gl

‘:LOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

664
QJQ@&Q}\
5 Yy 2«6\ y |
@Q 6\
ethodgs et futures apr‘!:catlonq's‘ du WGS pouir ,
& 06
les bacilles de IaTepre &
A0 ‘,«b" @Q@
o - - = m m
o & &
vV ‘J{ef’
@QL\ \}e&é&
<€
\’1'0
&
Charlctte Avanzi ©
Unité du Prof. S. Cole, EPFL
“‘RICAI 2017

18/12/2017



LA LEPRE

T i
Q

Aalad
- .Maladie de Hansen
Q,ﬁo = M. leprae (1893) «©

«0 )
P p -
< = M. lepromatosis (2008)
? (_o@\@
Q’b
&
&
&
o’a‘\o
&
&
x@
AQ b\}b
o
@ &
¢ &
& &
& <
A -
S"b ¢
A° &
Q\' x5
N &
Q}(F" &
© &
o
»
N
¥



|_ 2 LEPcF?E

cl\7laladI > de Hansen
\f = M. leprae (1893)

b\

& = M. lepromatosis (2098) .
$§ 4§@§
- Multiferme, pgat?)gressw0 et invaiidantes
. cubatlon@ﬁe guelques mois a 20 ans @é“"'@
'.z,%’\o 6@@5’6\}
Thi & Th2
PNy, TNE 10 Spectre des dlffer'zﬁfes pla gty g

formes de Igﬁr‘e
,\'\
\r\?“\
i
Faiple BT BB
index

bacillaire

Tuberculoide Lépromateuse

Han & al., 2008 — Singh et al., 2015 — © photos Audrey Delhom, Thése de Méd=cing, 2014 / Jere Mammino / Omar Havana / Action Damien



I

LA LEP«F?E N’ "'ST PAS ERADIQ UEE

200 000 muveaux cab/an
= 8% glls@nfants (<15 ans)

Total mmber of new

de nouvesue cas dépités’
‘ 0

- 1-59

- 100-999
I 10009999
B oo

| Not recoeted - Non signalé

= La Iepre est to! jOUI‘S con%‘fﬁéree comme
un probleme de santé public majeur
dans plus de 14 pays B

o 4
WER WHO 2017



CARACTERISTIQUES DES BACILLES

?}((? NS
fé&q
,006\
# Non cultivable in.vitro
o &
%@@Q’ ¢ /! < p raE) | @5\'@
i d’o{\

>

» Temps de division: 12 jours
« Mode de transmission: inconnu

Sharma et al, 2013 - Disease Models & Mechanisms



LA POIEYCH

MIOTHERAPIE (PCT)

Q
¥
& DAPSONE
,O )
ob\"Q Cible : FolP1
& Posologie: 100mg )
E’éuubac‘i laire . &
<5 lésions) | .
( 6 Mois ) RLFAI\/IPICINF I&éc
- @e@ “Cible : RpcRk o
@
“Posologie: 600mg (m) &
¢ o3
© &
& (\@
’\.Q" ,‘QO
«© g
@"Qfé@% 6@“5\0 I
< § (Q
8‘6{& QC;_\O &00
o\f’ “7@(* Oé?'
'\t\« . ‘-}Q’ @,Q‘\
N & .
\ﬁb 8\0 \5\
QSQ‘?" ’\0\;: ‘%’_\0
© 0,\”\ ‘CJQ(\\Q'
N &
& &
© ,\o\f’b
S
v
Q«\"@
©
6

Traitement gratuit financé par TOMS



v -

R

é}o
b\}
@’Q@
Réaucibaciliaire .
< (<5 lésions)

6 mois

Traitement gratuit financé par TOMS

DAPSONE
Cible : FolP1
Posologie:&;OOmg )

A
<
5

&
RIFAMPICINE

é@@e’q Cible : RpcR

@oPosologie: 600mg (m)

CLOFAZIMINE
Cible: inconnue
Posologie: 50mg (j);
300mg (m)

L

S’b
A0
)
Q
%

"y
¥

{
©

©

LA POLYCH!MIOTHERAPIE (PCT)
i = ‘ B

Multibacillaire
(>5 lésigns)

N
X2 -
12 mois
¥

L

q

(2

&
&
4}0
R
20
&
S
;\O
&
S)‘Q’
40
7
D C;Q"(\\
&
©
ko
\>°’b
<0
Q)
o
L
Ay
Ra
X
©



LA POLYCHIMIOTHERAPIE (PCT

(.a
b\}
,KO

E’éuubac‘i laire .

(<5 lésions) |
A mols

Traitement gratuit financé par TOMS

PAPSONE
Cible : FolP1
rosologie: J,OOmg (),

&
@
X

\‘i‘

RLFAMPICINF

@Q,@ Clble RpcPk

@oPosologle. 600mg (m)

CLOFAZIMINE

Cible: inconnue

Posologie: 50mg ());

300mg (m)

’\
S
N
¥
D
©

e
¢
<
v

T

@
4

Multibacillaire
(>5 Ie5|gzns)
12 mms

Q’b

cDEUXIEME I\GNE
OFLOXACINE

o
«
@Q

Cible: GyrA/GyrB &&\é
Posologie: 400my (j) Q)Q@b“"
«0\5&
MINOCYCLINE &

Cibie: inconnue @-"Q
Posclogie: 100mg @’

D
V’LQ
e

CLARITHROMYCINE
Cible: inconnue
Posologie: 500mg (i)




&
¢ y
C}-é” Accepted Manuscript
% o GLOBAL
LN ANTIMICROBIAL
© RESISTANCE
. . Q(? . . N Title: Molecular detection of multi drug resistant

1dentification oftPrimary Drug Resistance to Rifampin in Mycobacterium leprae froi indian leprosy patieuis
Mycobacteri%qﬁ\ leprae Strains from Leprosy Patients in Amazonas
State, Braggf Authors: Mallika Lavania, Itu Singh, Ravincra P Turankar,

Madhvi Ahuja, Vinay Pathak, Utpal Seuigupta, Loretta Das,
Matilde del &rmen Contreras Mejia,® Maisa ¥ orto Dos Santos,®® George Allan Villarouco da Silva,*® Isabella d@dona Passo  Archana Kumar, I\)ydeepa Darlong l'(c_]CCV Nathan Asha

Fellp/e\g s Naveca,” Maria da Graga Souz» Cunha,® Milton Ozério Morze: © Lucia de Paula®® &Q}& Maseey
& &
. &
2 W@ .{@r‘
' .. A
Clinical Infectious Diseases Q@@
2
G 3 P illt dr
| BAGRF REPORT & rimary M idrug-
~0
&
> Resistant Le
e Sis Drosy,
Transmission of Drug- Res\;stant
Leprosy in Guinea- Co%@kry Detected U “erd - iates
Using Molecular Epgé%mlologlcal <@ ¢
X8 A2 Diana Lynn Williams, ¢
Approaches ‘78\0 JCM% Timothy Hagino, Rahul Shegfﬁl
Gizriotte Avanzi,' Philippe Bugs¢? Andrej Benjak,' Chloé Loiseau,’ s @‘;L and David ScollarQa
Abdoulaye Fomba,? Glodia hia,‘ Idrissa Camara,’ André Lamou,’ ?-f
Gouressy Sock,” Tiguidagke Drame,” Mamadou Kodio,” Fatoumata Sakho,’ lg?ug and Multidrug Resistance amoing Mycobacterium lepr%éelsolates
Samba 0. Sow,’ StevK(‘li'T Cole,' and Roch Christian Johasan® ‘T
o rom Brazilian Relapsed Leprosy Patients (@,
'\'
'1;0 Adalgiza da Silva Roci a ? Maria das Gracas Cunha,® Lucn Mamns Dumz, Claudlo Salgado, Maria Ar{ﬂf‘?’ Aures José Augusto Nery,'
Eugénia Novisck Gallo, Alice Miranda,” Monica M. F. N i,9 N ka," Euzenir N;{ées Sarno, Philip Noel Suffys,® and
INTERNATIONAL JOURNAL OF LEPROSY Volume 71, N T3 Maria Leide W. de Ciiveira® 4
Printed in U.S.A. o
(ISSN 0148-916X) ,\0\;)
CASE REPORTS S
ANTIMICROBIAL AGENTS AND CHEMOTHE? APY, Dec. 2001, p. 3635-3639 \’L
0066-4804/01/$04.00+0 DOI: 10.1128/AAC.45.12.3635-3639.2001 (5?'

A Second Case of Mu|t|drug -ragistant Mycobacterjum Copyright © 2001, American Socicty ior Microbiology. All Rights Rese@&}
leprae Isolated from a Japanese Patient with Relapsed
Lepromatous Leprosy’ with Leprosy

Masanori Matsuoka, Yoshiko Kashiwabara, Zhang Liangfen,
asamichi Goto, and Shin-ichi Kitajima? AND YOSHIKO KASHIWABARA!

Multidrug Resistant Mycobacterium leprace irom Patienis

SHINJI MAEDA,"*> MASANORI MATSUOKA * NOBORU l\AKATA MASANORT KAL'
YUMI MAEDA,! KEN HASHIMOTO,' HIROAKI KIMURA,' KAZUO KOHAY ASHI,?



ENJEQH’( DE LA F\’ESISTANCE
. che‘fectlon des résistances
8 rpO"i & R|fa...ucm (DRDR) e s

z("b ef}\&
- —folP1 & WMWW 1
% @Q’Q I ﬂl "'

- gyrA &

S
@d\ Qée‘
& &
«°° ob\)&
@d\
* Me Canl&mes de resistance & Clofazimine B
9&0 é'ef" e &
«oo o \ @6
D & @Q
o &
& o le@j‘hpmme
&
@“g
Ofloxacine RPAAE

Dapson " Iarlthrnmycme

Matsuoka, 2015, Res. Rep. Trop. Med.



WS-L)LUT\FON = WGS?

m e/z',,{ f'///

SFT

Ob.
M. rubercg\gﬁasrs
H;gﬁv
EE@'I 1,529 bp
&

Mycobacterium Izpiae
3,268,2C3 bp

&
2SNy ﬂ’/”’“"l‘”'{
N

i e Qk\&@
2018 >22 000 génomes ~ 20 génomes

S = N\

11
Cole et al., Nature, 1998 & 2001



M. LEPRAE EST DI!FFICILE A SEQUENCER!
N (&\z — p— —

0"&
Z

&

lysis

DNA sequenceNqIfa

l§. preparation

1- DNA extraction




M. LEPRAE EST DI!FFICILE A SEQUENCER!
N (&\z — p— —

0"&
Z

&

——

Fragmentation: Covaris
Kit Kapa Hyner prep
HiSeq (S, 100, 200mo)

quenceN

[
5
c IS
= s 3 0
e 3 3 &
& : Q &
e, A
L | &
3 ' a
. - [N
1 “ - - | Ge
= 9% d’alignement &
S
. eads
- Humain: 99% &
X , | ol
DNA shearing - M. leprae: 1% &
| é}g \
-
R F_V,—.

SRR c TN P
Y N Ny X AR MR, ~
R e iy e, NN ,

<
&/
13

ADN de I’hote




QUTILS Ml: ENRICHISSEMENT DES LIBRAIRIES!
—— (5:\6 — — — ———

N N\

O YN
Discarded
agpecific

@fragments

R — —_—

H
| | &
NGS library ’ || ((\Qv
s II Hybridization SeqCap @Cwashing
l Microarray b\)‘-’ |
&)
@Q‘\ ; alution
"\.Q" =
(]
<9 l z
(\{Q’%- Enriched qC)
& library <
> o
| | il € i
e
<
; ‘655’<A %
< A V. Schuengghann
<\f-; Qj\
& S
\)‘7 <0
9 o
) S
\’LQ COTGEOGEACTON 1 TTOLACTICAIATCG 1{12,‘:
\C}v GCW‘C"::\.::é;.Am’ \"3; DNA
©Q cricuatcscoaa, oy [ Reads
CACTCCAATGCTTAT R |
«0” 'l -
M &
CCTG6CG00CTCCAATOCTTATTCTTCOCCTTGARIRRGECGHA
Reconstructed Gcn@
X g
—C
>
14

Schuenemann , Singh et al., Science, 2013



QUTILS @Nﬁ: ENRICHISSEMENT DES LIBRAIRIES!

N N\
\\\\\

Discarded
g@peciﬁc
K&agments

NN

[}
I "
Ll il
NGS library || i
preparation II Hybridization SeqCap (?cWashing
l Microarray b\} |
‘\0 . ) ©
@Q : alution (\@ =
& 20
& (]
9 ¥ e
2 Enriched ,\;\0 GC)
2 library & >
& A o
& | | © &
S 1] & < .
¥ | @ A O
& Q V. Schuengghann
\(’J Q‘J\
&° 8
R 0
A9 ‘Q:'J'
A N
S &
o CCTCH0GGOCTEC | TTOMOCTTCAAATCS &
‘?5 CITATICTTON00TT <2 DNA
Q}CJ GOGGOL™IONATCLT ] 0\
© crIcuaTesoca, o [ Reads
CACTCCAATGCTZAT Ry
<0” | -
4 Q)
CCTGGCG00CTCCAATOCTTATTCTICOCCTTGARIIGE0GAA
Reconstructed Gen@}
N =
Echantillions avec peu dec bacilles (ex: ADN ancient)
1 ! 4 p . H
Multiplexage de 10 échantillons / ligne)
15

vl



CUTILS N 1. INCONVENIENTS!

L - - — —

16



QUTILS N°2: EVITONS LA CAPTURE |

&
ol : !
... Syf des biospies de peau
@QK
g
<&
s

!

ADN humain .



QUTILS'N°2: DEPLETION DE L'ADN DE L'HOTE

QQ
@
&

. Suf des biospies de peau
Q‘K

® 3

)_ —
Dlgest.on du t|ssg§ Lyse des cellukéfs ~.',.~_ - ‘.‘
‘< \ \
6@ e,é’ (Q '~ ‘ o
Iagenaseécﬁ'\ypsme - de I'hote et DNAse - _ . -"~
prot*k) Celiules de I'héte a
,@{ ‘O<\<(\
1\0\) 6\}@ |
(\{Qf’- &(5\0 |
& : S
Q!Aamp DNA I\/é\g@mbmme Kit °
&
«0\)% Q&é
& &
oo ® 8
IAGEN © &
< 1 Ari &
o Lyse bacterienne |
RN (chimique &
mecanlquelc\o
f@

Sheigun sequencing

N
Purification de @QADN ,,/: RN

(ML Pipeiine) 3&& ./)
X2
J sur colonne ‘«._\f'/

M. ieprae %? T

Avanzi, Del Pozo, Benjak et al. Science, 2016



FFICACITE DE LA METHODE

@@6
R
10§biopsies cutanées
Q‘\
&Q’@ &
o 0/¢ 3110 & 2/4 1/3 23/2 22/3 13/1
_’e?\\ 0% 23%\\@‘5’\ 33% 79% 92% 88% ,@, 93%
" |
>100% - | uugb
£ '.' ‘ smo Coses |
= @
‘o
()] @
5 75% - ® — ! - (\@e@ 9.
g & oo ®
o & R o
® 50%: S —
= 8\0 o' ®
< & ¢
& Q
g & Q}e
V=" 250 1. e ® S
> g % ° ® ,\0‘7’9 O [ 3 8 ‘é’:\o
© g 11’0"\"\ o0 *® P b -~ ‘Q:’Q,C\
< | TS g g
§ GO,O_: % _— 8‘8?3% B O@QL\ d) - ’,'.. OO0 @) \‘.‘.&.}S\
- . . — - . A0
O+ 1+ 2+ 2+ 4+ N, 5+ 6+,
Baciilary index S &7 Ancienne
méthode

19
Benjak, Avanzi et al. Nai. Com accepted



DE |.A METHODE

EFFICACITE

"‘Qf@

&
& {\- . 7
10§biopsies cutanées
&

«0&6 5&
o 0/¢ 3/10 & 2/4 11/3 23/2 22/3 13/1
& 0% 23%\@@* 33% 79% 92% 88% o 93%
(Oo o - x@ |
100% | - S | & ]
g o ol voe smo ? oo0® |
S Couverjtire >5X .
o b\)b Q,Q @
S 75% fo ..GQ;P_. e g o - s . &@@ "
(E ,\_Q} - - . ,'<>CI<\ .
[b] AQ ® b .b\}b o0 ®
3 s «©
o N o K °
) o et - |
® 50% / & : p
= & o &
%@" Couverture <5X & ¢ &
\\‘_-: &
Vo 25% 2 @ 5
©¢dr\ % i e O e 8 o
% »DQO o0 *® P b ~< ',e"';e’o\
& | | R A
§ GOO_: % - 86588 - 08©Q} - d) ST SR ’,'.. e \\.‘ ;}95\0
: - . . — ; L : A0
O+ 1+ 2+ 2+ 4+ % 5 6+ Q\"'\/'
Baciilary index o ' 2
e & Ancienne
Limitations: pour les faibles bacilioscopies (<3+) methode
Solution: plus de profondeur ou capture sur puce
~ 20-30 échantillons/ligne 20

Benjak, Avanzi et al. Nai. Com accepted



DE 20 A +100 GENOMES

Branch 2

e‘é&
xF
$
&
NS
A
&
Q
e
Pe@
<
o
b\:’&
| Branch 1 °
<
<& '
<& _OQ(Q
&' <&
< S
;\Q’z ‘\Q,QJ\
g
«0
&
P :,Q’C\
&
&
O
S
0‘:
<0
50 Q'\/'\
2 O
Y
%\d‘
©

M. leprae - 185 genomes (ACLP: M. lepromatosis
_— 20 pays
— MP (500 boostraps) -



DE 20 A +100 GENOMES

Branch 2

Phylogénie

\ (&3
\ ¢
&
Qf}'
<
D

&

(4

< Transmission

»

| Branch 1 °
¢

4

4
74
.\(’J&‘Q:?
8\0
o | D &
Brasih 0  Résistance .-
et P
&
'\'\O\}c’
50 fLQ'\'
_ .

N
©Q“

M. leprae - 185 génomes (ACLP: M. lepromatosis
_— 20 pays
— MP (500 boostraps) -



DE 20 A +100 GENOMES

Branch 2

‘ Phylogénie

& Transmission

»
| Branch 1 ©
&

<@
<&
&
c;{ef’
&
,\0\)‘)8\ | - . ée‘a'
Bragich 0 ‘ F\'GSlStance"@&
K «0\}66\
50 Q'\/r\
- (y}’b
K
M. leprae - 185 genomes (ACLP: M. lepromatosis
4 s - 20 pays

24 souches — MP (500 boostraps) -

resistantes



24 SOUCHES RESISTANTES

A0
f\9<’\
d}
. . S
Possibles rnutations compensatrices dans rpoB,

rpoC et rpoA (T187P)

24

Benjak, Avanzi et al. Nat. Corn accepted,
Comas et al, Nat. Gen, 2012



GENES HYPERMUTES (TopP 10)

&
6\‘2'
{\
(5‘\0
o O
G@,Q\ o Non-synonymous
Ggsie or @& mutations Svnonymous  Homo-
_gegion Description 8 (muiii-allele loci) ~ mutations plasy Frameshift
" MLO411  Serine-rich antigen 5 23 (4) 1 & 4
¢ K
MLI1040c  Putative ATP-d=pendent helicase@a@@ 18 (1) 0 4@0’ 0
. @
fadD?9 Probable fatiy-acid-CoA liga3q\<°?’ 9 1 (@“"’ 1 6(1) 2
><} o
ML1750c  Putative nacleotide cyclasoeb 17 !&Q 0
©
MLI5I2¢  Putative r1bonuclease\)£\e’ 17 , o<‘<°0 0
&
ribD Bifunctional enzyme S riboflavin biosynthesis protein 15 (1) & 2 2 1
é“ &
{
rpoB DNA- dlrectedel%NA polymerase (beta chain) 12 (1) /\0\5@ 0 3
MLI753¢c Probable ti}‘anscrlptlonal regulatory protein Y Q&" G 0 t:-\“’&
PR O
gyrA DN%\’,gyrase (subunit A) 8 ¢<\f’& 8 1 Q}e“?“
L 5
ML1300 gﬁi‘nserved hypothetical protein o&b 0 0 ‘ ‘;\0\}
) o
S &
NV ) (_}‘?’
; & %&0«
<07
. Lt 2 X
fadD9: 16/18 rhutations dans des souches résisantes -
. . L. &
ribD: 15/18 mutations dans des souches résistantes o
25

Benjak, Avanzi et al. Nai. Com accepted



GENES HYPERMUTES (TopP 10)

&
6\6
{\
(5‘\0
o O N\
G@,Q\ o Non-synonymous
Ggsie or @& mutations Svnonymous  Homo-
_gegion Description a 8 (muiii-allele loci) ~ mutations plasy Frameshirt STOP
" MLO411  Serine-rich antigen 5 23 (4) 1 & 4
¢ K
ML1040c  Putative ATP-d=pendent helicase GQ%@ 18 (1) 0 é}‘s& 0
RN =N v & I
fadD9 Probable fativ-acid-CoA ligasQ;@?’ 9 1 &a\e’ 1 6(1) 2 T
MLI750c  Putative nucleotide cyclasoeb N 17 !&Q 0
©
_ MLI512¢  Putative r1bonuclease\)£\e’ 17 , o<‘<°0 0
&
I ribD Bifunctional enzy‘gne S riboflavin biosynthesis protein 15 (1) Q{\ot"\} 2 2
rpoB DNA dlrectedel%NA polymerase (beta chain) 12 (1) /\0\5@( 0 3
MLI753¢c Probable ti}‘anscrlptlonal regulatory protein Y Q&" G 0 6&4‘
PR O
gyrA DN%\’,gyrase (subunit A) 8 & 1 Q@
L &
ML1300 gﬁi‘nserved hypothetical protein o&b 0 0 ‘ ‘;\0\}
S s
S 2
v (_}&
o <
f.)
<07
. Lt 2 X
fadD9: 16/18 rhutations dans des souches résisantes -
. . s &
ribD: 15/18 mutations dans des souches résistantes o
26

Benjak, Avanzi et al. Nai. Com accepted



RiBD A'DES ORTHOLOGUES CHEZ....

<
o
&
&\O
&
Q“Ob
@
s* s 9 YN
<o M. th: Rv26/1
(\{Q,‘:" e L ] V-f - r !
s 2
s X
V. smegm
xS
M. smeg atks MSI\/’.- 2787
N
D
c- Q{b&
Qob %&e
ca@ (\@
%€ O
‘Q’;\O Ob\}o
S <
o @
\Q; "\.Q"
© > ¢
° & :
o i &
) L@ o
A e &
oy : )
S N 2
o ° ¢
. S & «8”
A &
N N
S
v &
& ¢
Q &
© (S
\}‘7
<0
Q)
D
»
e

27



RiBD _EST UN ANALOGUE DE DHFR

N
9
a‘*

,f\o"“- M. tb: Rv2671 (rMD) pas essentiel
° M. srre"gmaas MSMEG 2787 eff

Structural Insights mfo Mycobacterium tubercuiosis Rv267le‘prote|n
as a b.hydrofolate"Reductase Functional Analogue Contﬁbutlng to

5"6

p(' 7-Ammosah@llc Acid Resistance Ob&
Q
u-Shan Cheng' agpﬁ James C. Sacchettini®"* & .
\3" <
TDepartment of C.\bémlstry, Texas A&M University, College Station, Tezas 77842, United Sg\tes 5}0{\
iDepartment 86‘Blochemlstry and Biophysics, Texas A&M University, College Station, ’gé:%as 77843, United States @6\}
& Q
Sugg?’rtm Information @ N
e g f N - 8\0\ N &0&‘6
@%STRACT: Mycobacteriun: tuberculosis (Mtb) Rv2671 is annotated d&_]_lﬁﬁ r‘_\_n_, C{ef"
as a S-amino-6-ribitylamino-2,4(1H,3H)-pyrimidinedione S’-phosphate {,e"‘-;Q’
(AROPP) reductase (RibD) in the riboflavin biosynthetic pathwal(}?~ Misannotated Rib ,/; ib7s R.bos/p 07s <&
Recently, a strain of M:b with a mutation in tbe 5’ untranslated regi®h  conserved Asp o, ‘ Ala 5\0
of Rv2671, which resulted in its overexpression, was found to be " binds DH! ﬂ /._ ,\O\}%
resistant to dihydrofolate reductase (DHFR) inhibitors including the \‘? > \ vm QA
anti-Mtb drog para-aminosalicylic acid (PAS). In this study, a h('\ o 7 EUF Coalytic Asp\ @’LQ
biochernical analysis of Rv2€71 siiowed that it was able to catalyze
= Pv2671 with sub DHF btilis RibD with ribityli -
the reduction of dihydrofolaie (DHF) to tetrahydrofolate (THF), Wt b (L) 5 Ul R0 with rURATROD @Qﬁ

waich explained why the overexpression of Rv2671 was sufficient to

confer PAS resistance. We solved the structure of Rv2671 in complex with the NADP* and tetrahydrofolate (THF), which

revealed the structural basis for the DHFR activity. The structures of Rv2671 complexed with two DHFR inhibitors,

trimethoprim and trinetrexate, provided additional details of the substrate binding pocket and elucidated the differences between

their inhibitory activities. Finally, Rv2671 was unable to catalvze the reduction of AROPP, which indicated that Rv2671 and its

closely relared orthologues are not involved in riboflavin biosynthesis. 28

Cheng et Sacchettini, 2616, -Biechemisty —M8M8 ——M




\/OIEEES FOLATES ET INHIBITEURS

&
&
K o COOH
<& 0 o) l
e A a1 ] L PABA
/\0\' e}b) [T . T 0 P D) Py -~ o
& & | [ | | I
Q\ > [~ . | C O
% \GQ’ 27N N 4 - @
/ D HN N e H2PtPP K~
%(0 1 @
Q ‘}"\0 ’
@
Dlhydroptg?oate synthetase . N,
o
béfolPl folP2)
Q
@f
/\o,@« \ "-‘54?
& o AR
& 7,8-dihydroﬁroate ﬂ l u
o(“-" =Y S A RN
& ) ) éb" KN oz NH,
S Dihydrofolate synthetase & DAPSONE
N <& <
d?g’(} 98‘0\, ,\o,&
& «> dihydrofolate - -
© Q ‘3}“
v &
i > . , © e
! Dihydrofolate reductase @?A) (T;;\Tlf)th°pr'"‘ 3° RibD
: 8 A
taetrahydrofolate <€ 2
&’L
S
©

glycine, methionine

29



\/OIE\EES FOLATES ET INHIB

SMITEURS

&
"
o o COOH
& |l 0 0 l
& SV . .. | | . PABA
< Q}b Y NN O P NS
< | |
Q;(\\ @'QJ NN N ,f’. O O L P
(_0@\ HN' ) v H2PtPP é& L
be ' & [
S
@
Dlhydropge‘f‘oate synthetase e et
o
befo/m folP2)
Q
’\.Qj\e \ Q‘ O
) '\:\_‘,{,
& = AN
& 7,8-dihydrogferoate JJ | |l
) S) = = <
£ « AN s &
& Q\'be KN - NH; S
,\«o\’ Dihydrofolate synthetase & FSONE Q@t"
’19'» &6\\?’ ’*-Q’@
o O 4 <&
o «> dihydrofolate - &
’LQN \'.3‘760\
] B . . o .
! Dihydrofolate reductase (DfrA) " (TT'V;\:‘:)"MP”"‘ CS;P{“ RibD |
L 5 |
A
taetrahydrofolate < 2
Vv
\(5?3
©Q~

glycine, methionine
Hvpoihése 1. autre mécanisme de
résistance a ia dapsone



_REC@ﬁBlwAlsoN CHEZ M. SMEGMATIS

(]
=

& oriM

2@
&
&
ol
*Mutatios ponctuelle
@
Prometeur Synthétique sbADN
induit a > 6@?")
'acetamide &Oﬁe ha Piasmide +
& Hyg®
’\0&6‘\6 Lo’/
&
& :
& v
o> ., .
§ SbADN recombine dans e
& chromosome s
© )
‘\oé

I\
IC ————m——— .
S0 Eeeten S
MS@?!EG_Z?S? chez M. smegmati
folpl chez M. smegmatis

Van Kessel et Hatfull 2007, Nat. Meth.



&
e & | .,
RESULTATS PRELIMINAIRES
( 4 ) iy . .t
- E < L - =
&
X @Q’ ® - 11c?155 = = mc®155
2 6] 4% 2 .
{‘é& MSMEG_2787 - G86D % MSMEG_2787 - G85D
g
&e@g = folP1 - PGaL g,’ “ ~e- folP1 - P63L
O @0 i & ) \
& 2% + mc2sS5 - resist. v s 50 = mc?155 - rasist. v
3 ‘s @ [ \
o N ° \
E | GQ’D(O £ | L
Qo Moo e
g 0.1' T = Vl — T Q@@ 1 g ¥ é\elb -
00001 027 1 100> 10000 < 00001 0 1 190 10000
Rifampicin concentratlogquglmL) Dagé’one concentration (ug/mL)
< &
- & FAN o .
mc2155 | MSMEG_2787 886D | folP1-P63L | mc#155 - resist. [ mc2155 YMSMEG_2787 - G65D | folP1-P63L | mc?155 - resist.
MIC [ 0.7652 [ 0.7999 & 0.8656 ! .6576 | MIC|0.256#7] 0.7523 2.499 | 0.2437
58 & |
’\0‘3& N
2 _ b\}&o
_ & 1 &°
X <& g &
3 g pror e o
2 1004 % - mc?155 & 5 1097 . <&
S 3 § | &
> MSMLEG_2787 - GB6D> @ \ <
g (j?\‘ % .(-:‘
) , D . 50 o
s 507 ~- folP1-PE3L g s k &
S - 2 - S /\'\O\}
> mc~155 - resist. v E : q,Q\’
s = T T T 1 > i ! Y ! !
0.0501 0.01 1 100 10000 0.0001 0.01 1 100 10000
Clofazimine conceniration (ug/mL) Ofloxacin concentration (ug/mL)
I__“_ mc2155 | MSMEG_2787 - G86D | folP1-P63L | mc?155 - resis ~ [ mc?155 | MSMEG_2787 - GB86D | folP1-P§3L | mc?155 - resist.
[ MIC[1.076 |0.6453 1.204 1.052 MIC | 0.2029 | 0.2109 ~ 0.2025 | 0.2067




&
o & \ .,
RESULTATS PRELIMINAIRES
( 4 ) iy . .t
= E L o N S
&
X @Q’ ® - 11c?155 = = mc®155
2 6] 4% 2 .
{‘é& MSMEG_2787 - G86D % MSMEG_2787 - G85D
g
&e@g = folP1 - PGaL g,’ “ ~e- folP1 - P63L
<0 o a1 '@:\ L] “‘a
& 2% + mc2sS5 - resist. v s 50 - mc2155 - rasist. v
3 ‘s @ [ \
o N ° \
E | GQ%(O g l L
.'§ 0'1' . . '1.—\;'-;:-,,.»«@ — ' J;:‘z’{(\ l _g 0_ (&GQ‘?}'
ey . T A < 00001 o0 1 100 10000
Rifampicin concentratlogquglmL) Dagé’one concentration (ug/mL)
Q <
- & FAN o .
mc2155 | MSMEG_2787 886D | folP1-P63L | mc#155 - resist. [ mc2155 YMSMEG_2787 - G65D | folP1-P63L | mc?155 - resist.
MIC | 0.7652 [ 0.7999 &' 0.8656 | 0.6576 | MIC]0.256£"] 0.7523 2.499 | 0.2437
o &
<& '
A &
“ &
‘Q:?‘T X]-_O-—_J b\}coo
X 5 -~ N
g & g | emsnend o
2 100 ® = mc?155 g;b 5 100 | . <&
S 3 § | &
> MSMLEG_2787 - GB6D> @ \ <
g (j?\‘ % .(-:‘
a ' N . 504 o
s 507 ~- folP1-PE3L g s k &
S - 2 - S /\'\O\}
> mc~155 - resist. v E : q,Q\’
S o g Lma@%w
s = T T T 1 > i ! Y ! !
0.0501 0.01 1 100 10000 0.0001 0.01 1 100 10000
Clofazimine conceniration (ug/mL) Ofloxacin concentration (ug/mL)
I__“_ mc2155 | MSMEG_2787 - G86D | folP1-P63L | mc?155 - resis ~ [ mc?155 | MSMEG_2787 - GB86D | folP1-P§3L | mc?155 - resist.
[ MIC|1.076 [0.5453 1.204 1.052 MIC | 0.2029 | 0.2109 ~ 0.2025 | 0.2067




RE SLLLTATQ PRELIMINAIRES

g J& - 11?155 g - = mc?155
%b@?_ L — -‘é:‘.nc Ié‘-iﬁ\ MSMEG_2787 - G85D
o&e«‘% - folP1 - Pg& ? e~ folP1 - P63L
Q,éé:\ % 501 mg 4)55 resist. v é 50+ mc2155—.’:\;|51.v

* Faible ré.>.stanc&ebourfolr' .
¢ Résultats norggot‘foncluams pour ie mut(;rﬁ ribD (dapsone)

e Autres murétlons? &

* RéS|Stame a un autre mFG|Cam§Lﬁ?t? 6\3@0‘\6
| ’ ©
@ Mega’h|smes de compg nsatlobléﬁ) /\o&gﬁ?‘q

* M’smegmatis n’est pas Ie@on mogele? <‘

= 50] W == 1olPT-P63C ©‘<~ s -~ 0‘)&&

E X\J mc2155 - resist. v :g. \E\ ’LQ\’,\«O

£, o oo

> 000t obr N ~ 2.0001  0.01 1 100 10000
Clofazimine con~eriration (ug/mL) Ofloxacin concentration (ug/mL)

}» "~ |'mc2155 | MSN.ES_2787 - G86D | folP1-P63L | mc2- <k - resis " Tmc2155 [ MSMEG_2787 - G86D | folP": F83L | mc2155 - resist. \
AIC MIC | 0.2029 | 0.

1.076 0.5453 1.204 1.052

2109 - 0.2025 | 0.2067




CchwsmNs & FUTURES APPLICATIONS

&“ “Outils performant pour l& séquencage des génomes de M.™
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leprae a partii des echaﬁtlllons cliniques
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Lte WGS est ur;e approche performante p@ﬂr I'étucie des
resistarices: @@’*

— dentlflcauﬁn de nouveaux mecanismes ¢
. Autreﬁ mutations a tester: fadD2 par exem@fe |
— Mals@ pas facile & démontrer enswte,Lo 3
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Fu;tff]res applications & "

— Augmenter le nombre de souf:hes résistantes séquencées ¢
— Accés a I'historique des p&%ents est primordiali &

O

— Etude avec plus de souches résistantes provenant despatients

ayant rechuiés ou ré-infectés: résistance & pers@;s?ence VS.
virulence
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