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Research on Mercury Methylation by Geobacter sulfurreducens and Its

Influencing Factors

70U Yan, SI You-bin, YAN Xue, CHEN Yan
(School of Resources and Environment, Anhui Agricultural University, Hefei 230036, China)

Abstract: Mercury methylation by Geobacter sulfurreducens and the effects of environmental factors were studied under laboratory
conditions. The results showed that G. sulfurreducens could grow well in the presence of low concentrations of mercuric chloride, but its
growth was inhibited to a certain extent, mainly expressed in the prolonged lag phase. G. sulfurreducens could transform inorganic
mercury into methylmercury, and this process was affected by many environmental factors. The efficiency of mercury methylation
reached 38% under anaerobic conditions with 1 mg-L~" HgCl, and 0.9% salinity at 35°C , pH 6.0. Increasing the initial HgCl,
concentration or salinity in an appropriate manner improved mercury methylation, but the concentration of methylmercury reduced when
the concentrations of HgCl, and salinity were too high. The efficiency of mercury methylation increased with the increasing temperature
in range of 4-35°C. Weakly acidic environment was more beneficial to mercury methylation than acidic, neutral or alkaline conditions.
In addition, the efficiency of mercury methyaltion was also affected by humic acid and cysteine. Humic acid inhibited mercury
methyaltion, whereas cysteine could improve the efficiency of mercury methylation. This study provided a direct evidence for mercury
methylation mediated by iron-reducing bacteria in the natural aquatic ecosystem.
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W75 FLIR B ( Shewanella) ™ 1 18 52 5 IRAF X 4%
RSB SR A= 1.

Geobacter sulfurreducens J&=—Fh A & HLHY (R 2R iL
JRTR, G. sulfurreducens 7 [ P MR TEAE P10k
BIFgE %) i e ¥ 25 2% M2 e T A [ st 7 5
WAL AFAE EEAE, 6. sulfurreducens T Fl]
FHEMAE Jy L F 2 Ak M Ak £ BR RO, A 5T i
HXF 6. sulfurreducens FEATAIEEFR 7852 50 5 B 4%
W RV 6. sulfurreducens X35k H 340 B9 VE FHAIAS
[ A58 R R )5 6 A s i), LA Ay K R Y L5k
15 YL BIT IR SR BE R KA.

1 #MREFZE

1.1 SR

Ak R (HeCly, 4 95% LI 1), W 3R
(MeHg, 2% 95% VA 1) #104F Merck A w]. H 3K
T AR SR, AR CORORAFE T 4°C UKAR 5 B
o W T VR AR Bk R B R e DU T BRI A
(TBABr) , 2l =99% ; B, (i 4li; /K~ Mili-Q
Ak, HABHR 1 S o A 4.

BN K5 . Geobacter sulfurreducens rh V5 4 Ko
IRBE 27 Bt B B A 40L 55 5 e 455 ) ] o8 R S0 I &
Fit.

Geobacter sulfurreducens 35 % 3&. NH,Cl 1.5
g-L”', NaH,PO, 0.6 g-L°', KCl 0.1 g-L°',
NaHCO, 2.5 gL', NaAc 0.82 g-L™', & DSR4
8.0 g-L™", Wolfe il 44 RIE AW 10 mL-L™" |
T YICRIRA W 10 mL-L~" ( BAR W 2 0L 36 [
B E ATCC Medium 1957).

1.2 STk

TETLHERESRMT B G sulfurreducens TR E K
FFh 2 B A ARG 95 B AR (B BB D, P 1) 25 4
HEs in HgCl, ¥ W, 18 HgCl, B9 W46 ¥ E 2y 1
mg- L1 IREAN G |, fH R R B R TR, R R
H20d,505170,1,2,.3.5.7,9,11,13,16 Fl
20 d BURE, 2 HeClL, FIH R & & S0 [A] i ik
TR RS | W, pH, 3R AR .
bt 2 i A DR 28 % Ok B AR g . R AL 3 Ik
HH.
1.3 AR AL 5K I

Fil 42 25% KOH/ HY B3 W3R U, 1 0. 45

pm JEMEEUE , FEAA 0. 05 mol - L™" TBABr IR
BATEES E W, SR BEREIIGE .

TEHLR 5 H HER B I 22 >R ) Agilent 1100 =%

VAR € 3543, TE 7T AR I A S8 AR 28 A HP b2 T
Y.

% B AE 44" . C\y Hypersil ODS @ i £
(4.6 mm x 150 mm,5 pm), 7 34 b & 0.01
mol-L ™" TBABr 1 0. 025 mol-L~" NaCl /K% :
HEE =45:55 (RFE), B | 35C, Wi 1.0
mL+min SR K R 225 nm, FERESEH 20 L.

2 HR5ITR

2.1  Geobacter sulfurreducens )= PRAFFPE I 7E K W
H A= K 2k

G. sulfurreducens A HIALRETE , =2 QYL 4 ]
P, JTRS IR, TE2F A, 78 =N R BT R B A T )
AL DL AR IR AE B SR . BRI
P18 22 T 0 0 RS20 5 ) s D I, AR P = Ak
R EERIAT G 2 o, AP f A A i

M 1 AT LA A1 35°C . pH 7.0 W55 T, G.
sulfurreducens TEXFFR ISR 4 d A IR BINEUAE K X
FEREMT 6. sulfurreducens J&—Fh 4% IR 48, 4=
KJEE. REMAX G sulfurreducens 1A
A —EREE BN VE T, SR ] 32 2R A AR
MR Z W SE K. 6. sulfurreducens £ 1 mg-L™"'
HgCl, G AR KOR 2 I LU FORIE R T2 24 h. fH
2 AT R I R I B, e R K
RSN, X WYL G sulfurreducens TE 4233 N
TYIME G REAERHR BE HeCl, MM RAFA 4.

J% B Dooo

Fof f/d
Bl 1 SRiIREX G. sulfurreducens * 1B Z 00
Fig. 1 Effect of HgCl, concentration on the growth

of G. sulfurreducens

2.2 Geobacter sulfurreducens %} 7K ) H 34k

PI4h HeCl, W JE 1 mg-L™", IR ¥ 35°C, pH
6.0.0.9% HJERIREAFMN T, G sulfurreducens
AR IEAL B Sy~ anTE 2 R,
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B & W R OHE B, HeCl, B & & 7E G
sulfurreducens E@Wﬁﬁ?ﬁﬂiﬁ?ﬁ%,ﬁ% 7 d W
CAIIANE] HeCl,. [RIBT, MeHg B AN HT L7,
TESR T d R B e (i, KN 0.38 mg- L1
R Hg® " KIS BRTEA MR N | B A /N o3 1
AL NP R IE R X 6. sulfurreducens TF
— 8 IPRE SR AF T REAE HeCl, #24b4 MeHg, B4 4L
] 3k 38%.

T s SR ) A R A 2 R R A TR A N
(BEAE SN . Choi B8P [ WF 5T 2 B, B34 JE 7R
Desulfovibrio desulfuricans 1S 18 1< 52 i Py B A2 S o7
PR Al e 3R R4 oKk (9 F BE AL, fE W B HgCl, ¥k
JEHR 0.1 mg-L™"Z&F T B HEAL 3 & 3K 50% . Kerin
0D BE 58 L R B R TR B, & B Geobacter
metallireducens GS- 15 5 G. sulfurreducens 7 #] if
HgCl, ¢4 0. 01 mg- L' 2508 F H 3L R 43 51
8% M 18% . JXLEERIR S REAM ] ke’ | RHMRER I
IEWZRIRE N e 4 W 7 2 IR A7 ok WP kAl Horh DA
Fe' " hpfe 2 32 A HY AL AR de ey X L R W
TERRIE JE BRI BRI IR A P X 240 i A o P A Y
puRE | e

1000 | —&—MeHg 11000
—O—HgCl
800 4800
5 2
o0 on
= 600 600 =
i £
X %
o 400 - 4400 5
=) (5]
= =
200 - 4200
0 C 1 1 1 ] 1 3 0
0 5 10 15 20
i fi)/d

B2 REREMAHNZF

Fig. 2 Dynamics of mercury methylation

2.3 ORHEALRRZE R
2.3.1 WIHHRWKEEXT 6. sulfurreducens 7K W FEAL T
SR

TEH SRR TR, R A6 R W FE 7350 0., 0.5,
1,2.3,4F15 mg-L™ 55527 d J5 , i rh AR i R O
RUCEE AN 3 Frzs. BAG R BE X A= 1 Y A Y
SR, N0 ~ 1 mg- L ™" Az i H 35 5K 114 52 B
T, 24 HeCl, (VR >2 mg- L7 5, H LR A9 4 1%,
IR, M HeCl, MR EEE] S mg- L', H
3R AL AL RAL N 0. 5% , 31X F B 0 e 1Y

KX G. sulfurreducens A= 1 A5 %5 5% 09 410 1 /8 FH.
AR BE HeCl, 4514 T B BRI A i 22 3K,
AR R 0 11 A Bt o ) s oA vk B ) 38 n m ¥4 i, AR S
Bl 7 Ve B T 34 n R B R B AE HeCl, WREE R 1
mg- L~ B A HEOR %

400 |
—+

300 + %

200 |

MeHg#k f/pg L™

100 |

0 1 1 1 1 =
0 1 2 3 4 5
HeCl¥k J/mg-L!

B3 #iEkREX KA BN

Fig. 3 Effect of initial HgCl, concentration on mercury methylation

2.3.2 RBEEXR AR R

TE HAR G B 2K R bR iy B AR AT 35
) 0 e f 2 KT 6 TR AR AK A ) B AR AR 2R
PR 2 S T AR 2 M 25 S AR AR i R TR
FERIREIT . SCEG IS TS AR R R Y B A
R L 4 TR BEAE 4 ~35°CHa B N, B 3R A4:
N i A IR 1) T R T T, 35°C B B S SR 1 A
K. 7E 4°C B R A il i I, 3O BRI
KAK, Sm 7 i APi R R HTE R, ik 3]35C ),
Tk P b T h 2 il ok %) R Ak v e ol R A A K 2
BHEL 2 A6 T DT Y Ak 3 R B T .
2.3.3  Wth pH Xk H AL B 5

M5 ATLLE ) pH 6.0 B, B BRE5R 4 A il i e
K. HEIABRYESAA R T R ITE K, (H SR ot
T2 P PN 23 2 e 0 A A0 %5 S0 18 W A T 52 i P 3k
MRS CE A T F R ITE K. Lee 251 1)
WA RRW], pH A4 IT A B 4552 T LR 1
TR 2 T ORI R R e 1 L Bl P S
TFHRHSE AR Ak, BRI AT LARS In A v B 35K sl HAth
T2 TR B A B TS 7K BRI v oK B ) i A\ £ 4
i, AT el A5 K 4K v FREE SR VR BE Tt . Fitzgerald
BT R I, & pH A TR M K, T3
FR A ) St/ | DT/ b FE B SR A A i
2.3.4  JRE/ AN R ALY

H I 6 AT AL FEIR A SN, G sulfurreducens
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400 3.5% Il T DR AU A 45 4540 T Ak % iX vk i
PR A PR IEOR IO 3k, TiE 6. sulfurreducens
wl R R B, ST A R 1
} A DA G U, S5 AR 2R LA i A
go FIF ORI A . X SC IR B SR 5 T, TR
- HIL RIS (L1 3 I 22 R T 95 St T b R 11
E A= H IR DR 2R AR5 )
100 - 2.3.5  EREEXIOR H AR I
N7 TTULE 55552 W AR B k53 % R Y
ol HIb A — e AR SEVE L, M 2 0. 9% P42 & 3k
0 s 0 s 20 B SR R IEAL = A s ZU P OR . b e
M FEF 4. 0% BB S2 B 1 5o o EL RS ) FR 35
B4 REXREELHHM AR, X BRI A YR ok b ) £ S
Fig. 4 Effect of temperature on mercury methylation % , ﬁﬁ?’{% ﬁ'i rg B/‘J ﬂj( 7&?%& ﬁi%éﬁﬂ B@% Zvi EE B\% % ﬁ'}’
400 BMG, T EHN S FEIRAEY ST, Compeau
021 i Z2 YR AT 5 5 R R I R R R RS R T
- Mot H AR, =k BE DA rh B R i & 8RR
] MG TG £8 B U o R 10 45 . Olson 251 )
gg R R, R AL R 5 IRA TR Y h SR 2
g SR 5 HIEE.
g 400
100
300
brE . , , . 4
0 5 ;gm/d 15 20 g 200
ES ¥4 pH XHRREALLOHE g}
Fig. 5 Effect of initial pH value on mercury methylation 100
400
0 1 1 1 1 1
a5 | 0 5 Elrj()ﬁil/d 15 20
i —B— JR& + G. sulfurreducens 27 S o8
,g 200 | i Eg}ﬁ%‘ el Fig. 7 :ffect of :Ii:iffng;nﬁf:ry mrlthylation
g 2.3.6 JEFHERXT IR H FEAL I R
100 - MIEL 8 WT LA H Bl 2 6 i vk 15 i T v, S
TR A B AN BT R AT S A R S — R A AL
o4 . 1 . . AR I A AT AT | BT L e
0 5 ;a?ﬁ/d 15 20 YT SR B Akt nT LS LRSS A il

Ee6 RE/FERMENRAELHIZM

Fig. 6 Effect of anaerobic/aerobic condition on mercury methylation

X G R 0 A R g . R | A B HoOm A 6.
sulfurreducens B 25 14F T, H R R LR KA N

HAROCRRRAR . A BFFE K B, I 5 R A0 ) R
WS SRR S R R AR R
BT R JZ DR | T SRR mT LA Sy 240 1 950
875 IR Jo [ Ak 58 26 ol A= gy ml DA o 2R ) Ak~ 1
M EORA P IEAL, X FEE TR MRS & K T
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B, R BTN HeCl, LB FHRREE & R H 4
DAY AL th TR AR PR R
& BELA B8 TR T (ol A 0 4 A K BB B AT S 2 ke
PR Humiti it , 8 B R A X A I O T B 8 Aok
FSEAL ) RO R 3R, T JB LR -5 R 45 3 J B X Tl
A=W AL, TS B0 SR A TR

400

95
[=3
(=]

MeHgk fif/pg L'
[§*)
=]
{ ]

100

1 1 | L 1

10 15 20
i fi)/d
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wn

B8 MEBRSEXNKAELNHFZMG

Fig. 8 Effect of humic acid concentration on mercury methylation

2.3.7 EBEERRXTR B AR

e Jo 2 IR 1 0% 5 1 i 2 400 200 L PR R ) PR A
A it 57RTE B — Fhnl LS A0 AR . 25 5
YA 25 A8, DI A8 78 0 20 A 41 B P 2R 17 H 34k
F R B i i, g2 RS N T 40 B R R ok %
R nE 9 B, RIAE B EBR AT, B R
REALR A Ny 28% %00 HeCL, 25 9 d Jo H LR A&
HRTRE. MA 300 mg-L™ R &R 5, B3R
AR R B 38% I HAESS 7 d Ja BRI &
TR, MRS M 100 mg- L~ 34 Jn E

400 -

300

L
on
=
£
200 |
5
jas}
L
= —m— 400 mg L
100 - | —0— 300 mg L™
‘ —A— 200 mg-L™!
—/\— 100 mg-L™!
—e— O0mgL™!
O =
1 1 1 1 |
0 5 10 15 20
Fif ) /d

B9 FHEmaEXRAELNZN

Fig. 9 Effect of cysteine concentration on mercury methylation

300 mg-L~", 3L OR B b AN W 2 5, 3k 3] 300
mg - L™ 5 PR o I SR 1 v R R AR AR
HIVE AN 5. Schaefer 2512 [ IF 5T 32 BH 2K b 4 R
Z T LA REAE R Y R A A B A BB 3 A 1 1
HEAT, FEOR R TR A R A —SH S I, 5ok
B 5 WU AE QUM T %) A% i AN e P2t b I LA )
PR RS TR AR A A AR 1 O XA T
Kelly %5 F1 Golding %) % B T R 75 20 o s [
PRI AR SE RSN B sl J—+F  #2 )
S i T 20 LA AL .

3 g

(1)G. sulfurreducens TEARYE JE 7R 1 W h BE 1% A=
K A AZ ) B2 BE B SR i) = A
TERBRA K R S SE K

(2) FEVI IR HeCL, WRFE R 1 mg L', 1R E
35°C . pH 6.0, FHJF 0. 9% [RE KM T, Geobacter
sulfurreducens BE7EANAEAAR NI HeCl, ¥4 1k A MeHg,
ARk 3] 38% .
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