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(P EREE ARSI OIS AR Y EOR IS E  JLaT 100085)

Z . A PCR-DGGE H g B FeH AR , 73 30 AT 3 FH AR il D BR DX, 326 30, 60, 100, 150, 200 em ¥R
) S RUE W A AR AT, B HE T TR T i < X3 = U W 0 a3 A e, SR E I ST IRTE R B, AR 3R
B AN TRI R B - S5 i [ ) B R AR B EE AR AR (26 ~69. 9) . 7E 150 cm 11200 cm 4L, DGGE i A A FIFMFEETE(=19)  LHE
M(=2.69) MIHLIE (=0.90). il H X 3 & 7% y-Proteobacteria (75% ), It #b if £ §§ a-Proteobacteria . Actinobacteria
Acidobacteria , HARBURE Bk 3 B2 Ry A1 90 A1 ¢ T AN IR B AR BT, N B B TR L W 2L . SOE A @, B. . 5-Proteobacteria I
Bacteroidetes , y-Proteobacteria £ 5 /N(24% ) , T3k 16S tDNA S5 LI B ik K 2 A B IR e e o, 38 70 B R e f e, an
FREAIZE T . AR UL SRS, 150 em, 200 em FEIE T 56— BUREBR B HE AT R0 PR BRURE R A 5 P 6900 38 11 AT ISR S Ve 1)
PSR B, B o b A R DR T AR SR WS TR AT R 7 18T, (AT R a2 — 25 M R R IR Bk

KR R IF KM H ; PCR-DGGE; 16S tDNA; BUAEY 2R R tEmEY

RESES: X172 XEERIAG: A XEHS: 0250-3301(2012)01-0305-09

Microbial Community Structure Analysis of Unexploited Oil and Gas Fields by

PCR-DGGE
MAN Peng, QI Hong-yan, HU Qing, MA An-zhou, BAI Zhi-hui, ZHUANG Guo-giang

( Department of Environmental Biotechnology , Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085 , China)

Abstract: Microbial communities of different depths (30, 60, 100, 150, 200cm) from the unexploited oilfield, gas field and control
area were studied by PCR-DGGE and sequencing methods. The objectives of this study were to understand the microbial distribution in
the regions of unexploited oil and gas fields, and to investigate the potential microbial indicators of oil and gas resources. The results
showed that the Dice coefficients between different depths were very low (26-69.9). The microbial communities in the soil of 150 cm
and 200 c¢m depth had greater richness (S =19), diversity (H=2.69) and evenness (E=0.90). The results of sequencing
demonstrated that the bands from oilfield were mainly grouped into a-Proteobacteria, y-Proteobacteria, Actinobacteria, Acidobacteria
with the predominance of vy-Proteobacteria (75% ). Most of the bands were related to oil-associated and hydrocarbon degrading
bacteria, such as Methylophaga and Alcanivorax. While the gas field had «, B, vy, &-Proteobacteria and Bacteroidetes, and -
Proteobacteria accounted for only 24% . More strains showed relativity to methanotrophs, such as Methylocystaceae. Thus, 150 ¢cm and
200 cm were more suitable as the oil-gas exploration sampling depth. Methylocystaceae may act as potential indicators for gas resources,
Methylophaga and Alcanivorax for oil.

Key words : unexploited oil and gas fields; PCR-DGGE; 16S rDNA; microbial diversity ; microbial indicator
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P8, W A BT AR A2 L R AR 5T 1
B3 K H B97E T H ) PCR-DGGE F AR | 730 #r R ITF &
T M AU W R A A IR R
FER IS H MR GUE Y o A R Y T, RIS TR
(RSB PR s PR A W s B, i — 2D A TR
Pl SRR ) K .

1 MRS

1.1 R

R RS FH BT ) R — /N R TR RIS
HI(117°45'F ~118°21'E,37°34'N ~38°11'N) , %4
FE LA ST = A s e 2 KU R Bl <.
B g £, RIS S R AL, pH 290
8. 4, M RAANE WAL | BT AAE A ST FR AR
Y. LERTHIAG I B Dl — RPN e
T3 1 B A IZ I DX A5 IR B AE A JT R AT T
B A X s Rl 43 TR) B DA DX SR o s B A i 3
ot , DX N A HA A ARSI TR, LA B 55
N BURER AR AR H T AR IR A A ek 3 A X
B ARTE A S DA R AR i A BRIk, =
LRI 2R 2 km , FEAE ) 5 17 L4 F R4~ X
HEATAS AT BEE 1 BBORE | 6045 30, 60, 100, 150, 200
em. AT 3 WEE I 3 W LR
IRA). H Rk )5 B F ok b, 7 AVAL B & 90 0 ==
—20°C 1RAF.

1.2 i DNA 255 PCR ¥4

FREC0. 5 ¢ £4F, FIH FastDNA SPIN Kit for Soil
( MP Biomedicals, LLC, USA) &7 & #2 B DNA.
Fifi 5 1)  Nanodrop® ND-1000 UV-Vis Spectrophoto-
meter ( NanoDrop Technologies ) % 3K HUf% & DNA
e JBE N2 FEE G .

P14 A0 B PR 2H A DNA 16S tDNA V3 X JH T
DGGE 43 #fr. PCR JIt JH 51 %)y PRBA338f ( GCCGC
CCGCCGLGLGLGGLGGGEGGGGCGGGGGCACGGGG
GGCCTACGGGAGGCAGCAG ) Ml PRUN518r
(ATTACCGCGGCTGCTGG) ™). 50 wL LR ZR Jy .
dNTPs 10 nmol, | ¥ 51 # 4 20 pmol, 1 x PCR
Buffer( Mg** plus) , Tag DNA polymerase ( TaKaRa,

Japan) 1.25 U, #ikx DNA 40 ng. PCR &5 :95°C Fi
AP 2 ming 95°C 7481 30 s,65°C B A 30 s,72°C ZE{H
20 s, A 20 MEH, 1B IR EE B BRI 0. 5°C
Pt /1 TR BE [ 2 #E 55°C , L 15 AMIGER; 72°C
JEAH 7 min, 4°CPRAF. BRDFEMBCE 3 NEE, P
SEMUREIRAT, ikl PCR 451k
1.3 DGGE Hiik
DGGE HLIKTE Deode R4t (Bio-Rad) LT, %
VR T g B S VAR A 8 %%, 740 M 391 ¥k 35 415 L 40%
~60% . 7 1 x TAE Zthifi L 90 V B ,60°C 18
HRH VK 10 ~ 12 h Bk 5 EB e @, fif B) UV
transillumination ( Bio-Rad) ({5 & Gt #E17 45 S W 5%
AR, FL Uk E5 A Bio-Rad 28 ] Quantity One %X
PEFEAT o3 M, AR IBCAS [ VK G 18] 79 R A ARLBE . b,
WA S R AL Sl =) A (2) TR A
FES IR W) Z2 FE % ( Shannon-Wiener $8 %50, H) 3
1% (Evenness, E) =& £ ( Richness, S) , A2~
JEE XS AN [ DA )R BE WA ) A EAT LT
H=- > (n/N)lg(n/N) (1)
K, n, FESD B SR O R T AR ;. VAR
st b T A WA £ S TR
E = H/InS (2)
Ao, H (1) PR AR Shannon-Wiener $5%%; S
R A —IKIE A 8 E
1.4 DGGE Y7
¥ DGGE P35 1 i) =250 U1 i, gt fe 4
WOH P ) DNA B, FRR I & GC Je iy A [F]
1947 PCR 973 JF Ul 2lifh. 2ifb)s iy 38 A
B2 pGEM-T 8K, Fe 4k 2 KM A 18 B 52 5 4
PRI AT W8 L IREGR 8. B S R A R R HEA T DU
W BT 5138 52 DNAMAN S04 1AL B, Ab P S
HJ ¥ F7E National Center for Biotechnology ( NCBI) %
Pt e E X A M, 4R 5 % 06 R Bt B R 4.
MEGA 4. 0 ARG KB,

2 #HREIHE

2.1 i DNA 425

{#i FH| FastDNA SPIN Kit for Soil #2HU DNA , %
TR UK B R BUKR FZ 2978 15 kb. A, 1
Nanodrop ® ND- 1000 UV-Vis Spectrophoto-meter
(NanoDrop Technologies ) % 3K B i & DNA i 17%5
0, 2% A il S DNA VR BE (LA R4 4ERRTE 2 ~ 7
pgrg ', HALREER T BT PCR 970,
2.2 DGGE [Ei553H7
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Z5. [RIBHBAEAE 5 AR 22 1 e S M 2R, 0 X JR X 3
W, BT A BORE TR FE A T 2] A1 F A12, T A19
{UAFTET 100 em VREE; KM X, C13 S fE7E T

A30

ABD  AL00 A150  A200 B30

Be0  BIOD BIs0  B200

G BRI, I LA 58 5 It 5 TR B 1 I i fin . 1)
B AN TR A X3 1] A7 7 2 — S8 A fBL 2%, ] 40
A1l A12 5 C7 .C8, EfTFEAHIA] By 22 Pk IX [0 N A &
FHIE AR BE B, FLAH 8B ARL (AT ek —2b
PRI 5 B TIE

C30

Ce0  C100 CI50  C200

A ARFARTA B X IR X sk, B AR, C AR 30, 60, 100, 150, 200 8 FA [ fly BURE TR i

B 1

FRXEMRER DGGE Bif

Fig. 1 DGGE profiles of different regions

FIMH Quantity One 4%t DGGE &35 #E 47 i —
A B A3 AT 8 A TR R B 48 ORE AN [ VR B [R] 9 T
FEARDLBEHEA T LT, 25 R N3k 1 R, 7ET A X 5K,
ANTRI TR B 8] 1) TR AR BLREARAIR, O 26 ~ 69.9. R
WRETR BE XS TR A o3 A B B2 I Ah  3E
FHEE(S) ZHAE(H) S (E) X A5 X
1) DGGE KIREH#AT T i — D By L, 45 R n gk 2 fr

7. IR EE T T R &, Z 5T X35 30 ~ 100 em TR JE
W= E B R R 5] B 48 RO B A AT, A1)
T G0 — I BRURE IR B X6 i B %) 98] A DX 3l i 4 7 TR
AHXETF 30 ~100 em PR, 150 em 5 200 em &b 4545
HORVEMT, DGGE BHERA T FEE(=19) £
FEE(=2.69) RIS EE(=0.90) , 5 A4 F T F|
PCR-DGGE J5 i AT A= ) Z FEE IS

F1 FE—XEAREREEOEBEFEE
Table 1 Coefficients comparing the similarities of different depths
Al v TR R X3 i H H
30 ¢m 60 cm 100 em 150 c¢m 30 cm 60 cm 100 em 150 em 30 ¢m 60 cm 100 c¢m 150 em
60 cm 59.8 64.2 27.9
100 cm 46.7 39.8 44.1 55.6 32.1 69.9
150 cm 29.9 26. 1 41.5 57.7 51.5 36.9 46.2 53.5 46.5
200 ¢cm 33.8 26.7 39.3 69.8 43.5 42.1 26.0 54.2 40.8 46.3 52.8 63.7
2.3 WMF KRG E FAIEN ¥ 5 R0 e P A 16S xDNA V3 X ¥ 51l i

i FEREM Y, 3RAT T R DGGE 2% BT

22 GenBank Q?EE\:F, oW R B 5



308 woom B % 33 %
%2 DGGE B S#tisH
Table 2 Diversity indices calculated from the DGGE banding profiles
A3 A T BRI, il H <
S H E S H E S H E
30 ¢m 14 2.13 0.81 22 2.86 0.93 17 2.80 0.99
60 cm 15 2.29 0.85 19 2.62 0.89 14 2.15 0. 81
100 cm 27 2.93 0.89 10 1.98 0.86 18 2.36 0.82
150 ¢m 23 3.00 0.96 20 2.71 0.93 19 2.69 0.91
200 ¢cm 27 2.95 0.90 25 2.96 0.92 22 2.85 0.92

(HQ875615 ~ HQ875634 , HQ875686 ~ HQ875716).
i3 BLAST LU, #4 i AH B A4 28 GE kAL B, ] 2
PR FE i At WA BCH b DR 509% 19 2%
W JE T y- I T, O ELIX 28 -2 551 ISR 0
ERZJE T IH R, EEEDTE RN H
R H A S B H i D s & H L
Sk HACE O E H. BRI Z I, B o B.6-78
TR, SUFF IR ] RRAF T ) BB ). sk 3 fr
7N, FORRAL R AR 322800 S A I AR S IR T TR VR BRI
R REE R IR B R A i, A24
T oy-2M &5 (0w B, HAH U E Bk Rheinheimera sp.
PS23(2010) (95% ) FFAE Tk TV K, 5 2 i
IR —2; Al 5 Uncultured Marinobacter sp.
clone 1- 24 # 1L B & 96%, 1M Uncultured
Marinobacter sp. clone 1-24 J B4 1 A v FH
MANE)ZE s AT FHLFERE Pseudomonas sp. BWDY-40
(99% ) ) % 3L~ 405 3T 14 3 Y 3] 1. 5 57451 )
PCR-DGGE HAR M 1 AR ST At FH AR DX
FEZFEVE, 45 R R IZ X LSRR D y-BIE R
AT 7 L EROR, HAR R o B IE AN, AT IR 1] X
LW, SARE R 2

EAR IR U B DI, L [ 7531 25 %% DGGE
KA AT Al ~ A25, 45 a By S TL A LI K
AFRT) AT ). NG R E b y-203E 16 2%,
R EAY 64% . AR SR B b, y- TR T I%
DX SRR A3 (9 U0 4 B Bk AL 2243 A £E 100 ~ 200
em R, HAH L # Ak Uncultured Marinobacter sp.
clone 1-24 J& 3 4R8I 1Y ik A1 ilt FH o Ui J2. A10
A16 AHNB R A BT O 5 e 3R 8, 32 2800 A
TE 100 em PAUFIREE, IF7E 150 ¢cm F1200 em bR
M. A4 A22 FI A23 AR L AR 2> A
Bacterium Riz2 (99% ) . Marinobacter sp. MHI125a
(97%) .
clone 228 (100% ) , 43 A 7E 100 em DL T EREE,
PRI T W] R R B IR AR BE 1. A1T R A21
FRL TR B T B e T . B e i e T v IR T iz

Uncultured = Sphingomonadales  bacterium

FETE R BERERE AR TR, & T RE S LA LA RN S BE M e e
ShE— B RB R AT BE IR, 76 I 1Y A TS Y s R R
Ht SRR BRI Hh A21 FERTA R
H oA fH7E 30, 100, 200 em Ab &R R IR RN
PEABIRE, 0 A17 AU T 150 em. A18 J& T H JEER
W H, A7 T X BRI B A IR, A LR bR
Methylocaldum szegediense strain KTM-1 (92% ) “h H
e AL . AS JB T B-9N, £ Z /A 7E 100 cm Al
150 cm, L B B Uncultured Methylophilaceae
bacterium clone Gap-2-42 (96% ) J& T W& H & 4.
122 TR 0] LA A O — ik R R RE R, LAk, A FR
{8 JF Al i 5, o PP SRR J | PR TR R | 2 B R R R
AT Sy M — B JERT B R LAY A% HE I A AL T
MK Z kBT = R PR BT, 5 9% Hh DX M 3
A7 B R JE BBl A W . 2, o IR X I A
TE 25— 52 W A R DG B R R A B, O HL R 254y
AE 150 cm A1 200 em, FE A B2 BB A17
A21. AN IA AR B e B RE SC
A18 (A20, [A#E FEE 534 T 150 em, 200 cm.

FE I, HE 20 4 DGGE 4747, 45 Bl ~
B20, f4& o y-EIE WL SR AT,
Hrry-20 15 2%, i B 5B 75% . SR SR i
b y- S IRRE TR 55 T 32 DX R A B I A T BR. B
AR TR b 2 B T4 30 1) 13l FE R A2, B9 R B
TRV YA, FE A AGAE 150 em #1200 em. HZ
R 255 AR DL TR AR L AT R IR B AR e 0, W BS |
B11 B14 B15 B16 .B17 .B19, H:r B11 .B14 B15 J&
TEEHEE. ERE -, B14 #l BI5 {27 T A IR
BE 7 B11AVAET 150 em F1200 em, B16 7E A I
JEYA A T RN LA bk, B17 \B18 #5341
T 150 em #1200 em MHZ,B5 B19 W F 25345 T
60 cm. 200 em A H AR Z R J&H7, B2 . B3 .BS .
B10 ,B12 .B13 \B20, & 43 25 A AL B 1k B & B T
Ve B, b B20 AH UL & R Methylophaga sp.
AM2Q (97% ) #£ 200 cm Ab R ARF ST JE T
WL W BT BE g L BR RSN DL CL LB R
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96; A2
55| 59444245 Uneultured gamma Proteobacterium clone LHCbae-21
F1816673 Uncultured gamma Proteobacterium clone MC3-5
%LIJJ’S?GSI Uncultured marine microorganism 4024AA 83
A25BI8

HQ444246 Uncultured gamma Proteobacterium clone LHCbac-22
‘EIIJ[?SE?H Marinobacter sp. MH125a

Al Bl
A22B16

ABS13678 Marinobacter sp. SeT-1 Alteromonadales

B6
GU212639 Marinobacter sp. H146B2
4

A2l Bl
FI937898 Alcanivorax sp. LS45
DQ_, 68697 Alcanivorax sp. 1-4B

Oceanospirillales
DQS 143(}6 Aleanivorax sp. BSs20190

%EUU‘UIM{] Methylophaga sp. AM2Q ‘ Thiotrichales

y-Proteobacteria
FM163114 Bacterium ACEMC 8-8

(JUD()]US] Uncultured gamma Proteobacterium clone Mix-16
_lizfgysgamss Rheinheimera sp. PS23(2010) ‘ Chromatiales

AJ621387 Methylocaldum szegediense KTM-1 ‘ Methylococcales

AB506040 Pseudomonas sp. StIFLB049
Cl2
?8642?8 Pseudomonas sp. WR3-08

Pseudomonadales

14
Al6 B9

2?’;62?62” Pseudomonas sp. PsC10
c3

A5
EU642168 Uncultured Methylophilaceae clone Gap-2-42
AY686?32 beta Proteobacterium PB7

20

p-Proteobacteria
9 IEM’O@SS Uncultured Hyvdrogenophaga sp. clone B-UP-T0_OTU7
ﬁd FR687T42 Unculrured bacterium clone R126
| —8{ DQ486505 alpha Proteobacterium DG1293
— AY435202 Uncultured Rhodovibrio sp. clone HPB-58
95 Bl
E{fﬂﬂﬂﬂ] Sinorhizobium sp. CTTI2

a-Proteobacteria
3| GU227429 Erythrobacier sp. CI012
— 14 72 GlijslﬁﬁSMA tererythrobacter sp, IM27
A23BI17

Al2C
9‘?[ HMI 87080 Uncultured bacterium clone HDB_SIPO419
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Fig.2  Phylogenetic tree based on 16S rDNA-V3 sequences
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Table 3 Related neighbors of DGGE bands
FAlr ARRIBERR (FH R/ % ) o AN AR P R D
Al Uncultured Marinobacter sp. clone 1-24(96% ) DQ533496 JEF i < A2
A2 Uncultured y-Proteobacterium clone LHChac-21(99% ) HQ444245 AR ER SR TR
A3 Uncultured Acidobacteria bacterium DOK_CONFYM_517 (94% ) DQ828758
A4 Bacterium Riz2 (99% ) HQ020587 A AR AT
A5 Uncultured Methylophilaceae bacterium clone Gap-2-42 (96% ) EU642168 T K Ak e R R
A6 Kordiimonas gwangyangensis strain GW14-5 (98% ) AY682384 WEIR YR
A7 Pseudomonas sp. BWDY-40 (99% ) DQ200853 FE ] 1
A8 Peredibacter starrii strain A3.12 (91% ) NR_024943
A9 Pseudomonas sp. BSs20139(99% ) EU365519 AL vk AR
Al0 Uncultured y-Proteobacterium clone B18 (99% ) GU259675 TR I A A
All Uncultured bacterium clone; CK06-06_Mud_MAS4B-31(92% ) AB369189 TR
Al12 Uncultured bacterium clone HDB_SIPO419(99% ) HM187080
A13 Uncultured Pseudomonas sp. clone 293 (99% ) GU556505
Al4 Uncultured Bacteroidetes bacterium clone MAO0188F01 (100% ) FJ532691
Al5  Pseudomonas sp. SS-2009-PA4 (99% ) FN646596
Al6 Uncultured Pseudomonas sp. clone CMIH6 (97% ) AM936222 Ry Y 14
A17 Uncultured Alcanivorax sp. clone B136 (98% ) EU328046 HEIH S e e
Al8 Methylocaldum szegediense strain KTM-1 (92% ) AJ627387 e S AL T
A19  Marine sediment bacterium ISA-3197(99% ) AY936978 TR TIR)
A20 Uncultured y-Proteobacterium clone Mix-16(99% ) GUO061051 T
A21 Uncultured Alcanivorax sp. clone B120 (100% ) EU328032 HE IS Y £
A22  Marinobacter sp. MH125a (97% ) EU052743 Y PR St T
A23 Uncultured Sphingomonadales bacterium clone 228 (100% ) FJ645604 R WA, T A 13
A24  Rheinheimera sp. PS23(2010) (95% ) GU930785 TR, R Tl K
A25 Uncultured y-Proteobacterium clone LHChac-22(99% ) HQ444246 B[ & ST A
B1 Uncultured Marinobacter sp. clone 1-24(96% ) DQ533496 A3 S A =
B2 Uncultured y-Proteobacterium clone LHCbac-21(99% ) HQ444245 AL R SR AR
B3 Uncultured Acidobacteria bacterium DOK_CONFYM_517 (94% ) DQ828758
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B5 Actinomycetales bacterium 439 (100% ) FJ645676 TR S FE
B6 Marinobacter sp. S16-2-1 (98% ) FJ386512 e L3R 55
B7 Uncultured y-Proteobacterium clone MC3-5(99% ) FJ816673 W VBRI
B3 Pseudomonas sp. SS-2009-PA4 (99% ) FN646596
B9 Uncultured Pseudomonas sp. clone CMIH6 (97% ) AM936222 V5L 1 42
B10 Uncultured marine bacterium clone B-Alg95 HM437547 H’)LM V5
Bl1 Uncultured Alcanivorax sp. clone B136 (98% ) EU328046 *ﬂ{ﬂl V5 Y+ 4%
B12  Bacterium ACEMC 8-8(97% ) FM163114 7 T
B13 Uncultured y-Proteobacterium clone Mix-16(99% ) GU061051 T
B14 Uncultured Alcanivorax sp. clone B120 (100% ) EU328032 HHI S Y £ e
B15 Uncultured Alcanivorax sp. clone B136 (100% ) EU328046 ALY Yo £ 4
Bl6 Marinobacter sp. MH125a (97% ) EU052743 Y PR et T
B17 Uncultured Sphingomonadales bacterium clone 228 (100% ) FJ645604 WA, T A 3
B18 Uncultured y-Proteobacterium clone LHChac-22(99% ) HQ444246 AR ER SR TR
BI19 Marinobacter sp. MR-6(98% ) AF264687 I ok it v
B20  Methylophaga sp. AM2Q (97% ) EU001740 i P
C1 Uncultured Bacteroidetes bacterium MAOO188FO01 (99% ) FJ532691
2 Sphingomonas sp. PS49(2010) (99% ) GU930787 R Tl K
C3 Pseudomonas sp. PsC10 (100% ) HM627622
C4 Uncultured Methylocystaceae bacterium GASP-MB2W1_B03 (96% )  EF665292 ot S8 AL
C5 Uncultured Bacteriodetes bacterium MA194T1-3r5_C04 (97% ) GQ469458
C6 Peredibacter starrit A3.12 (92% ) NR_024943
C7 Uncultured bacterium clone; CK06-06_Mud_MAS4B-31(92% ) AB369189 SRS
C8 Uncultured bacterium clone HDB_SIPO419(99% ) HM187080
c9 Uncultured bacterium clone Won5 (0714) (99% ) DQ839501 =R A I
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C20 Uncultured bacterium clone MO302D9 (100% )
C21 Uncultured bacterium clone HDB_SIPO650 (95% )
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A7, 3% 5 3l FH 6 R X A 7R B R R 22 . AU
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Z W 57 1% W i BE 1. C11 AL AR Pseudomonas
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fiRRE ), HAE 200 em AbRBUN IR A5, C10 AR
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TP 2 A KB PR B =R S
Fe I S R0 36T CO UL BR B 1T B LA
HE . My £L 2= W OK (0 B A BE 1. C4 AH LT AR
Uncultured Methylocystaceae bacterium GASP-MB2W1
_B03 (96% ) W be A AL, Jm T H A Al BT R 7R
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cm 1200 em AL FRAT T HUAF AU A5 R B2 7E 200
em Ak, HJRE AT EEZET 150 cm A1 200 cm AL 45 FhFE
B BN RRE AR EE R RS, 2 AN RS
BN AR A5 R | BAT &R e a8 ) iR e
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B, FE0 T 5 B XK. a0 B1 5 A1 P 4
R—2, ARUE R Uncultured Marinobacter sp. clone
1-24(96% ) , &I F4R83T B A3 B <% )2 ; B14
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