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Abstract
metabolites and analyze related metabolic pathways in bacterial Hg-methylating process. Under the stress of Hg(II)

Metabolomics, a rising omics approach, was employed to screen out cellular significantly differential

at environ-mentally relevant concentrations (0—100 pg/L), the adsorbed/assimilated Hg(II) was utilized by Hg-
methylator of Geobacter sulfurreducens PCA to reduce and methylate Hg(II). The highest efficiency of 3.09%=+
0.16% was achieved for bacterial Hg-methylation upon exposure to 10 pg/L Hg(II). Metabolomics data showed that
carbohydrate metabolism, amino acid metabolism and nucleotide metabolism were disturbed by Hg(II) stress in the
PCA cells. To withstand the stress of Hg(Il), G. sulfurreducens PCA increased energy demand for Hg methylation
and DNA repair.
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g NaAC, WHEZRE2EM, 57 A 10 mL 100X
NB Salts i & (1L 7% 42 g KH,POy, 22 ¢
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Fig. 1 Species distribution of mercury with G. sulfurreducens PCA exposed to different initial concentrations of Hg(1I)

528



W P % 45

RIE X Geobacter sulfurreducens PCA K W 3 AL AE F (X 1 41 52 i)

FE, R AN N 25 TR JRURT H 34k ) 32 O )
. [EEF, PCA 4HAKF He(1)g;, Heid M ik J5 % He(0),
Hg(0) 1 FL 491 1T 3K 30%~60%. 1% 32 738 1o 240 fifo i
1 A D BE & R TR AT s B0 e e A,
FECHg (1) ik J5 s 2w K T B B AL 30R . SEm
He( 1)K 2 1 ng/L i, PCA B 7R I R Ak R AU
M 0.2%7 A o YT Hg (1) B T+ 2 10 pg/L i,
KA WP B A RO IE B4R T, FESR 2 KaFikF]
3.09%+0.16%. Jisn He( 11 )k BE4kL: T 2 50 Fil
100 pg/L iF, 7 KN H MeHg 4 7= HE Al 35 1189.80+
149.95 F11875.37+242.32 ng/L, {H K44 W HAb %R
FREE 2% A . FER R E He(IDJEYI 44 F T, PCA
B 4 51 Y AR 7 Bl oA BRI PR R P A5 fF ot W,
FESR TG YL ™ 8 A B4 v, OR Y Ak R D0 g 3 T
RO AL, SR AR W Y LAk A AN 4 AR i S R
FERATEMMARKNE, REME T H4RA S
R R IARPY AR, PCARAERT2 K 4T
AR, MeHg A: R Pl e M BT, £

(a) IEEFHNOPLS-DA O 10pg/l. @M

154

101
5 B4 O oKBI
o oB2 B3 o

< OB3 | KB6®Kp4
) BSCOBS
*]O_

olopg/lL ezxHM

. 5|
A on4 OKBI
] OBI
=0 B3 36
- OBs
4 OB6
_8 4

6 Ab S5 07 28 T I sik s 55 7 KOK, VR B Hg(1D)
Jil 30 2H ) PCA T MeHg 7= R R [, vE—EHb, 40
PR MeHg 19 W B -5 R 28 ] 8 2 4 il 5K A 4 Y 34k
ALY Lu 2B & M, 7E 25 nM Heg( 114 Ha /&
R, HFAAEERIAIER, Geobacter bemidjiensis
Bem ) MeHg j™ 1t 78 1k #I 5 KAE S5 %3 T R 28 b
Bk, Hg(IDgi, & EZ W YR LS. fEWER
Hg( 1) EE R 10 pg/L 5545, PCA EREWS T 7853 Hh
FIFH AR He( 11347 K A= 9 34k, 18 3088 & 1)
MeHg # b %,
2.2 REMBXF PCA B T4 1E A9 221

PCA M5 KW, EIE ., A FHT, i
BEGAEAT DRI M RES K, REERNK
W BURE, B RE SR ERTE 95% B X Al N, JCSR
fHo FECIERE I, SEA7 R M8 X PCA B 40 At 5t 4l
IR IAFSE . 7R, . SRE He(DWa F, 4
K 45 S 21 5 28 (4 E 4T OPLS-DA 40 A, Jf X
OPLS-DA BRI JEA TR 56, 45 S A& 2~4 Ff7n . 7E 10

(b) EB TR R=(0.0, 0.987), 0*=(0.0, —0.185)

OR mQ
1.57
1.0 o) O o)
|
05 |
____________ 1
Qi 0 _ - =
= | BT |
-0.5 I
~1.01 H
]
-15 : ! ! ! !
-0.2 0 0.2 0.4 0.6 0.8 1.0
AHALEE
(d) FEFHER R=(0.0, 0.971), 0*=(0.0, -0.382)
OR mQ?
1 o < -

R.Q
|
—_ (=)
mE l-l—I
\
1
1
1
1
1
1
1
1
1
1
\
1
1
1
)
1
1
1
1
1
1
)
1
1

202 0 02 0.4 0.6 0.8 1.0
LB

B2 RKREHAQOpg/LHg(I)5ZHAKEE. ABEFHERXTH OPLS-DA HUAE R & B 200 X EHRIGIERE

Fig. 2 OPLS-DA score plots and their 200 permutation plots in positive and negative modes under the stress of low

Hg(1I) concentration of 10 pg/L
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Fig. 3 OPLS-DA score plots and their 200 permutation plots in positive and negative modes under the stress of medium
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Fig. 4 OPLS-DA score plots and their 200 permutation plots in positive and negative modes under the stress of high Hg(1Il)

concentration of 100 pg/L

1 2% (Pathway impact) K T 0.1 FACIHE 2 (K] 5).

1E 10 pg/L He(IDWMMa T, RbE5S H &R
i (fructose and mannose metabolism)FIHHEEf# (glycoly-
sis/gluconeogenesis)F& PCA [ 32 2] T3 A9 EE AT}
AR, YE TS YA . 22 A SRh
-1,6- - M& (fructose 1,6-bisphosphate)Je:ixX ¥4~ i
wAR RO R Y, KR B, 254
HOk$13.59, HeMERA PCARTE LALLM T, &
T o T R AR B A, SROBE-1,6- B R N LB -
1,3- W% (D-myo-Inositol 1,3-bisphosphate)7KF |-
VA, SRR R A AR R, ANBR T REXG N, 2R 2 KA,
PCA W AE KA R (e i, 7R B LAk e o 3k 2 0 {,
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fie, T A S ZHAURAEY R A, 7850 pg/L Hg(11)
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WREE . KRR MA AR (alanine, aspartate

and glutamate metabolism), 12 /% {1t i} (purine metabo-

lism), LA K A PR R 048 Bt i 19 A8 3 (nicotinate and
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FARW R, 1E 100 pg/L Hg(IDHAA T, WEH
5 pE B4 (starch and sucrose metabolism), M
1 14f (purine metabolism), i fR 1% H 1% 12 (pentose
phosphate pathway), 452 . &2 55 2R
{Xif (valine, leucine and isoleucine metabolism)lk &
I 5 8 25 B 1 R 1Y) % 4t (pentose and  glucuronate
interconversions)J& PCA B 52 2] T4 i) 3= A i i&
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Table 1 Metabolites in G. sulfurreducens PCA exposed to different concentrations of Hg(1I)
He(IDHIE/ gy iy BTt g | He(IDWRIE iy 2
(ngL™h) % (ngL™h %

Docosanamide 0.41 l Pyridoxal 5'-phosphate 1.83 T
! Erucamide 0.42 l Phenylalanylphenylalanine 0.11 l
o Fructose 16-bisphosphate 35 1 Leucylproline 02 |
- D-myo-Inositol 1,3-bisphosphate 334 1 L-Histidine 0.36 l
"""""""""" Docosanamide 038 | L-Leucine 064 |
Erucamide 0.38 l L-Valine 1.97 i
Palmitoleic acid 1.67 T DL-Homocystine 2.24 T
Palmitic amide 1.56 i 5'-Methylthioadenosine 2.18 i
Palmitoylethanolamide 0.52 l Cytidine 5'-monophosphate 4.39 T
SM(d18:1/14:0) 0.05 | N &‘ﬁ’g’;i“e monophosphate 342 1
Serotonin 4.52 T NAD 421 T
Nicotinamide adenine dinucleotide (NAD)  4.05 1 Hypoxanthine 2.15 1
+  2-Methoxyestradiol 3.27 1 LysoPC(18:1(11Z)/0:0) 0.57 l
Hypoxanthine 3.29 1 LysoPC(15:0/0:0) 1.70 1
Citrulline 3.48 T MG(18:0/0:0/0:0) 1.73 T
L-Valine 2.69 1 Eicosapentaenoic acid 0.37 l
L-Phenylalanine 2.07 T Sbeta-Coprostanol 0.39 l
DL-Homocystine 4.75 1 Dimethyl sulfone 0.12 l
4-Hydroxyproline 2.09 T 9,12-Hexadecadienoylcarnitine 1.69 T
L-Lysine 1.67 1 Diisooctyl phthalate 0.64 l

L-Glutamic acid 261 1 o Fructose 16-bisphosphate 683 1
—————— iB—e_h_e;lic_ 2_1c_:i_d_ S _Oiéé o _l_ _ 6-Phosphonoglucono-D-lactone 6.98 i
50 Erucic acid 0.66 ! D-Sedoheptulose 7-phosphate 521 1
Fructose 1,6-bisphosphate 7.19 i Fructose 6-phosphate 8.60 i
Fructose 6-phosphate 4.00 T Glucose 6-phosphate 10.06 T
Glucose 6-phosphate 4.12 i UDP-glucose 4.08 i
Sucrose 2.03 T D-Ribose 5-phosphate 2.49 T
Glycerate 3-phosphate 2.35 i D-Mannose 0.31 l
Oxoglutaric acid 1.82 1 D-Fructose 0.27 l
D-Ribose 5-phosphate 2.98 i Glycerate 3-phosphate 2.90 i
Pyridoxal 5'-phosphate 3.84 T —  Oxoglutaric acid 2.16 T
- D-Sedoheptulose 7-phosphate 2.22 i D-myo-Inositol-1,3-diphosphate 6.31 i
D-myo-Inositol-1,3-diphosphate 6.99 1 Guanosine 5'-monophosphate 4.19 1
Glycerol 3-phosphate 3.35 i Uridine 5'-monophosphate 7.69 i
Glycerone phosphate 3.50 T Adenosine diphosphate (ADP) 2.10 T
Fumaric acid 1.71 i dGDP 2.21 i
Carbamoyl phosphate 3.17 T Inosinic acid 2.51 T
Deoxyguanosine diphosphate (dGDP) 2.09 i 5-Hydroxymethyluracil 2.71 i
Inosine 13.14 1 2-Ketobutyric acid 1.96 1
Inosinic acid 5.13 i Docosahexaenoic acid 0.34 l
2-Ketobutyric acid 1.86 1 Behenic acid 0.26 l
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