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+ 458 % DNA 2 Bk %) £ (EZgene™ Soil gDNA Kit
(GD2412), BioMIGA ), Bt fig ¥ &€ M [l i i 7] &
(TaKaRa, K i ), pMD19-T #% {& & %4 ( TaKala, X
%) , Escherichia coli DHS o & B 5% 75 40 e ( TaKaRa,
RiE) ,IPTG, X-gal BN HHR
1.2 # &2 DNA 25

FH 4+ 5 5 DNA # B iR 5 & ( EdeneTM Soil
gDNA Kit (GD2412), BioMIGA ) $& B Jé £ i b 11
S DNA, T 5 DNA 47 1% (W/V) Bh I8 Bl 5 1%
LUK, FH 58 S0 R IS UAGASGH AT R
1.3 16Sr RNA EFE i PCR # 1

FH 40 8 38 JH 51 % 27F (5'-GAGTTTGATCCTGG
CTCAG-3") f1 1500R (5'-AGAAAGGAGGTGATCCAG
CC-3") ¥ 4N 1) 16S rRNA JL[H . PCR J v 5k H
25l AR B, 18 4 1F:95C 5 min; 94°C 40 s,
50°C 40 s,72°C 1 min, 30 ME#;72°C 10 min,
1.4 XE#NE

JFH Ba B AREE e ] Wi a 3R] % 4 38 7= Wy i 47 4l Ak
B, B> 95 F pMD19-T # 1k & 4t ( TaKaRa, K
) 3E AT W E, 8 B 7 W ¥ AL B Escherichia coli
DHS o i J8% 52 75 41 Jfl ( TaKaRa, K 3% ), 14 @ 16S
rRNA FER SCHE o B e A 7= W ik A 25 TIPTG  X-
gal M BN B R B w8 3R, BRER T B
it Y] 5347 o
1.5 #% P DNA JFiE R BERFIERN IS
(ARDRA)

F# A 5 4 M4. (5'-GTTTTCCCAGTCACGAC-
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L 3 5 BEAT WU, % ) 10 WL il U] 52 0 A4 2% < A U0 il
1.5 U, DNA 0.2-1pg, 10 x % th i 1pl,37°C 15
3.5 h, fgH) R TE Z&F 2 :80°C ,20 min, 2 1k [N .

B9 wL FEA7 HL VKA, LUK S0 22, 5% (w/
v) BEAEHE, 100 V,45 min, $f HL UK (19 BB B K 7E
EB %W YL (5 25 min, it 5 20 min, 58 40 5E I A5
Rl GE 145 AE 43 2K 5T (OTUs) 1 8 i o
1.6 DNA MF5/FI5H

PR TR OTUs iR 3R 3 R i 21 i 36 75 28 W)



AR 2 A - WA BELAA IR0 35 B R U -5 O 15 Je R U8 b A R THE v A 2 LU0 AT /B A W 2A 4R (2011) 51(3) 379

PEATINRE | B 45 1 91 25 Bk #8045 9 O N TR IE, X
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7 51 [A) U5 P HE X% . f 7 Ribosomal Database Project
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MEGA4. 0 % 43 1y Kimura 2-Parameter Distance
BRI AT Z2 P FI U IE . FH 4R 42 % ( ( Neighbor-joining
method ) Hy 5 55 T
1.7 GenBank ##EE & &S ( Accession number)
2 GenBank o' Vecscreen TF 246 M 25 4 o0 [ 2%
¥5 e 7 31 5, 4 i) GenBank #2358 101 4~ 16S rRNA
S ER oy A, B R OB 5 9 08 HQ162720-
HQ162820,

2 &R

2.1 DNA {Z2Efn PCR ¥ 1%

TS G JRC 8 K PR IS U8 T $2 LAY B DNA 2%
H— SRR UL BRI G TR U S DNA By 4
B DAL DNA S BEH , fdf HI 40 B H 51 9 4 & 27F
F11500R, P48 H 25 1.5 kb 94N 16S rRNA 3% [
H R B
2.2 ARDRA HEIZH

AT A 1 B S v 43 53] Pk R 5 jE 300 A, i
R % PCR 3 BEAT 4 A Bok DU, BRI 6 34 & T
80% . £ PRECBH PE 55 [ 120 4> 43 9 #E 47 Hha 1 FI

M1 23 45 678 910111213141516 1718192021 2223 24

B 1 #H%IRET Hha 1 #0 Hinf 1 F0EG ] B i
Fig. 1 The restriction fragment length polymorphism ( RFLP)

patterns of selected 16S rDNA clones digested using restriction
enzymes Hha 1 (A) and Hinf I (B). The 24 clones originanated
from unpolluted Lianjian were marked as 24 clones from Lianjian (1
-24):(G1, G2, G3, G6, G9, G20, G22, G23, G25, G34,
G39,G46, G52, G62, G66, G69, G71, G72, G75, G81, G83,
G92, G93, and G94. M is the 150bp ladder marker.

Hinf | FEYIF1 ARDRA 2347 (&1 1 FOE 2) o HorpiR
AR BE AR 500 35 Y B 5 SC I b, RO DD AR ) 49 A
OTU ; A 5 Y /K FEAE i SCPE 15 51 48 4~ OTU, Xt T
[i]— OTU 4 10 AR ALZEH 1 A5, 1 -3 4~
TEH— A AT

bp M1234567 89101112131415161718192021222324

4K ESETF Hha | F08E Hinf 1 Y1 &%

Fig. 2 The restriction fragment length polymorphism ( RFLP)
patterns of selected 16S rDNA clones digested using restriction
enzymes Hha 1 (A) and Hinf 1 (B). The 24 clones originanated
from polluted reservoir were marked as A333, A334, A337,
A338, A342, A343, A347, A352, SK359, A361, A363, A366,
A368, A369, A373, A376, A378, A380, A381, A385, A389,
A393, A395, and A396). M is the 150bp ladder marker.
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KN 99% , B (IR Ay 88 % s Hor AT 20 A~y 81 5 K Aii
P PR SCRE A (9 7 50 R IR < 95% , o i A T 51 9
40% o MRT5Be K FEJERE v 45 2] 47 A [l Y1 A
(9551 4 A ] 55 SRR W P 51,43 A R B R 1
EYIFS o AR B R 99% , S AR S 85% ;
A 23 A FERPEE<95% , 5 T A F 51 48.9%

ARG YK P PEAE b TR AT T AL, 14 R
HAl 2 R R T G A R M R K TS K
Tt K 5 KAk BT B B W A R IR R, o A
6 NI =97% , T A97 il A323 5 Nowvosphingo-
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bium tardaugens strain ART-1 ([ f# 17p8-M — ) e
F Pseudomonas sp. CA15 ( £k Z & it 5 4k Bl /55 7= 1 )
CECIE AR TT) A 3500 R 97 % F199% 3% 2 ST
G3R B H A 2R 35 K AR BT H AR R R 44 35 K bk
BETT529 ok AR R B0 Bk KR K A
S A o

RIS Y s FE T, o7 I 40 1 0 2 4 1A
Pl PE S 1330 48 A ] I e £ 30 19 20 14 1 1
23 R A AR U SR A ) AR TS G
AL A RIS T V8 K 75 7K DL B ¥ K A BT H e A L
He=97% (A 17 4>, 40 G189 Fok A =4 &M i Y
i A B9 Uncultured epsilon proteobacterium clone
FTL212 AL 99% (B4 A A TIF) . G6 5k H
JE I 75 G 7 S ) Sulfuricurvum kujiense gene strain ;
YK-3 ALY 98% . G277 Lok A ALk 2 TS
YL 5 Uncultured beta proteobacterium clone MKC21
AALPE R 97 % (BHs R ATF) . G52 H5R AHAL T El
Zacaton273 K Fl 53 K B #b F W K 15 K M Y
Uncultured epsilon proteobacterium clone Z273MF39 #
APER 98% (Hdls R ATF) . G46 5ok H 5K ik #i
T 15 % V5 B 089 Uncultured Thiobacillus sp. clone
DMS13 ALy 99% 515 Aok 11 A [\ i B o 4
Yy M R K WA DT AL
2.4 RBZERESW

HRAJE AN OL R & BT 3875 /9 16S rRNA B A
SEREF AN o A AN RS R B (K 3 FIE 4),
M AT DL Y SRS e PR R 1Y 49 AP 2 53
A TE o8I A0 49 B2 1 4l T 29 . S-72 I 4 147 44 1l
eI 40 T 49 . ¥F % & 1] ( Planctomycetes ) | %% 18 [']
(Chlorobi ) . BR #T B '] ( Acidobacteria ) . i¥ 2% B 1]
(Actinobacteria ) | 2% % % '] ( Chloroflexi ) , % & W
candidate division OPO1 | candidate division OP08 Fl
candidate division WS3, X FEK G YK IFEIRR 515
QR b A WA 28 B AT — s A, I AT &
RS D T 81715 ( Chlorobi) 8¢ UL #F 7 ( Bacteroidetes )
MeBIWMMN, L3 NFRFEW, Z T IHHET
( Verrucomicrobia ) | -8 J& 41 T 40 1 J& BE B ]
(Firmicutes) . Wi 3 B AN [A] F 26 70 $ i b 22 S 4
R TG Y RE S Y e-718 T 40 TR 49 4 25 AT 1 A9 5 o e
B R S B 44. 9% o T K R RE T R AT T A it
B, BT R 30.2% . HAh, —H 5 MF
G [F] U5 AL A] FE AR T 95% 1943 51 Ry 20 Fi1 23 4>, X

FEOr UL B BUR e T A IR 2 1E 0 265 R IR AE
T SR T R

3 itk

FR G 7 I 5 GenBank 1 7 471 Ly XJ 45 5 7] 41 .
15 Y T AR ZE A s AN 2 AR PR, B
T R RIS IR A AR W BRI D O R AR O
PME 5 F7 B0 W 00 85 3% 25 A Bk - Be O gt — 20
MR,

3 T 2 AN SIS JE 41 T 16S rRNA S (] 5
W Je 51 i R AT 1) 2R B8 K & 4 M, IR LA 51 75
Ay ol RV S s B R o e RV N B N Y v 3
ik bR — 20, m AR R R A B %
15 YRR LK R U8 2 & B T 4%k 1R ] ( Chlorobi) 5§,
$UAF B ( Bacteroidetes ) Fl— A~ -8 JE 4N, R & ILIE
T ( Verrucomicrobia ) fl— A~ v-ZE A . H 4N, 15
QRE S AR e-BIE M MBS W, B4
T B e BE R 44. 9% T K ERE P BT
B AT, o B T B 201 30. 2% , 1] WL, PR B V5 g i)
20 T AR T A5 A 2 AR R 2 i o % Lo'pez-Garel 'a,
PSR ST R W e~ IR AN A AE PR TR A AR fif
B I I — A B SR T B, DA T 5 B0 A BELA 500 75
DA ot v S DR R 0 2 2 R ) L O I T T
U A AR IR G R AT B I A R D K R R
i A K B -7 T8 A VA, P S A A TS g
T PR AT T A5 DL SR D0 34w o i ik DL b 45 2R ) WL e-
78 T 24N TR T A AR5 5 G IV v A R R T 2 S )
YERT . b 4h, Ronen' ' 25 LLZE {1 - %0 0 -F 1 1
WCYIVE g 1 5 58 K DURR W A DU IR XUy A (TBBPA)
TR A DR AR % 30 AR ol e — 18 35 7™ 9 0 1A 1 XL
By A(BPA) . BPA TEGF S 55 1F T ] LAgE 22 [R B
( Sphingomonas. strain WH1 ) 4k Z2f#f# ; Ziv Arbeli'"”
Sl B AR AR, K BLUUAR Y h TBBPA W] i i IR
AR 8 BPA, Jf ] GC-MS il HPLC AHZS & 1 7 ik
G I 2] S5z 07 R (R) 7 = OB TR OB A X 2B
FEF B POV LBy A ) e e 5 2 G % R DR 40T 1 A
[ AR T, A IE 52 v 35 G A7 i ek IR AR 1) 4 45 T F1 4
A eI A0 T A DG H T T X 2 A T AR ] g
TR AR BELAR ) S B fige v ke 21 o AR Y, (A5 0 —
W RTE

AR 9 R IR AT 8 A T A R IR AR AR K
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Fig.3  Phylogenetic tree of the Bacteria in Nanyan of Guiyu sediment base on 16S rRNA gene sequence.

neighbor-joining method.

3 BL16S rRNA ERFIIAEMMRISEAREAERELEH

The tree were constructed by using the

Bootstrap values expressed as a percentage of 1000 replications were given at the branching points. The scale bar represents

0. 05 substitution per nucleotide site and GenBank accession numbers are in paratheses.
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B4 LL16S rRNA EEFIAEMMRISEKXKEREAERFZLEN
Fig.4 Phylogenetic tree of the Bacteria in Guiyu reservoir sediment base on 16S rRNA gene sequence. The tree were constructed
by using the neighbor-joining method. Bootstrap values expressed as a percentage of 1000 replications were given at the branching

points. The scale bar represents 0. 05 substitution per nucleotide site and GenBank accession numbers are in paratheses.
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2250, IR AR 75 e A i vh 20 T 50k A Al SF TS
Qe i A 23 A A0 T HAT B A X S R Y
AN A F P 47.9% , ok A R A 9 Bk 437
0 B IR K NIA LR S5 AL s 15 A, o BT A P )
(49 31. 25% 5 M 7K PEAE il v B A iR 500k A =5 Sk
JEtil e BRI W A T G L R T T K S Kt L
Feim R AR BT 6 5 29. 8% , K H AN R 9 07 Bt
Tl K R KT A5 L 5B A S AR AL L o BT
AFHNE 61.7% o S5 BGRTLIR W BR T A AC
RELAR 05 Qe oh , 2 38 05 Ko 1) & ik 3A 3] 1216 - 1518
(pe/ke) ™o BCUE A IR AR LA I K £ B0 55 ke 1 75
U 358 240 D 7 5 AL A RS

TR AR BELAA TR 75 G A s AL A T -2 I 4l A
Br T 1 AR AR AN, KRR A =" Sk
AT BRAR TG G K OBR T RO, A G189 Tk A
=R 15 AL E W Uncultured epsilon proteobac-
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78 I 240 TR RS FG 1 I A R ARl A T 5 b LA 3
AL I & AT AT A A VR A BELAA TR B LAt 22 37 07 e 4545
Wy I figp P A 35 75 D PR 50 0 i A5 4 4 T AR
4 A BRI AN b, B — ok A ROKT, 53 4k 3 AR
JER AR IR R KRR ARG Y A, T G3 5ok A
RFNGARR #h 15 Y AL 23 2 S T & 1) Zoogloea sp. A5
MIRLYE S 97% 10 3h i 141 R 1) — 26 1 th, LAY [ it
LW IFIR M I fE, H v Zoogloea resiniphila DhA-35
HA W SRR 1 Th i . G287 5 o8 I AN
AN B M 8 1Y) Sphingomonas sp. BXN7 -9
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M UHAL NS AT . 53400 B A s R R 5 2 56
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ARFRATIE YA R o R B AR B AR AT RE 7R TR AR
AR P R fire v R 45 AR I

Bl LB K BT G S e b B 40 TR RE
BB R Z R, 5OR TS R JE A B3 X
il o IR FRATTAE 5 G X T HRAH O T5 G Wy 14 I3 fife v D
HE— 25 BIF T LA BEL IR 0 JB0 15 K% e fife ok 72 B A o 4
FE

Bt KRBT IEPRIATAAHMAYMILE
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Comparison of bacterial diversity of polluted and
unpolluted sediment by Brominated Flame Retardant
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Abstract: [ Objective ] By using brominated flame retardant we compared the bacterial diversity of highly polluted river
sediment with that of nearby unpolluted lake. [ Method ] Total DNA was extracted from unpolluted and highly polluted
sediment sample by brominated flame retardant in Guiyu of China. The 16S rRNA gene was amplified by PCR using
bacterial primer 27F and 1500R. The plasmid libraries of the amplicons were constructed. The positive clones with insert
were screened on plates with IPTG/X-gal/Ap. Amplified ribosmal DNA restriction analysis ( ARDRA) was carried out
with restriction enzymes Hha | and Hinf [ . Representative clones of each operational taxonomic unit based on the ARDRA
patterns were selected to be sequenced. After proof reading and careful comparison to remove the chimeric sequences, the
partial sequence of 16S rRNA gene were used for construction of the phylogenetic tree. [ Result] The result of blast
searching showed that clones from unpolluted sediment sample belonged to «-Proteobacteria, B-Proteobacteria, vy-
Proteobacteria , §-Proteobacteria, Planctomycetes, Acidobacteria, Actinobacteria, Chloroflexi, Verrucomicrobia, Firmicutes,
the predominant bacteria (30.2% of total clones) is Acidobacteria; most clones from polluted sediment belonged to -
Proteobacteria, B-Proteobacteria, g-Proteobacteria, &-Proteobacteria, Planctomycetes, Acidobacteria, Actinobacteria,
Chloroflexi, Bacteroidetes, Firmicutes, candidate division OPO1, candidate division OPO8, the predominant bacteria
(44.9% of total clones) are g-Proteobacteria and Chloroflexi. [ Conclusion ] Bacterial community structure of polluted
sediment has distinguished feature and obviously different from the unpolluted sediment sample, which is mainly reflected
in the dominant position of g-Proteobacteria and Chloroflexi in the bacterial flora.

Keywords: brominated flame retardant, bacteria community structure, 16S rRNA gene, amplified ribosmal DNA
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