B S5 YSER 2007 ,13(3) ;395 ~400

Chin J Appl Environ Biol = ISSN 1006-687X

BIRZRBTRM T KARBRERE
MESHEZEETH
kRA' REE ERE ER pa't

(" BMASE R MR HOR R 1 200240)
CEAR¥EHFEE Bal 210093)

B B SBAARE BRSNS WAL 2 B0R IR K O E 15 R R T K B3 il PCR 91 AL Al
WAL R R4 )5 ( Dissimilatory sulfite reductase, DSR) B:X , 237 dsrAB BH TN, ARG K T i m =R T A
VSRR BEA TR B T /K B /K FPBR R #h i8S 7 ( Sulfate-reducing bacteria, SRB) BIFHHEL5H. 455K, Desulfobacter-
aceae TEP H L F/K W G AT Hrh3g l EFHAL (53514 40. 5% F149.0% ), FE/KIB A LLGIE S s R R EEHER 1
HIE A 40. 6% 28 Desulfobacteraceae 37 [ ¥ HA MG BIEIL M, AH AR, G H oA 31. 0% sk T HA B BEH .
PR AEI, 1 HAPIRMEFE LR Syntrophobacteraceae (30.9% ) ,1 G H: IR EHFE B & Desulfobulbaceae (29.8% ). 3&
G KIRA AR S LB AR S S0 T KRS T SRB MBS MZER. RS RUEIA T B T KRGk
R T H S BN T R T K SRB MBS K2 £2 518

KEER WAL MK SRB; DSR

CLC X172 : X832

i
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Abstract The samples for this study were collected from two groundwater monitoring wells of Shanghai Laogang Landfill,
where the groundwater was polluted by both leachate and seawater. The diversity of sulfate-reducing bacteria ( SRB) was inves-
tigated by molecular techniques. After extracting total genomic DNA from the two samples, dissimilatory sulfite reductase
(DSR) genes were amplified using specific primers, and then two clone libraries were established. The sequencing and subse-
quent phylogenetic analysis of the two clone libraries showed that Desulfobacteraceae was the most dominant bacterial clones in
Sample G and Sample I (40.5% and 49.0% ) , and the halophilic characterization of the phylogenic genera was more obvious
in Sample I than in Sample G (40.6% and 31.0% ) because of the higher pollution degree and ratio of seawater. The
differences in the dominating SRB were found between the Laogang Landfill and other domestic and foreign landfills, which
might be affected specially by the leachate and seawater. The result also showed that the second dominant SRB group was Syn-
trophobacteraceae (30.9% ) in Sample I, and Desulfobulbaceae (29.8% ) in Sample G. It indicated that the ratio of seawater
and the pollution degree could affect the diversity of SRB. Fig 2, Tab 2, Ref 18
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BRERER IR TE (LA F 88F SRB) J&fr A B A iE R 5 e 4k ik
T EREEE SRR, R T IRAR TR R K B TR
Y1 BOK MG K AT R B S8, SRB AU Hu 3k
HBRICR T Pl EEAER, W B KM L E P A S
LYER ERETER. . IAEVLE Y E YRS T E
ERHHE T EERMA G, XA E ST B R A SBRE A
SER R . 54 B T B R £ 34 JB S ( Dissimilatory sulfite re-
ductase, DSR) & SRB A= i i o v i e 4B 2 — , BAEAL SO3™
RN S*. BT dor BRFESF SRB g BELRSF  IRIE dor 2E
S REFIWT i SRB [B] KR &K R, B — R RA M B8 2
SRB B RS 2H I E.

AV T dsr FERFERE SO, A TR T T L8
B3R IR AR R TS Yo R B b T /KR v B R I TR T Y B TR
SRS R, N T KA Y BB R R £ Y WS A 3 A
Wi RO TR B E B AIEER.

1 SEISHHREFTT i
1.1 HmRE

2004 4 11 7, A BIIRIF B30 5E W H 9 G A
LFHEAT T KBURE. W5 T P9 B2 o8 B 42 110 mm #9 UPVC
BRI EEE A RKE, T K REAIEKEB . A
BRI K R T E TR B S PR Tk, IER BRI AT T 26
B RE MRS AET 500 mL BB K H PVC BLL & B
B, RIREBT 4 CREF.
1.2 7k#2 DNA 2B

SR ESE % B ug KR SFLIE BEFLAR 0. 22 pm, FE 12
0.4 MPa & 47, S8 B | U8 RN Rk 48 )5 I B 129 B HE A 50
mL B0, -20 CAR7EE E DNA H3RE. &5 DNA MR E%
FbAE R S A ( T A, B R B T S 4)
AR AW B _Big s REER A YR B RA ).
1.3 dsr EE K B PCR ¥ i

PCR S 4~ 1% SRB dsrAB B B2 H K5k 51 91
dsr1f: 5'-ACS CAC TGG AAG CAC G-3'; dsrdr; 5'-GTG TAG
CAG TTA CCG CA-3’' (B bBAEYTEAREM). PCR #4F
PRELFE 30 AR : 95 °C 30 55 55°C 30 5;72°C 3 min (55—
AMEFF 10 min) , SN EAKFR 50 wL, GF54) 50 pmol/ L. §
H) dsrtAB | B 1.9 kb, PCR R W 7E Gene Amp PCR System

2400 ( Applied Biosystems, 3£ [ ) BUH WY 317,
1.4 SERESCEEE L RFLP 5347

PCR P2 Ik 7 B )5 , T AR IITE & 5MT T # BB AR
£t {8 k50 & 3S DNA Purification Kit [B] it #4k. 44k 89 H
B & T-Vector PCR product cloning kit ( ¥4 4) T
Al ) ) pUC-T BRI E. coli DHS o, BEHLHEHR 100 4>
WA TTET , B TR R,

S SCPE BT A T T P IR AR O 15 Hh AR Bk A M3
reverse 1 T7 5|4 (X NLAE AL B9 Wi ) PCR 33 5o B2 99
A b B BIER SRR A Hip i Bl loR/D R IEH . PCR
PAEFFE 35 G 94°C 30 s; 57 C 30s; 72°C 3 min (F
JE B 8 min) . 225G TE K FHE FURL PCR 74 A BR 0 14
PIEg Msp 1 (37 °C, 1.5 h) HEATEEVIRAL, 2% SR BERE B Uk
KB D 25 RO RIS BE I8 QLB X se e 7 HEAT IR 2. W HEA R
I B D)4 3 PR 4 e R AT I 7 , D AR R4 L P BRI
A YRHEA R A R SE L.

L5 RERBELH

#5751 3@ 33 NCBI ( National Center For Biotechnology In-
formation ) F i) BLAST 2/ 7E GenBank $UiE & S48 R 5 A AL
HIZF B 4. i2 ] DNAman v.5.2.2.0. ClustalX v. 1. 81 3% {4
PEAT P FU AR Lo X FHE S . B F 50 Lo X 438 B b 2R AL AR
B2 I A Clustal X 304458 A, B 1 Ay 4842 4 3% ¥ (Neighbour
— joining analysis) , {3 Ff] Bootstrap 2 347 48 i1 7] & 46 56
I BTE TreeViewl. 6.5 ¥4 ] #i1k.

1.6 ZEEBFIESS

AHFFERAGHIATE dor B R B R F 5 7E GenBank H(4E
FE W) FF 3 #: 3% 5 ( Accession number ) 2 DQ250751 ~
DQ250791 (Xfhi G-OTU1 ~ G-OTU20 L K 1-OTU1 ~1-0TU21)
DQ269924 ~ DQ269939 ( %f Jii G-OTU21 ~ G-OTU29 DL %% I-
OTU22 ~1-0TU28).

2 RS540

W G A LA SR R 15 O EmiHP EE —x
RFME, CGHIET m, 1 HIES. 5 m, HEFEEERE ,H G HHE
BEgEL3. 1 km, T HERERLE 1.5 km. BTN FHHT5 5
PR AR R 1 (BHE d i 2B R R4  aTUE
W, THREKEBALAURGREERHAZST G H.

®1 GHMIFHIREHETRINGER
Table 1 Evaluation of the pollution of Sample G and Sample 1

‘ - WK A LA p/mg L7}

1A v e

?uﬂﬂjﬁ P 1{5%%; Proportion 2- ; coD 5+

ample ollution degree o o S03 NH/ -N Mn Cd Cr Pb
G Medium 0.031 5.0 .2 0.10 2 0.001 0.0091 0.0095
1 Serious 0.176 15.0 .0 0.47 2 0.001 0.0098 0. 0099
G dsr BN LR SCAT 88 MM e e AN AR HS5 5 28 4> OTUs.

TRBE T AT BR1BK BEEA 600 bp 1Yy dsr BH 7
B, KX 25 5 GenBank B4R FE i B4 1 BR 5 5 #E 17 AH 1
M Heds B S5 8] 29 AN HAE 4 2 857 ( Operational taxonomic
units, OTUs). 1 3F dor BETR 950 SCHEAT 90 AP Sl I F 3

R RIRIEIE S T K AR P SRB FEE o- FHH N
( a-Proteobacteria) 2! H11§) Desulfobacteraceae ., Desulfobulbaceae
F1 Syntrophobacteraceae. W 357 1) SRB 2 K ARE ,(ERF
REMAEA LB SR FIARR (K 2). BEE#E Desul-
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fobacteraceae £ G FEF0 1 3= iy b4 43 Bil -~ 40. 5% F149. 0% .
G H s B FERE Desulfobulbaceae (29.8% ) , 3154 5.9%
HITERE 15 Desulfotomaculum 3X 2 =2 [X P40 B A 1RIE 19 [F)
WBRR; | HFE B E R Syntrophobacteraceae, fIf 5 H il 8
30.9%.

AR BT R 5 I R G R S0 , M L b AR AR (18 1
B 2). THHEMREEN A ~EH, CHIEFMMELLF ~T
#H, RFEARFEH SRB.

Desulfobacteraceae ¥ B H- SCE A ER B B L # 0 — 28, X Fh
Desulfobacteraceae 5 £ S i) SRB 1 R 45 515 2 EH
TR B AR R RO BT ST 45 AR R RO A U X g
EhEE M SR U BRI )RR A S BB AL

G H K H 432 Desulfobacteraceae TEET (&K 1t C 4H)
RIL B BCE M, BT & H B 31.0% . 60, G-OTU4 (3¢
REFHUH &R 4. 8% ) BARIIAE R B — ok B IR 7
BT (AB124918) ; G-OTUS, G-OTU13 I G-OTU14 (FifE
THREIE L SUERR) 22. 6% ) F—Fh ok B T 22 2018 i T ke
F(AY741567) AR MR R 5 G-0TUIS (TR T4 H
d SO 3. 6% ) Fl—FhZE#E K B R BLAY SRB ( AF420282) i
X RRIE" .

I #7 Desulfobacteraceae (&2 H# E 4H) Fp2EEHE£E, H
HTERE T R AR BRI 0k B B ERIRIR , L SR R 40. 6% HY TE
R rRIL G EL BOE . Fan, 1-0TULS A1 1-0TU16 (FTfE
TR L EER 17.9% ) 5—Fb Victoria TR 5e ke 3C
PEF R FERET (DQ112199) KRB FBIE MR R R, I —FP1E

Hk & L) SRB (AF388268) #fb X RBARIE, EX S 5iE
TR g Ak ) Rt SR A SRRt 2 b T K R R A
AV RIBRRRLZ— BT LA AR A -5 i SR
KRR EARSE. T-OTU4 (Gf T3 H & 3U%ERI12.0% )
AI—FRE R HF A Y IR R T A P R BLAY SRB (AF41939382)
FHRRRIL, TIET FRBE R B . 14K
BKIRA LG G HH 6 5 EH, i K2 53 T g g K
RABIA R R .

3 9

SRRk, DEEEHIIREE T Kl TR BB U
TR K XU {5 3¢, S YRR -5 [ SN SCRIT S 4RGE HH Y
ERKZES. 7E1 2 Banisveld By 3R I8, 22 IR R 5 YL A
T 7k Desulfovibrionaceae F11 Desulfosporosinus f& 12 f] SRB 2§
BN ZEE MM IRE F, Desulfovibrionaceae 2 H 4:J8 4
YIRS T 2B I £ % SRB Kz —1", @
HAEATFER G FHFN T H TP BT & LLBIERR /N (43585, 9%
H15.8% ) ; #£ LaSalle —AbB IR SEIH Y, #b T 7K 1 EZE K SRB 2
#%2 Desulfovibrionaceae 1 Desulfobulbaceae !, {2 [F £ 7E 4
5 B PR A B B ST A B o BE IR AR /D (53 51 5. 9% F
5.8%) JGETE G I e BE SUE P R IRMMFAKHE, Bt &l
29. 8% . A 5T H B 7k P Y SRB FE & Desulfobacteraceae (¥ G
FFRNT FHep 5315 40. 5% F149.0% ) , TAELA_E EAMECHRIE
G T KB IR AR R I IX 2K SRB, 53X -5 b i 2 HE B RS
Gt T KRG PAL AR R M B - TR IR A K.

F2 GHMIFPEIESRBFAGELH
Table 2 Composition of Sample G and Sample I dsrAB clone libraryes

FF @ SRB 2&E¥ OTU 45 (H P mETEH) OTU No. ( Number of clones)
Phylogenetic group
Sample G Sample 1
OTU4 (4) OTU13 (4) OTU8(2)
oTU7 (2) OTUS (5) OTUL(5) %TT‘{};O((?;
Desuliobact OTU18 (3) OTU14 (10) 0TU12(1) oTU22(13
esullobacleraceae 0TU12 (2) 0TU25 (1) 0TU14(4) o0TU23(1)
0TU19 (3) OTU4(10) T (1)
OTU16(3)
40.5% 49.0%
OTU9 (3) OTUL1 (2) OTU21 (1) 0TU9(6)
OTU6 (3) oTU21 (1) OTU5(2) OTU7(4)
Syntrophobacteraceae OTU10 (1) OTU27 (1) 0TU13(3) 0TU19(1)
OTUL (4) 0TU2(2) OTU11(3)
OTU3(2) OTU6(2)
17.9% 30.9%
OTUI5 (6) OTUS (3) 0TU10(1)
. OTU16 (6) 0TU22 (1) 0TU17(7)
Desulfobulbaceae OTU3 (4) oTU24 (1) 0TUI8(3)
0TU17 (3) oTU28 (1) 0TU24(2)
29.8% 14.3%
0TU23 (3) 0TU25 (1)
. oTU29 (2) 0TU26 (3)
Desulfovibrionaceae OTU28 (1)
5.9% 5.8%
oTU2 (2)
Desulfotomaculum OTU20 (2)
( Gram - positive SRB) OTU26 (1)

5.9%
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89 G-0TU15(6)

G-0TU16 (68)

96 100 Uncultured bacterium clone DSR-EIAY354092)
b G-OTU17(3)

Desulforhopalus singaporensis PSH 12130 (AF418196) A
Desulforhopalus vacuolatus (AF334594)

100 1000 Pesulfofustis glycolicus DSH 9705 (4F418191)
V Desul fofustis glycolicus (AF482457)

94 33

G-0TU8(3)

78

Desulfobulbus rhabdoformis (DRH250473)

—

100 Pesulfobulbus propionicus (AF218452)

@_T Desulfobulbus elongatus (PEL310430)
A8 Desulfobulbus elongatus DSH 2908 (AF418202)
100, Desulfacinum infernum DSH 9756 (AF418194)

1004 79 G-0TU18 (3)

G-0TU12(2)
G-0TU19 (3)
G-OTU13 (4)

b G-OTUS (5)

97 G-0TU20(2)

100; i

G-0TUZ2 (2)

0.1

G-0TU1 (4)
Desulfoarculus baarsi (AF334600)
Desulfovibrio aminophilus strain DSHIZ2254(AV626029)

85 g Solar Lake Mat Clone9065 (AF190886)
100 G-0TU11(2)
Desulfomonile tiedjei (AF334595)
_____________?_Z: G-0TU4 (4)
Uncultured sulfate-reducing bacterium clone (4B124918)
71 G-OTUT (2)

Desulfobacterium cetonicum{AF420282)
Desulfosarcina sp. CHEI (AF360646)

Desulfosarcina variabilis{(AF360644) C
- Desulfosarcina variabilis(AF191907)

Desulfosarcina variabilis(DVA310429)
Desulfococcus multivorans (DMU58126)

Uncultured sulfate—reducing bacterium clone(dy741567)
G-0TU14(10)

100 Desulfotignum balticum clone DSH7044—4 (AF420287)

10d-[_ Desulfotignum balticum clone DSH7044-3 (AF420286)
Desulfotignum phosphitoxidans (AF420283)

73 Solar Lake Mat CloneS037 (AF179336)

Desulfo-
bulbaceae

b Pesulfacinum Infernum (AF482454)
84 G-0TU9 (3)
82 _m"f:j.—:—. G-0TU6 (3) B
79 98 Uncultured prokaryote clone dsrShI-60(A¥Y167466)
7 89 100y Desulfobacca acetoxidans(AY167463) Syntronho-
U Pesulfobacca acetoxidans(AF482453) b?;cter;)ceae

Desulfo-
bacteraceae

Desulfotomaculum geothermicum(AF273029) D

Gram-positive

Desulfobacterium anilin (AF482455) SRB
71 100 DPesulfotomaculum kuznetsovii (DKU310431)
Pesulfotomaculum Iuciae (AY015579)

1 T G I dor S P ARG e it Rh R BEALRY
Fig.1 Phylogenetic tree based on the sequences of PCR-amplified dsr gene fragments from Sample G

Numbers of the clones in each OTU are given in parentheses. Bootstrap values based on 100 replicates are shown with more than 50% bootstrap support. The

scale bar indicates 10% estimated sequence divergence. The same below

Desulfobacteraceae FEW P38 & F S, | H L EFE
40. 6% 2§ Desulfobacteraceae 7 [ T E A FEEh s @E 4, G I
A 31.0% el T HA IR aE R, SMMTH# X RRIER
MEIK B TR A FE BRI 55 5 Eh ik E R R R
B WO HE ARG E R Z AN KNEE, THEKIEAL
B2 G I 6 fEAcH , XHER T PPk Frgh sidE £
MM ZER. SRB FEAETERSS BRI WEZ KA IR
SRR D R S5 R H b — BB R B RS 3.
Desulfobacteraceae £t R BRERER F 1 72 o , ol & BA TR 5 s
fbsaEERE I ER A ML I B 4L, EATR X S A L 8 2 B ALK

CO, P A =4, 3 ELAT R A e T2 v e o )0

A 1) S EL 9 AR B P AN () e 345 H 4% 26 SRB g
AR 215 R BRE G H R H2EAF 2 Desulfobulbaceae
(29.8% ) , ARTIEFRM 35X SRB 7534 JrBR ER Hh 19 [F] it A BE 52
LAY, ENTABEIREE | LB WA RER AL
BEEREL" 7 AT RAE G HUEF BRI T /MRS Desulfo-
tomaculum FEfET(5.9% ) , A ZE R WIS B TEM I A TR
KK Y5 H 23 B — R Desulfotomaculum B, HL.BA H g
P HAEAB S P A R SRB A B 2 i3 Hh g #:
PENT L AR TS Y TR T, IRAE A JEREZ Syntrphobacter-
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aceae (30.9% ) ,FIREE IR EN, X2 X —RERERBE B R A 17.9% . AT TLIg K IR A EE B A5 Ye 2 B 49 A [R5
BRI AT LU A Bl e 2 A0l SRBY® S THIAE G 33CEh B M T /KR Se+b SRB R RS B SR BRI

Solar Lake Mat Clone 713 (AF179343)
67 Solar Lake Mat Clone 9 (AF179346)
80 1-0TUL {5)

1-0TLU14 (4& ) )
esulfospira joergensenii (AF33173982)

99[GT Desulfobacter fatus (DLJ3R124)

98 Desuifobacter postgatei DSM 2034 (AF418198)

[)emn’fnh(fcrw curvatins DSM 3379 (AFA18199)

100 Desulfotignum phosphitoxidans (AF420283) E
76 """""""‘L@ Desulfotigrmm balticum (AF482463)
Desulfotigmm bafticum clone DSMT7044-4 (AF420287)

81 1-0TV4 {10y
Desulfomusa hansenii (AF41939352) Desulfo-

84 Pneultured sulfate-reducing bacterium clone PIMODOE (AY741567) bacteraceae
g5 Uncultured sulfate-reducing bacterium clone a 75 (AF388268)
10¢-tIncultured sulfate-reducing bacterium clone VIS058 (DQ112199)
1-0TU16 (10)
1-0TU15 {12)
[ Ofarvins afgarvensis sulfate-reducing symbiont (AF244993)
Dem[fnfmc terium ofeovorans DSM 6200 (AF418201)
Desidfosarcing §p CMEL (AF360646)
LIncuttured bacterium (AF360664)
Desulfolbacterium cetonicum (AI420282)
100f Desulfosarcina variahifis (AF191907)
Des uifmm cing variobilis (DVA310429)

[)ﬂzr!ir)scmma variahifis (AF360644)

95

L& Desulfatibacitium afiphaticivorans strain CV2803 (AY2 13506} ———
85 1-O0TU1) }1) o . ~
aid 100 Desulfobuibus projionicus (AF218452) F
Desulfohulbus elongatus DSM 2‘)(']'8 (M“4]87U ]
100 100 Desuffobuibus efongarus (DEL3 10 ‘)’
m—i—— Desulforfiopatus singaporensis I)KMI"] 30 (AFL1I8196) Desulfo-
100 Dasulfofustis ghvcolicus DSM 9705 (AF418191))
' [L)Ej’itg’fb_iii&'!i.&" Sivcolicus (AFA82457) bulbaceae
mg% 1-0TUL7(7)
81 1-0TL18 (3) —
_ 92 COTU2I(D ) ) —
Desulfobacca acetoxidans (AF482453)
Encultured prokaryote clone dsrShI-60 (AY 167466}
- 1-O0TUS (2) G
LT
91 Lod 96 Uncultured prokaryote }c]mm dsrSbl-39 (AY 167472} Syntropho-
\—1_10%E ]-()leﬁ (2) i bacteraceae
Uncultured sulfute-reducing bacterium clone (AY (1153596}
72 1-O0TU7 {(4)
100~ Desulfacinum infernmuom DSM 9756 (AF418194)
71 b Desuffacimm infernum (.'&1:482454_)
- 100 r Desulfovibrio fructosovorans DM 3604 (AF418187) : Desulfovibrionaceae
Dmuz’/m:hun Jructosovorans (ABOGIS3E
93 Desulfobacterium aniling (AF482455)
Solar Lake Mat Clone 8037 (AF179336) H
1I-O0TU20 (1)
67) o4 94 Sulfute-reducing bacterium mXyS1 (AF482456) Desulfo-
1-0TU12 (1) — hacteraceae
100 Desulfolomacilum fuciae (AY(Q15579)
—m%)mmcmuhmf kuznetsovii (DKU3 1043 1)
100 Solar Lake Mat Clone 9063 {AF190886) _— I
v_L‘& ]-()TITI‘JS(I)
Desulfomonile tediei {AF334395
94 1-OTHH1 (3) ert ) Syntropho-
_?_%1 Desulfoneme ishimotonii strain DSV Y680 (AY626030) — bacteraceae

1-OTUS (2)
0.1

B2 T T3 dsr SEER P S MBI RD R AR
Fig.2 Phylogenetic tree based on the sequences of PCR - amplified dsr gene fragments from Sample I

4 ERS5REES VSRR W s R B 4Tk B SRB H RS

R R R Tk B 5 SRB 2B 5 Des- M. 38 57 F A 9% T B RB TR T4 5 SR 2L R0 ExT T

ulfobacteraceae , 3 H EL75 HH 24 78 2 fry W8 £ 258 £h 4k (31. 0% 1 KEZ G+ SRB BER LTI, SENERESE G2 s

40.6%)  ERMTEEN T A RGERRAMBURNEFY DT P WL DOCE JORIRMLAS Iy 72 2 ik

MUK E BB AT AN AR AL T T RS 1 LR BT Tk
SR F BEA £ FIICHT .
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