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W OE UEYRR R (MFC) 275 7K 2 B GU — NI SE S, HUFT 1R (Geobacter) IRIH M €59 72 FLLRE 7 9
ZRE, ARKHEY, EERERAEYEME N Y SR W Geobacter WK A AE A= WL BE 1, JF 1 5%
MFC M7= BB . Geobacter ¥t Ag'55 Z M 4 I8 HA IR T 32 88 F1, SR i FL T 32 45 = v B2 1 4 T O ML B R
BT . 195 Geobacter 115 2 T B AR 18 IR M ¥ B (Geobacter sulfurreducens) VE N BF 53T 4, WX T copZ F:H X G.
sulfurreducens Tt % Ag'B I EAEH . g5 R LW . 7E 0.05 mmol L'Ag I K5 32 & F T, B AR G sulfurreducens 1)
copZ FEHHE 4R TH T 24.8 1% 5 2440 copZ I KM G. sulfurreducens I P EBR G, G. sulfurreducens ¥t Ag'Hy it
ZRe S W E T, A AgVRE R 0.01 mmol L™ WIFF LM T, copZ R ERK R G. sulfurreducens W Ik I A K 3 %
I H AgHR B A 1 mmol- L™ Y 5% 38 25 4 F B A= B G. sulfurreducens /) 33.3%; TE $& Flt copZ 3 [H Hrt 2 B G.
sulfurreducens B ¥k i) MFC K Z 9T A 0.05 mmol-L™" Ag'Ji5, MFC A HL IR I /) 6.99%, A8 98 25 AL T copZ %
Xt G. sulfurreducens it % Ag B A W B REIER, B/RTEEKRE AgX MFC IR R ' G. sulfurreducens 7= BE 1
fE 1 52 M AL

KHBEIE YRR BRI s copZ e, EAJEMPL; WET

T PRk FL L (microbial fuel cell, MFC) J& 75 7K b ¥R 45U (1 — B 58 # i . MFC FHAR R 1 A=
Koy =i A A& . WA= B EE 6 MFC PERE . 15 KA BEAGRCR YA R . AT
(Geobacter) PRI H €0 14 7 B B 03 A X R AE W) b 2 s R BLOCTE R A TR PR Al e . SR, 75K
4 RS BA Y 25 W Geobacter WA K AEAEFIFE BB EE J1, #E1m i 29 MFC B9 7=/,
PEREFIBATRCRY . I, BFFY Geobacter % 8 43 J& B it 52 HL i X MFC 75 15 7K Ab $HL45 38 1) 17 1 A &
Jre BLAG B 5 SCRBLSE A

B R ARG Tz W T L B BOBMORL L A T B RS, Horb, BRI N
HL B b o TV P SR R VY 2 R ORI, W R B S R R LB IR LA SR
Wi HER: 2020-08-28; RAHHEA: 2021-01-26
ESWB: P REK AR S 3 LW 4 (20192Y19); B R H AR # 34 R B H (51708031)
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TR AR P2 B A R T I FE R FARTE 3000 t DA L, FREEAEREFE A T 100 t, ZEPREN
i, SR B 70% UL ) Ag ST RIEAERZIEWRY . BRT T SREK, AgEHE T
T RS IR K H T & B UKBURL (nAg). YK PURE—Fh T Z M HAPLEHl. A 2010 4E LK, K
9K ARBUE R A T 7 oK s Ot 5x10° 90, SR, ARG SR R 40 K ok F A B SR A 2838
B p 2 TE AR I AR o AR M AR o T AR PR R AR B (A IE A e, [EIR, AR AR #E b
TR T Ag, N 228 W I b HE

P 4 R T 52 BB O B A AR ZS i A M A R AMESCR hdi i RE S . H
A, M 3MKAHEESELHE L AR A HLE, o3 S8 T B9 40 A 5> 242 1 (resistance-
nodulation-cell division super family, RND) K& . Bl FH & 74 #({£ (cation diffusion failitator, CDF) %
%A P AY ATP fifi (P-type ATPase) K % . Hrb, i P2 ATP 8K 36 A4 4 J&@ A HEW A Jhy J2 40 T $ik 30 =
SR FERAAS, T PR ATP W ESEIBiEh, ARESEE T (W Ag". Cu™)
HE A ML S 235 A G B CopZ il CopA & . Horfr, CopZ &1 1 5145 & 4 i ot b i 4 Ja 5 1,
IR %78 2 0 T 40 BB I A 4% 38 25 11 CopA |, I 1 CopA ¥ iz 4 fs™ . k., H copZ FH
i1 CopZ £ X 0 TR H T 8 4 @ Btk oA S 2AE . AR, AN [W] 40 A1) H] P AU ATP il X 1k R 40
JIT REHRAT ) 43 B M R AE B R 2200, 7 5 R 5% .

#MEHAT, XIF Geobacter B P % ATP i R G} 52 4 Ja B 5T v A WLARIE . A FE LA Geobacter
B A X B A S A L AT BRT (Geobacter sulfurreducens) HAFR, WF5Y HXT Ag" I 52 RE 71, FFXFEH p A&l
ATP i RGch copZ FERXT Ag'it 52 58 71 B9 INTESZ W ML AT R AR SY . LUIATE MFC RSN 7R
EHE Ag XY G. sulfurreducens 7= BETEBE ) 520 o
1 MRERE
1.1 IREMRBEFEFGREKEERNNESE

AT BT FH TR RR R S B8 2 WA DR A 1 B A B Geobacter sulfurreducens DL1(ATCC 51573), #&
A 10 mmol-L™" 1 Z R AE hy ME— H1 AT 50 mmol- L™ 14 & SR VE Ry ME— HL - 52 A 0 IR S 15 37 3%
HE R (30 °C) Hi 57

RiFR il es . BT FKPINA 0.42 gKH,PO,., 0.22 gK,HPO,, 0.2gNH,CI, 0.38gKCI, 0.36¢
NaCl. 0.04 g CaCl,2H,0. 0.10 g MgSO, 7H,0. 1.80 gNaHCO;, 0.50 g Na,CO;, 2.04 g NaC,H,0,3H,0.
6.40 g Na,C,H,0,, FMIA 0.50 mL JF 43 %50h 0.1% J1 K7, 1 mL ¥ ¥~ 100 mmol-L™' ) Na,SeO, I#
W, 10 mL 4EA: R LA M 10 mL s W) LS W . 428 RIS RO 2 7% SCk (9] Tl o ) o s
W % . BT 5B 7K 0.10 g MnCl,-4H,0. 0.3 g FeSO,-7H,0. 0.17 g CoCL-6H,0. 0.20 g
ZnSO,-7H,0. 0.30 g CuCl,-2H,0. 0.005 g AIK(SO,),"12H,0. 0.005 g¢ H,BO;. 0.09 g Na,MoO,. 0.11 g
NiSO,-6H,0 /% 0.2 g Na,WO,2H,0.

Ag LAY RAR (AgNO,) JEZ IR, W 9 0.000 1~1 mmol- L™, 7ERA ST, H—IELHE
S AR RN S R 5 3G SR A G 1 mL R 2 Mt i, ZE R W46 BE T 600 nm KR
For I RV %) OD (B, P AR A 3% 73 B () 460 50 i A A 300
12 EERERRPCROMHEXERERENFE

A EIARRE FE R FE B A R G. sulurreducens . 15 3% 28435 0 BB B A I Ag"FIE N 0.05 mmol- L™
B Ag'. BigR BB K WIS, i /] RNEasy Plus minikit(Qiagen) #£H( RNA, 1A & DNA ¢ DNase
(Ambion) Zb B . RNA #f i 4l 55 38 3 B AR W EEIC L Ik HEA TR A, Ayg0/Aago FU ELR R 1.8~2.0, JfFHAH G
BE LA 51 Wy LR A RNA AR i O B RRE AT PCR Y71, i RNA AR & A& DNA VS 3. & )m, M
Superscript III first-strand synthesis SuperMix(Invitrogen) i 5] &1 4l £k 5 (1) RNA A 5 5% 5% A7 cDNA.
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M\ SE [ RE YRR I A 3 IR 4L B 5 BT I o (wwwjgi.doe.gov) 3575 3k DR 20 1 5 854 FH T 1 8 2 e ik
5% PCR(qQRT-PCR) 5| ¥, = %2 56 78 09 3 N A 45 Bh B % +F 37 #K (CDF) & 1% 1Y cdf1(GSU0487).
cdf2(GSU2613), HUJ 40 il 7 2L 76 19 (RND) R % 1) czcA1(GSU3400) . czeA2(GSU0830) 1 P %4 ATP [if
(P-type ATPase) %k 1) copZ(GSU1338). copA(GSU2452)(WL3¢ 1), AT, Db BRI 1 cDNA A
Wi, FH 7500 qPCR Z 4t (Applied Biosystems) 17 qRT-PCR ¥ 3 MG I, I FH A1V & 19 4l fk cDNA
MR RE, WEEDS 6 MEUE IR eI Z .

%1 qRT-PCR3|#1F 5
Table 1 Primer sequences for qRT-PCR

BIR7E2iN HIG 11751 JE5 15
copZ_451/168r AGTGATCGTGGTGGTGCTCT GAGCGTCTTCTCGATCTTGC
copA_22631/2368r GCCGGGGTCCTCTACTATCC GGAGCAGGATCGAGTTGGTC
czcAl_4511/561r CCCATGGAGTTGAAGGAGAC CACTTGGTACTGCCGCTTTT
czcA2_22761/2374r AAGAGAACCGCAGCTTCGAC TGCCGGTTTTCGTAGTGATG
cdfl_681£/796r GGTCAATGCCGTTCATCAGA GTCGTAGAACCTCGGCTTGC
cdf2_7811/876r ATCGCCACGTGTGTCAAAAA ATCCTCATGCTCCTCGTCGT

1.3 copZ EFE LB Geobacter sulfurreducens Btk B &E

) copZ R B AL G. sulfurreducens itk R N LR B4 076", X G. sulfurreducens DL1 1
copZ FEH (¥ 13t 1R Ui 4% 29 500 bp 19 X I 531 PCR 514 (W3 2), 78 L) 5190 1 3756 F1 iz
51909 5% U8 A Avill(CCTAGG, NEB) BRI PEBE VIO 58 o X copZ Fk R4 L 3 AR Uig DX 1] 2R 47 85
P& E 1) JumpStart AccuTaq LA DNA % 5 i (Sigma-Aldrich) ) PCR 738, 7=91 H Avrll B il ¥4 4% R 1N
DI (NEB, Beverly, MA)IHfk, ZBEULUE, 5 T4 DNA % #: i (NEB) 4% . SR H51E 3 S IR
B W29 1 kb KB ) S50 HEAT BN R 00 Qiaquick BE B 42 UK ) & Qiagen), Jf 3% #2 3
pCR2.1 TOPO el R, 1B A PCR2.1 L3 5'+3" F i ki, @i Sanger I ¥ LLSGTIE 7 [ 7 4y 14 %
G o SR E HR IO e 45 S 58 4 HE R 1Y SO RE T 0 BTRL A, T Avell BRI PE R R N VTR A, T T4
DNA % $2 B T8 A6 7 90 5 TR R Avell 90 4k 385 1) DR %5 R PR 56 I8 i B i 432 il PCR2.1 | ¢
5"+ IR KB R Btk R +3 R e Bk, WY 5 i
AL B B R L 5 R A 9 D)t Ko ®2 copZ BE LHHITHSINF
(GGTACC, NEB) X R R TR AT G Y Table 2 Primer sequences for upstream and

downstream of copZ

i ORr R A o ZRAPE AL A BORLE 1 R 3L EA G

— 51 YRR 51YIF5
sulfurreducens TR PR 9 J S35 A0 D L ik W3 copZ_up_f GATGCGGCCGTCAACGTCAA
ﬁk [9] ° %E ’ %IUEHBE %L%;‘E%ﬁ EF' ﬁ?[J % E/\J B {?J\Q\j]n T COpZiupil‘ TATCATGACAGGCTCCTTTGAAG
20 pgrmL ! PO 1) NBAF [ {35 7 A i copZ .t TATACCGGCAGTACCACCGCCTT
copZ Fe R R AL G. sulfurreducens B b, Jf i copZ:dwn:r TCGGTGGCGAACTTCTTGTTGC

i PCR #5 5; copZ FE PR 2 75 4 8 4 hlg o)
14 MFCARKEREBITEN
JWARFHT 2 AU 25 MFC 4B, BRI 2 (2583 858 250 mL,  Jf i BTF % (CMI;  CMI7000,
Membranes International Inc., 3¢ [E) F& . 4Tt BH FHA % W & 0.42 ¢ KH,PO,. 0.22 g K,HPO,, 0.20 g
NH,Cl,. 0.38 g KCI, 0.36 g NaCl, 0.04 g CaCL,-2H,0. 0.10 g MgSO,-7H,0. 1.80 g NaHCO,. 0.50 g
Na,CO,, LK 1 mmol-L™" A Na,SeO, A 10 mL. 10 mL f &4 R ¥ W F1 15 mL 44 Fin ™.
e 2 FE IR IR A 10 mmol- L™ Z R Jhy ol — F b4 o e i B A 1 20 53 % T 800 mL 25 &5+
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K, WG ER R 1L, &H200 mL W JF H N,:CO,=80:20 AR & U< 30 min, FHMZEHIT
i AR S E % B AR IE DA R BT, R TG ) e Pk A e AT e 4k . B BI AR X O A S5 ALl (@ 6 mmx

80 mm), Z: LW HLH A IR RN H IR HU Al (FHXT AR E S0 4o +199 mV). 43 3 7E 2 244 MFC 1Y FH A 28 42 7
I G. sulfurreducens F copZ I& N BRI G. sulurreducens . i B AL 2% TA/ES (ChI1030C, | fR1E
AR A BR N 7] ) 428 1 FH AR B oA +300 mV, (5] s W 2 2H MFC 1) % i B VA o
2 HR51R
2.1 G. sulfurreducens 5t Ag'TH Z I H X EE FRILE S

AR 3 B RS 19 U (CDF) K . VUM AN 7» 248 (RND) %% . P B ATP i K X 3 M2
&R ELE, BHT G sulfurreducens Xt Ag'it 52 14 1T 6& AH 5 19 B FH 2§ + ¥ 5K (CDF) %1% )
cdfl/cdf2 FE | YU AN/ 248 H (RND) KK czeAl/czcA2 FE R A1 P &Y ATP [ K% 1 copA/copZ F
KHATRESE . A0 N FEA N Ag R I 0.05 mmol- L™ Ag 5514 T, X EFA= Y G. sulfurreducens ) iR
FE DR ) e SR AT LU B, SR AR 1 R S

Hi T 10 W, Ag'HY A7 8 X cdfl T czedl W) 323K B2 W B/, AT X 2 FP L S G
sulfurreducens %F Ag'fift 1 FF 1 B9 A & ME I A Ko 76 AgVRE N 0.05 mmol- L' 1 &4, Ag'TWAFHE
X ed2 5 czeA2 W RIBR|A —EH W, cdf2 5
czcA2 W FRIR T4 HIEIN T 3555 4245, 1M
X} 5 P-ATPase Z 5 AH I copZ Fll copA FEIH
TE Ag I B 0.05 mmol L7 A B 32 4 146 T,
HF KRBT T 2481455 8.1 4% . copZ
M AR 32 Ag YR I B O i

M copZ FE K It 4w % 1Y CopZ 2 H /& —FP 42
BB 1, HAE 2 Fh 40 a0 it IG 7 Bk e 1)

35¢ AgWIZNO
EER Ag % 50.05 mmol - L!

30

25+

20

FAXFFproCHE R Y mRN AR S 54

(Enterococcus hirae) . A2 R “3](Bacillus 0 cd cdf2  czeAl czcA2  copZ  copA
subtilis) 25T 32 SR e 2 148 (W Cu™) 1k 72 HHRIEA

R T mEMEN . B W, copzxt B RERMARM AL FMT G. sulfurreducens BE R
Ag T I AR L TG M T 4 R 6 52 A O R T REAXBEARATAXIL

Fig. 1 Comparison of the expression changes of heavy metal
A B Ab N ] P2 0 + ¢ . .
K, AR T G ulfurreducens X of Ag il transport related genes in G. sulfurreducens in the absence or

i} 52 BE 71 - presence of Ag"
2.2 copZ BEEX} G. sulfurreducens HE KT % Ag 8K E 5B B 52 M

Rt — AR SE copZ FRTE G. sulfurreducens T3 Ag™ it B Y SCHEAE T, AW 938 i ] Y5 82 40
W7 XM T copZ FEH G G. sulfurreducens W HE, HAEAIR] AgVRE BB 20T, 4 BI0F5
THHERLY copz FER BRI G. sulfurreducens TR AR XT Ag i 52 W B BRI(E , 25 UK 2 ras .

M & 2(a) AT AL, B A B G sulfurreducens T R X Ag VR BE T 32 fE S B8 0%, X4 AWk E R 0~
0.075 mmol-L™' B} , G. sulfurreducens T #& 4= K S R 0l R FE7E 010 h ' I A . Bl AghHlk BE A 18k,
G. sulfurreducens TH AR AE K R B TRE, HTE AgWREEHE K E 1.00 mmol- L™ I, FEHRA: K 45 fE
5] 0.046 h'y HABAN R, WIRA KT (Escherichia coli). W& i 4 A 1 (Legionella pneumophila)
FIVE 23 A5 PP B B8] (Pseudomonas aeruginosa) X Ag BT 32 ¥ BE AR 7x107*~9x107* mmol-L ™', ¢ L 15d
B, WFAERY G. sulfurreducens ¥ Ag™ A AR5 AT 52 68 7 o

SR, M 20) AT HT, 4 copZ N G. sulfurreducens 0 3& K 20 W @i Bk )5 ., G. sulfurreducens %}
AgT Z HE T B3 TR 76 Ag ¥R EE &5 F 0.01 mmol-L™' i}, copZ F [R5 2 78 1] Ak 1 A 52 31 B
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0.14 0.18

- 0.16 F
T 0.12 - \5

= § 0141
ﬁ;j 0.10 {‘ ]

ild W 012+

3 oos| < onof
S $

_§ 0.06 H .,;f 0.08 |-
N N

S £ 006
S 0.04 H =

3 2 0041
S 002} S

0.02 -

0 rI-I rh /|
0 0.0250.050.075 0.1 02 03 04 05 07 08 10 0 0.0001 0.005 0.01 0.025 0.05
Ag He i /(mmol - L) Ag e i/ (mmol - L)
(a) BPARIG. sulfurreducens 1K R A G MR B (19735 1k (b) copZHERBIKRIG. sulfurreducenstf K K Ag e i 1751k

2 BHERBE copz HEEERLE G. sulfurreducens 1% Ag BT 3 5K & 5 &
Fig. 2 Tolerance threshold of wild-type and copZ-deficient G. sulfurreducens strains to Ag" concentration

i, ARKERATF 0.01307, (KB AR G. sulfurreducens R AR TE Ag ¥ A 1.00 mmol- L™ 55 5% 5%
R 33.3%, HILTT UL, copZ WIBKAE G. sulfurreducens X Ag' BT 52 e & BRE R T 29 100 £%,
WIESE T copZZ 5 T G. sulfurreducens Xf Ag'i 32 fie JJ W . BT copZ MR EBXWMEI T G
sulfurreducens W MR XY Ag B EE, MIMARIE T HAKE R, MHK T copZ B G. sulfurreducens T Fk
RN SZ 2] T Ag Bk RISl

2.3 Ag'Xf G. sulfurreducens = F8 4 GE B9 52 M

G. sulfurreducens HAG BRI F= B GE 1 o 0 IR AP B A Y S copZ FER BRI AY G. sulfurreducens
WHE MFC 1R &, dl I X) b 2 40 MFC i L LA BE, ¥R 9T copZ BB R X T G. sulfurreducens 7= Hi
e mysm, R ERREIETT 24 h )5, 18] 2 41 MFC FHAZ Z A 0.05 mmol-L™" ) Ag", WF5% Ag 17
TEX) 2 F G. sulfurreducens TR HLBE ST AIsZ M, 25 R WA 3 Fros.

3 AT 0L, SRR PORELE AR, 2 FhE AR = iR RE 22 BRI, R R IR 0.29 mA
KA BIRRIZIT 24 h BFINA 0.05 mmol-L™'Ag'f5 , #EFhEF AR G. sulfurreducens T i 1Y) MFC {4 %
Rt B TR TR, S LA 2 ROR A LK o X AT REJE BT Ag Y H BT T MEC AR Y
G. sulfurreducens MM = T —EFEMEH, HH T copZ IR W HAE, B4R G. sulfurreducens T L)

TP AR RE G % Ag R EE T B AR AF IR 032

55, ff MFC R R LR A LUK E . sk, 030 v S

A 0.05 mmol'L'Ag'f5 , #EM T copZ & ik 5 o028l [/\_\\

B G. sulfurreducens T ¥k 1Y) MFC 2 4t B9 HE i+ < oml

ST, RWEEGRY G sulfurreducens TH 4?2

f 7= v BE 3 B T AN AR L FLJE I 2O WG sureducens

RS MRS 00 h R, R HLIE PEP G T conRIRRRG fimeducens

A AT 0.29 mA FREEIMA Ag 51 0.27 mA, 0200 i 005 mmol - L Ag

T 6.99%. M8 0 40 60 0 100
copZ F X % 5 1) 42 J& £ 17 CopZ & 1 5 P- i)

ATPase 4 J& # i HLH B VIAHC, 4 CopZ 3 AgWARIEMTEHERS copz HE LR
5 e B 4 S R AR LA HEDS, R R S A G. sulfurreducens & £ MFC 2 % 1977 B 14 GE B9 52 M

p Y N Fig. 3 Effect of Ag" on the electricity production performance
*E‘ ,gﬂ(T éj: , \/%iﬂ: A+‘ aed TJ‘G g g Y P p
I 19 G S 5 Ok b i o g e I 1k of MFC systems inoculated with wild-type and copZ-deficient

sulfurreducens S Jf %) 3 1 TR, B A R T R G. sulfurreducens strains
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A3 2ok 248 BT Y CopZ 28 FUKF Aghiz ik BI5GB 45 G A0 b, BTS2 T P-ATPase 1Y Ag'#% iz #l
i, AR MY Ag W BE MR e, gk 4ERs A S AR 5EaIES) . fEE BT, copZ HH
i E ¥R CopZ AR FRIKFEM T G. sulfurreducens X Ag W 3Z o

A B Ag™F copZ FEH R BY G. sulfurreducens TR B 7= HLRE J1 2377 AE 20, M T 248 MFC 119
i E, I, copZ X G. sulfurreducens 1 Ag' FEME TR S T EH , BRI T Geobacter
R MFC 7E 3 bR Ag K s 7E R i AT AT PR o O — 0 T, 5 22 J DR B ) 2 1 XD R o Ag i
UKW G. sulfurreducens TREBBE, W LAFI HEFIZ B MR MFC R G M g A= W H Ak 24 15 I8R5, XTH
SROK PR I Ag Vs Juid ok {55 AT SE A W . AR A AT AT PR IS A R IS SRR AR IR SE .
3 g

1) Bf A= 8 G. sulfurreducens X Ag i BRI 52 681, 76 Ag W BE =53k 1 mmol- L™ B /3 BE {45 —
FE AR, TR Ag R /K I Ak 3 ST B A VR AE Y 0 TV T o

2) cdf2 Fl czcA2 N5 G. sulfurreducens % Ag'it 32 /E H AU AH G355, 15 P-ATPase ZK G AH G
B copZ Fl copA FEHXT Ag By N 555k, RIS G. sulfurreducens X Ag'Tit 32 AF FH B 5% (19 AH 5G4 .
copZ SENTE G. sulfurreducens % Ag ATt 57 1 #2 bl 2 OCHEAE A, %38 G o PR 4% CopZ R [ 3R 35
W T G. sulfurreducens Xf Ag 1T 32 o

3) copZ F& K B B R A SZi BF A= Y G sulfurreducens MFC WP HLBE T, {H Ag" S XHEM T copz &
Rl 2R Y G, sulfurreducens TR PR B MFC 19 7 B3 BE 7 38 AR 52 M, HLAG s [B) Y Jo ik A FRK AL .
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Tolerance mechanism of Geobacter sulfurreducens to silver ion and its effects
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Abstract  Microbial fuel cell (MFC) is a hot spot research area in sewage treatment. Geobacter is widely
recognized in the field of MFC due to its excellent electricity generation ability. The biologically toxic
components such as heavy metals in the natural water environment will affect the growth and survival of
Geobacter and the ability to generate electricity, which in turn affects the electricity generation performance of
MFC. Geobacter is generally tolerant to various kinds of heavy metals such as Ag’. However, the mechanism of
its tolerance to higher concentrations of heavy metals is still unclear. In this study, Geobacter sulfurreducens, a
model species of Geobacter, was selected to study the regulation of the copZ gene on G. sulfurreducens’s
tolerance to Ag'. Results showed that the transcription of the copZ gene of wild-type G. sulfurreducens
increased by 24.8 times under 0.05 mmol-L™'Ag". When copZ was knocked out from the G. sulfurreducens
genome, the tolerance of G. sulfurreducens to Ag™ decreased significantly. The growth rate of the copZ-deficient
G. sulfurreducens strain in the presence of 0.01 mmol-L™ Ag" was only 33.3% of that of the wild-type G.
sulfurreducens in the presence of 1 mmol-L™'Ag”. When 0.05 mmol-L™" Ag" was added to the microbial fuel cell
(MFC) system which inoculated with the copZ -deficient G. sulfurreducens strain, the output current of the MFC
decreased by 6.99%. This study proved that the copZ has a significant regulatory effect on G. sulfurreducens
tolerance to Ag’, and revealed the internal mechanism of high Ag" concentration influence on the electricity
productivity performance in the G. sulfurreducens MFC system.
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