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AAEMUR, [F %] @i GC-MS 7+ i BB IS AL B KRR = 2k, JF 2 2
Mefig & @it DGGE # K947 7% BDE-209 M i Bi a5 n k. (4R ## Cf3 &
A4 3% i BDE-209 4948 4, 2it 120 d 493235, #4468 % 2.6 pmol 45 BDE-209 &A% %
i% %] 80.03%, ODggo A 0.01 3% K 2] 0.21, pH b #7%4 49 6.93 3% An %) R 45 R AT 49 8.50. H#
PRCRZEFHELH, LRF LI0HRTZAME, @B 16S RNAKE 771 bt LI, £
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Characteristics and composition of the microbial consortium
for decabromodiphenyl ether (BDE-209) degradation
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Abstract: [Objective] A microbial consortium Cf3, which was obtained and enriched from an
e-waste contaminated river sediment, was applied to study the characteristics for decabro-
modiphenyl ether (BDE-209) degradation in order to pave a way for the bioremediation of
PBDEs contaminant in sediment. And the composition of the microbial consortium was also
studied. [Methods] Congeners of BDE-209 after the biodegradation were analyzed by GC-MS
and the degradation rates were calculated. The composition of the microbial consortium was
analyzed by DGGE. [Results] High BDE-209 degradation rates were obtained by consortium
Cf3. After 120 days incubation, 80.03% BDE-209 was transformed by consortium Cf3 when
the initial amount of BDE-209 was 2.6 pmol. Meanwhile, the biomass was obtained and the
ODggo value increased from 0.01 to 0.21. The pH also changed from 6.93 to 8.50 during the
degradation process. Ten cultivable strains were isolated from this consortium, six of which
associated with Citrobacter spp. and four with Alcaligenes spp. based on the 16S rRNA gene
sequences. Denaturing gradient gel electrophoresis (DGGE) results showed that other four
major genera Wolinella spp., Acidaminococcus spp., Acetobacterium spp. and Desulfovibrio
spp. were presented besides Citrobacter spp. and Alcaligenes spp.. However, the bands for
Acetobacterium spp. and Desulfovibrio spp. disappeared with prolonging the incubation time.
[Conclusion] A microbial consortium with high PBDEs degradation rate was obtained. The
data obtained in the study about the characteristics of the degradation of BDE-209 by the mi-
crobial consortium and the composition of the consortium could provides some useful infor-
mation and precious strains resources for the anaerobic bioremediation of polybrominated di-
phenyl ethers (PBDES) in the persistent organic polluted environment.

Keywords: Degradation consortium, Decabromodiphenyl ether (BDE-209), Biodegradation, Mi-
crobial composition
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£ JRER AT (Polybrominated diphenyl ethers,
PBDEs) & —ZIRACBH#ET, TIZ N THA . 1%
4 WL, PBDEs A 209 MR Ry, T
128 A A0 FE TR EE KT (Penta-BDES) . /\JREK
Bk (Octa-BDES) 1 -~ J5 B¢ % fi (Deca-BDES), Ji.
DI IR BE N i, PBDEs & —28 HoA A= K
B PE R B AR AME B LG Y, B k. 2
SEARVER B TE, WFRME“21 22 iy 2 IR
(PCBs)”A, HZE g A 4 5 BAN A i i HL A
YRR s ME AR ER, JRES Y
JBORP, B S fA b kB R, I
THHCR RS Z A ml, BRTC Kk, K.
THEIERE, DIEY) . 225 28 AIRSEA
YRk I3 PBDES (977 1E" PBDES X R85 Al
YRR E H 258 AT G

H Hik#f# PBDES ALk A R Ak
BAFEEE, XL A b e A T 2 R T ORI AR
SR IALI = . DA YRR T LASE IR SR
fir PBDEs WA 4B, & PBDES G HEAT
TP . HETEH LURRIRIE . 1§58 . T
635 Ve RN 3RS A W S U W T 54T PBDES
RS TFSE 408 . Yen 25 LU A TS HBIX Y Er-Jen 1
Nan-Kan JA i iU R CEY), BF9E T UK
& Mk (Tetra-BDE, BDE-47) . 1 R ¢ 2 B
(Penta-BDE, BDE-99) /< B A< ik (Hexa-BDEs,
BDE-153 il BDE-154) 55 PR 4 2 1 R Ak 1 AH B G
Z, WFRR R Pk R 0.1 mg/L ) PBDE 7E4%F
TIFRTE 70 d J5 2945 20%H5 e, A1 FHAS Ph
HERC L UK (Denaturing gradient gel electrophoresis,
DGGE) /i F i R iU E W T HE LS A AL, &
AR R ) PBDES X B E SR 45 A AR R L,
Gerecke ¢ WF 5% T IR 4 75 6 X - R B K fig
(BDE-209) . PHIR W A (TBBPA)FIATRIR T ki
(HBCD) WY IR E R A, 455 %2 B T 3 1 2 2 10
/INT 1 d, MAEFRFERSET Deca-BDE 13 10]

Ik 700 d R T R A RS T TR BT
PLAN, A A 2 BRI ik A 0 4 2R T vk AT
PBDEs FEffmoe iy diisl, H2 R iS00 T bk
FHB S © R AT 0 S8 A FH 10 4 TR i 106 2 ik
REfRTE, JF HBEM RN K 2w mE& &y
M= M. HERR ., 3-F-4-FIIE A LA
JEEA® S T AT R A R S A A
AR 441 F i 5 PBDES (9fiE 11, 5T R BRI
Ik 4l & Dehalococcoides ethenogenes 195 HEE
TE = A LIRATHE AT PR SR R\ 5 R+ L B
R, AR = A O AE N PBDES f£—4F
FRy A T PN L8 A e S I8 Liip 450
£, 2 I =i & (Dehalococcoides spp.) Al i iR
H# J& (Desulfovibrio spp.)iY GY2 B HE R VU R I
ZEBER A Y (BDE-49 . BDE-99 Fll BDE-100), 453
KL GY2 HErHILL 36,9, 19.8 1 21.9 nmol/d
{3 FE Y BDE-49, BDE-99 F1 BDE-100 F&fi# N
TCIR PR, FEARSIARI7E 88%-100%, H
' Dehalococcoides spp.f#)/f: K5 PBDEs FiJiii iR
R figp B AR, (AT, ELRBLAY PBDES
RO Re A P A TR AR

AMWFFELL) ARl Sk FE T3 A v A B XY
MRV MY, @il s R RAE T A
PBDEs [#fiffie JIMTAHE Cf3, H a5 T Wit
Cf3 F%f# BDE-209 MJHE J1 M HA5M A B, A
PBDEs 544K IMEN A B R IR T E R
R AR YIE =€/

1 MRS

1.1 R

BDE-209 43X [ TCI (Tokyo, Japan)/A ], 4f
JE>98%; &Pk =Y PBDE [WRYIAKH
AccuStandards (New Haven, CT)/AA)
1.2 EFENES

B 20 g ] 2R3l Sk 5 o -y 3 A v AR B ()3T
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IRIEVE, T 80 mL JCRE/KEESI4THUS, ik
PR ER I SR, DRI FH i 2 000xg 250
2 min, Zd/NERY); 1520 FIERZ 6 000xg
HREG 10 min, WETTEY; FITTEDIMA
80 mL JCHI/K, PRIk . ELOALEE 3 K, B3R
DUVEWE MR, A% 100 mL & 2.6 pmol
BDE-209 9 JC L % 3% 7% % ™ (Na,HPO,
5.7 mmol/L, KH,PO, 3.3 mmol/L, NH.CI
18.0 mmol/L), [RIFF#hFEmER-mEEs 1 o/, B

HIFREN 20 mmol/L, HREN 20 mmol/L, FLAREA
20 mmol/L, F¥FEEREE 5 mmol/L, e T2 fid
AR 10 mU/L, [RIEHEFRT 1% (VIV)RERIE R 4 7
Shewanella decolorationis S12., 44 7 54— 3%
FEWE, K UTTEW AR RR S12 5 e B e B FE b 2]
HrEEr RS, Y 10 A, BEYIML
MR HEAr 454 Cf3.
1.3 Cf3 E&FF&#% BDE-209 HJ&E

TE 100 mL AESIEHIA/NIEERS, A
3.1 mL DI EeiE ez 800 mg/L 1)
BDE-209, ffi 35 5% {K & #1) BDE-209 &l i
2.6 umol, FF AW eI L 5E4 )5, Win 100 mL
IRTCHERRR AL, WA FEFLRREN 20 mmol/L .
BEHARR4EN 20 mmol/L R 0.1%, Hff Cf3
HIRE BT (ODgoo=0.5) 100 uL, DAARIEF ;5
RZ MR, REIEMT 30 °C ErElbeiigs, &
I 8 mL 5537 T43 8T ODgoo pH, [RIAS#R
7t 8 mL TSR, B SR 3 AT
14 R #HAEZE

FriFR 120 d JEHUEFR, HOKAAPLAE=2:1
(VI ELB, i Im S B AR, AR 3 1K,
W 2-3 min, WEEFAETGRENG.OE, KR EZS iE
R ENGETHBOR, 1FC R AS D, I
VRV IE C e MR W3 25 mL At 7S s ifirh A
IECEEZS, IERTE 1 mL IECBeAH A 0.22 um
AP DB U8, DR S 1.5 mLAZ (e b

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

Y, RS @S BT A (GC-MS) BT AR
. AR R BT M sk Ak 2t
FRTSHT, BART S IOCHk[12].,

1.5 CREHTEEHRIIBNEE

ARG TR ) BT TR 04 3 125 P R FH % i1 A 855
FERERAE 1.3 F A AR5 IR B A BLRl - 70 2%
MBI o R FHAR R AR IRk B4l Ak i) Jr ik e e
PR R A8 IR E WA F T g alifl . $2H
S AR DNA, FIHATE 16S rRNA FE K 138
514 27F (5-AGAGTTTGATCMTCMTGGCTC
A-3)Fl 1492R (5-TACGYTACCTTGTTACGAC
T-3) P BB PRI 165 IRNA BEHF, T
A2 94 °C 5 min; 94 °C 1 min, 55 °C 2 min, 72 °C
1 min, 3£ 30 MEHR; 72 °C 10 min, 3 =4k IR
YRR I A A, By 315 GenBank
rh B DR A R A T IR s, TR AR 1Y 43
FE A
1.6 TIEHEE 5 Bk (DGGE) &t = BF4E AY

I F DNA #2HGL7 & UltraClean Soil DNA
Kit (MOBIO Laboratories, Inc) HEHUERE Cf3 il
DNA. VlixE PCR 7=, JElI4iTA 16S rRNA
SR 5 [ 27F Fil 1492R § AT Y 16S
rRNA JEK, FELAGNE 16S rRNA FE[H V6 [X 5[4
(i GC #-F): 1401R (5'-CGGTGTGTACAAGAC
CC-3)#l 968F-GC (5'-CGCCCGCCGCGCGCGG
CGGGCGGGGCGGGGGCACGGGGGGAACGCG
AAGAACCTTAC-3)#t T F—X4 1, ¥y
A 1.5 fiFik .

K H] Dcode 278 #5 il 2 4t (Bio-Rad) % 16S
rRNA LK V6 X944 | Brilb4T DGGE 404, &1
BAIE R 45%—75% (40% PN Hs Ik i 00T s ToE e ),
IR A IXTAE, B S 3 AMKIE;
HL YK 25420 60 °CfHIE R, 20 V HL¥k 30 min J,
80 V Hiyk 12.5 h, HLIKZEH 5 Goldview %55y
B4 5 30 min, UVitec %8405 K 14 & 4
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(Cambridge, UK)#i%¢, Jf/H Quantity one #X{f-41
UERE

TERRBERE [ oFRER . AR I i
VI UG VR RS B 1S, 3= 3k M4
RAET, Frill )75 5 GenBank H i 3L J3
FIHEFT AR ELER, ORI R P 1, )
i MEGA5.05 R G L B .

2 HRnH

2.1 THEf Cf3 f£f% BDE-209 HYHE

ST RE CE3 [fi BDE-209 Ji B4 Sl 0k 4 T
GC-MS 7 & B, WifF CF3 HA B ik Ji [ i
BDE-209 Wy fE J1, &I & &N 2.6 pmol 1Y
BDE-209 7E 120 d J5 #4324 0.53 pmol (/& 1),
Ff %15 51 80.03%, 1M AN B A% i# A BDE-209
AT A SE 2.4 pmol, FEFRN 7.53%, 4T TE
¥ Cf3 X BDE-209 1 = 2 A QU 1) /2 J LIS KA Tk
(Nona-BDEs): BDE-208, BDE-207 #iI BDE-2086,
P BEBIRT 2.4% (181 2A); 735k, J\RAG™
¥)(Octa-BDEs)# BDE-201. BDE-202., BDE-203.
BDE-196 1l BDE-197, & H#IKT 1.0% (/& 2B),
VAR Z& A A I B - YR AR R IR AR 7=

|
é .
BDE-207

6.0 rA - [—Control
5.5 r Cf3

50 |
45
40
35
30

25 |
20 |
1.5 F
1.0 |
0.5 F
0.0 :
BDE-208

Reduction rate (%)

AMMIMMIINY

BDE-206

2

25 1

20

15 1

1.0

Residues BDE-209 (umol)

N
0.0

Control C1f3
1 153 120d FiEFF{A & | BDE-209 IFIKR 2

Fig. 1 BDE-209 concentration in the culture systems
after 120 d incubation

2.2 THEEE Cf3 f&f% BDE-209 i3F2# ODgyo #A
pH B9k

BT Cf3 7EM4f#% BDE-209 3 2 hAYTHT 39 K
AR B K, 1598 10 d J5, ODg
i 0.01 8440 0.14, #k2E85355 39 d, ODgg 1 K
J90.27 (8 3A), B53:% 120 d i} ODggo {31145 7E
0.21, HILAT UL, BE#E CF3 7EF4f#% BDE-209 fi¥it
FEPIRIGA . TR SR B A R 1Y pH BT
5% 3B), ML 6.93 B FH i 2 5 45 it
k%1 8.50,

r B- I___ICO'IltI‘OI' ’ ’ ’ ’
025 A Cf3

_ 020

£ 015 /
a

S

£ 010 |

3 I

[}

0.00

BDE-202 BDE-197 BDE-203 BDE-196 BDE-201
PBDEs

SRR R P AE T EE 151K T (A)Z/)N T (B) 1.0%8AY BDE-209 X151 F= 4148 A

Fig. 2 The PBDEs congeners of BDE-209 with higher (A) or less (B) than 1.0%
relative abundance in the culture systems
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030 r

Hi

025 r

HH
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020 r
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HH
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0.05 r

0.00 -l|_|. 1 L 1 L 1 L 1 L 1

0 10 19 30 39 120
7(d)

10 - B:

HH

pH

0 L L L L L L L L L L L
0 10 19 30 39 120

£ (d)

Bl 3 Cf3 HEfRE MM BDE-209 T2 EME(A)S pH (B)RIZ 1k
Fig. 3 The changes of biomass Cf3 (A) and pH (B) during the anaerobic degradation of
BDE-209 by the consortium Cf3

2.3 B Cf3 RYLAR 2T

231 FEFNEMERENSBEE: KEHT
CT3 MBI TR 5 PR 75 T S A AE 25 719 104~
BT VR — ik, JEINE HARR ) 16S rRNA
FEP R, Wit GenBank T AARILNE 16S
rRNA P FI AT X, A IX 10 BREE 43514
J& T W2 FT 14 J& (Citrobacter spp.)Fl 7= BT 14 &
(Alcaligenes spp.). 1, Ttk Cf3-E. a. b, c.
f F1 g 5HJE TAr &R # & (Citrobacter spp.)i)
Citrobacter sp. clone F2aug.10 (GQ417442.1)4A
99%I MBI, TiE Bk Cf3-A. B, C Al D 5148
F 7= B AT 18 & (Alcaligenes spp.) B9 Alcaligenes
faecalis strain DZ2 (HQ202537.1) A 99%¥1)4H
IVE . A FERRIY 16S rRNA JE[H ) 751 E #2538 5]
GenBank, %5k IX847782-X847791,

232 Cf3WBEEAEM S KT DGGE 4-#ké
fi# 30 d 11 120 d A} RE CF3 (54l (1 4), 45
R BLER T B i R AR A B AT B R AT TE R
(Citrobacter spp.)Fl =6 & & (Alcaligenes spp.)
G, XA FER B E AT AU R
(Wolinella spp.). 2 FEMRER /& (Acidaminococcus
spp.). BEAT I & (Acetobacterium spp.) FILELAT &
(Eubacterium spp.) (X1 5). Tfii+5 Eubacterium spp.

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

4 TEEE Cf3 [£fiZ BDE-209 1372 A9 DGGE 4
Fig. 4 Community composition varies of consortium
Cf3 during BDE-209 degradation processes by DGGE
T L1-L3: [ 30 d Y CF3 BT, CF3 (30 d); L4-L6: [
fift 120 d ¥y Cf3 B HFALAL, CF3 (120 d).

Note: L1-L3: Community composition of Cf3 in 30 d, Cf3 (30 d);
L4-L6: Community composition of Cf3 in 120 d, Cf3 (120 d).
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m8n Bacterium enrichment culture clone DPF02 (GQ377122.1)
| Desulfovibrio desulfuricans subsp. desulfuricans strain Essex 6 (AF192153.1)
38 Cf3-4a (30 d)
| Uncultured bacterium isolate DGGE gel band 24 (JF937218.1)
59 100 Cf3-1 (30d,120d)
42~ Wolinella succinogenes strain ATCC 29543 (NR025942.1)
Cf3-9 (120 d)
Cf3-2 (30d, 120 d)

{_{ Citrobacter sp. TAF (DQ083975.1)

94 Uncultured Citrobacter sp. clone F2aug.13 9 (GQ417445.1)
Cf3-7(30d, 120 d)
Alcaligenes faecalis strain TZQ4 (HQ143627.1)
100 Alcaligenes faecalis strain DZ2 (HQ202537.1)
23 Cf3-8 (120 d)
27 Cf3-10 (120 d)

42| Cf3-5(30d, 120 d)
Cf3-6 (30 d)

100 Cf3-3 (30 d)

Acidaminococcus intestinalis strain LBN 320 (EF028684.1)
100 Acidaminococcus intestinalis strain ADV 5199.04 (EF028678.1)
Acetobacterium sp. Mic1c04 (AB546243.1)

Cf3-4 (30 d)
100 Cf3-11 (30 d)
73 Eubacterium callanderi strain DSM 3662 (NR 026330.1)
Eubacterium sp. SA11 (GU124470.1)

98

3%Desulf0vibrio desulfuricans strain EFX-DES (DQ526427.1)

100

59

0.02

5 DGGE EliEPMERTHHRE D LR
Fig. 5 Phylogenetic analysis of the dominant bands in DGGE profile
I F55 28 GenBank # &5 #1471 000 WRIWAHBIE IR, WHIRCY 2%0)750 25 5. FUMELE 31995 DGGE
TR IR LR G D, 15 5 R RN B3 5% (R A I ).

Note: Numbers in brackets represent the sequences’ accession number in GenBank. 1 000 times similarity calculation was conducted
support. Bar: 2% sequence divergence. Number in bold indicated dominant band in DGGE and the figure in brackets indicated the

degtadation time.

i1 Desulfovibrio spp. B A # i Rl 2 A~k
(Cf3-4. 4a) WAL FEREME 30 d BRI R, FIH
Quantity One #4454t DGGE KIf) Shannon-
Wiener FE%0tL % #, 30 d WFAUFEHCH 1.58, ifi
120 d Mf2k 1.45, W UL G PR E] i) A TR
Cf3 M FEMAT T T o

3 Wig
Z BRI SR RNRYE . XERE AR

P R S A S e R e b BRI A 4
e EL JEA R, ETeIREE T 80%LL 1Y

PBDEs #R /& U B ey . b e . o
WA BDE-209, (K, BDE-209 14 &k M it e-
ffr IR PBDES PR 5 YL [a] B ) — > S

E & IG5 Ve SRR TR T A )
A A% PBDES Wfi, (HiXSeffE YAk oy 2
FETR I A A Wy 8O0 & 2 AR
(1) 5%~ A Xt PBDES #EA T TR 4% . 1 Gereke
SRR A MR LTS TR R R BDE-209, Ztid
238 d WYIEZLIESR, WG E RN 11.2 nmol 1Y
BDE-209 [4f#% T 3 nmol, F&f#R KL 30%, i
W a-75 & 3 2 %% (a-Hexachlorocyclohexane,

http://journals.im.ac.cn/wswxtbcn
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o-HCH)J5 BDE-209 HR&f#F 4k 500604, A
T LA R -3 75 YL il PRI R e fh ), &%
LEHEFRYIME 10 4> H 5 3RS 2 A =40 BDE-209
FEfRRE IR AE CF3. BT IEATR A
AW B TR B . BT
Z AR TR R P )46 S5 2.6 pmol
1 BDE-209 25 120 d 55575 % 80.03%, Jf-fdi i
PAFAK

SIRTRAE CF3 LS R B, AT i
I BT TR A 1 B R v AT ) o B R AR AR 1Y
g . CABFERY, il m B A Rk
AR ARAE FHOL o] AR Lm0 . 2 ameopt
M= LIV FH =AY . o Alcaligenes
sp. JB1 FEEiE it 4 ALY 2,3- TR FRINOR 1,2-X
IR FNAB2R 1 2,3-BUN A S 75 5 7 i 2
FR XU AT 2E 1y 1,2-XUMEMSES 524
B R Alcaligenes eutrophus JMP134 Il
SR FH 2% €0 (R G R 114) 24 P93 o5 Sk 32 78 R0 B0 s 20 5% 1)
2,4- AR AR LR PR BIRE XS i ST 8 D A I e i
B =AM KT B WA R B A
W BN TG GYRHSE A DL B A A DGR
2 5 DGGE i Cf3-1 4 BT 4[] IR
1 Wolinella succinogenes 1] LA Z Fh &AL &
W) R PRI B L S2 AP R DX e T
KA BDE-209 HYRFIE 1 Ja 1 YR o ARHFSRIA &
PR, Bt 45 7 ) T] ) S TR Y Z2 AR MR = B A
XtRAG o Horhr, A 30 d BB RE CF3 Y DGGE 11
POk Cf3-da HIMERINE R F s, (EREE
FRFRET I A IE, XA SIER T, HE &
FREW I BIEAL, X5 He &P pI&E 2Ky i
X1 [ fife S 30 v SR AR 9 B P A A SR A A T
i 4= 4 Dehalococcoides ethenogenes 195 14
KAEERA Y — 2 I BEAR IR oA AR 4R R 5 TR
R P YRR Z AR R O A
PEH.

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

E—25 3 TR 21 %) BDE-209 34 Ji7 i V8
PR A N B, BT AR LRI TE R Y
BDE-208. -207. -206 735l{% 5 BDE-209 [ i &
i) 2.74% ., 5.22%7F1 5.40%, 4%\ E R0
T A L 1.0%, -EIRECE AR AT
KIRPAG I E] . BDE-209 %% 2 80.03%, IfiiX
SO S BV = ) (5 BDE-209 AR S i
) 14.25%, XFHING R & A W REE TR
FEEA IR R LIS MY LT R BDE-209 i
R (I | S Lol i B R4, AR
¢ T TSR FH R o T A BRT 43 B T 1k TG Bk R 2l
X X SR A T A

ZEA LA BT, HRE Cf3 HA % BDE-209
DRAARERRRE ST o RBRBE () BT & B8 5 IR AT
b SR BDE-209 1R SR Wy i
BT F= S E MR IR MEF . Hh T
BDE-209 A=) [ ik i) 52 2t ™ Wy 28 L 1) Z2 4
P, iR o — 25 ) FH v 0 D) R T W R
FRARIR =8 W 7, SHZ B RER#f# BDE-209
MISEIE A TR ABIRRSE, IR DTRUZ T PBDES
SRR AR WL Y IR A A e 2 SRR Y

wit.

2 % X M
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