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Identification of a Facultative Bacterium Strain with the Ability to Methylate

Mercury Under Both Aerobic and Anaerobic Conditions

TAO Lan-lan' , XIANG Yu-ping', WANG Ding-yong' ", HUANG Man-lin' , SHEN Hong'*"

(1. College of Resources and Environment, Southwest University , Chongqing 400716, China; 2. Chongqging Engineering Research Center
for Agricultural Non-point Source Pollution Control in the Three Gorges Region, Chongqing 400716, China)

Abstract: A strain with the ability to methylate mercury under both the aerobic and anaerobic conditions was isolated from soil of the
water-level-fluctuation-zone in the Three Gorge Reservoir in Shibaozhai Village, Zhongxian Country, Chongqing, China ( E108°12'3"
and N30°24'36"). The soil was classified as Purple soil with a pH of 7. 97 (0-20 cm depth). The isolation was performed under 1.0
mg-L.~" HgCl, conditions. After its morphological and physiological characterization, and its phylogenetic analysis using 16S rDNA
gene sequence, the strain was identified as Pseudomonas fluorescens sp., and named as Pseudomonas fluorescens XD-MeHg-B,
( GenBank accession number; KU954349 ). On one hand, at 30°C under aerobic condition, the concentration of methylmercury
(MeHg) in the PBS ( phosphate buffer saline) solution, which was inoculated with 1 x 10" ¢fu+mL ™" suspension of P. fluorescens XD-
MeHg-B, and an initial Hg** of 200 ng-L ™", was exponentially increased to 1.22 ng-L ™" 0. 15 ng-L"~" after 60 min incubation and
then approached to the maximum of 3. 85 ng-L™" £0.33 ng-L~' 160 min after incubation. The largest mercury methylation rate was
1.93%. On the other hand, at 30°C under anaerobic condition, the concentration of MeHg in the PBS solution, which was also
inoculated with 1 x 10" c¢fu-mL ™" suspension of P. fluorescens XD-MeHg-B, and an initial Hg’* of 200 ng-L~", was 2. 86 ng-L™' +
0.73 ng-L ™" and the largest mercury methylation rate was 1.43% 180 min after incubation. As a result, P. fluorescens XD-MeHg-B,
showed its ability to methylate mercury under both aerobic and anaerobic conditions while with a comparatively hysteretic and lower
ability of mercury methylation. These results demonstrated that P. fluorescens XD-MeHg-B, could be a promising candidate for further
studies on mercury biogeochemical cycle, particularly under dry-wet alternative conditions.

Key words: Pseudomonas fluorescens; isolation; identification; mercury methylation; Three Gorge Reservoir; soil; water-level-

fluctuation-zone
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1 #RE5FE

1.1

FRPE = e K 22 b UE K7 AR B I (hitp < // www.
ctg. com. cn/inc/sqsk. php) , BEEUA T = Ik /K JE i
O HL R B R TR SO B
(E108°12'3"; N30°24'36") M5 X % (% 1) ,#% S
TEMIHLZ s R A R AR, T 2013 4F 4 H REFIK
160 ~ 165 m AbiH 7 148 (0 ~20 em) IR 5B T
B B T 4°C R AT

F1 KT EEAREUMER

Table 1  Basic physical and chemical properties of the tested soil

o AL THg MeHg HUIRZH L %
PR /g-kg ! /pg-kg ! /ng-kg ™! >0.25 mm <0.02 mm <0.002 mm
7.97 12.43 80.39 +7. 39 489. 82 +34. 39 1.44 75.38 23.18
1.2 JrEdife PRI 4EHIE A,

FREC10.0 ¢ £ T 1.0 mg-L~" HeCl, () LB
Bt (R IR 10.0 g L7 BERERH#Y 5.0 g- 17",
NaCl 10.0 g-L~', #iflg 15.0 g-L™', pH 7.0) /1,
30°C . 100 r-min "fEIRE; 3% 48 h o, HARILEE, BL
IE WA it R AR 3 W TR ISR TC F AR 1Y
A A R OR AR B TR VORGSR IR AT T LB 8
FIE b, T 30°C 537 48 h. SR MR L PREBUE &
ARV PR TR 7 S B2 R e alifb , 3RAT 2 MR AL 00 45 1
FIFE, T - 80°C A7
1.3 BFR%E
1.3.1 JEEF LAY E

BT aifb R4 LB 55 37 300 AL 5, WA L
IEFHE ; AR5 PR MR AT o =2 R )5 T

oy}

BB TSR EAOIES. JFS Ok 14 ], X5 Bk
HEAT A A AL S E

MITEALE T . WIRZ 0.9% E HER /K TE Uk 2
K, ARV B2 22 v ok B I 7K 2% — K, 100% & T J3E
K2 YR ABUT B AR M B 2 v ok B 4 4 — 1K, 100%
BT BEE M 2 W, FE S 2 K B 45 R TR 5L HE
I, R Hitachi S-3400N I R4 oL 7 b il e WL 2%

1.3.2  16S rDNASY TLEW) %

FRE LIS 3R T LB AR 375 (30°C , 100
remin ) IR K FE 24 h, R ] TAKARA MiniBEST
Bacteria Genomic DNA Extraction Kit Ver. 3.0 i
SRR 4 K 4 DNA, DL R AR 56 FH 48
HE 519 (27F; 5'-AGAGTTTGATCATGGCTCAG-
3',1492R: 5'-TACGGTTACCTTGTTACGACTF- 3"),
PEAT16S tDNAY #  PCR §" 3K R (25 pl) K.
HZ DNA 1 pl,2 x Tag MasterMix ( KA LB 454 R
ANHE])12.5 Wl 514 27F (10 wmol - L") 1 pL, 514
1492R (10 pmol-L~')1 pL; MK EBEAKERE
25 wL. PCR W 4% : 94°C W78 5 min,94°C 7%
P£30 5,50°C Bk 30 s,72°C ZE{H 2 min,35 PEH,
72°C A 10 min, PCR P* ¥4 2% BB W I H Dk
IGUF N BA— 2505 W5 PCR 98 7= My 26 oy |- T SR
FEIL R G A BR A R P, MA5916S tDNA Y5138 1
F LR Y HORAF B bl (NCBI) #% R 040 2 Hh i
BLAST 5 GenBank T #J16S rDNA JF 5] 347 [7] 15 14
HEXT, 3R F MEGAG6. 06 #X 4 1% Neighbor-joining
BHERG LB R
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1.4 DARRSREUSRPERI

R SR AR IR FH BB AR 3k Koo
15 B 1 FH G T 7K T B 1 % 10° cfu-mL ™" A9 40 B
TREW, B 100 pL HIEFE LB Ki 385 Lk i35y,
IRTC U8 AR 7 G A6 F- AR 2= 18T, 8% 10, 30, 50, 100,
150, 200 pg WRPRMERFETEIR AR b, B4k 3 6
AN, DIORARHERGA A 2l K 25 R RRL BT
30°C ARSI T 3%, 24 h 5 WSS o, LA+
A8 S 2 410 R P LA
1.5 FRRISR P SAbRE 4
1.5.1 MRS 6l

BT -80°C A ML Fl, 2P0 F LB Wik
FEFRFETEAR (30°C, 100 remin "), WCAE X B4 KIS
BT, B0 (5000 remin~",5 min) . H{AM PBS
SRR (WERR A 0.272 o L7, A AL 8.19
o L7 BETRA BN 1.42 oL, AL AN 0.223
g L7 pH 7.4) Yk 3 W, FREIF T PBS ZZ b ik
rf SRR R R D R A A 4
1.5.2 DA AR N 1A &R A T

e il w1 4h He'* e BE R 200 ng-L~" Y PBS L& nf
W . OIS IR B U8 5, 28 TR AR A 480 R Y EAh I
H; @%%ﬁﬂ%ﬁ/)ﬁﬁ,%ﬁﬁ Hungate B BRE RS
PSR T DR AR A 3L, BRI R 4R 0K H Ak 0 25 .

TR E R A TR R0 (1. 5.1 7)), IRl
HAWE R 1 x10" cfu-mL™" 7 30C £ 1CE&MHTF
WEOGERESE SR, TS 0,1,2,2.3,2.6,3, 4,
5 F16 h BURE, AT HLH R B e U 2 A R
AL IR RS PR EE A 3 K

1.6 Ak B

MeHg % Hl 78 18- 2 5L 45 4 GC-CVAFS 321
M KRR 0,02 ng-L~". 356 A (i FH A0 B 3 2%
LA RTIITERS IR (25% ,ARFR L ) 75 W h iR i 24
h DL b SR IE a2l Kig e fE , H 500°C #9%5¢ 30 min
Jo AR TCR B TR G . 43 prad i v
KA RS | AT AR AR S I Rt A T
Pl e 24 i B o R R Al ek ik 2l Ak
FERFRUEVATK H Brooks Rand Lid. (USA) , s [ml
WEN 80% ~120% , FATHAS R R EL <10% .
1.7 HdEswr

iR Excel #H473EA T, {1 SPSS 19.0
BEAT WL 20 BT, R Origin 8. 0 481452 il o) F 5t
AEHRAE i 28

2 HREWE

2.1 WIS BE AR RRAE

A X YA 20 TR ) 3, 0 B AR B 1 Bk
TEA AR SR T BRI ALK (H™ ) 51k
FH LR (A BRI K , AT 44 0 Pseudomonas fluorescens XD-
MeHg-B,. 1Z & #KJE T 2= T BV, B B WS LA
REFPAR, B SO HER RS, A ZF AL (BT 1),
K202 pm, 52y 0.5 pm. 7E LB Hi g5k F 1G5
24 h 5 T T RS AN G B 20 G R TR AR
S0 IRARATN , 55 LR B PR | 72 225G BEUR T
PR UOE(E 1), XD-MeHg-B, A= 3 A= b 4
TR W T R ol Tl SECTL T L sl e S5 3 52 B P
PE RERAL I (£ 2).

B 1 &# XD-MeHg-B, HAH#iEEE (20 000 x ) K& L@ ZFEIMBE THEERS
Fig. 1 SEM image(20 000 x ) and colony morphology of Pseudomonas fluorescens XD-MeHg-B, under the general optical and UV light

2.2 HHRI6S rIDNARG K B 0Hr

X3 B B bR XD-MeHg-B, #E4716S rDNAJ
¥, AR 9 16S rDNA ¥ 514 i 2 1358 bp, GenBank
BT KU954349 i Blast FXT, B R PE
Htk ARG LEM (K 2). 250K, XD-MeHg-
B, W M5 & &5 A DQ279321 Y 7 i 1H
( Pesudomonas sp. TM4_4) [ TEf =, AbT IR —i

INY . B A R T A A AR A B, I BE XD-
MeHg-B, J& TG AR,
2.3 BERRR MU BT

VBT R B4 K /N AT LA it e X HgCl, B ek
RN KT 20 mm A THRBUBOKFE. K56 PR E
TEACH LIRS R A BN, PO P B AR R, Y
BAEAE R | HeCl, & iEN 10 pg B, 3074 18 B 48
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4 15.7 mm; 30 pg B, G B B AR R 19. 8 mm;
200 g B, HgCl, X 2¢ ' {50 i B 7 A= 1 410 1 Pl e
KHK33.7 mm(E3). BRZEM" W5y
(0 1 R AR B B AR R ) I 300 32 3 SR T e 1 £
g e o3 B 00 T AR O S AR ML TR AT T T SR KT
FE TN AZ e K He " W B 43 3 40 mg- L' 170
mg- L™, 53X i SR B RS [ 92 X B AR R T A
5 mg-L~" HeCl, /9 LB AR 5 I hoRBEAE A7, B
X PRI 0 oR 2 B LD AR UK . X AT e 5 TR BR
AERIIEAMR AR, Eibigh s B LW | H bk
XD-MeHg-B, Xf ¥8i i Hg® * (i 2 A5k, ANJE T

B 37 %
ST P AR
£2 HEkE XD-MeHg-B, H4 184 X454
Table 2 Physiological and biochemical characteristics
of Pseudomonas fluorescens XD-MeHg-B,
BAE XD-MeHg-B, FHE XD-MeHg-B,
E e S - [Sptd -
SR SART Y - TER K -
V. Pk + il +
Tz o ity + LS +
FrEmEh A - AALHE +

1)+ 7SR RSB, ¢ - 7 2R RO A B

80 | XD-MeHg-B2 [KU954349]

0.000 5
| IS

Pseudomonas sp. TM44 [DQ279321.1]

Pseudomonas putida strain X2 [KJ586275.1]

60 Pseudomonas putida strain IN2XCDB [AY512613.1]
73

Uneultrued soil bacterium clone NAPTd51 [AY699603.1]

100 | Pseudomonas fluorescens strain B30 [KT767695.1]
| Pseudomonas fluorescens strain A30 [KT767665.1]

B2 EF16S rDNA FFIRIEYER Pseudomonas fluorescens XD-MeHg-B, B & %t & B i

Fig. 2 Phylogenetic tree based on 16S rDNA sequence of Pseudomonas fluorescens XD-MeHg-B,

a

o
e
_—
: ¢
£ 2
= d
2l
= 15
10 -
5 -
0
10 30 50 100 150 200

HeClyf it /ug

REAR bR 7 BSR4 A b HgCl, 1935
B3 ARREREEXT Pseudomonas fluorescens
XD-MeHg-B, B#k 7= HIHIE Bl K/
Fig. 3 Inhibition of Pseudomonas fluorescens XD-MeHg-B,
by different Hg concentrations as measured by the

disk sensitivity procedure

2.4 kR HEEILRE 1 0 M

Hamdy 25" )\ 7734 WM Savannah i) 1 Ji€ I8
Ry B B 1 BRI BE Enterobacter aerogenes ,
TEAEE W B AR T, BIFSE T W R SR 19 7 A S He
Xof R A SRR R B TR R 2 X SR Ak 1 SRR K - 1Y
E. aerogenes A] LA™ Az WK | I IE 52 1% 14 78 1H &
BRI T A ok i TR SR F. 1K 4 &
BRI, Hitk XD-MeHg-B, 7 S FRA ST Y

—— CK-74
41 —e— KK
—A— 44
- R

MeHgik i /gL
(3]

i 1)/h
B4 WHBRLRBE (Pseudomonas fluorescens XD-MeHg-B, )
EREMREEHTRRPENLEN

Fig. 4 Methylation capacity of P. fluorescens sp.

XD-MeHg-B, under aerobic and anaerobic conditions

FOoRW Ak 1. AR %M T XD-MeHg-B, #£ 1%
K PBS ZZ i il R H R LAk fE 1. W E
60 min J&i, & W P MeHg ¥t J& 5 45 %08 v, IR 78
160 min A3k 3 & K, 254 3.85 ng-L™" +0.33
ng-L™'. 7F 180 min ZJ5 , ¥ K MeHg ¥ B F§ T F%
TR E(2.86 ng-L™' £0.53 ng-L°"). fEH
AT R H R RIRH] 1. 927% i & T H:
T4 (£ 3).

H i 4 K ZBORWMAE Y P BRI 5T F2AEIR
AT AT, H MeHg 76 IR & 2 4 T Jin &
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0P RS T XD-MeHg-B, [RJRE R H R
HAbBE ST, {H XD-MeHg-B, 3 R A= il 4 4 48 45
R, HOR W A LR B K, I F 120 min
J&i VST MeHg ¥ B T 1f 22 48 B0 K, 76 180min /2
FHiLFR K, N 2.86 ng-L™" +0.73 ng-L~" BlJFIT
IR, R TRE, 8K 2.57 ng-L™" £0.83
ng- L™ A,
®3 BEEHTHEOEPELEN LR
Table 3 Comparison of strains’ methylation capacity

under aerobic conditions

bk Heclh. Mey/ngL”_
/ng-L S R
Pseudomonas fluorescens'®] 5 x10° 340 —
Mycobacterium phleit® 20 x 10° 345 —
Bacillus megaterium[s] 20 x 10° 830 —
Escherichia coli™ 20 x 10° 865 <450
Aerobacter aerogenes'® 20 x 10° <290 —
Enterobacter aerogenes''>! 50 x10°  431.9x103 372 x10°
DT ( Enterobacter) '] 10 x 10° 12.29 —
P. fluorescens XD-MeHg-B, 200 3.854 2. 862

1) =" F/R 30 B R KU

RZ P BTSRRI R Y oK
HEALRE T EAT TOFSE (32 3) W HE T, e Aok e
JET ,XD-MeHg-B, Y5 K H Ak 5 1 35 v T HoAth.
JAE IR N A7 i A R DR 1, A R £ 3
J5LH (SRB) FIER IR I ( FeRB) & 5 2UK H B ALY
EEHEY ) H R 5T R, K A
P Ao AR PR B B ( Pseudomonas fluorescens) | =S,
S KF B ( Aerobacter aerogenes ) . H 3 K FF B
( Mycobaeterium phlei) . KIHFT & ( Eseherichia coli) |
F R ZE T 7 ( Bacillus megaterium ) 55 7545 58, 24l 1%
TR T RS TTHLOR e A W Bk | BRI T 1A
PSR B A oK FH AR ST A A R IR %
F .

PN AMITE R — 2 ZAFTE T HIE A AH Y
MRBROEAE DL S AN BRI, AT 7 A RaUA S 10 2R
PUAEAE B A AR =47 . 5 (B 20 B i 365
BEh oy AR NN 25 B B Ak e T IOk
U5, [5) Fsf 3 T LA A JH At ) ] 050 2 2 A ) 40 7
SRR S I R BURSE B 1 Fe’* 2345
A5 v e aot v 9 AR AR iR R ), X Al T g 5 H:
TEAT S SRA T AT AR AR —E I E R,

AR IR R 73 B8 = e 2 X P o 358 TH
PR L DI A A -~ v T AR S 30T
UFIRAA IR BRI AR, A R T 4 KA R A T ]
RAGRE P AL R BAF ST ORI 7 R

BAE W) G W R TR AL Jara-Marini 7% Al
Bouchet %5 iff 53 & B T IR E A B L B & F
AL R f R TR R, MeHg & 52 7R 5. Candrio
SFPVIA R X AR T AU R AR R I SERE AE AL
AU S A W (035 . {H Delaune 257" X FEBIFSY
TUIHRWTE IR S MG 5T MeHg (19774 5, &
2 A S B AR I SR AR T A 5 O 0,
Hollweg %52 iF 5% 26 B, 7R 1 W 3104 FI 7 IR SR 2%
ENEE FEIRE R IS AR LT 58
SRR AL SR BT R AR TR
B R 15 T R ASAIESE.

SR, 3R 33X SO 7 A0 A TEA) 4 i R AR 5 1Y
M FHATHI (KT 5 mg-L7") | M2 bRaR s | 45
SR e 2 DX T 1 0 v oR R A IS TR
KD BB AR T ) SR VR B B AR g
BnrpIs He* 25T =l /K 2 SE PRk AR A B v
(AR B, HEATIE S, X F =R X SRS R
IR BVETEAZ A, SRR AR B TH 9 17 1338 v T A oK HY
1L BE

3 HZig

(1) DALY Ji SO 4 - PR S S 8 = i I DX
Ve B | TRk 1 ARIEDOR . HAELAE IR
AR T BIEA R B RE IR, 2B 4
PEAL 5168 xDNA ST 1A 127 o0 B, 2878 1 1 R
R A R o [ I S S N
Pseudomonas fluorescens XD-MeHg-B, , GenBank & 5%
5o KU954349. Z B X EREEH He® i BUE, HAE R
T 5 mg-L~" HeCl, A LB ARG R EP R REAAE.

(2) P. fluorescens XD-MeHg-B, TE#] I Hg”* ¥
JE4 200 ng-L ™" 4 PBS & b, iF 51T 2.6 h
IRF) v LR K ([ MeHg ] =3.85 ng L' +
0.33 ng-L") 5 MIRESMT,3.5 h ik 2 i s 3
HKIKF-([MeHg] =2.86 ng-L~" +0.73 ng-L™").

(3) AWFFELE FAUEW] , 52 = e K -0 38 5 3
BERSZE I 7 T ER B AR AR IR A, 7O
RIS (P. fluorescens XD-MeHg-B, ) & H i B ok
AWy R EAGRE ) SR W R 22— X Yl ok
BT R B VR . AR S R A B
TRABEFEIE P L SR AR M) T AL | IE BRI Hr
SR E KIS AT IS T BB R 4 R A A KU T 2
HEHLBARE.
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