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Metabolic interactions among microbial species during
groundwater dehalogenation: an effective way to improve
in-situ anaerobic dechlorination of chlorinated ethenes

WANG Zeyi', LU Mengran', YU Yang', ZHANG Yueyan', WEN Lilian %, LI Ang "’

1 School of Environment, Harbin Institute of Technology, Harbin 150090, Heilongjiang, China
2 School of Resources and Environmental Science, Hubei University, Wuhan 430062, Hubei, China

Abstract: Organohalide-respiring bacteria (OHRB) play a key role in the in-situ bioremediation
of chlorinated ethenes-contaminated groundwater. Improving the abundance and activity of
OHRB is of great significance for the complete removal of chlorinated ethenes. Given that
OHRB tend to coexist with multifarious microorganisms, metabolic interaction among
microbial species has been considered to be a common phenomenon. The complete innocuity of
organic pollutants requires the cooperative metabolism of microbial flora. Therefore, from the
perspective of interspecific metabolic interaction of microorganisms, this paper presented a
brief review of the current dechlorinating microbial resources as well as the mechanism of the
dechlorination, particcularly the interspecific metabolic interaction of obligate OHRB,
non-obligate OHRB and non-OHRB, and the mechanisms. Moreover, we proposed to construct
the synthetic microbial community based on interspecific interaction to improve the anaerobic
biodegradation efficiency of chlorinated ethenes, hoping to guide the rapid and complete
innocuity of chlorinated ethenes in the environment.

Keywords: metabolic interactions among microbial species; organohalide-respiring bacteria;
synthetic microbiome; chlorinated ethenes; anaerobic dechlorination
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Figure 1 Diagram of the electron transport chains in organohalide-respiring bacteria. A: The non-obligate
OHRB electron transport chains. Fdh/MBH: Formate dehydrogenase/membrane-bound NiFe hydrogenase;
MK/MKH,: Menaquinones; PceA: PCE-RDase. B: Obligate OHRB electron transport chains.
HupL/HupS/HupX: Hydrogenase; CISM: Complex iron-sulfur molybdoenzyme; RdhA: Reductive
dehalogenase.
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Figure 2 Diagram of RDase involved in microbial anaerobic reduction dechlorination of tetrachloroethylene.
PCE: Tetrachloroethylene; TCE: Trichloroethylene; cis-DCE: cis-1,2-dichloroethene; VC: Vinyl chloride;

ETH: Ethylene; PceA: PCE-RDase; TceA: TCE-RDase; DceA: DCE-RDase; VcrA: VC-RDase; BvcA:
VC-RDase.

LA peed gt (1) PCE i J5 5 14 Jiff(PCE-R Dase) cis-DCE. VC &R 2 T8 ™Y ETH; W bved

¥ PCE/TCE if Ji 5% b i -1,2- — 5 & &
(cis-1,2-dichloroethene, cis-DCE); Hi3L[H tced
i TCE i J5 B < i (TCE-RDase)#4 TCE.

cis-DCE ¥4k 75 & ¥ (vinyl chloride, VC) .

ETH; WA deed 4ifh) DCE i 5t 14 il
(DCE-RDase)¥ cis-DCE iR 5K VC; i IE A
verd 4wt ) VC if i B K il (VC-RDase)

SEH 4% 1) VC-RDase #4 VC if J5 ok ETH# 4,
RS R A S b Bl O RE A S, TR A
IR BE AR, 1 H 2 BIEAE AR &
P£ OHRB v, X FhE 5 v IR A B 9E % 1
OHRB ML SEMLHIEEHE TH RS20, Bt
B, T kA b 5 5 1 3 o Ot i it 1 44 £
PR P AR L S YA 2R By, (vitamin By,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FREER SR T KB s I R R A A R TR LA -

B e JEL A S e PR AU SR RE (A R A 1581

VB )i F g, Eid VB, fiA SR
JEAS F 00 i 53 A LAY, dEmE
BB - A A LA R R, T HL E T
3 B A B B A A AL b WP W A1 B ) 5 T
T RO 38 A A R B ). AR A R A IR R
B, X4t OHRB H GAIAFETEREM Mk &
S R T e () SE TR, LR A B BR T R i
AR T e, PRI T B i ok e 2 15 A A S
Vi J3E 75 A T R v I 1 TS

2 TR, % OHRB 7E G BS54 ML
15 YL W A1V TG 55 A rh 47 B A DGR 1 A £
SR, HETZ 2545 309 % ¢ OHRB U T4
HH—, AR A BRIER R D
HL 1% 380 5 1) O S 201 0 58 i R T 2 A2 A0 S IR B
MR, BT K SR8 Iz A i 0 =F
JERGEPERAG, R T AEEE RIRCRY,
%1k OHRB ., JE% 1 OHRB HL 7% 1% 7 s 22
SR AR TR R TR A O AR AR AL TR R R . 0
T Bt 5 UEKR 1 (Dhe 195)/4# TCE B35 3: 1K &
TS IR 2% 3K W v BU R TR (Shewanella  oneidensis)
MR-1 5, TCE 5S¢4 543 ETH ByBf A M 24 d
AiFiE 16 d, KIEEEHE R T %7 OHRB By )5
AR WX — BRI R B, Ak
MR-1 7€ A SRR AR E & 31 R A — o A
35 T LM OHRB Y HL FAEBRRCR, i L1k
OHRB L&A 2R =1, Hk, fEAsk
PRI Hh AT B T sl A 4 DR AU i i S L3
WAHIBT, W% OHRB. k%1 OHRB K:E
OHRB EFfePE . AL T AN ERAT,
30 2 A A Ak 3T B ke 4 O O SR B A T i A K
PRGN S5 5 o
1.3 WEYRKREIE RS Im 84 #5350 (0] 35

BT B b W I A 1 o R R M A ™
il 2 T @ AR RIS Ye b T KB R AR B E T
TERTF IR, ZRb2E A Y ik C g DRI &

L VEATHIL el 0 200 R ) AR T R S AR
B H B AAERCRA IR . IR . A i
TR S R AN, AN A R I X — T B A
fili OHRB f4-F B b i PEAT 204 5, PR3 P HA
NREREYI R PE L 213 348 %, OHRB S
AR PP B A S BEGRAE W TR 5 S BEAU IR M 2
K IR T A SR E A PEAR ELAE T, R
RV S RE, S EURZ A ERCRA I
T EARYS, T 45 00 2y R PR DU X1 AR 2 4 2
TR RIE AR 2% . A EAE A 2% D) T
I T REATE . SRS R Hik, W
BT A 0 1) (9 AR EL A A X B 2 OHRB i Ji B 5
I AR AL A E A TARRY T R HAT E
o TESPRINE A, Lk OHRB -5 HAh L)
RE R A WA LA TR SR 2% A9 B 1 T A, T
X i 7 A 2 v ) S AR IR IR D I S, S B YS
P JE T ARPON  ARETRIRE ] 114 5 4 s 4
RONE, BRI MRS | PR A5 A a] A A
P QA — AR LA M) T4 e R 5 i S R
2/ ORTI N | BEN 3 =Rt S Ll E i G 5] [N D (8
PR ELAE TS BUOC S ACI M B Y A 45 AR T4
R R N B TR ACR , TR L OHRB
AR L I AU R I L BR BRI BART

2 BRSO B R # R
RO I3 28 40 J TRk P AR

2.1 %% OHRB 53F% 1% OHRB #hE{t
s EAE

TETS ek fg B, Y EAEE R
3 J LU LRSI, (1) FFBE L,
A A e s i 2R, PR ST R T A
IERR IR BEARRCRIE T (2) FPERREmAI, P
ff 5 e I 1L PR T R R AN, MR
FEfRIG R s () T -T W ) 42 o Bl R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1582 A 2 AR

Microbiol. China

R, MUEMIA SRR, SHE
VERAEM A B2 5T 0 YkEm, BABTH
A BRI RER RUAE YIRS 1 A4 s (4) TAE-15
YL vE R 1) e bh B R A X TR 20 B e S AR
A I A o A v A B ) e ) EAE AR X B T
B Gt A B ) I i R A

TESEPRIRIE R, i HIER T (Dehalococcoides)
FORE <1 500 18 (Dehalogenimonas) %5 & VA L
0 W2 4411 B 3 55 R B8 (Geobacter) . i AL B2 i€ 1R
(Sulfurospirillum) . Wik Z&FF & (Dehalobacter) .
ULERY) v TU EC B (Shewanella sediminis) %5 3F &
P BB P A TR AT AR, X
S L OHRB B il i G4 Uk ke Bt S JsU Ay
ARG, ] % OHRB 2t L2 |
AR VB FEAKMLTHET, L OHRB
AR k£ OHRB ¥4 HLE LY
WO TEEEY R, AEL P OHRB it d o id
FLAAE R IR R, & FP26AlH OHRB
e, N—@ERE B 7 m s R g2
WIF B, MR B E 3 TR .

’ 1
Lactate/Propionate & 2
>=<C'LS‘-DCE

Non-obligate OHRB H H

Cl Cl
Acetate/H,/VB,, )= PCE

Cl Cl

Obligate OHRB H H
>:<Em

H H

3 % £ OHRB 53F% % OHRB # & X iff E1E
T~EBE  cis-DCE: Jf-1,2-—& Z%; PCE: I
H N ETH: L VBio: 48424 By,

Figure 3  Diagram of interspecific metabolic
interaction  between  obligate OHRB  and
non-obligate OHRB. cis-DCE: cis-1,2-dichloroethene;
PCE: Tetrachloroethylene; ETH: Ethylene; VBj;:
Vitamin B,.

Liang ZEPVF5E T 0¥ PCE iR RSN
cis-DCE [ HFT 1 (Geobacter lovieyi) LYY 55
+ 5 QP <1 8L B & (Dehalococcoides mccartyi)
CGI MR FR, 4RERW, HLINR Jy ik
R LYY W] Ay I o 00 BR B 2 Ak 5 5 2
&, [FRERIEFRAALL, PCE #5825 fbid )5
FYRHIEIFE AT T 15 d; Yan 252 FI 1K TCE iR i
AL cis-DCE WIHAT I (Geobacter lovieyi) SZ
52 R F% KK #LER (Dehalococcoides mecartyi)
BAV1/FL2 #A73LE 3%, R BLE K SZ HA 4=
B LI 1Y fiE 1 [(12.942.4) ng/L)], FF HIARE
BAV1/FL2 A JCHMNIR Ak 1 E 1% A5 0 ) 15 0 T BE
BRI R AR SZ 7 A 1Ak i T JHg 0647 1 0 A
KACHI IR JFB 5 s Kruse S5EPORKE 2 R385 Q5
i U BR I8 (Dehalococcoides mccartyi) BTF08 5
ZE WAL e B (Sulfurospirillum multivorans ,
JE% 1 OHRB, # PCE [l &L i Ky cis-DCE)IE:
g%, RIS ML IR H AR BTFO8 AH L, s
k24 PCE IR HEAL N ETH M ECREE S T 3 4%,
1M H 2 2 iR e Atk BTFO8 42t 1 ik
UL HL AR S R 1

ERMI RN T #E OHRB 54k % 1%
OHRB HFf[E] IEAH ELARE ] o 72 E IR BV AR ZR N,
k%P OHRB Frfit 25 i CHEACB IR M) 7E — e
BE B3N T & OHRB ARG YE . L F 15k
RO Rt o BTG P, AR AR SRR R R R
P OHRB [ F=JE | 1 1 B3l i A A% AH L PR
MBI R & LE L ESr T, L1 OHRB
AL OHRB A4 8] EL AT Ja T e K o A 44
2o AW - T A A P T 4 P B e A 5 = P 245
o TEXFEEFRERT, MEDRIZERIKR .
HARIEAE, (B B A A SRR 2 ORI A4 [7) s s
NEERIREE 7] a3 7 S N A S MUY 3 =B
P A] A% oK %tk OHRB 5% OHRB i
FraLsige, A fAE Wy i b 1] B A 2 B v AR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FREER SR T KB s I R R A A R TR LA -

$i e SR AL S e PR AU S RE (A R 1583

W 9 1R R A D
2.2 &% OHRB 53k OHRB # a1 X it E{E
Pr5AE LM OHRB JLA7 ok, SLhrirkih %
P OHRB it 57" SR . 7= HGEH . KA TR
SEUE P ILAE, B X SE R ) 2 8 R EAE
F & R 5 LB AR R IR E E At A &
g Y1000 bl OHRB QMR T (Clostridium)
RREAHY =L RS MR, 4 OHRB #24tH 1
PR R IR (H R EE AR 1 (Acetobacterium
woodii) . fﬁﬁaﬁf’nifﬁiﬁﬁﬁl? VB, BiJi
P ADLBRER (1 PRt 15 7510 36+ AP (Pelobacter)
SFB93 RI K £ B3 At il J S B 0 Pk ) ) o
bk CBRAMAS, NMUERR T 2P imkfER,
0 Ay I SR HRAE TR VR S AT R
4 OHRB 5% 1k OHRB 1E 5 4 ¥ & i ) 72
H AP R VEREC, £PE OHRB 59F OHRB [H]
B — R RA - T W R Tl 42 T B R A B =K
BT —F A LA . & OHRB F)
FAZ HpIE OHRB Fr 43 Wb AR 35 7= W k4 5 41
A KR S, TTFE OHRB 7EiX — K &

TR T A B T E S AR R (R
HE L H

DL _b T i 25 2 N A S ST 0 3 0% 37 Ak R
Ve R AIR AR R P T AR B B &, AW
[T B T A AR RO R IRI ARG R, FEHE A
ML W A AR P 1) TR A S B TS Y i
ERL R, NI N ZR R S R T
S, ML, XEETR A R OOk R 2
7 2 S B b R K IR 85 v S AR e B A
AR, FEBAS T —E M, ARy
&5 L HIE A s b i BRI T 1 R,
BiE A AR R, DA AP e
VE RSB IEA T A D RETR MR . ZE TR Y
ff Az e ohe A e F 98 N\ B3 T S A0

3 ATHRAEMMENRHMEFES
BB B A A R

A PR TR B S 52 5 S BE Bl A= W TR
THE B0 o R AU 2 5 e R K Y A 48

Cl Cl
Non-obligate OHRB )
. —\ cis-DCE
- ~
H H

W_ .

Non-OHRB

ETH: Z»‘}’?r%, VBi;: H R Bz

m % Cl Cl

Ob]u.ate OHRB : :

& 4 %1% OHRB 53F OHRB # e BEER~EE

cis-DCE: Ji-1,2-—4% Z.%; PCE: R L¥%;

Figure 4 Diagram of interspecific metabolic interactions between obligate OHRB and non-OHRB. cis-DCE:
cis-1,2-dichloroethene; PCE: Tetrachloroethylene; ETH: Ethylene; VB;: Vitamin By;.
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Figure 5 Construction process of synthetic microbial communities.
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