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Abstract: [ Objective ] A variety of dissolved organic matter (DOM) and microorganisms affect mercury transformation under
anaerobic conditions by mediating biogeochemical cycles. However, it is still unclear how specific organic matter would affect
mercury transformation under this condition. [ Method ] Using batch experiments, the effect of DOM and the co-culture of
microorganisms on mercury transformation were investigated. Under simulated the anaerobic environment, three kinds of DOM
(cysteine and glutathione containing sulfhydryl and fulvic acid) and two kinds of bacteria (Shewanella putrefaciens CN32 and
Geobacter sulfurreducens PCA) were selected to create a reduction environment and methylated mercury, respectively. Batch
experiments were carried out to investigate the effect of DOM and the co-culture of microorganisms on mercury transformation.
[ Result ] The results showed that the unit cell adsorption/uptake capacity of G sulfurreducens PCA for Hg(1l) was 69.0% of that
of S. putrefaciens CN32. Cysteine and glutathione did not alter the proportion of intracellular mercury in G sulfurreducens PCA,
but the proportion of intracellular mercury in S. putrefaciens CN32 was decreased. In the culture of G sulfurreducens PCA,
cysteine promoted mercury reduction and methylation, glutathione promoted mercury reduction, and fulvic acid inhibited mercury
reduction and methylation. In the co-culture system of S. putrefaciens CN32 and G sulfurreducens PCA, the mercury methylation
ratio was as high as 18.7%=£3.1% after the addition of cysteine complexed mercury, which was mainly attributed to the
enhancement of Hg methylation of G sulfurreducens PCA by microbial co-culture. [ Conclusion ] The results of this study
elucidate the mechanism of DOM and co-culture of microorganisms on mercury species transformation in anaerobic condition,
and provide a theoretical basis for the remediation of mercury pollution in flooded paddy field wetland.

Key words: Mercury; Dissolved organic matter; Microorganisms co-culture; Methylation; Reduction
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FABERRER R D . BRI IR 0.14 mol L
NaCl, 3 mmol'L™' KCI, 10 mmol-L"' Na,HPO, il 2
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1 Hgeen MR, Hgew MIANER ., PCA N G sulfurreducens PCA W& +50 nmol-L™' Hg ( 11 ) B A RIE WAL H4 ,

CYS-PCA . GSH-PCA #1 FA-PCA 439l G. sulfurreducens PCA WA +TSEIR 4G 48 h 19 CYS-Hg ( 1T ), GSH-Hg ( I ) #1 FA-Hg ( T )
FHL A BREWALBILE ; CN32 Jy S. putrefaciens CN32 BB +50 nmol-L™ Hg( 11 ) Frt iy A SR M AL FEZH , CYS-CN32, GSH-CN32
H1 FA-CN32 5330 S. putrefaciens CN32 &R+ TEiRA 48 h Y CYS-Hg ( 1 ). GSH-Hg ( I1 ) Ml FA-Hg ( I ) fAHLE & B RE R
AR, B EARE/NG FhER R AR R SR IE 28 [R) A BRE) 22 53 5 2 ( P<0.05 ), T [A) . Note: Hg..; is total intracellular mercury, Hg,, is total
extracellular mercury. PCA treatment was G sulfurreducens PCA bacterial suspension followed by the addition of 50 nmol-L ™' Hg ( 1 )

solution. CYS-PCA, GSH-PCA and FA-PCA were treated with cysteine, glutathione and fulvic acid with 50 nmol-L™" Hg( Il )organic complex
solution pre-mixed for 48 h followed by the addition of G sulfurreducens PCA bacterial suspension, respectively. CN32 treatment was S.
putrefaciens CN32 bacterial suspension followed by the addition of 50 nmol-L ™' Hg( II )solution. CYS-CN32, GSH-CN32 and FA-CN32 were
treated with cysteine, glutathione and fulvic acid with 50 nmol-L™' Hg ( 11 ) organic complex solution pre-mixed for 48 h followed by the
addition of S. putrefaciens CN32 bacterial suspension, respectively. Different lowercase letters mean significant difference between different

treatments of the same Hg species ( P<0.05) . The same below.

K1 wEHEANR (DOM) X G sulfurreducens PCA (a) BY S. putrefaciens CN32 (b)) AUk 5EAK %R He ( 11) KA MAE
amiseAl|
Fig. 1 The effects of dissolved organic matter ( DOM ) on the intracellular and extracellular distribution of Hg ( Il ) in G sulfurreducens PCA

(a) orS. putrefaciens CN32 (b)
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SORE A, B IR AL b A SR H R,
UL TR R th T H & 0 iR AR a5, ROk DLES

RE G, X Hg CT0) oM B/ i ise ) e 5
— M R G, (AX He (11 ) B B0 20 M
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b FHTreatment AbFTreatment

H:: CN32-PCA A S. putrefaciens CN32 HEWH G sulfurreducens PCA W2 IRA J5+50 nmol-L ' Hg ( 11 ) B iy A SR Ak
4], CYS-CN32-PCA . GSH-CN32-PCA Fil FA-CN32-PCA 434l S. putrefaciens CN32 =W A G. sulfurreducens PCA WREWIR A5
+WiSEiR A 48 h 9 CYS-Hg ( T ). GSH-Hg ( 11 ) #il FA-Hg ( T ) AHLE G A RE R ; Re-EPS-PCA A G sulfurreducens PCA
RIS RS M AR A H+50 nmol- L' Hg ( 11 ) FRIFWALINL, Re-CYS-PCA . Re-GSH-PCA Fll Re-FA-PCA 7350 G sulfurreducens
PCA BRI+ R 752 B R . 2 DEH KA 8 1 BR IF W +50 nmol- L' Hg ( 1 ) SRIFWALBEZH . F[H, Note: CN32-PCA treatment was the
mixture of S. putrefaciens CN32 and G sulfurreducens PCA bacterial suspension, followed by the addition of 50 nmol-L™' Hg ( II ) solution.
CYS-CN32-PCA, GSH-CN32-PCA and FA-CN32-PCA treatments were mixed with S. putrefaciens CN32 and G. sulfurreducens PCA
bacterial suspension, respectively, and cysteine, glutathione, fulvic acid with 50 nmol:-L™" Hg ( II ) organic complex solution pre-mixed 48

h. Re-EPS-PCA treatment was G sulfurreducens PCA bacterial suspension followed by the addition of reduced extracellular polymer and 50
nmol-L™" Hg ( II ) solution. Re-CYS-PCA, Re-GSH-PCA and Re-FA-PCA were treated with G sulfurreducens PCA bacteria suspension

followed by the addition of reduced cysteine, glutathione and fulvic acid solution and 50 nmol-L™' Hg ( I ) solution, respectively. The same
below.

K2 & DOM (a) bz DOM (b) S5 S. putrefaciens CN32 H LB HEXT G sulfurreducens PCA IR FE{K
Z Hg ( 1) M Habho3 B i 52

Fig. 2 The effects of S. putrefaciens CN32 directly or indirectly on the intracellular and extracellular distribution of Hg( Il )in G sulfurreducens
PCA mediated by oxidized DOM (a ) or reduced DOM (b )
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Fig.3 Effect of three kinds of DOM on mercury reduction in G sulfurreducens PCA ( a) and S. putrefaciens CN32 (b)) cultured alone, directly

co-culture (¢ ) and indirectly co-culture (d), respectively
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Fig. 4 Kinetics of reduction of mercury by oxidized DOM ( a) and reduced DOM (b )
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