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Distribution and Diversity of Sulfate-Reducing Bacteria in a Crude Oil

Gathering and Transferring System
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(School of Environmental and Municipal Engineering, Xi’ an University of Achitecture & Technology, Xi’an 710055, China)
Abstract : The distribution of sulfureted hydrogen (H,S) as well as sulfate-reducing bacteria (SRB) distribution and diversity in crude
oil and oilfield production water samples from a oil gathering and transferring system in Changqing Oilfield of China were investigated by
methylene blue colorimetric method, the most probable number technique and sequence analysis of the 16S rRNA gene, respectively.
At the oil gathering and transferring system which from oil well through oil flowstation and then to oil comprehensive treatment station,
the results showed that in oil samples, the content of H,S were 105. 80, 99.70, and 24.57 mg-L’] , respectively; and the count of
SRB were 98, 300, and 680 CFU-100 mL ™", respectively. In water samples, the content of H,S were 1. 13, 2.80, and 3.49
mg-L ™", respectively; and the count of SRB were 9 500, 40 000, and 76 000 CFU-100 mL ™', respectively. The abundance of SRB
in the water samples is about 100 times than that in the crude-oil samples. High concentration of H,S in oil well inhibited the growth of
SRB, thereby the count of SRB in oil well were small. With the reduction of H,S concentration, the actions of inhibition weakened and
disappeared, then the number of SRB were gradual increase in the gathering and transferring system. For the initial concentration of
H,S in water samples was low, and the number of SRB were large, then the content of H,S increased gradually with the number of SRB
were increased. Sequence analysis of the 16S rRNA gene indicated that SRB related to Desulfovibrionaceae sp. and Desulfococcus sp.
were detected in the water and crude oil samples, simultaneously. However, SRB related to Desulfomonile sp. , Desulfotomaculum sp.
and Desulfosarcina sp. were detected in the water samples but not in crude-oil samples. Abundance of SRB was increased due to the
variation of environmental condition during the period of oil gathering and transferring process.

Key words:oil gathering and transferring system; sulphate-reducing bacteria (SRB) ; distribution; 16S rRNA; sulfureted hydrogen

TEATI Tk P, B AR 38348 )5 (SRB) J& — 283 AT R AR RS T 1992 ARG WoR AR

DLy LT I 26 B s O e A BB SRB
TGRSR EE R AR R R AL LS
A= 8 o ( MIIC) A5G B9 A1 7 22 19 A7 2 HL,S
ANALSE TN B A B, T EL 7T B8 5 B4 iih AR
SRR A T 8 ARG 7 it A 5 0 el T A
i 32 PR 25 PE RS2 IR RHTE A 3k ok b AR XEAG T
T MIC( 3225 SRB J& ) T i A AY 28 55 2 5% . 46

& ok 4 3t T s A B2 2 2 4296, Horh SRB i ikt
7 A S R IR AL, X AE AE T i 3R BE
H,S #1 SRB #E47 W58 J& - 4r T2 . {0, ) A §i

W5 B H#1:2009-11-04 ; &1T H #§ :2009-12-21

EETA :ER A RFE=H 4 E L H (50838005)
EEEN P (1984 ~) , Lo, W-LAF5R A, FE T R i5KH
AR HE A, E-mail; luoli. luck@ yahoo. com. cn
* JEIHEC R A, E-mail:liuyongjun@ xauat. edu. cn



9 4 B A 1 I AR K AR G P B R R 0 U R 1) A A 22 A A 2161

ik E R H,S B 434 L K SRB R ¥ 45 e
SRR R AR

R G M 4 X & N (PCR) 43 #fr 16S rRNA %k
,JF 1 16S rRNA JE K >k 47 51 > A AS [7] 24 58 A%
AR E R AR AR C 2 TR FEA R R
P BRTE A R 2 A 2Rl 4 A R A
WA ER BT R A, AR R R R DR
By R I LA () SRB. Tanaka 55 RARGE T
— DS R A R DNA L IR YS9 16S rRNA
SR 7 B o A B 9 B ( Desulfovibrionaceae ) W5 77
oo PR, R T AT TR DRI TS G R IR A R i
TSR 0 A T ok, A T 5 2ok ATk A R e
H,S F1 SRB (% 500 5 53 H7 , e 2R 76 A il 4 i ok 72
B Dy A P K HL S B9 404 (SRB Y £ i R

1 #BEFE

L1 MU S R REA

7 K PR (Bl ) B TR — 0 AR R S
H A SO 0 R 3l R A 3 45 b B 3
5] et SR 4 JB0 S R A 0 K RE . 76 3 I 11 G KR &
RS, #5830 min J5 00 E R R R BIREEA T2 AE
Sy KB A7 T S B S R AR R RE 43 SR A T
B K TR T 43 S e B RO R A3 B K. £ 4R
Kb TRt g JE S R AR R ARE 43 50 B0 1 A i E 9 K
HE. HUREJG K REASTE 4°C T A% DL 43 7 2 .
1.2 H,S R BB Tl s 7 i

ARBEH B H,S AR E R R L
(GB/T 16489-1996 ) . jli#:vp H,S 18 i Wk i 26 &, ¥
AR H,S SR W R O T 2R 5 IR K
RE B0 52 7 ¥ AT 43 T

SOZ ™ I 5 K JH % R B 43 O 6 75 8,05
SO~ fy I 7 B s HCO 9 I 52 5% T i £ 34
SE W5 CL I I 2 SR FH A PR B 9 8 55 Ca™ " M™%
F EDTA & 8",
1.3 G IAJFE (SRB) B4R

JKKE R SRB B B ] = 45 241 MPN 2 5k £
BT P A B 3 R 2 B HE (Y Baar B3R,
RSB H ol 1.0 ¢ K,HPO, ;2.0 ¢ NH,C1;4.0 ¢
Na,S0,;0.2 g MgS0,+7H,0;0.2 g FeSO,-7H,0;3.0
mL FLEREE 3.0 g MR RFRICYI ;1 L 2588 Tk, 0
pH {H 4 7. 2. % B 5 I 0 7K R 432 31 15 35 3 05
TEEIR T (28°C £2C) ik 14 d IR AR 35, B 5
I R SR AR 0 SR R B, FR FE(E SRB.

JEamAEA T SRB Y 11407 35 I R <K 200 L
JECh o A B [ 45 A R 10% Ayt iR 20 (R E AL
WA L R GIR A, I FE 4°C T8 000 remin ' B
O 1 min. Jr 3R A5 19 7K AH ¢ B L 1D T 3R 108 5 v R A 53
TMFE T SRB Y 4t
1.4 ZH7FE DNA A4 B0 7%

JFHAEA B DNA $R 107 e 2,2,4-=
FRBE S bE (S e ) (b B T b 2R ) 79 Ak 2
B BE A, SR 5 A 1 B8 DNA P 48 B0 R &
(Biol01; Carlsbad, CA, USA) M T b B (g kf A rr 2
HU DNA. H AR5 R J2 : Bt 200 mL J5t i A b i A %)
200 mL 1 5 3 e, PR 3% IR 21 )5 7E 4°C T LA8 000
remin ' {5 B0 20 min. BCE O JE RDLIEY) , )
HoAn A GE i ) S oE e AR IR B3R ik M T IR A,
B AU BRI L 10 mL {9 ke 18
BRI, JT L 200 WL YRR B, 10 H o A
] SRR R R 4R I MT M . R 5
Il 58 2R 4 £ 4% ( Mini-BeadBeater; Biospec Products,
Bartlesville, USA), 7£3 800 r-min ' %) 3 & T % £
30 s, P4 MRG0 45 9 B R BRI DNA. 3647 6 IR R A
i) DNA $2 BUERAEJS , 3815 50 wL Y9 DNA %K.

JKAE T DNA (407 5 : %6 0.8 pum 1Y 3 fL
o 4 28 ( Advantec Toyo Kaisha, Tokyo) i #iE 200 mL
FIKFE, B 0.45 pm 1 3 FL i 38 #% ( Advantec
Toyo ) ¥ JE M IR AE 229 1 mL. B 450 pL 199 45 B T
Sk 42 HUAH R DNA.

1.5 16S rRNA(16S rDNA) P B BE i) PCR 4" 4%

R S, 8 PCR &4 16S rDNA A
B ok g3 Br SRB. % S MR B W R A RS-
CTGTCRGRARGGAAGAAMC-3' ( DSV435F; Jif & 4K
B 168 rRNA 3t 435 ~ 453 bp) M1 5'-
GGGTARAACCRRCTTTCG-3' ( DSV1430R; M i 3K
B 16S rRNA JE[H 1418 ~ 1430 bp) "', 50 pL i
RREMH: B F# 54 0.1 umol-L™',2.5 U
HotStar Tag DNA % 4 B ( Qiagen Inc., Valencia,
CA, USA),1.5 mmol-L ' MgClL,,20 ng ) DNA #I
200 wmol-L~"f#§ ANTP. Jz i 7E iCycler PCR Y ( Bio-
Rad Laboratories, Hercules, CA, USA) 47, ¥ 14
A F:95°C 15 min, 94°C 1 min, 55°C 1 min,
72°C 1 min, 3t 35 NMEIR. i J5 76 72°C F 4% ZE{f 10
min.

PCR 7= 4938 25 3 J6¢ L UK 43 BT, 3 0 0 T e 1) ¥k
BEh 2% VS fE WK TAE (89 mmol-L ™" Tris-HCI, pH
8.3; 89 mmol-L 'HB, 2.5 mmol-L 'EDTA) , H tf

s PN
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EB Qa5 W R 0.5 mg-mL ™", 76 110 V {6 & 1L JE
T, HLTk 35 min. SR 5 ] Gel Doc XR ¥ I 115 &
4t (Bio-Rad) X DNA Z&74f #E 47 UV B A, W% A vk
il JEAI IR ZE1.000 bp &bt 3 5€ 6 2l Ry BHAE , E
Sty U Sk B
1.6 FofEAN T

FH 0. 8% 1) B A5 A58 11 4 15 4l Ak PCR 7= 4 (K
#51.0 kb) , 3 7 & %] pT7Blue T-vector ( Novagen,
Madison, WI, USA) ", PNEEA 5 [ 2 A E AL 156 £ 8
~15 A~ vikg, f i AR TR A Wl E 17 DNA JF
SR . SC BT AR B A% R A R R dE BB R
NCBI/GenBank, J¥ %I # % 5 J: EU917046-
EU917051.
1.7 RGHEAS

N5 16S rRNA JE [H ¥ 51 5 4 ¢ SRB
2 I) (R B 2, DT R R OK BE R 4 Y 16S tDNA
FrBE R R 51 8 12 NCBIL f BLAST % & 48 A
GenBank % 45 2 1 47 )% %) 6] U8 1 2 M. B A B
16S rDNA J Bt 9 5 %1 38 3 BLAST 7 GenBank % #f2
JE v 48 A L B, K A 36 JF %1 il DNA-MAN
(version 4. 0) #EA7 HE XTI F 8 R G0 & & W

2 HBRE5HH

2.1 frigEf RGP H,S oA ML
DA A I 20 7 3l A B O 13,2 km,

WA i T 3 7 i £ A Ak B 0 B B Ol 25.6
km. XE£7 AR R G 3 A BURE S5 04 4 BRI A 2 4
PESEFT BT SE , S5 LR 1. B R B R S
H S IR IBORE 5, 36 B A pHL (R 3 AR A R, D60 7E
A e T b 4% 5 1 AR R A — B (E I SELA
WL (S {E (ORP) A BH S 719 & i, WT LB HH &
G AR R S8 PR R BORE S5 A 2 1 T BT R TR). R 46
i ORP M T 3 25 4 b 3336 78 97 7+ 35 , (6L T+ 35 14 Wi
FEAR /N, L 2% S BORE 259 48010 388 J50 A 2 (i 4 /N T
— 110 mV, EW A MER RGA TRERS" . &%
it HCO, . Cl~  Na™ FI Mg " 1y ¥ & 22 S & /M, 2
SO;™ SO Ml S,05™ fk B A8 bk k. &4t h SO;
(Y9 e S35 Bt AR B o R R T AR A1, T SO3 ™, 8,05 Ik
WA it T T B . X SR B, T T R g
TIRERZS HAE I 2 AR K (29 40 km) , 5L 7E £33
A S R A BRI R R 5 I R R 14 R

X A5 T 4 R 45 A HURE S50 AKCRE A R v
H,S &b A7 TR, 25 R 1, 2 Fros.

M 1A LAE ), RGOk H,S & AU,
GRAE L ~4 mg L YU E A, & E AN 3.50
mg- L™ ZKRE R HLS B0 Hk i A 2R 4 U G R K
LB A R I e, R R O g 113 mg L
358010 28 4 v b B 3% T A K AR TR B9 3. 49 mge L7,
ETET 2,36 mge L1 DA 0 F) £ o i
Farh H,S SR T KN T 60% .

F1 AMEHRESEESNREHE

Table 1  Environmental characteristics of sampling sites in the oil gathering and transferring system
- I ORP" W )¥/ mgL™
TR A8 {J;n(’(r:; ol /mV 503 503 5,07" (ﬁiHC(i’ cl- Na* Mg
W FH 0 27.3 7.5 -135.0 370.9 18. 1 5.3 760. 3 1893.3 876.6 37.4
VaRliib e} 25.6 7.3 -128.0 232.6 25.6 10. 6 680. 6 1792.6 922.5 35.6
ZEA AL F 28.7 7.6 -119.0 175.2 38.0 15.8 826.7 1912.8 890.2 27.8

1) ORP g % Ak ik J5U i £if

134 2R G B LS A A W4 SR (1 2)
AL L, R G ARE T H,S R, & R 20 ~
110 mg-L ™ "Ju R, S EA/NF 24.5 mg-L™". My
S 1SR Y 0 DR 20 g S i 0 4 Ak L i T
Je e HLS Fr R AR B AR 4 R A9 I K R A
Wi D i B JF O g 105,80 mg- LT R R E
A o b B R B A 2457 mg- L' IR O
23.2% , FFET 81.23 mg-L~". A A7 T 5 ol 5] 25
A Rh B 2 R T LS B AR R AR K, R R
T 75% i H,S (9 & % 0 bk P, BT
HhH,S B iR, K Y 90 £ A%

2.2 fimER &Gt SRB 1y 41

Ji 3 R0 I K RE R AR AR Y SRBY 4 TR 43 B 45
RUWE 3 Fros. BT A B KR s mAE A ER & A SRB,
HIKHE T SRB A B50i 2 I b AR A g 100 £5 ) .
T A0 DI B 25 A Ah BE U 4 S B R, SRB Y Bk
HEE WG 0, Hh 5 b SRB OB i AR 98 L 300
680 CFU-100 mL™", /K #E v SRB % & K ¥k N
9500, 40 000176 000 CFU-100 mL™". Z5 4 & 1 f1
K2 Al fESE s R g KA iR TR B (pH B A1 K
YRS AR, HOH,S MR IR R B A, T
W& 4 SRB 14E K 5 %51, SRB S & 4 £. SRB 1y %k
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Fig.2 Concentration of H,S in crude oil sample at the system
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Fig.3 Bacterial population of sulphate-reducing bacteria in water
sample and crude oil sample from different site of the oil

gathering and transferring system

g SR A OB I, AT S EOK R OHLS 1
W A Tl T SR E R, > SRB AR
K i — 288 73R 58, S EGm P SRB A9 80 Hk
ol A ] R T R R O v B HLS HR T
SRB YA 1<, 1 153 %) 47 (9 SRB % 2 . B % H,S

PR AT, S 4 P s 0T Ok R AR e R g
SRB 1) %tk 1% i+ .

TEATINAR i 2 G2 P A7 AR AN R A ) SRB 3R
X SR W) T 2 ek A 4 D T G R A ) S ok
—AEZEFR. RGO SRB Y £ i Z
A H,S Y& &t gl son, Be W R ge b H,S /Y7~
A M SRB A7 5C. 18 H,S W IR W A, B3R B8 2% 1
TECE R LR (KRR ) ,SRB By B4 An 2 3k H,S Y
WZ AHJE 78 H,S Wi W AR i, HLS /K BT R
oL CAnImFE) , B T W BE H,S XF SRB A KA —
SE I VE T, B0 SRB i ECR 1S AR A [Rl i, i T
K I3 B TEAH O Y PR 25 1R R — 28 B T i AL 2 3R
SEAE A AN AT 3 RUE R H,S B BE % Ik 2L
MTITBEAR T H,S 7™ .
2.3 PCR ¢ & 16S rRNA [ 78 B

A FH SRB 5 SRS 4 X 4 R A
[F) BB 5008 7K A R0 LT A it Y SRB Y 16S rRNA
FEP (29 1.0 kb) JF47 kil #E B i Tk AR 45 2R 18
AN, M IE I B it ol R 2R A Bk K R L 4
B DNA it E 438 5] 7 PCR 7= 4. B2, il I
FE BRIl AR AR R B DNA TR
PG E] PCR 7= 4 (168 YRNA EE[H) |, 1 £7 i 25 5 Ak
PR S AR A PCR P29 02 43 0 283 20 1 35 A~
TE Y PCR P54 46 10 21 19 .
2.4 165 rRNA JEPN 9 R e AL 73 B

1525 PCR 7™ Hy (£ 1. 00 kb) 73 & 4lif , If
T F] pT7Blue T-vector H. A it & 57 19 4 4~ PCR
7740 5 T SR AT 5 A it i e R v i 7 AR D
Fr SRB 14 16S rRNA Kt [K i) £ FE 4.

&l 4 FFs AN TR 5 A 168 rRNA JE (X | B ¥
A1) 5 AH G A BRI v 22 TR R SR % G R B RR B B
& CQO1 5 i #% Bk J& ( Desulfococcus sp.) #H
ST BT R R SUAR A ik 98% . 5 B Ak
CQO03 5 Jiit #i /\ & Bk B J& ( Desulfosarcina sp. )
S BT A% T R 9 L ik 929% . v I 1A
CQO4 5 Bt i IK i J& ( Desulfovibrionaceae sp. ) P 4% H
12 1y 9 [6) 5, P 50 AR B PE 3K 97. 8% . 3X 28 4 14 fiE
R SE A FALFLIR , B W & 1R £ . = AL Bk FBR 1k
S R AR LR R LR BT A
JKAE IR 3 14 Jist 3l R A v AE 95 A I 3 CQOT AN
CQO4. 3 B K CQOs 5 Ji & M K W )&
( Desulfotomaculum sp. ) #15& (IR 93% ) , A WF
351NN, Desulfotomaculum sp. J§ F 2 % (K FH 4 SRB,
Je— R RERE Al = AN AR O AR R A e — e A T
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Desulfococcus sp. (DQ989471)
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-| L CQo3
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141210 8 6 4 2 0
B MRERINEE (X 100)
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Fig.4 Phylogenetic analysis of bacteria in the water sample and

crude oil sample from the oil gathering and transferring system

ZARM A W RETE L SRR CQO6 5 —Fh AR A
4 T T 6 3 T 1 U 5 U0 A G, B AT A A 1R T 4
AL PE 35 98% . 38 B MK CQO2 5 B B & Bk R

( Desulfomonile sp. ) 15", & A7 69 8 H B2+ 51 #1
Itk 95% .
2.5 il RS R BORE P N [F] 16S rRNA Ak
A B 3 e 1

2 R N A AR G A R BUORE 2R [
16S rRNA &K F BL LK AH 5G4 B (151 4) Hh 3000 ¢
T RN T 48 A TEREIR. S5 AR A AN
B AL B AR K ORE RN I R A, R I B
Desulfococcus sp. 1 Desulfovibrionaceae sp. #H 5 ) 7%
BEMR CQOL A1 CQO4, HH BRI A5, 43 il g 29% il
44% B2, sEFER CQ02 ,CQO03,CQO5 il CQO6 L 1E
JKRE ARG 3], T A DI R A A O AR B 3R W
Desulfococcus sp. ( CQO1 ) Fll Desulfovibrionaceae sp.
(CQO4 ) il FH PR 458 25 A T e i DL, i 5 3 174 At 1R
R JRH . 5 Desulfosarcina sp. #2172 e 1A CQO3 1E
WIS AL B A (23% ) i T A i £ Ak B
(7% ). #H J2, 5 Desulfomonile sp. #H 3¢ i%) T& [ 14K
CQO2 7 A7 il £ b B 3l 3 BLAI A (20% ) 5 T3l I
H11 (8% ). 5 Desulfotomaculum sp. #H 7 iY) 5 [ 1K
CQOS , ALFE A il 5 G b Bl 7K A i A I 31 (7% ), T
FERE AR CQO6 (A A IR 6 3 J5t 1 ) AL A il I K
FEH ARG 21 (8% ) . 8 /K FE v A I 21 5 B fA& CQO2 |
CQO03 ,CQOS F1 CQO6 , {H J2& 75 J5L it A A v R AG I 3]

R2 AHEHRZARBRE A KEMRBEARDARRE 16S rRNA EEF 5 B HIAME

Table 2 Frequency of different 16S rRNA gene clones in the water sample and crude oil sample from different

site of oil gathering and transferring system

" IKEE

UERTHEES

A Sl bEEIR it & Ak B SR T LR G ab B +

Desulfococcus sp. CQO1 3 4 4 0 0 3 14
Desulfomonile sp. CQ02 1 1 3 0 0 0 5
Desulfosarcina sp. CQo03 3 2 1 0 0 0 6
Desulfovibrionaceae sp. CQO4 5 5 6 0 0 5 21
Desulfotomaculum sp. CQO05 0 0 1 0 0 0 1
1 SRB CQO06 1 0 0 0 0 0 1
+ 13 12 15 0 0 8 48

3 i B0 H, S B9 5 i o B

I O R s R AR HLS R 4Gk B AR L H
W S A A ST R 1), H, S W T2 IR w5 1R
VR E L AZR R i I IR [ AR HS 1 2,
HT T B A i 2 B S I, 17K 0 B IR, £ AH I B 3R
BT, — S8 T R B A i A R A
A= 4 15 2 32 B R 3 O B H,S B0 6 A%
24, NIRRT H,S By & RGP BUMAEA R H,S
B a4 24,57 mg- L1, R W /R 5L 4 2 48 P

T A7 15 i R G i SRS T A Vi EE AR R s A
A e AR AG I 2 SRB , & WI7E Il HH A4 2R 58 45 4 T, SRB
WM HT Z RN E. XSRS B
Agrawal %:24] F1 Benka-Coker %:25] B B 45 A
[, A AT 23 0 48 T 78 B BE AR AL AR ALE H R Y il
HIp A7 FE Y SRB. 19 4 4 1 72 b SRB i 5 2
TR T KRR T R S A O SO R,
HLw AT LI g A 0 U 5 10 78 3% R I 3 R g HL
TEA MR SRB B i BT N, X AT BE S A
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2 IS 25 A Jh B3, SOL™ Bk B 4 i [
1%, [ SO5™ 1S, 077 iy ik i 3% it 71 e v L 1A (3%
1).

Tanaka 55" 4 4 7 — Pl 4045 Bk DNA 48 H
) & DA 4 0 DNA B S ] PCR 43 AR A5 il
Desulfovibrionaceae ) J7 1. {H 52, )\ A BF 58 45 5 K
A, A I I 1AL Tk R R (SRB Y %L
43514 98 F1300 CFU-100mL ") B #2£ HL 1y DNA
AP E] PCR 779 (16S TRNA LA, AXAE A1
£33 A0 B I RE A R 304G T PCR = 4. Ui 24
J5hH SRB A9 ¥ iK T 300 CFU - 100mL ™" i ( [&]
3) ARME B4 IS RE T 3R PCR 724

A MR RGP R T Desulfococcus sp.
Desulfomonile sp. Desulfosarcina sp. %% 6 Fjt SRB #f ¢
i, AKHEHIX 6 Flv SRB AH OC R J& # 4 I 2 1, 1
oA AL K W B T Desulfococcus  sp. F
Desulfovibrionaceae sp. , it B 7K ¥ P 1) 25 85 25 14 L v
FEIGFL SRB 8 A 4RI 5. 4 2R ik 7K 43 8 A1 Jie ml
TE—E R EFEAT SRB A% .

4 i

(1)SRB 4 % i 75 48 fin o 72 v o i 4 n, 5K
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