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Advances in reductive dehalogenation of halogenated organic
compounds by anaerobic microorganisms in the marine
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Abstract: Halogenated organic compounds (HOCs) have gained increasing attention due to
their potential toxicity, environmental persistence, and bioconcentration. The marine
environment is a major source and sink of HOCs, not only accumulating large amounts of
anthropogenic HOCs but also containing a wide range of naturally produced HOCs. Microbial
reductive dehalogenation is a key strategy for the remediation of HOCs pollution, in which
organohalide-respiring bacteria (OHRB) play a pivotal role in the bioremediation and geochemical
cycling of HOCs. This article provides an overview of the sources and distribution of HOCs in the
marine environment as well as the mechanisms of reductive dehalogenation by anaerobic
microorganisms. It systematically reviews the research progress in reductive dehalogenating
bacteria that have been isolated from the marine environment and the reductive dehalogenases,
aiming to provide a reference for the bioremediation of HOCs in the marine environment and
lay a theoretical foundation for clarifying the biogeochemical cycle of halogens in the marine
environment. Additionally, this article explores the differences in the properties of marine and
terrestrial dehalogenating bacteria and their potential connections, which are important for
elucidating their evolution and environmental adaptation in different ecosystems.

Keywords: halogenated organic compounds (HOCs); marine environment; organohalide-respiring
bacteria; reductive dehalogenase

A Ltk & ¥ (halogenated organic
compounds, HOCs), 25 H AR . 5. B
LR GEICR AN E Y, PR Ak
BrmigE iz T TR Gt REFE
mmSMEFﬁﬁ%BL%x@@% BT
EATEA R AN mwﬁéﬁ;ﬁﬂﬁé
Fetke, — BRI, /\fgﬁlﬂii
UK . DTS AL AE P i) A 1T AR LKW
XoF il Ml LR A AN AR G ™ Y PR XU
I 2 0E N S At B L) B0 R B B o i B B

HOCs MEZIH S5, XA YTEREIREE
PRI ZRE, BRVE B TAOb A . i Bl
LRGP AR HOCs, A4 Y M
A=Y B A A K2R HOCS!, sRif, FkA]
Xf HOCs TEMHEH A R IE S oA R
AR Ft, H0%ERI HOCs 1R
PEPE@EE%%“E‘EWE XX F4E 7~ HOCs 7E
T VE R PR T O B R S

TACAE P 90K S 118 DR 403 i ot 17 2 g 3 PR 05 vh

HOCs [EfEAELmEE SR, IF HE X
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HOCs 1Y ik J5t i pa A5 2 A1) ik T B b i
(reductive dehalogenase, RDase) /5L B AP,
H 20 tad 80 AT A MU TR H I AL P
RE A5 X IR B A T DU IRAE FH LIk, FRATTXH T
M B PR IT AR B Bt 5 R
I J5E 50 T e R N T A A ) A T PR ol
AN [RlEE, RS R IR R T
B 1A 58 BT B A 4 9 U AR 80 114 B e il S PRI L6
PO, T 5 o - i b BT PR 2 8 T B A TR
AL A A S T e b A AR, SR, H
IR ER 43 © R A 1t T S H ' A B R M AR S ok
H i L BOR K BB, O TR R v AR
JI5E T AT £14) B R AR PR B LA 05 3 AP S5 A S 5
A, FFHEZ REUGRUS, Fk, BEEMA
) P M 1 /05 e B SR A AR R | A
7. AERIEE . W2 AR DL A HA A ) b Bk
e FERRR S AE R, X6 T4 3 B A T o
K R ENTEAESRGEPERN, DR
FH 5 i o 5 b TR 2 ] VS A K R AR A
B

AL TR HOCs R .
A R A Wy 9K Bl ik S e s R AT R, R
G TR R 0 AR A, DA
ZORH DG 1 5 1l Tk R T b R DL A A BIR R
TV 0 k0 B i b P R A R AR A
AR FRARINE S 22 5. Ak, A SCR R
BT — RV PER L, B AL S
AP R B — 20 T N, R S BV
R HOCs WA U8 R A W 16 52 LR} 2
e

1 %S HOCs RIS
i

1.1 HOCs HI3kiE
TR, HOCs WA IH 20 R K2 .

N R SRR AN R AR P21 (1 1) o AR R AL 4
A A HE . T R fE AN ASE A T
AT IF SR SN B P B T M SR AR RN B R HEL
BESEIR e k2K 4 R M HOCs 38 7T DL 28 3ek 37 5
KAMLHE BN L2, FEE L T U0k (LUB0R &
T ) Lh KoK -2 A i A2 i (LB TE )R
KA MG W FERIE TR TR HOCs &7
YR E R, TE - Y EE ™ A A WO
XoF T A A RN A Ml R ) Jl s 7 XU 1230 e 2
HOCs 231t R4 28 1 S sl 480 3 A 0 5 FRU it
BET 43 fife 28T Bl B R B v

bR T ARSI E ) HOCs, W VEIR A
B HEFENRAEEYI(E 2). HAT,
CABML 8 400 R ARG LG, T
B IE RIRA HLa by s KA I 4 il
TR P BRI 4R BE 7 A 2 R0 HOCs, Uil
U7 IR 5, AT A2 B AR R R A B 20,
WAL, HEE A WU TE 23 G HL) 9 3 7 vp s m]
AE” 4 HOCs, W25 (Curvularia inaequalis)
TEOTfRAR LRI, Al BE2x i o 4 A J5t s g
ATE TR, RS OR SRR 0 0 A IR R AR SN
e HOCS®, BT AEW Kbt , &FdEd
Yk, aefbsE N . KL s A ET L™
A HOCs521
1.2 HOCs B9 fo 41

HWEHAT, HOCs BAEMK, YRR L
A5 Z RS T R 3120321 LA A
FEl 3z, AR AR WX Y R T AR
DT, Flan, FEEPFERRIZIIRYIY, AL
A4 24 (organochlorine pesticides, OCPs)., £ &1k
7 (polychlorinated biphenyls, PCBs)Fl1 22 5 K ik
(polybrominated diphenyl ethers, PBDEs)~5 HOCs #{
iy, A OCPs Sk B i, “A(1 051+305) pg/g,
X AT BB AR B EE VA R A & e b [ 206 OCPs 1Y
Jiz A R A 5P Jh ki AR P
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1 SEFIEH HOCs BISKIE(ELE £ % 3Lk Liu F11)

Figure 1 Sources of HOCs in the marine environment (modified from reference by Liu et all'!).

cl FF FF FF FF (0]
Cl cl cl

FF FF FF FF
4 5 6

2 AAMERARIER HOCs  A: 1-3 B2ALEWRKATGTEHERILEY, 4-6 2N THME KNS
Wil &490; B: 7-10 & RIRG WK A8 AL G0

Figure 2 HOCs of synthetic and natural origin. A: 1-3 are synthetic halogenated aromatic compounds, 4—6 are
synthetic halogenated aliphatic compounds; B: 7-10 are naturally synthesized halogenated aromatic compounds.
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KB T 490 A1 2 5UbE 2 ) T (perfluorinated  and
polyfluoroalkyl substances, PFAS), OCPs. PCBs
52 HOCSPT, 34, TEMFFRIRAL, Nk
IR HOCs [AIAET IZAF1E . Cui S8R B
FZ) HOCs AT LI o £ Y P HRIE 78 A F- 1 IR
1314 ; Dasgupta 5P IE B LV 9 19 TR
Hi K #] PCBs. PBDEs, M1, PCBs ik
FE 9314195 pg/g, #3 m TH AR B,
XEEMT5E R HOCs TRV R R Al )z, ik
— R T HOCs {544 a0 52 e e A4 R 1

TEZ BT TAES, FATERGT T 303 s A
BLi5 3 PCBs FUgi &L pad A HLTS e £ i A
IR 18 (polyhalogenated carbazoles, PHCZs)7E i
A RRAE s B A X BTN | RV R R A
UURRYIH Y PCBs #EAT 0T, FATRIAE N
T S (R P A P B DX AR Y - PCBs VK E
fem, XKW PCBs 25 TEFER NI I
HULEMA R ; B R C PCBs W HA W&
o FRMBARE L, X FECENTEARE D
UBSREAi Ak EE I S R = 311 BT
MEZ T, KM~ PCBs T LML, felg
TE R I R g A8, I 38 3 R AT E AT
s i, MR s AL PCBs (b
L, XTTRES b iy sh ¥ - Ko ik . ma ARt
i Bl LK H 45 ARG S A G TR
M ITEY RS PCBs A%, mIRE 2N
PCBs i o RATTRE AR 25 K10 R ATTid
WF5E 1ok B MRS DT O3 LD AN R PR AR A
1) PHCZs rAikifit, #5R4am 7 A FEA B
PHCZs WAL . ¥ PHCZs RO AEY)
FRERAR ST h PHCZs BVETEAR MY
UEAh, FATE A T PHCZs 7675 K PV I I
VIR 28 (] A3 A RRAE, R B PHCZs | 12 AFAET
AHOC XK AR B v, I HLAT g i i A=
YA A T vh T R H T

2 WERFTHRELFM W
y &L IR

2.1 WEMREEREEHLH

MAEMERAAE P UAIEHR. 4R
LN AR A, K HOCs 75
W52 A, dl ek H A% 3 A T 340 S G 1 s vy I
AT H B AER AT e X — i R A
HL R P (organohalide respiration, OHR), iX 251
HE VIR PR A LK A6 4 BT W2 2 TR (organohalide-
respiring bacteria, OHRB)"!, AR #5745 #L p<i -1
JE77 4 OHRB Mi—myge R =L, TR
O3 B TR R M AE L OHRBIM, K Z 4L
etk OHRB 1Y HL 4% 388 Jy XA BRARCOR B fg 1%
#, %M OHRB M ML 1% J7 = AR BRAK
TUHL T3 (18] 3). fldn, et OHRB i
VA% BT 1 J& (Desul fitobacterium) i, i 1 il )4
Ml RDase #47HL &bt fe; MAE%LPE OHRB
Jiit i #2135k 14 )& (Dehal ococcoi des) 3 B 2 47 T4k
T e S it e AP LS L 1% 32 2 RDasel ™,
22 TRBtaEE

I JEU 14 B (reductive dehalogenase, RDase)
e — AL B ZE b b K] R Fe-S 772 9 235 14 44 it
RITE, 7E HOCs FY I It it b 4o 7 Hh & 458 G B
PR, sl 3 frs, KZ% RdhA HiAHH
H 2 ANRSFRAE, B N-ZR i i X0 & IR 5% 75
(twin-arginine translocation, TAT){i5 53 il C-K
Ui 2 4 Fe-S #1481, RDase il LRI T4
FARFAE LA K 5 240 L R 1) i 42 0 SR 4 AR
=25, JRAIPEIE A RDase (B TAT {55k,
RdhA F1 RdhB). B5EREIZ A RDase (/> TAT
%5 IKFI RdhB, RdhA 3 iz N-7 i ) 25 R e 45
MBS R )Mo i A A RDase (ANi%d%
WIS, K HOCs VR AR5 BEIR IS T8 I
U, Lin SEUSIE S35 19 VIR 2 1Y) Vg TR 4 5

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



886 A 2 AR

Microbiol. China

R-X+2H" R-H+HX
2e’

»2H i
{ = ATP
{MW: ) o synthase
MK <
2H"
ADP+Pi ATP

H

3 ANEHHITRAERFRBEREE

R-X+2H" R-H+HX
H, 2H 2¢e

go[,\l CD U
CISM it B, cofacti

"
Fes
m ATP
Cyth ChdbA = synthase
193 £
ADP+Pi v ATP
H

A TRAKHS A T 15356 5% , Hoase: S fLE; MK/MKH;:

FHILZERREZS; RdhA/B: BRI, B. AEEEACHEE T B F-1% 36 4% , HupL/HupS/HupX: S fLF; CISM:

RS AH IS ; RAhA/B: 38 J5E I b g
Figure 3

Diagram of the electron transport chains in organohalide-respiring bacteria (OHRB). A:

Quinone-dependent electron transport chain, Hzase: Hydrogenase; MK/MKH,: Menaquinones; RdhA/B:

Reductive dehalogenase.

B: Non-quinone-dependent

electron transport chain: HupL/HupS/HupX:

Hydrogenase; CISM: Complex iron-sulfur molybdoenzyme; RdhA/B: reductive dehalogenases A/B.

Wi H “F It i(Desulfoluna spongiiphila)d & B T —
Pl B ) RDase, HAG TAT {55 AK&5#,
IF H L ZR B B I 0% IS ) e M (CHL ATl R iy
ORI T, A EORB ). Payne 551
TE AP AE FRER 4 I 7 (Nitratireductor - pacificus)
pht-3B H & Bl —F /i 57 RDase (NpRdhA),
H N-R Ik /> TAT 454, 3 H H B PR R ke /D>
RdhB, ‘EfwirEis a9, flm 3,5-—
R -4-32 K R (3,5-dibromo-4-hydroxybenzoic
acid). LAk, Han ZFUCHHE & X4 SRUTEU A
B =LA T EBL T RDase [—> #1153
X, i AESE R AL RdhB Fil N-2K b
() B AR e L5 1, 455 1 it 0 I W T8 7 5 S N
W2 7% RDase FUZSHHRAE . X SEpF 5T 3R BHAS [ 2
U1 RDase HANFIIRYMw G-, FF HigvE
PR35 P AT BEAFAE HoA B AL (1) RDase,

FH T8 B R M AR A R S AR B . WA
HRBUSANE ). HOCs BIMR/K I, B8 DB 1 1
Hi4lifk RDase #CARMERT, KL, SEFR AL
9 3k4% RDase F-F 5% HAE AL AL 09 1 2E5% 42

SR, TE SR Rk o #8757 2 5 I 8 1 i &
HHTEEEZMnER, RECH 8T
RDase Ui F I8 M4 iE , (HEF X R U5 1Y
RDase [R5 AR 45 Payne S5O AT E
K ZEAFF 1 (Bacillus megaterium) il D) ik T 2k
H Nitratireductor pacificus pht-3B ) NpRdhA , Ff
7R T HAGPEAL S A e A . R R BE
WG B Mg 5 R S5 WAty , (B4R A4 -
b 3R AR A Ay PR A AR LR AR A T — o R
P&, BV 56 v A P Al e 3R DR G R
1Y R T, K- R T S Bl R R s A
AR 1k, SCERY R . Ak, NpRdhA
TEA B AT T B RS E M2 W AT BB 7E 55 B g H]
o LA TR A PR EEAE PR S SRS S R ok
RDase MIZSHITNRENSE . IRWHF Sk 534 LA )
WTER A YE L N HRtE TEZEN S5,

Hifih RDase (15 K48 FR Ay ide Jir Mo 1< T[] 52
(reductive dehalogenase homologous, Rdh)Z%E[H ,
HWHEARE 2 MEEE, rdhA (RS AEAL G 1 By 3
K1) . rdhB (2t 54k 2 11 10 2 R ) DA Rz HC At

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



TR S5 | PRSP AR HLAL S W PR E 038 SR el T T it Jee 887

B, BHET, SR rdhA JEEIFER
T UTAR W) 3 A7 7E . Futagami 55005 KO-V
TS TURR D R I B Z 80 rdhA BE, REIZ
TEVRJZ DU b ke ISR 8, I X 26 rdhA
SR T 91 5 4 TE I e Tt A R 40 R LR
Wb A, AT 33%-64%2 (0] . Kawai %0
i 0 H AT b2 5 1 O R A TR )
FEAR AT R B A0, BT 2408
rdhA LA % . b4, Zhang PR UG 246
(perchloroethylene, PCE)E A < AU 4) , X B 1
WS ORI AT\ AR 3, il 2 B 2 oy
B, BEENARAS T 37 A7 LK 21 41 e i [ 4
(metagenome-assembled genome, MAG), H.H,
16 > MAG 41 rdh ZE[H, Jf HiX4 MAG 5
ZOHI R e iE BOA B ok S P e A T
(Bacteroidota) . .57 [ | ] (Synergistota) Fl R fiE {4
I"J(Spirochaetota)f7 ¢ ; A, 52k HHETEIK
1% 2k L 2R AT B (WUl canibacillus sp.) 3 ¢ 4w T
1 MAG H & 97 AR rdh ZE A, X450
VEREHE T 21 OHRB, N2z 8% FC i i L 5sk
[% (Dehalococcoides mecartyi) CG1 {5 H 36 1~
rh JE A i e e IR 3R BV VR AR TR A R R L
F= 5 00 T o R R b R B, R TR AR
VR IR v ) b RGP HAA H
23 RELFEBRHE

H 1986 4 Deweerd 5% 17 1R 43 2§15 21 R 41
i S TR 3% EC G AL & 2R 18 (Desulfomonile tiedjei)
DCB-1 LIK, ZHRIB b T8 7EA [F] A 2R 58 vk o
Bk, JHR S B B B A HE R K TR K S B
PR 3 B H R, TR AR 4 I b TR R A X
BB AT RE 5 I b TR Y A K A R 2 A K
Y VE IR W DA i i s/ oS H G
YOE T 13 BREEVERIEMR (R 1), B4
1 7£ 48 JE 1 ['] (Proteobacteria) . J& BE T[]
(Bacillota) 1 2% Jitt £ & | ] (Chloroflexota) . FH:H,

Desulfoluna spongiiphila AA 1 J2& M 1 g A AR
oy R Y, T LA T TR AR R F R TTAR
Y. TR L, i 0 ER B 44 (Dehal ococcoidia)
Al & 28T 1 40 (Deltaproteobacteria) # Ay Je B
A E K OHR W 110 2 AU 721 B % 1 it
WK EH, A 7%HET 8 BEEN, EN#
Sl OHRB, WA F HOCs iR ELSE Z Flih
T3 AR 122+ FC I < 81 B3R 7 (Dehal ococcoi des
mccartyi) MB 1 Dehal obium chlorocoercia DF-1
J& T KN, B2 % 1 OHRB, {UF]
F HOCs 1E M HL 722k, Wasmund 5P HF5Y
R, ARG PR v I b HULBK T 20 1) 22 R Bl R
JE R EAL, HAERZ TR h o 5
It H AT BE 5 R £R 30 D 1 R e 26 JHL il A= )
BRAb A FEA B AEH

XFEMERER 13 BREFER PG 1 R A T 5
T 16S rRNA JE[H 74 i R GeL & 43 Bt 0070
/] MEGA 11 3 FH i ClustalW 332 Hoxf £
A~ 16S rRNA JE[H 741 , #4#% maximum likelihood
FAER G K BW, FE LA general time reversible
(1 000 Y)IMATRIAIREIE . 50K 4 PR, I
1k BR T Bl (Peptococcaceae) DCH 5 H: At E
Bacillota 176V I < TR Y 2E A R g 4 A . T
> B DL AR DF-1 5% A S TR
Py B AR MB AL 100%

YT B R R A B MERE AR, 2T
22 b DG R I i TR A U el
Zhang SFUSVER X BTV TORR ) vb B o 7 0 3
TPt sE, B0 SE 3T B v %) A A ) RE 8 i
Ji B 1 — FR AN A B A5 Qe A4S 2,6- IR
K (2,6-dibromophenol) . 2,4,6-— fill 7% [
(2,4,6-triiodophenol)fl PCE %, I H. & H MM
WAV AR T ELHRiER OHRB, Wang %17
W T AU Y+ BDE-153 iR R, &
SRR TIE AL, 2O AR TR R A9
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Table I Identified dehalogenator in the Marine environment

Species Source Electron donor Functional Electron acceptor Reference
gene

Dehalobium Estuarine sediment,  Acetate, propionate, / Hexachlorobiphenyl, [60-61]
chlorocoercia DF-1 Port of Charleston, butyrate, fumaric pentachlorobiphenyl,

the United States acid PCE, TCE, weathered

Aroclor1260

Dehal ococcoides Bay sediment, Acetate, hydrogen mbrA Tetrachloroethene, [62]
mccartyi MB San Francisco Bay, trichloroethylene

the United States
Desulfovibrio Marine sediment, Acetate, lactate, / 2-chlorophenol, [63]
dechloracetivorans SF3 San Francisco Bay, propionate, fumaric 2,6-dichlorophenol

the United States acid
Desulfoluna Marine sediment, Lactate rdhAl 1,4-dibromobenzene, [13]
spongiiphila DBB Lescala Coast, 2,6-dibromophenol

The Kingdom of Spain
Desulfoluna Marine sponge, Lactate, pyruvate, rdhA 2-bromophenol, [64]
spongiiphila AA1 Baneux Riviera, succinate, benzoate, 2,6-dibromophenol

France glucose, citrate
Desulfomonile Marine Sediment, Pyruvate, lactate, / 3-chlorobenzoate, [65]
limimaris Florida, the United formate, butyrate, 3-bromobenzoate,
DCB States hydrogen 2,3-dichlorobenzoate,

2,5-dichlorobenzoate,
3,5-dichlorobenzoate,

2,3,5-trichlorobenzoate

Desulfovibrio sp. Estuarine sediment, Lactate, pyruvate, / 2,4,6-tribromophenol, [66]
TBP-1 Port of New Jersey, fumaric acid, 2,4-dibromophenol,

the United States hydrogen 4-bromophenol
Shewanella sediminis  Marine sediment, Pyruvate, fumaric pceA Tetrachloroethene [67]
HAW-EB3 Halifax Harbour, acid

Canada
Nitratireductor Marine sediment, / NpRdhA  o-CI/Br phenolic [68]
pacificus Western Pacific
strain pht-3B Ocean
Halodesulfovibrio Marine sediment, Lactate rdhAl 2,6-dibromophenol, [69]
marinisediminis Tokyo Bay, Japan 2,4,6tribromophenol

Desulfuromusa kysingii Marine, sediment,

Jutland, Denmark

Desulfovibrio Marine sediment,
bizertensis Tunisia
Peptococcaceae DCH  Marine sediment, Lactate rdhA 2,4,6-trichlorophenol [70]

East China Sea coast

[o REENREEEN

/: No functional gene was identified.
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Desulfovibrio bizertensis (DQ422859.1) i
4%|:Dem[]’hvibrio dechloracetivorans SF3 (NR_025078.1)
100 Desulfovibrio sp. TBP-1 (AF090830.1)

35 100 Halodesulfovibrio marinisediminis (AB353727.1) .
Nitratireductor pacificus strain pht-3B (NR_115822.1) ;E.
= 93 Shewanella sediminis HAW-EB3 (NR_074819.1) fg
Desulfuromusa kysingii (X79414.1) A-E

94 Desulfomonile limimaris DCB (NR_025079.1)

82 | Desulfoluna spongiiphila DBB (MK881098.1)

1001 pesutforuna spongiiphila AAT (NR_115979.1) g
Peptococcaceae DCH (PQ348099) Ij E
— Dehalobium chlorocoercia DF-1 (AF393781.1) fo
100 | Dehalococcoides mecartyi MB (EU073964.1) I %
2
005 E

4 ETEFREREER 16S rRNA EEFFIENRELEH

55 B P52 AR B9 GenBank

BT W BB R bootstrap SCHFR; ARRZIRE 0.05 S ¥ 51 25 7 190 UK JE

Figure 4 Phylogenetic tree based on 16S rRNA gene sequences of marine-derived reductive dehalogenating
bacteria. The numbers in parentheses are the GenBank accession numbers of the strains; The numbers on the
nodes are percentages supported by bootstrap; Bar=0.05 is nucleotide divergence.
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