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Microbial Degradation of 2,2’,4,4'-Tetrabrominated Diphenyl Ether Under

Anaerobic Condition

LU Xiao-xia, CHEN Chao-qi, ZHANG Shu, OU Yang, YIN Li, WU Wei
( Laboratory for Earth Surface Processes, College of Urban and Environmental Sciences, Peking University, Beijing 100871, China)

Abstract: Polybrominated diphenyl ethers are emerging contaminants in the environment, among which 2,24 4'-tetrabrominated
diphenyl ether ( BDE-47) is one of the most frequently detected and the most toxic to organisms. Using BDE-47 as the object, this
study investigated the degradation of BDE-47 by six enriched cultures containing Dehalococcoides species. The purpose is to understand
the microbial degradation of BDE-47 under anaerobic condition and its kinetics. Serum bottles of 100 mlL were used to construct the
microcosms and enrich the anaerobic microorganisms. For each culture, two treatments were performed. One used BDE-47 as the only
energy source with the designed concentration of 200 wg+L ™", and the other used both BDE-47 and trichloroethene ( TCE) as the
energy source with the designed concentrations being 200 pg-L™" and 13 mg-L™", respectively. After three months of experiment, two
enriched cultures (6M6B and T2) could obviously degrade BDE-47, producing BDE-17 and BDE-4 (and small amount of DE). The
presence of TCE inhibited the degradation of BDE-47 by 6M6B and T2 cultures to a certain degree. The PCR-DGGE assay was
performed to compare the microbial community structure of various enrichments and it was found that Acetobacterium sp. had good
correlation with the degradation of BDE-47. Under three different initial BDE-47 concentrations (50 pg-L™", 250 pg-L~" and 500
pg-L™"), the degradation rates of BDE-47 were 0. 003 3, 0. 001 4 and 0. 001 0 d ™", respectively. This study demonstrated that BDE-
47 could be reductively degraded by bacteria under anaerobic condition, producing BDE-17 and BDE-4. Acetobacterium sp. might play
an important role in the degradation of BDE-47. High concentration of BDE-47 might inhibit the activity of the BDE-47 degrading
bacteria to a certain degree.

Key words:2,2'4 ,4’-tetrabrominated diphenyl ether; biodegradation; enrichment cultures; community structure; kinetics
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D it T S T B A RO H b i S TR
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T BDE-209 [k /\IROFI-E IR A B IR Tk, T 3L B
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T4 ALT 1 ELL) & F AN [F] 37 152 A DL 705 G i)
HiLR 7K (BRURE I [E] 72 2003 ~ 2004 4F B E] ). o
6M6B T2 F1 T4 K H [6] — 37 Hb 19 A [6] s U I
(6M6B T2 1 T4 S H-4i5) , ALT Fl ELI 43 5% H
TN AR 751 (ALT Fl ELL S 371044 ) . 3 26 1
TKHRAE 6 ~8 m, FHEE B 2 MWD o B R, 2%
A 40 mL U (et e % E) s R E
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PR3 T & R, BUAN, JRBCT BT T /K EE )
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K HI 100 mL i35 AR A PR 480 iy i 335 5% A=
Y. TN B 70 mL B3R5 HOS 4o . NH, CL(1
g-L™")  MgSO, - 7H,0 (0.1 g-L™")  CaCl, - 2H,0
(0.05 g-L7") B#REE (0.1 g-L7") . 1 mol-L ™" M2
(1 mL-L™") . 0.1% 7] K& (1 mL-L™") 0.5
mol -L™" TNFRAN (10 mL-L™") M EE S EBIHEW (1
mL-L™") DAS 4 RIEW (1 mL-L7") . I3
PRSI T AR R AT AN E R S SR
B 2B

X1 B, S5 43 R AL B, — 2 U A
BDE-47 {E MR (112K BN 200 pg-L7") , %
— 2[RI A BDE-47 F1 TCE £ KRB (#5124
FEAR M 200 wg L' 113 mg-L~"). R E & N
5% (KR ARFER A AR B FR AT )5, B 3.5 mL A
AWM RE T ) . B Fh AL AR EE R, 35 e 4
FRIEIAT KB, BT IR K, SR RUEY) |
SEUGCE AT, i T B 1 BDE-47 BOGHE  Ir A B35
EE B AR T A R R IR, SRR — g A
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1 mLEEZET 19 1F O Be A o 2GR, B %5 8, 7
30 remin " FERE FHERE AR 12 h DL B SRS HR 0.5
mL IFO AR E 1.5 mL %@ﬁfgﬁﬁ,ﬁﬂ 50 ng
C HRICH) BDE-47 Sh AR, AR S i R as B 1.
FH 1 mL IE COBEAE B VR FE 1) BDE-47 F 1 A5
NSRS it ISRl 86% ~117% .

BDE-47 FI A AH 83557 1% {1 ( Agilent 5973/
6890N) M2 . Kl 2528 S &R oy S R . A R
PR RE, ERE DR E 290°C. AT IH R, W
1.5 mLemin "', %5 HP-5MS, 30. 0 m x250 wm x
0.25 pm. J N FHEFRT R 110°C AR 454F4E 1 min, 8
°C +min "' & 180°C 5722 1 min, LA 2°C -min "' THEE
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AR AEM L. BO ] BDE-47 K2 H 9 Fpa] fig iR 77
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1000 pg-L =", AR H 0 i AR 22 il b o T £, il 42 A0 ¢
Z%00.99 D) |
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% PCR-DGGE 53 #7115 9% I B9 v 4549,
TS M IR PR I T mL I, SR B K 12
PRI A B L 2H DNA™Y . AT GC e B4 16S
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3 XFHRECA) DNA #7572, PCR ¥ 38 R I K4 7%
PCR 7. 50 pL PCR &K & 42 $5. 1.5 mmol-L"'
Mg’*, 50 mmol-L~" KCI, 200 mmol-L~" dNTPs,
1 wmol-L™'5|#, 2.5 U DNA B-47#,0.5 wL(1 pg ~
1 ng) #4k DNA. PCR F2J7 4 :94°C 44 5 min ; fEFF
— M 94°C 1 min, 4238 65°C 1 min ( A4 PR B
0.5°C) ,JEMH 72°C 1 min, fEIEL 20; FEF . A bk
94°C 1 min, 2258 55°C1 min, ZE{# 72°C 1 min, JEH%L
10; FJm—URAE(H 72°C 10 min; AR)5 4°CARAE. THER
JPE N 2°C s~ PR AP EN - 1.5C s 7"

C T PR s B e JE , P9 s T Jg 7 P ok 51 L Oy
35% ~ 65% . TF 3 K 5 42 53 Bt & 48 (INGENYphorU
System , the Netherlands) 7, ¥ DNA #3424 40 pL
FreX A ik 8 wL IRSIE I 50 wL F SR A
fLiE.60°C | 100 V [ EHHTK 5 min, SR )5 4TI 16
HOKE, e 60°C . 70 V HEEEHLTK 16 h DL F.
R ARR A 3 L EB Y4, B YL A 45 min,
Z KRG (G 20 min J5, TERERE S £ G0 2E
DNA 575

X — SRR S AT VI , TG 7K IR 12 |,
SRIE AN GC Je i 4 7 16S tDNA 3 H 51 9
(F341:5'-CCTACGGGAGGCAGCAG -3', R518:5'-
ATTACCGCGGCTGCTGG -3") X2 3 1 i) DNA it
17 PCR. BLH 1. 5% BEREHEEERS , HL 3 L PCR J=4)
50.6 pL 6X ZZ PR & FAE. H] 100 V H Hs HL Uk
40 min, FEEERLG RS AR, W DNA 74, B
(9 Bk 178 bp. Ke4 =4k 3104 T 13 ) A BR
O ElEATIN . A A5 R 5 36 E S A Y AE B e
(R R ZETEA T HE X, e LR

2 HFR5IHE

2.1 A[FEIEFRFEXT BDE-47 B A

2234 96 d MYRE TR FEPULE (6M6B Al T2) 1) 2
AEATRFR I BDE-47 K4 T JF IR [, AR
2,2 ,4-=JREEZEREE (BDE-17) A1 2,2/ - R B IE
Tk ( BDE-4) X /b it (IR TE ( DE ) . 3% R0 9 & R A
Wi T TCE 1E 4 40 & 9 B IR, 4 /2, TCE A 7E —
FEREE RIS T TR SR X BDE-47 19 B f. 7F
BDE-47 SAME—REIRAVIE AL T, 6M6B Fl T2 Xf BDE-
47 2= B4 ik 93% Fil 82% , {HAE BDE-47 Al
TCE [FIi M BEIR A TE O T, 6M6B il T2 X} BDE-47
LB 9K 67% F1 71% . 1E 6M6B 1 T2 1Yy 1;
FOf 2 JE B 55 3R 72 42 BDE-17 1 BDE-4 ,{H
TCE WIFAAE—E R B L3 T BDE-4 2R i, 5540
o =R G ¥ D BDE-17 F1 BDE-4 (¥ B #4 %
W R [ {H 34 5™ ) (1 BDE-3 \BDE-1 #il DE) 34
Hefin , s K A] B8 & BDE-17 1 BDE-4 &4 T %84k
R fi AR ML A TR E— 2 W58, BDE-47 [ IR AL
SekAEAER X 5 3CHR[ 16,22 ] FHRIE —2. 7EYL
il BDE-47 (#—-~ ELI 3555 )i+, BDE-47 Wk 4=
TR (22BR2 A 89% ) , £ ¥, BDE-17 FIl BDE-4,
{H ELL B 1Y 3 — D380 T I A UL %¢ 2] BDE-47 1Y
R figt. A6 B T AR R A X B8 b BDE-47 39847
KA. 1 ORE 2 500 45 S TR AL B 2% R
6M6B F T2 &% BDE-47 B[ f# 5.

AR LE R R W, AR B X BDE-47 19 i 15
fiE /1A TR, Robrock 267 WF 58 T 3 Flvifi X BDE-47
(B A, L — R S B BRI R & R
(ANAS195), 75 2 # y B A B i 2h g 09 4l 5
( Dehalobacter restrictus PER-K23 Fl1 Desulfitobacterium
hafniense PCP- 1). BDE- 47 1) ] U ¥ & A 25
weg-L™', & 3 W R 10 55 3%, Dehalobacter restrictus
PER-K23 Ff# T K4 B9 BDE-47, 4= i BDE- 17
( MHIth BDE-47 W14 2. 8% ) Fl BDE-4 ( 4] 1k
BDE-47 ¥ JE 1) 84% ). 1E 3 N H MR IR WM,
Desulfitobacterium hafniense PCP-1 ¥ BDE-47 [#fi# A
BDE-17 (BEIR 73400 44% ) F1 BDE-4 (JEEIR 738 1L
H128% ). 8RN, 25k 6 S H B FE, ANASL95 UL fig
/i ML R it BDE-47, 42 5% BDE- 17 (JBE /R 40 50k
5% ) F1 BDE-28 (BE /R 73800 0. 2% ) , X F W pa 3k
W7 BDE- 47 [ B& figt b ol BB K &2 3 22 1 .
ANASI95 Xt BDE- 47 B F% f#t i& 12 0 F 5
Dehalobacter restrictus PER - K 2 3 F1 Desulfitobacterium
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hafniense PCP-1 WA AN[a]. Hg A FH 40t fg ] g
fdi BDE-47 % 4= WA Zeng 25 BT 5% % W], BDE-
47 Sefnl 7= 4= BDE-28 fl BDE-17, H BDE-28 fy7™=
4K T BDE-17.
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