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Differential transcriptomic study
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ﬂ Introduction
Differential transcriptomic study
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e Sulfate reducing bacterium
Pseudodesulfowbrlo hydrargyri strain BerOc1l

—> Cluster of 4 genes overexpressed
Homologies with metal resistant systems
y 4 ”
Objective

Decipher the role of these genes to better understand the fate of mercury in
anoxic environments and, the impact on methylmercury spread

Wlthout Hg
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Genes overexpressed?

9
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




- ﬁ Strategy

Gene expression analysis (AN 1 - INEND

10
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




- ﬂ Strategy

Gene expression analysis (AN 1 - INEND

- Induction by Hg(ll) (Transcriptional fusion)
- Co transcription (RT PCR)

11
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




- ﬂ Strategy

Gene expression analysis (AN 15 INEND

- Induction by Hg(ll) (Transcriptional fusion)
- Co transcription (RT PCR)

12
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




- ﬂ Strategy

Gene expression analysis (AN 1 - INEND

- Induction by Hg(ll) (Transcriptional fusion)
- Co transcription (RT PCR)

Generation of deleted mutant strains

13
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




e B

ﬂ Strategy

Gene expression analysis (AN 1 - INEND

- Induction by Hg(ll) (Transcriptional fusion)
- Co transcription (RT PCR)

Generation of deleted mutant strains

He phenotype analysis

14
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




B ﬁ Results

Gene expression analysis (Induction by Hg(ll))

- 7
Y

Two components system

17
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




B ﬁ Results

. . . + """"""""""""""" & Ny,
Gene expression analysis (Induction by Hg(ll)) /\ Sensing e
b + > ;II/_\\
< [ em TR s ) o () bpression
~ ~— —/ Response
Two components system

18
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




e B

ﬁ Results

. . S T T T T I S U . 2 N ST & o
Gene expression analysis (Induction by Hg(l1)) +j}g"5ensing e,
— m e e e ) G () bpressin
N~ ~— —/ Response
Two components system

Response only

—

= e

Response + Sensing

—

SEE AN

17
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




ﬁ Results

Gene expression analysis (Induction by Hg(ll))

1000 pb

—< 472
-

p——

V

Two components system

Response only

_<

_<

>

@

[

o

Response + Sensing O
— )

©

c

ICMGP 2024

(relative to free HQ)

~

Expression
Response

3500

3000

2500

2000

1500

1000

500

-500

-1000

m Response only

B Response + Sensing

0.1 0.5 5.0
Hg(ll) concentration (uM)

WWW.MERCURYCAPETOWN.COM




B ﬁ Results

Gene expression analysis (Induction by Hg(ll))

1000 pb —

(= QN I D D
-

4
V
Two components system

oyt Expression

Response

Response only 3500

—

< I

3000

2500

2000

1500

Response + Sensing

—

SEEam T e

1000

500

Induction level
(relative to free HQ)

-500

m Response only

B Response + Sensing

« 471is necessary to sense Hg(ll)
* Cluster 471-472 transduced Hg(ll) response to forward genes

NLAVINIT LV LS

0.1 0.5 5.0
Hg(ll) concentration (uM)

WWW.MERCURYCAPETOWN.COM




e B

ﬁ Results

Gene expression analysis (Co transcription)

1000 pb

—( = QR IS

20
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




e B

ﬁ Results

Gene expression analysis (Co transcription)

1000 pb

DS

21
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




ﬁ Results

Gene expression analysis (Co transcription)

1000 pb

- >
< >

DS

+
Generation of deleted mutant strains

.....
-
=,

1 s
VL N el e
1000 pb L D N P N .

-
s

<. -

‘‘‘‘‘‘‘

.,
..
-
~
"~
-,
-~
~,
'~
~.
~

’’’’’

~.
- -
~.
~. ’
~~~~~
________

VS

\ s~
o
1000 pb \ e

_________
- N,
-
e
_ -

ICMGP 2024

P
P ~
~

kY by
1000 pb \\ ~~~~~~~~~~~~~~~~
_1oooeb .

-
-

~. -

.......

..
S
~,
~
~,
~,
e
~.
~
"~
~-,
~
~~~~~
.............

Wild type strain BerOcl

22
WWW.MERCURYCAPETOWN.COM




W
)
>
O
(-
O
Q
@]
>
i o
= -
Q
5 2
ep
e X
T

Range of Hg(ll) concentrations : from 0.5 nM to 25 uM

23
WWW.MERCURYCAPETOWN.COM

ICMGP 2024



Results
He phenotype analys

1S

Range of Hg(ll) concentrations : from 0.5 nM to 25 uM

Hg(ll) sensitivity

—————————————————————————————

» 40 hours after Hg(ll) exposure

* Production of biomass

ICMGP 2024

—————————————————————————————

24
WWW.MERCURYCAPETOWN.COM




Results
He phenotype analys

1S

Range of Hg(ll) concentrations : from 0.5 nM to 25 uM

Hg(ll) sensitivity

—————————————————————————————

» 40 hours after Hg(ll) exposure

* Production of biomass

ICMGP 2024

Intracellular Hg(Il)

* 4 hours after Hg(ll) exposure

chelators (Glutathion/EDTA
mixture)

I

|

|

|

i: « Cell fraction washed with Hg

|

|

|

i: + Measurements by GC ICP MS
II

Hg(ll) methylation rates

—————————————————————————————

» 4 hours after Hg(ll) exposure

I
¥
I
I
I
I
:I
1+ Bulk fraction
|
I
i: « Measurements by GC ICP MS
|
¥
I
:I

25
WWW.MERCURYCAPETOWN.COM




Results
He phenotype analysis

Range of Hg(ll) concentrations : from 0.5 nM to 25 uM

Hg(ll) sensitivity Intracellular Hg(ll) Hg(ll) methylation rates

———————————————————————————————————————————————————————————————————————————————————————

* 4 hours after Hg(ll) exposure 4 hours after Hg(ll) exposure

» 40 hours after Hg(ll) exposure

« Production of biomass chelators (Glutathion/EDTA
mixture) « Measurements by GC ICP MS

1 |
| i
| i
| i
i:  Cell fraction washed with Hg i: « Bulk fraction
I 1
i f
| i
i1+ Measurements by GC ICP MS |
' N

Normalized by results obtained on the Wild type strain

26
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




Results .
He phenotype analysis

\ hoy
1000 pb L\ NI e .

-
-

~ -

_______

Hg(ll) sensitivity

—————————————————————————————

27
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




Results e
Heg phenotype analysis

1000 pb

r"‘"
-

-
e —————
~. -
~

-
-

- 4

S

Hg(ll) sensitivity

- I
I 120 |
'3
1 £ | |
| § 100 @ ® L oo ® !
| @ B & 12 a !
@ hS
- T !
;| 2 80 !
1 G . I
1 £ :
c 60 |
IS I
I ©
1 2 40 !
| o -@-BerOcl WT . !
o 1
: @ 20 -E}-BerOcl A468-467 I
1] \
£ \ |
.- o |
m 0 T T T T T T T T rrorT T T T T TTTTT T T T T TTTT I
: 0.005 0.05 05 5 50 |
L I

Hg(ll) (uM)

28
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




Results o
Heg phenotype analysis

1000 pb

~
~ ————
- — N
~ g

r"‘"
-

Vot
-
_______

Hg(ll) sensitivity

- I
I 120 |
'3
I £ I
| § 100 @ ® L oo ® !
| @ B & 12 a !
@ ~
1< T !
, 2 80 I
B :
1 £ :
c 60 |
| o I
I ©
1 3 40 1
| o -@-BerOcl WT . !
o 1
: @ 20 -E}-BerOcl A468-467 I
[1+] \
£ \ |
.- o |
ﬂn 0 T T T T T T T T oo T T T T TTTTT T T T T TTTT I
: 0.005 0.05 05 5 50 |
L Hg(ll) (uM) |

Mutant was more sensitive to Hg(ll)
from 2 uM of Hq(ll)

29
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




Results P
He phenotype analysis

' ..
1000 pb L\ NI e .

Vot
-
_______

Hg(ll) sensitivity Intracellular Hg(Il)
| 0TI S —— - !
135 I| ] 1 :
g I, ~ I
: § 100 @ ® ® o o ) ': s P '
18 e i L 8. :I -E 5 o :
= "B -
| 2 I 0 !
1 © = H ®
1 £ g " ; : 5 05 i * * g | !
I 5 - I
1 5 ' & :
1 3 40 2 :
1 2 -@-BerOcl WT :I 8005 ; “@BerOclWT :
| 8 20| -E-BerOc1Ad68-467 11 E ] O-Beroct a468-467 I
| E | 1 |
I3 o i, E.. L :: 0.005 s :
: 0.005 0.05 0.5 5 50 ! 0.0005 0.005 0.05 0.5 5 50 |
L oo MO WM)_ L. R ]
Mutant was more sensitive to Hg(ll) Mutant accumulated more Hg(ll)
from 2 uM of Hq(ll) intracellularly up to 2 uM of Hag(ll)

30
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




Results P
He phenotype analysis

\\ ..
_owsb S U .

Vot
-
_______

Hg(ll) sensitivity Intracellular Hg(Il) ﬂ
:' o B i ittt l_ ------- | In the WT strain,
3 ! ]
| £ II —_ |
B T s—  — N : 5 A ! |468-467 genes encode an efflux
e w " g G ' | system for resistance to Hg(ll)
13 s ¢ ¢ o —— from 2 uM of Hq(ll)
: c 90 | : ..__.E 05 O I
g I 5 '
: 3 l: ERE I
1 g -@-BerOcl WT :. 8005 { @-BerOcLWT :
: & 20 | -E-Beroci 468467 |: £ ] -O-Berocl a468-467 '
1 E hy | |
I3 o i, E.. L :I 0.005 s :
: 0.005 0.05 0.5 5 50 ¢ | 0.0005 0.005 0.05 05 5 50
Lo oo MO . He M) _ ]
Mutant was more sensitive to Hg(ll) Mutant accumulated more Hg(ll)
from 2 uM of Hg(ll) intracellularly up to 2 uM of Hg(ll)

31
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




Results
He phenotype analysis

Hg(ll) sensitivity

Ll e e e e e e |
I 120 I
= I
I 3 |
1 £ Iy
| § 100 @ ® L oo ® H
. S e - | !
| o I|
! ‘c-n 80 g II
1 T |
5 \ I
1 © | |
1 £ g ' I|
c |
1 o 1
- |
I © !
1 .g 40 I
| o -@-BerOcl WT . :,

o \
| @ 20 | -B-BerOc1A468-467 ¥

© \

£ :
- & !
I m 0 T T T rrrrrg T T T T oo T T T T TTrTT T T T T TTTT II
: 0.005 0.05 05 5 50 .:

Hg(ll) (UM

L N

,,,,,
-~ -,

\\ ..
1000 pb L\ NI e .

Vot
-
_______

50 1 i Iy
3 ¥
_ ! |
= A !
o 5 - N 1
E ~ Iy
2 a I
S e * e |
S 0.5 I
£ Holoy
k| h
e 1 I
§0_05 | -@-BerOcl WT :.
B ] I
£ 1 -[+-BerOcl A468-467 I

] I

I

I

0.005 +————rrrrr——rrrr
0.0005 0.005 0.05 0.5 5 50 ,:

I

Hg(ll) (uM)

Hg(ll) methylation rates

ot
o0

[y
\
\
\
K

v

v
v
[

o
o)

o
'S

-@-BerOcl WT
-[}-BerOcl A468-467

o
Mo

0.0005 0.005 0.05 0.5 5 50

Hg(ll) (uM)

Hg(ll) methylation rates (Norm by WT)
O

Mutant was more sensitive to Hg(ll)
from 2 uM of Hg(ll)

Mutant accumulated more Hg(ll)

intracellularly up to 2 uM of Hag(ll)

Surprisingly, mutant methylated less

than WT up to 2 uM of Hag(ll)

ICMGP 2024

WWW.MERCURYCAPETOWN.COM




Results .
He phenotype analysis

\ hoy
1000 pb L\ NI e .

-
~
_

Hg(ll) sensitivity

—————————————————————————————

33
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




Results o
Heg phenotype analysis

1000 pb

r"‘"
-

~
~ ————
~en —— N
~ =

-
l‘/
_

Hg(ll) sensitivity

4 I
I 120 I
1 35 :
I =
I § 100 & A ° o o |
g T B-eeemetiemnnnes - '
! “:1 80 | A é :
| T 1\ I
I ‘s p |
I £ 6 | :
1 5 !
- [
s I
1 .g 40
1 © -@-BerOcl WT 1
I o | A !
| E 20 A -E}-BerOcl A468-467 \“‘ I
1 E A BerOcl A470-467 !
S oo
m O T T™T T TTTTT T TTTTTTTIT T T T TTTTT T T TT7TTT I
: 0.005 0.05 0.5 5 50 |
L I

Hg(ll) (uM)

Mutant was more sensitive to Hg(ll)
from 0.5 uM of Ha(ll)
34

ICMGP 2024 WWW.MERCURYCAPETOWN.COM




Results P
He phenotype analysis

' ..
1000 pb L\ NI e .

-
l‘/
_ -

Hg(ll) sensitivity Intracellular Hg(Il)
R N !
2 g |
S 100 o ® o o l 0 l
: o & """"""""" e % """"" ‘El I: 2 5 gl Y :
= AR g e !
I % 80 \ |I 2 O Y I
| 5 : S e - +—O — o | !
1€ g ' ' 5 os EL . i 2 I
I 8 i !
: g 40 ': i 1 " I
I g ] -@-BerOcl WT A : I §0‘05 E -@-BerOcl WT :
: @ o9 | -E-BerOclA468-467 ,: ::g 1 -[1-BerOcl A468-467 I I
| E A BerOcl A470-467 m L 1 A Beroc1 470-467 | !
'@ —————— T —— e I 0.005 R - -
: “ 00.005 0.05 0.5 5 50 : : 0.0005 0.005 0.05 0.5 5 50 :
Lo e m e Ha M) _ oo Hethem) _ _
Mutant was more sensitive to Hg(ll) Mutant accumulated less Hg(ll)
from 0.5 uM of Hag(ll) intracellularly from 0.5 uM of Hqg(ll)

35
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




Results P
He phenotype analysis

\‘ ..
........
1000 pb v\ NS e T \
—"

Hg(ll) sensitivity Intracellular Hg(Il) :

:' i ! : % | In the WT strain,

g , - I
|5 100 — o oo ° :: 3 . i 470-469 genes probably
& TR LB o7 | encode a sequestration

£ 1 I, s s I .
; 5 :: S — P oo e | ! system for resistance to Hg(ll)
g 1, 205 - . from 0.5 uM of Hq(ll)

= I, & !
: 3 a0 |: EREE I
I g | -@BerOcl WT A : I §0_05 : -@-BerOcl WT :
: % 20 E:-BerOclA468-467 |: £ ] ‘0+BerOcl A468-467 ' I
| E A BerOcl A470-467 D L 1 A Beroc1 4470-467 :
I @ ety | 0.005 S e R RA - .
: “ 00.005 0.05 0.5 5 50 : : 0.0005 0.005 0.05 0.5 5 50 :
Lo m e Hoh M) _ Lo il d e S

Mutant was more sensitive to Hg(ll) Mutant accumulated less Hg(ll)

from 0.5 uM of Hag(ll) intracellularly from 0.5 uM of Hqg(ll)

36
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




Results P
He phenotype analysis

' ..
........
1000 pb v\ NS e T \
—”

Hg(ll) sensitivity Intracellular Hg(Il) Hg(ll) methylation rates

L e e e e L e e e e e e e e e ) L e e e e e e i e B e I
:@120 i: 50 - i::1.5 |
' § o g || 314 1 I
e — g5 7|l : . A E 4. |

2 I l ' :
- A TH - Vs . - I
1 E Y [ --{1 %\, I £ 1 L 2
3 \ S e e g R

T 60 ! B os : ! € o8 o N |
IS o T . oA 1
:g 40 ':g ! |:§06- ------ o \D !
I -g | -@-BerOcl WT A : 1 §0_05 | “®BerOclWT :I %0_4 _ -@-BerOcl WT :
: & 20 | -E}-BerOc1 A468-467 I : £ -[}-BerOc1 A468-467 [ ,: 2 o 1 .0-Ber0c1 0468-467 |
| E A BerOcl A470-467 bl A BerOcl A470-467 | 1S 1A Beroc 4470-467 :
I'm o Coe e e caead b 0005 D e - A JF I
! 0.005 0.05 0.5 5 50 | : 0.0005 0.005 0.05 0.5 5 50 : 0.0005 0.005 0.05 0.5 5 50
T MO WM _ M _____ MO WM)_ U _______Memewm _________1

Mutant was more sensitive to Hg(ll) Mutant accumulated less Hg(ll) Consequently, mutant methylated

from 0.5 uM of Hag(ll) intracellularly from 0.5 uM of Hqg(ll) less than WT from 0.5 uM of Hg(I)

ICMGP 2024 WWW.MERCURYCAPETOWN.COM




@ Conclusions

v" First evidence of a mercury resistance mechanism in an anaerobic bacterium

38
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




@ Conclusions

v" First evidence of a mercury resistance mechanism in an anaerobic bacterium

v' Two resistance systems:
v' A sequestration system = 470-469 genes
v' An efflux system = 468-467 genes

39
ICMGP 2024 WWW.MERCURYCAPETOWN.COM




ﬂ Conclusions

v" First evidence of a mercury resistance mechanism in an anaerobic bacterium

v' Two resistance systems:
v' A sequestration system = 470-469 genes
v' An efflux system = 468-467 genes

v' Hg(ll) is the signal that triggers the resistance mechanism via a two
components systems > 471-472 genes
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Model of Hg(ll) resistance mechanism in anaerobic microorganisms
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Model of Hg(ll) resistance mechanism in anaerobic microorganisms

2 Lll% Hg(ll) concentrations
>
1

ICMGP 2024 WWW.MERCURYCAPETOWN.COM




ﬂ Take Home Message
Model of Hg(ll) resistance mechanism in anaerobic microorganisms

2 Lll% Hg(ll) concentrations
>
1

ICMGP 2024 e © WWW.MERCURYCAPETOWN.COM




T N
ICMGP 2024

CAPE TOWN e SOUTH AFRICA 21 - 26 JULY
CAPE TOWN INTERNATIONAL CONVENTION CENTRE

Mesociation francophone d'écologio microbienne

Institut Méditerranéen
d’Océanologie

| p R E M / \ Agence Nationale de la Recherche
Institut des smences analytiques \' / i
et de physico-chimie U P P A \
pour l'environnement et les matériaux i

energy environment solutions L

IVERSITE | COLLEGE STEE
DE PAU ET DES | SCIENCES ET TECHNOLOGIES
PAYS DE UADOUR ; POUR LENERGIE ET UENVIRONNEMENT

I
1ICMGP 2024

WWW.MERCURYCAPETOWN.COM




