7 // R DY S O it Z/2HRLEBRIMCBOARIRK. BEUREHSEREE 1083

Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn Jun. 25, 2020, 36(6): 1083-1100
DOI: 10.13345/j.cjb.190458 ©2020 Chin J Biotech, All rights reserved

b= K .

kgt MEMS, EEL BRE

1 ERM T K2 b2 b T24Be, B 400050
2 WK RI2EF S, EEK 401147

ks, WS, EE, & FIEAREGEARO R IR . AR R RS, A TR, 2020, 36(6):
1083-1100.
Zhang H, Xing ZL, Wang J, et al. Advances in microbial degradation of chlorinated hydrocarbons. Chin J Biotech, 2020, 36(6):
1083-1100.

% = AKX (Chlorinated hydrocarbons, CAHs) 75 i 2, H Z B E feif e kst AL RA L SR
B M R E KB M. CAHs F B EA Mk, £ k7 LAk gete s, 2 @ikt CAHs F 7Rl Lit
A2, *FFikfeAe L R AR FMLIERE, &K CAHS 6915 e R EA T2 ek shtE A . P& ot T e mie i
FEIMCEfE CAHs 2277 X, £ T F/RFMLE B RS 4F2F CAHs F IR RIL g A R IVKHAT T A ek ey 45,
BT T KA AR FIALAE R 69 CAHs A% X A AFAE; K TRRKLE . [ARHBREFIRT B X, BAET FREIMK
A W) EHR B BARBAFAE; AT RBA KRR, ZAST T A S RM SR XEEAFELRE, 25T FARMLK
WikE;, RE, RELGAARIVKAS FREMAR A LG P AARATT RZA A RRGL T ORATTRZ.

D ARE, FARL, KRR, AWEA

Advances in microbial degradation of chlorinated hydrocarbons

Hao Zhang', Zhilin Xing', Jun Wang?, and Tiantao Zhao'

1 College of Chemistry and Chemical Engineering, Chongqing University of Technology, Chongging 400050, China

2 Chongging Academy of Environmental Sciences, Chongging 401147, China

Abstract: Chlorinated hydrocarbons (CAHSs) threaten human health and the ecological environment due to their strong
carcinogenic, teratogenic, mutagenic and heritable properties. Heterotrophic assimilation degradation can completely and
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effectively degrade CAHs, without secondary pollution. However, it is crucial to comprehensively understand the
heterotrophic assimilation process of CAHs for its application. Therefore, we review here the characteristics and advantages of
heterotrophic assimilation degradation of CAHs. Moreover, we systematically summarize current research status of
heterotrophic assimilation of CAHs. Furthermore, we analyze bacterial genera and metabolism, key enzymes and characteristic
genes involved in the metabolic process. Finally, we indicate existing problems of heterotrophic assimilation research and

future research needs.
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Table 1 Characteristics of three metabolic pathways of CAHs
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. A . Characterization Toxic Half
Reaction Description Reaction process . . .
information by-product  lives
Dechlorination of a compound
where the compound is used as
an electron acceptor, the bacteria Strictly
Reductive may or may not gain energy by CCls—fHClz—' CH,Cl-----> >CH;  anaerobic, Low chlorine Slow
dechlorination reduction of the compound. This r R R  requiring substituted
reaction removes one chloride electron donors
atom from the compound and
replaces it with a proton
Dechlorination of a compound
where  the compound is .
Aerobic  fortuitously degraded by an CfC1=CHCl—> R\C&/Cl_,coz+01- );i?,\l,tthonal Epoxy B
co-metabolism enzyme used in cellular i\ T Ny substrate compounds
metabolism-typically a
monooxygenase enzyme
Aerobic direct Use of the chlorinated compoun_d !\lo addit_iona_l
. as an electron donor for aerobic R— CH,Cl——> H,0+CO,+CI- information is None Fast
metabolism - 2 2 2
metabolism needed
. 010-64807509 EL: cjb@im.ac.cn
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& Enterobacter sp. SA-2 . Pseudomonas sp.
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Table 2 Growth and metabolic characteristics of CAH-assimilating microorganisms

Types of Concentration Cell growth Degradation Experiment

CAHs Microorganisms (mmol/L) rates (h™) rates conditions MEETEIEES
Hyphomicrobium sp. MC1 0.35 0.09 - pH 7.2 30 °C [53]
Hyphomicrobium sp. 0.09-0.17

CHACI Aminobacter sp. 0.71 0.15 - pH 7.0 30 °C [42]

3 Nocardioides sp. 0.18

. - T B pH 7.7 27 °C
Leisingera methylohalidivorans MB2 0.37 0.05 200 r/min [28]
Pseudomonas sp. DM1 2-5 0.11 - pH 6.9 30 °C [54]
Hyphomicrobium DM2 10.00 0.07 100% (60 h) pH 7.230°C [52]
Methylobacterium rhodesianum H13 5.00 2.49 100% (23 h) pH 7.0 30. ¢ [29]
160 r/min
S . _ 0 pH 6.5 30 °C
CH,Cl, Lysinibacillus sphaericus wh22 32.00 93.8% (72 h) 200 r/min [30]
Hyphomicrobium sp. CM2 031 0.08 N pH 7.2 30 °C [55]
Methylobacterium sp. CM4 ' - 140 r/min
N N pH 7.2 29 °C
Paracoccus methylutens sp. nov. DM12 10.00 180 r/min [43]
Gy

% : 010-64807509

. cjb@im.ac.cn
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CHCl,

CCl,

VC

c-1,2-DCE

c-1,2-DCE/
t-1,2-DCE

TCE

CB

1,2-DCB

1,4-DCB

CB
1,4-DCB
1,4-DCB
1,2,3-DCB
1,3,5-TCB

Bacillus (GBB416)
Pseudomonas (GBB417)
Bacillus (GBB416)
Pseudomonas (GBB417)
Pseudomonas aeruginosa MF1
Mixed culture

Mycobacterium strains

(JS60 JS61 JS616 JS617)
Nocardioides sp. JS614
Mycobacterium strains

(JS622, JS623, JS624 and JS625)
Ochrobactrum sp. TD

Mycobacterium strain JS623

Mycobacterium rhodesiae JS60
Ralstonia sp. TRW-1
Polaromonas sp. JS666

Mixed culture
Corynebacterium sp.
Bacillus sp.

Burkholderia sp.
Micrococcus sp.
Pseudomonas sp.
Jacksonville stream Bed
sediments microorganism
Acinetobacter species
Achromobacter xylosoxidans
strain 2002-55549
Klebsiella sp. HL1
Bacillus species

0.12

0.10

6.00
0.25

0.15

0.80-1.00

0.29
0.77

0.69
0.20
0.04
0.80

10.00

0.05

1/1.5

Bacillus cereus strain ATCC BAA-1005
Pseudomonas aeruginosa strain S 1-2

Bacillus sp. 2479

Stenotrophomonas maltophilia PM102

Delftia tsuruhatensis LW26
Acinetobacter sp. CB001
Acidovorax avenae
Pseudomonas sp. JS100

Flavobacterium sp. DEB-1
Xanthobacter flavus 14p1

Rhodococcus phenolicus G2P"

Enterobacter sp. SA-2

1.00
0.33
0.14

0.44

0.17

0.002-0.004

0.68
0.27

0.43-0.9

4.63+0.51
2.87+0.06
6.69+0.31
2.41+0.04
0.002

0.007-0.010
0.03

0.017
0.19

15.72+0.10
14.23+0.26
9.77+0.09

12.91+0.36
12.05+0.44

0.014-0.023
0.019-0.028

0.420

0.002

0.004

0.05
0.035

0.02-0.04

- pH 7.0 26 °C
160 r/min
- pH 7.0 26 °C
160 r/min
100% (840 h) pH7.123°C
- pH 7.0 30 °C

pH 7.2 30 °C
150-165 r/min

pH 7.0 30 °C
200 r/min
- pH 7.2 30 °C
- pH 7.2 30 °C
200 r/min
pH 6.5 30 °C
200 r/min
pH 730 °C
pH 7.0 20 °C
150 r/min
pH 7.0 23 °C

99.0% (72 h)

94.8% (132 h)
100% (108 h)
100% (408 h)

pH7.535°C
150 r/min

- pH 7.2

70%-75%
(168 h)
60%-72%
(168 h)

pH 7.0 30 °C

pH 6.9 37 °C
90 r/min
pH 7.0 37 °C
pH 7.2 30 °C
160 r/min
pH 7.225°C
160 r/min
pH 7.0 30 °C
100 r/min
pH 7.0 30 °C
200 r/min
94.5% (24 h) p|_1|37(5£i/3r:?inc
- pH 7.5 30 °C

- pH 7.0 30 °C

90.0% (2 h)
99.7% (16 h)

98.2% (120 h)

80.0%-90.0%

(200 h) pH 7.0 25 °C

(823 2)
[31]

[31]
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[ A= % CAHs R FRCR W AR 20, 4
DCM ¥ A [H] B}, B#ikk Hyphomicrobium DM2 il
Pseudomonas sp. DM1 ff K Hb A= 3 R 4351
0.07 h™ 1 0.11 h™*2, Sy pk— s fi A QLI
Wu B0 DCM F 3 FEAL BB Lysinibacillus
sphaericus wh22 $2HUTUR. pRC1L, FHEFL 3K
M, ZEH KRBT A RBETE 5-16 mmol/L

http://journals.im.ac.cn/cjbcn

DCM M4 T IEH A K, RUZ LA AT fE /& DCM
PR BRI

S EAE N TE P A K e — R T 72
B s A IR R AL TR W 10 el AR KR
JEh 20-37 °C, pH Jy 6.5-7.5. GG EUE
>} 0.15-10.00 mmol/L i}, A=y fi K Fe AR KR
4 0.002-15.720 h™*, [AA#Z7E 60%-100%.
# ¥k Pseudomonas aeruginosa MF1 Ll VC JhyiE—
IR AE K, 6 mmol/L 9 VC 7 35 d N A 58 4%
it G R SR AR (R R B i A W R
P4, Olaniran M\IAEYNTE Y3 b 4325 i 7 #k& DCE
SIERALGAY, 7 1 mmol/L ) c-1,2-DCE I
1.5 mmol/L 1 t-1,2-DCE MMk —iIE 4 72E K0, 1
AR5 51 0.014-0.023 h™t 1 0.019-0.028 h™,
-3 B R Rl 70%-75% F 60%-72% , JH:
t-1,2-DCE  #% 3% & o ) 40 B % % & & T
c-1,2-DCE, nJfgf&H N c-1,2-DCE A fbA4: R4
& BA e Saigs, REHW
FEfRRE TR, Sing 43 B8 MR A DA AT okt B A vk
Ji k1 50-250 pumol/L [ VCPO 5% 45 B & 4 & il
pH " AR 0 TR FAb L FE, VC AR A
¥k Pseudomonas aeruginosa MF1 7E B4 5514 T B
3% 2.5d, FHARETELE L VC EE KRR
HR P VC SR S i R R
VC FEMRIRA RESVE & T A VC AL e
AP, IR ST VC IR AR PLIE AT AE &
AT, TCE RFE[AfLREA# R Stenotrophomonas
maltophilia PM102 7£ pH b it Ffi s n] ik 2|
90%, 1 pH K& 5 I A T 3 77%08

ARG BT FRAMEYREIE pH EHN
7.0-7.8, FiEiRE N 25-30 'C, HEAMNI IR E
47 0.002-1.000 mmol/L B, fd: Py K b A Kk
5 0.002-0.420 h™, FEARSCRIE B 77%-99%,
T EARTT IR TR A A P TP 22 AR . 2
A} 2 213813 B i Bk Acinetobacter sp. CB001, 7
0.44 mmol/L ¥ CB 44T, 120 h FEfi#3w]ik
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98.2%. % AKkIA F] [F] 4k DCBs, 537 [F{kBE 71
J¥# 1,3-DCB>1,2-DCB>1,4-DCB. Monferran 2¥7]
Ll 1,2-DCB Mk — fig J5 07 & 09 76 Ak Acidovorax
avenae 1t 2 d A 0.136 mmol/L (1 1,2-DCB 58
SRR, R AR T [ AR, Ak Enterobacter
sp. SA-2 1 Pseudomonas sp. SA-6 LA 1,2,3-TCB
(0.44 mmol/L) #11,3,5-TCB (0.43 mmol/L) HME—
BRIERIREWR A K, 24 80%-90%FY) TCBs A LAYE
200 h YRS, FLANMOHE B3 3 AN g B0,

HEMRBREMEREM L, SRR IR
AR AR, X 2R AT R B AR
fifRRe Ty, TE AT Y rhad R s, JE Y

CH,CI

cmuA
cmuB

CH,-H,folate

metF
Methylene-H,folate
reductase /

<——— CH,=H,folate

folD
Methylene-H,folate
dehydrogenase

MtdA

CH, = H,folate

folD

Methylene-H,folate
cyclohydrolase

FchA

CHO-H,folate
purU

Formyl-H,folate FTHFS

hydrolase

HCOOH

HUXS CAHs 5337 7] Ao [ fif J1 i 308 73 18 1 A R ARk
FBIFTE , 4 20 e e T R A R P T 52 428 A
fFRREST, BERCL HuE ] T SAUR R TS ey 7 i)
B T AR,

3 ABRAREHFIRF LEREKALE

31 SREENFEFEN

MC F1 DCM &5 7% [ b B it 58 i 2 1 &
Rleke, BLE TR T A EA L A AL
P, LT SCERGE S45 89 MC Fl DCM R F AL
RN 3 7’ . MC Fil DCM ELA AL AR R 42
MC B e kA MG N, AR H S AE CmuA Fil

CH,CI,

DcmA
GSH

HCHO

’ Fae

Formaldehyde-activating
enzyme

CH,=H,MPT

MtdA/MtdB

Methylene-H,MPT
dehydrogenase

CH, =HMPT

MchA

Methenyl-H,MPT
cyclohydrolase

CHO — Methanofuran

FtrA

Formylmethanofuran
transferase

HCOOH
Fdh

Formate dehydrogenase
Co,

Fig. 3 Assimilation pathways of chloromethane and dichloromethane!®".

3 CM #1 DCM [k i& 2k

% : 010-64807509
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CmuB H 2 5% %% il 1 1 FH T %% 88 3| I & - 1R
(Tetrahydrofolate, Hufolate) & il FH Jt-H,folate,
DO I TR % 5 1 o [R] R 72 S Y Ak -H,folate 34t i
fit} . 7. H JE-H,folate il . H 3E-H,folate FR7K
fif it . H E-Hafolate 7K A B A0 AR LKA T i —2F
AACERCP IR, FERTE H R Ml Sl ) VR T A2
COz. BLAN, HrRIAWE H 5 -H,folate W] DL it 22
RAIRIBAEWHED R B B AR, 5 MC
AN[F, DCM 1 5eeif JFERIA B H K (Glutathione,
GSH) MEM TR E—MEIREFIF 5 GSHE &4
A ) S-S B AR R AR, hElss B kAR
S-2 I EAR IOk T RO e & A U H B (HCHO) A1
AMeH IR (K 4), JERA HCHO 43 i i T
H,folate #1PU 4% F 4% (Tetrahydromethanopterin,

HiMPT) A2 A0, HaMPT AR 423 i A7 7
TREBPILEFE P, HCHO 78 H s AL i
AP TR 5 1 Y S 4 5 I P -H,MPT, T
Mz H L -HAMPT 2 22 S BR A B0 AR 2 B0 A M )
Ao By 12030 NI R 3 -H MPT 3 1o 7 Y J-H,MPT
U . JE-H MPT FROK ARG . P ok FF Sk mpg
T Tl AT FY T Ot S0 114 AR 20 1 P e A A C O

CH,CL+GSH

GS-CH,CIH+HCI

— > GS-CH,0OH+HC1 —> GSH+HCHO

4 DCM HyehjEl X itz 12
Fig. 4 Intermediate  metabolic
dichloromethane!®!.

pathway of

32 ERBREIEFRRNK

ARG R R FEEE S, A VC RFEH
AR LI RS AT, FEff Bl 5 FoR.
VC E eIz 4 i (Alkene monooxygenase,
AKMO) 1EHI T WA A 2D, thfimE M
%W (Coenzyme M transferase, EaCoMT) 413
K% M (Coenzyme M, CoM) #F—# 5H%AE 2
Wt BT B 2-54-F £ FE-CoM, 2-54-#£ Z.3E-CoM
H & BR R TR 8 2-d 2. 3E-CoM, B, 18
CoM- ik 5 ilf /32 AL W/ F R Az 0N R~ B Rk

http://journals.im.ac.cn/cjbcn

JEHEY CoM o TN R - I 3 o AU R s/ Mot U ity
WA BN R, TEILAR G | i A (Coenzyme
A, CoA) Al CoA 5L HEIGIR R 64k Hy
N T E-CoA, I & WA = RIRMGIR (Tricarboxylic
acid cycle, TCA)P2 . BF 58 £t % SA I KR 7 il
I TIRAWSE, AKMO Fl EaCoMT /& VC 557
[7] Ak 18 A 0 ) i 2259 Mycobacterium sp.
strain E20 [4fi# 2.4 BBFFE o i & 1 AKMOP
Wi K M HALR W25 VC 15 ALt 2
Danko 25 3iE ] Ochrobactrum sp. TD B bk
MIBREFS S VC BRI R, xR fhad R i A=
B G5 3 R AT T IR A HT, & B 2-3 4~ ORFs
41t 2 5 Mycobacterium JS60 FI Nocardioides
JS614 TH k) CoA & Ui FI CoA KL RS M1 &
Chuang %5V i 8 11 412% Fl RT-PCR #fik T
VC R FE A etnA | etnC. etnE Fil comA 5 X I BE
/TS i U . FAD/INAD(P)H i ik I il 1R
il F1 CoA B Rk I FEZ B T VC S,
XLy VC IR Rt R A RO s R AL T
EOBLIEAN /N
33 SRFRIERRNK

CB. DCBs Fil TCBs % it B G5 J2 i) 57 9%
7] Ak A HA AR LA FC R A, Rk i A i 1
1 6 T 55 I8 4 B e S AL o 20, e e ot 72
K 6 FiR. GACTIT IR te SUhn S B RO/ R & A2 40
A a7 LR B S, CB Bl vk 8 Ak A B 4B S
By, 3-SR M, SRIGFESRRE W 1,2-8U04%
BEPERT, hadeE LB Er . BaE . &
LA AR, S 200 o kol CO, MEE AL R A 5
1,2-DCB #1 1,4-DCB 733l 7E 1,2- A BN 4 i
I 1,4- SR XUMAA R FRERET , Jela @it
W B FAE A ET Y 5 kR 2-
A, R, 2580 RRF R
FLAGARIE — Iy UM A R AR £, A B 4500
Delftia tsuruhatensis [F] fk. CB 1 7 i & Bl 3- G 41 2K
TERAEAR AR Y 1, 2- B0 & 4V R 4B ER
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CH,=CH—Cl
Vinyl chloride

EtnABCD

AKMO < DANH, H', "0,

NAD', H,0

0

VA
H,C—CH—Cl
Epoxy vinyl chloride

EaCoMT CoMSH
EtE (

CoM—S OH

|
CH,—CH—Cl

2-chlor0-hydr0xyethyl-COM
: Spontaneous
! HCI
v
CoM—S 0
\
CH,—CH
2-ketoethyl-COM
i NADPH, H*
CoM reductase/carboxylase i(
CoMSH : NADP*

@]

I I
“O0—C—CH,—CH
Malonate semi-aldehyde

| NAD(P)*
Bifunctional aldehyde/ i
alcohol dehydrogenase |

! NAD(P), H'
v
i I
O—C—CH,—C—0O"
Malqnate
Acyl-S-CoA

CoA-transferase

< Acid

v
0 0
I I

Malonyl-CoA

E5 VCRFRLRBERE

Fig. 5 VC assimilation pathway™?.
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CoASH, ATP

) CADP, Pi

-0—C—CH,—C—S—C0A - __

I
> CH,—C—S—COA-—----ommm- > TCA cycle
Acetyl-CoA
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A Cl
Chlorobenzene

L
[f:I,on

2-chlorophenol

Cl

1,2-dichlorobenzene

0,

Cl
1,4-dichlorobenzene

NADH
0, NADH + H’ _
1,4-dichlorobenzene dioxygenase

NAD~

M
1,2-dIchlorobenzene dlhydrodiol

: C
[ NAD 1,4-dichlorobenzene dihydrodiol
cl & NAD"
OH cl Dihydrodiol dehydrogenase
NADH+H
OH
OH OH
3-chlorocatechol 3 4-dichlorocatechol OH
OH
Catechol 1,2-dioxygenase 0,
Cl - a
Cl cl 3,6-dichlorocatechol
o,
Z#™~COOH # ~COOH '\lCatechol 1,2-dioxygenase
3.-chloromuconic acid 2,3-dichloro-cis,cis-muconic acid
= ~COOH
Cl Cr %_~COOH
Cl
Cl o
COOH 2,5-dichloro-cis,cis-muconic acid
\O\C=O J
Cl-

5-chloro-4-corboxymethylene-but-2-on-4-olide

Cl
l = >C=0
Cl COOH
Po) 2-chloro-4-corboxymethylene-but-2-on-4-olide
COOH
%~ COOH
5-chloromaleylocetic acid cl
J ﬁ:com{
COOH
0]
Cl‘v/i

2-chloromaleylocetic acid

|
o]

Ee6 HASKRERSFRLEMEREZ (A: CBPY, B: 1,2-DCB; C: 1,4-DCBY)

Fig. 6

Assimilation pathway for typical chlorinated aromatic hydrocarbon. (A) Chlorobenzene®®®. (B)

1,2-dichlorobenzene®®. (C) 1,4-dichlorobenzene®”.

http://journals.im.ac.cn/cjbcn
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AR 2-F R R . AR KT AR
Xanthobacter flavus 14p1 % 1,4-DCB H [ st b,
SRAR W 1,2-BUME RS 3,6- —SAT R LRy
2,5- G-k REREY . W #k Enterobacter sp. SA-2
F1 Pseudomonas sp. SA-6 7£ [%f# 1,3,5-TCB Ay i 72
W, AR 3,6- AR T A SR AR OK )
2,3-BUINAEEE, FLEMR SA-2 HLEkE SA-6 S
e B 2 I, AR I AU A R S AT
I 57 % A Ak ad A v %) S SR
34 HMAFRIIZFIFELIEMRIEER

AN CAHs 535 [a] b i 72 ) g 56 [H] 22 AR
K, AF CAHs HAMNFBFRFEREE, XFFRE 5
K] Fy 6 00 2T AT BH A G2 ) s R B A o 1) S5 5% [
Tb R ThRE . LRI CAHS 357 [al Ak i B4 A 2
510 3 Fis . AW el 1k i 4 iy e Ak 2k
K% cmuA Fi1 cmuBP®! FHorr emuA 15 4 FHR %

%3 A CAHs RHRRFRUMEDHIREERRESY

iz M . Miller 2555+ T emuA 19514
cmuA802 FI cmuAL1609r FH Tl i FF e B A 470 o
Kt/ , Nadalig J- % 1 PS8 B9 B 1ml 514 cmuA1802r
M MF2, #3577 cmuA % gPCR Jy ikt I F k5
LESEER T AR e AP DCM 3R [RIAL S
fEFEIR A demA, demA JE R EA B AR S, T
K 1151 %) CFOR/CREV®1 DMfor/DMrevl™®1] i
iy S ER BT DCM 3L E T, ve 355
[ AL AR AE L R etnC A1l etnE, 4RI & A9 514
A DA MER A 5 ) RE A ) R K PRI Hh AR
PR B A A3 1 5 5 IR Ak B A0 L 9
adhA1, Monferran 2:B7f 2|4 17F F1 1406R iF
ST Hitk Acidovorax avenae X 1,2-DCB A&
%o CAHs FRIEIEE M BHAf , XTBHMT CAHs k%
fife = . AR AR AN S B Ts Yt Hh D RE SR P 1)
EE TAERAEEMIESE X,

Table 3 Primers and functional genes of CAHs-assimilation bacteria

Gene  CAHs Primer name Primer sequence (5'-3") Size (bp) References
cmuA802 TTCAACGGCGAYATGTATCCYGG 807 [67]

cmuA  CHCI cmuA1609r TCTCGATGAACTGCTCRGGCT 984
cmuA1802r TTVGCRTCRAGVCCGTA
MF2 CCRCCRTTRTAVCCVACYTC 167 [68]
Cfor ATSATCYKGCRTCMCAGC

441-450 [69]

Crev TMAGCMAGTAWTYCTA

demA — CHLL  pfor AAAAAAAACATCTAGAGAATGACAACCGTGCGC
Dmrev AAAAAAAAAAGGATCCGGTCATCGAAGGAATGC 1225 [70]
NVC105 CAGGAGTCSCTKGACCGTCA 360 [73]
NVC106 CARACCGCCGTAKGACTTTGT

e Ve RTC_F ACCCTGGTCGGTGTKSTYTC 360 [74]
RTC_R TCATGTAMGAGCCGACGAAGTC 106
MRTC_F ACACTCGTCGGCGTTGTTTC (+7 others) 106 [72]
MRTC_R TCATGTACGAGCCGACGAAGTC (+5 others)
CoM-F1L AACTACCCSAAYCCSCGCTGGTACGAC 891 [58]
CoM-R2 TCGTCGGCAGTTTCGGTGATCGTGCTCTT

otnE Ve RTE_F CAGAAYGGCTGYGACATYATCCA 151 [74]
RTE_R CSGGYGTRCCCGAGTAGTTWCC
MRTE_F CAGAATGGCTGTGACATTATCCA (+5 others) 151 [72]
MRTE_R CTGGTGTGCCGGAGTAGTTTCC (+8 others)
17F GAGTTTGATCCTGGCTCAG

adhAl 1,2-DCB 730 [37]
1406R ACGGGCGGTGTGTA/GC

% : 010-64807509
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4 REL5EZE

SIRFMAE N CAHs WA T Xz — N
S A s B R T Rk E %, SH
A= Py A SRR AR AT B L AR SO &
H S FREMERY CAHSs 1T T RGBS, XFi
I CAHs MYFHCTA Y . 5% AL i 44 & O
Vel T T Rk, HAT, RIEM CAHs 7
FE AL Y RN AT B A% CAHSs fORhed b, B4y
BRI T CAHs 5 3% AL i AE o A -+ LA
J&, AIYE AR AR IR R AE WA B9 CAHS (X
MR TSI, i vC. DCE. DCM #il CM,
H RS SRl T TCE /9 5 2R (ke i,
MEER, REFEDE K%M (pH 6.5-7.5,
25-35 C) HJHLHTEAN, X F AR 44 R B RE D)
o Ee/; 546, CAHs (057 FALDEsE 84
HRTE 43 B Al T s R ER S M R BRI A T R, X
F52hr CHAs HT5gedgsthrh, S35 A AL R AR 14 1Y)
FHE L MR SIRERBERE . R
SUSRSE I RR R S 115 B B R A R 5 IEAh,
TGy rh SRR 2, AR IR T
NS FEFEE P BRI AR, AR
S A S AR B T AL R A ™, ) Al A 1o 7
AR KR 1] (4 FE EL A FF 3 0 8 R A5 B R DR . 3X
o) SRR ] T 5% R AL R SR P 7 CAHS 15
AEBRFR A . R, R H 25 IR CAHS 15
Yo ROEBFFE T T CAHSs Y 535 [l 4k 22 8 56
HLLRILA 1 : (L) ¥R BRI, RS
HAHHAER Z R CAHs FEA#BE S 1 bk Jlat
FEN T REAIEG TR & TR R, e A F) HEER
TFET-BS BA CAHs 53 R ff o RE R A
AT R0 (2) T2 FH 7 37 [ Ak e i e s R b
LGRS YA, I R R AR S-S 3R AL,
AR M-S FRRME, PR S-S - S 3R R4k
YA AbBE (BRA )-S5 R AL SR B G CAHs b3
T2, BAHMRILL VC syl 2R i
DCEPO, (3) i Fi 7 ik PRI 20 i1t sy 28 M) 255 22 41

http://journals.im.ac.cn/cjbcn

SRR, WS Qe 5 R R U E M R I AL
B SRS [ U ek CAHS f AL R
(4) ZBAIVIESF IR FACRE AR S,
MR P IR AL AR B R R N 2, S A AL
SRS . AT 5

M. ZEmgid R3S

CAHs: &%, Chlorinated hydrocarbons

TCE: =&/, Trichloroethylene

PCE. M4 Z %, Perchloroethylene

TCBs: =&, Trichlorobenzenes

HCB: /N& 7K, Hexachlorobenzene

CM: —&H %, Chloromethane

DCM: —& H &, Dichloromethane

CF: =& "¢, Chloroform

CT: PU% 4k, Carbon tetrachloride

VC. & 4, Vinyl chloride

c-1,2-DCE: ik — & 2./, cis-1,2-dichloroethene
t-1,2-DCE: Jez — & 2%, trans-1,2-dichloroethylene
CB: &K, Chlorobenzene

1,2-DCB: 1,2-—& 7K, 1,2-dichlorobenzene
1,4-DCB: 1,4-—47E, 1,4-dichlorobenzene
1,2,3-TCB: 1,2,3-=& %, 1,2,3-trichlorobenzene
1,3,5-TCB: 1,3,5-—&7K, 1,3,5-trichlorobenzene
1,2-DCA: 1,2-—& 2%, 1,2-dichloroethane
CBM: S H HE, Chlorobromomethane
1,1,1-TCA: 1,1,1-=4 2%, 1,1,1-trichloroethane
DCBs: —4& 7, Dichlorobenzenes

Hifolate: DU MR, Tetrahydrofolate

GSH: 4t ik, Glutathione

H,MPT. DUSHHERS , Tetrahydromethanopterin
AKMO: JEE A%, Alkene monooxygenase
EaCoMT: #4fifii M ¥ %[, Coenzyme M transferase
CoM: i M, Coenzyme M

CoA: Hfilif A, Coenzyme A

TCA: —RMRIG¥, 1,1,2-trichloroethane
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