mth, generating holo-ACPs that help synthesize structural and virulence lipids. Compound
B918 binds to the Ppt binding pocket of PptT, displacing the Ppt arm of CoA and partially
inhityiting this enzyme. The Ppt hydrolase PptH can release Ppt, regenerating apo-ACP and thus

seritizing Mtb cells to inhibition of PptT.

Ballinger et al, Science 363, 498 (2019)

1 Fesbruary 2019

- PntT leade MTR tn nhnececacce

RESULTS: Screening a chemieal library re-
veaked an amidino-urea compound called “8918
isolates. 5915 inhibits Mth in mice and spares
other bacteria, yeast, and mammalian cells.
Rare Mth mutants resistant to 8918 bore a
point mutation in the PpET gene ro2704e, altering
an amino acid residue overlying the Ppt-binding
pocket of PptT. When Mib carried the mutant
allele as an e copy of e the Mth was
protected from 8918, 8018 inhibited recombinant.
PptT, albeit noncompetithely and incompletely.
The impact of 8918 on the Mtb metabolome and

XIS inhibition of PpiT in the

Rear the full srmicle kAt eell. A crystal struc-
at hittp:s/dx.dol. ture of the PpT-8018 com-
arg/101126/ plex at 18-A resolution

sclence.asus959 confirmed that 8018 binds
within the Ppt binding
pocket, adjacent to the phosphoadenosine phos-
phte portion of CoA. Intact CoA remained in the
PpET-8018 complex, but the Ppt anm was displaced,
decreasing but not abolishing PptT's cata-
Iytic activity. Strains of Mth producing reduced
nts of PpT became | itive to 8918
It was puzzling that even partial inhibition
of PptT killed Mth. We observed that mutants
with disruption of ru2795¢, a gene encoding a
hypothetical protein, were also highly resistant
to 8018, Recombinant Rv2705¢ protein hydm-
Iyzed Ppt from a mycolate-building holo-ACE
that is a suhstrate for PpET. The action of this
Ppt hydrolase (PptH) resembled that of non-
homologous enzymes ealled ACP hydrolases
that remove Ppt from ACPs in vitro but whose
physiological function is unknown.

CONCLUSION: We identified a small molecule
that kills Mtb by inhibiting PpeT, demonstrating
that a key enzyme in CoA metabolism is a viable
target for TB drug development. Even partial
inhibition of PptT is toxic to Mtb, likely be-
cause PptH synergizes with the inhibitor by
undoing the PpT reaction. PptT and PptH are
coregulated by translation from the same operon,
and thus Mtb eannot respond to inhibition of
PptT by making more PptT without alse gen-
erating more PptH. The joint functioning of
PpiT and PptH suggests that Mib closely reg-
ulates the activation of ACPs. The transerip-
tional co-megulation and constitutive function of
both members of the PptT-PptH couple sug-
gests that a postiranslational signal that im-
pairs PptT more than PptH could allow Mtb to
rapidly mverse a prior commitment to synthe-
sis of its metabolically most costly lipids. m

Thee lst af suthor sttlistions is avaleble in the ful article anline.
“These authors contributed ecually bo ths work
+These authors contrbuted egually Lo s work

author. Email:
(C.N.): sacchettBtamu edu (15.)
Cite this article as E. Balirger of al . Sejance 363, san#059
(2019). DO 101126/ science su:8050
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Why MTB PptT?

Mycolic acids Polyacyltrehaloses Sulfolipids 1

OH 0 OH
|/ﬂ\v‘(~l’\m
17 7 15 OH

Phthiocerol dimycocerosates (a)
Mycnbactins_ and phenolglycolipids (b)

Water soluble M. T: R=COOH, COOMe; x=1-5
Mycobactin T: R=Me; x=14-17

Unique lipids in MTB



Why MTB PptT?

Fatty acids J PKS13 L Mycolic acids
ther type -l PK |
Fatty acids PK: \
Fatty acids

PHEA PKS 15/4

MbtB MbtD :
MDBtE MBtE Mycobactins

(Rv2794c)



New protein structures from bacterial pathogens
Mycobacterium tuberculosis PptT

RESEARCH ARTICLE SUMMARY
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INTRODUCTION: Myeobacterium tuberculosiz
(Mth) is the leading global cause of lethal in-
fection in humans and accounts for the largest
number of drug-resistant infeetions by & sin-
gle bacterial pathogen. Resistance is partic-
ularly high against the most widely prescribed
tuberculosis (TB) drug, isoniazid. Isoniazid
blocks synthesis of mycclates, ultralong-chain
fatty acids that provide structure to the waxy
coat that surmunds Mtb cells and are incor-
porated into some of its virulence lipids. There

that synthesize the lipids eritieal to Mth struc-
tural integrity and vinulence.

RATIONALE: TE drug disecovery often begins
with whole-cell, high-throughput screens that
yield compounds that kill Mtb by unknown
means. Selection of Mtb mutants resistant
to these compounds can indicate candidate
targets of the active compound, but experi-
mental validation is required to confirm the
funetionally relevant target, which is often an
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The enzymes PptT and PptH have been found to perform opposing reactions in Mth lipid
metabolism, an essential process demonstrated to be a target for drug development.
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Two papers and one patent are in preparation.







= M. tuberculosis must acquire its nutrients and adapt to harsh

environment in the human body.

= AnsA exploits asparagine to assimilate nitrogen and resist

acid stress during Infection

* New therapeutic strategies to impair nitrogen acquisition by

Inhibition of AnsA

Gouzy A. et al. Nitrogen metabolism in Mycobacterium
tuberculosis physiology and virulence. (2014) Nat Rev
Microbiol. 12(11), 729-737

PROGRESS

Nitrogen metabolism in
Mycobacterium tuberculosis
physiology and virulence

Alexandre Gouzy, Yannick Poquet and Olivier Neyrolles

Abstract | Several major pathogans. including Mycobacterium tuberculosis,

parasitize host callz and axploit

rivad nutrients to sustain their own

matabolizm. Although the carbon sources that ara used by M. tuberculosis have
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‘of two subunits, GItB and GHD. Glutamine
nbetase ety s minly ponddy
GlnAL which ison of the four lutam

pereal

abtain nitrogan fram its host and the potantial role of nitragen capture and

metabolizmin virulance.

h he scquisiion

M. dersisi™

ogaionofivopn mlbin

anisms are involved in
s and

areused by
from s

the pathogen
1

aton, it e dion of

this Progresssricle, we discuss our urrent

s he

AMP o glutamine synthetase
e This

scase relison global sbolc iptin
t0 osist theseveral tresses thl ar encou

I

bt el

inccingtbeorgnic and nrganc i
by the b

all
wsin ‘L,lh_r]l\u.\A(][.‘wh\(h isthepre

ihingrandomatos s’ ow . resc

duringin v T grovwh. We

nitcogen species

tamine (which s the product of ammonium
n»m\l o in Exlrii o nd ther
bacieria, the S ——

the potental of the
Jgen metabolism to

and typicall resides in & membrane-bours
vacusle,which i known as the phagosome’

Cotra ritrogen metabolim
g organisms, centrl mitrogen

inside phagosomes’, how M. tuberauosis

ol b oy o e

e reeson lhnrmn\(ruluva'\nm n
s, kGt
o gt

AN L o remone AME from. g
et or e I o protins
(such as GlnB and Glniin E coll;and an

uridylytzansferas, such s GinD (in E. co),

ted carbon

ith uptake from exog-
doe 5

i o . Bace

metabolisem in M. tube which have
ot bt btz
lpds andcare

7t bulding Hlock
I mirogin sl Amm

yritro-

Mm‘; snd tha it expl
< ptvaysdurin

glat ich fur
en donors for the sy \I\“s(«fmzmb‘,

thatcan transer

s aminoacis motds zll\h‘\lun\

assimilation: thelow

ity pathway, which

cth
Ginb s annr(uml\lv\aln\iat yrsi by
GinD.

ponents an

DH)

@ PLOS | ramecens

0PEN B ACCESS Frealy available enline

Mycobacterium tuberculosis Exploits Asparagine to
Assimilate Nitrogen and Resist Acid Stress during
Infection
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Joshua B. Wallach®, Iréne Caire-Brandli®, Chantal de Chastellier®, Ting-Di Wu™®, Renaud Poincloux'?,
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Abstract

Mycobacterium tuberculosis is an intracellular pathogen. macrophages, M. tuberculosis thrives in a specialized
membrane-bound vacuole, the phagosome, whose pH is slightly addic, and where access to nutrients is limited
Understanding how the bacillus extracts and incorporates nutrients from its host may help develop novel strategies to
combat tuberculosis. Here we show that M. tuberculosis employs the asparagine transporter AnsP2 and the seareted
asparaginase AnsA to assimilate nitrogen and resist acid stress through asparagine hydrolysis and ammonia release. While
the role of AnsP2 is partially spared by yet to be identified transporter(s), that of AnsA is crucial in both phagosome
acidification arrest and intracellular replication, as an M. tuberculosis mutant lacking this asparaginase is ultimately
attenuated in macrophages and in mice. Our study provides yet another example of the intimate link between physiology
and virulence in the tuberde badillus, and identifies a novel pathway to be targeted for therapeutic purposes.
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New protein structures from bacterial patHogens

AsnA from Mycobacterium tuberculosis

Drug discovery and development in prgress.






SBDDO|| 2AOIA SF=7130] OfA] = B

Fig. 5. Fragments binding to the Phe pocket of the RAD51 interface with the BRC4 peptide of BRCAZ2.
The fragments bind with the following Kps (A) 540 uM (B) 1000 uM (C) 600 uM (D) 730 uM (E) 430 uM
(F) 460 uM (from Scott ef al. 2012).
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Four main mechanisms by which microorganisms
exhibit resistance to antimicrobials

Drug inactivation or modification
Enzymatic deactivation of penicillin G in some penicillin-resistant
bacteria through the production of B-lactamases.

Alteration of target site
Alteration of PBP in MRSA and other penicillin-resistant bacteria.

Alteration of metabolic pathway

Some sulfonamide-resistant bacteria do not require para-
aminobenzoic acid (pABA) like mammalian cells. They turn to
using preformed folic acid.

Reduced drug accumulation
By decreasing drug permeability and/or increasing active efflux
of the drugs across the cell surface.



