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Table 1 Information of sampling sites from

Indian Ocean sediment

LA 4 3 JKT/m
HF02 6°1'11.226"S 97°46'3.168"E 5725
HF04 2°57'26.370"S 95°19"2.982"E 4810
HF05 1°25'32.280"S 94°20'11.039"E 4617
HF06 0°27'52.800"S 93°48'52.740"E 4527
HF08 1°32'1.500"N 81°2'59.219"E 4481
HF10 1°33'15.180"N 82°1'41.580"E 4426
HF13 10°0"2.700"N 84°32'55.140"E 3571
HF14 10°0'9.480"N 86°29'54.120"E 3515
HF16 10°0'13.380"N 88°43'40.919"E 3386
HF17 9°15'42.560"N 89°7'41.820"E 3437
HF18 8°45'38.880"N 89°15'58.740"E 3471
HF19 7°56'37.380"N 89°26"33.600"E 3614
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Fig. 1 The geographical distribution of sampling sites

T EE SR AT B8, R Rl s 2 5L I 2.12% 165 b Gl R g 7K
fn, DI A I RHECA B ) DU K 85, (W)
B R I 50 mg/L i % 1 R Al 25 mg/L 25 0E B {2, LA
il TR R 2 FC A I TR A 2B 1, DT AR A5 B 2 4k T
22 BEHRSE . AR AR

R ARAG B 220 T 2 T 2R, AR A A Ok 3RS
FE i 1 e DAL B0 2% A8, SR R B Ak B0 T U EA T 43
(DUCRYRE S TRESEFIMAT 1.7 d; ()2 g
FE G 2 18 mL JC B 7K R AT, 7K T8 S W A A 3 (0 44
b B R EE A 55°C, TR AL BRI R] Ay 1.3 min); (3) BT
28°C & K% 2] 20 min, 53 7 M 100 pL A & B 6 W 0
AT 14 R LN 2.12% WLk, RN 50 mg/L
il 75 T 2 R 25 mg/L ZRNERR AR ), A 3 N ER, JFE
T 28°C fH IR 15 F2 46 55 9% 30 d; (4) PR BUEASSE A [A]
AT V& T TSA K IPS2HG R B b W) £k | 4lifk | %5,
C SR A3 B R R B oy 8 15 95 AT L5 (5) Slifb 35 37 J5 I
AR R A DA A T R 2R 0938 DR
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A 16S rRNA KK 938 ] 51 #1947 PCR 47 1 (PA:
5-CAGAGTTTGATCCTGGCT-3'; PB: 5'-AGGAG-
GTGATCCAGCCGCA-3), 51ihA T AW TR ()
ety A BR S F) A . PCR 978 {4 £ . 10xBuffer( Mg>
2.5mmol)5 uL. IE8 54 PA(0.25 pmol) 1 pL., 5]
¥ PB(0.25 umol)1 pL, dNTP 1 uL, DNA 1 uL, Taq DNA
KA 03U, H ddH,0 4 % 50 pL. PCR ¥ 14 = )
S5 2 95°C TS Pk 4 min; 95°C 28 ¥ 1 min, 55°C 1B &
1 min, 72°C ZEfH 1 min(fF¥F 30 1K ); 72°C ZEH 10 min.
PCR 7 ¥ 1 0.8 % 35t JIE W 5 J6c 2 A7 mi Dk Az I, T -
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Table 2 14 Kkinds of culture media

%> EAiN B 7
M1 KRG B IR

WEE R g FRAMENR0.1 g, TNTRSM4 g, K,HPO, 0.5 g, MgSO,-7H,0 0.1 g, FeSO,-7H,0 1 mg. Hifil mL. 5
15 g, XW7%7/K1 000 mL, pH 7.2~7.4

M2 DAR; I3 MR EIR0.3 g BERFER0.1 g, Hj49850.01 g, BiE15 g, XEE/K1 000 mL, pH 7.2~7.4

M3 EIR—S R TEM20 g0 KNO, 1 g, K,HPO, 0.5 g. MgSO,-7H,0 0.5 g, NaCl 0.5 g, FeSO, 10 mg. Hif§15 g. BZ£7K1 000 mL. pH

72~74

FERY10 g, MR F10.3 g. KNO; 2 g, MgSO,-7H,0 0.05 g, K,HPO, 2 g, CaCO; 0.02 g. FeSO, 10 mg., Bifl§ 15 g. MK

1000 mL, pH 7.2~7.4

M5 Hh-HERRESE im0 g HERR2.5 g, K,HPO, 1 g, FeSO, 10 mg, MgSO,-7H,0 0.1 g, CaCO; 0.1 g. HU§15 g, AFEsK1 000 mL, pH

7.4

JBFER1.0 g, Na,HPO, 0.5 g, KC1 1.7 g, MgSO,-7H,0 0.05 g, FeSO,-7H,0 0.01 g, CaCl, 1 g, E&4EER | mL (44

EBI., 454 B2, MR 44 ZB6. (2R . IURE . X EERT R, 4i: 2 H 0.5 mg, BEEK1 000 mL), Bil§15 g.

XWFE/K1 000 mL, pH 7.2

Hs g &R g, #i4HE1 g, K,HPO, 0.3 g, MgSO,-7H,0 0.2 g, NaCl 0.3 g, Ea4iE K | mL (44 KB, 4iE R

B2, MR . 44 B, IZ RS . UM XL . 454 2 H 450.5 mg. /K1 000 mL). HiR15 g, AFEI/K1 000 mL.,

pH7.2

M8 MElERE-IRERRIE IR TS g IRERR] g. (NH,),S0,4 1 g, CaCl, 2 g, K,bHPO, 1 g B4 44231 mL (4i/E KB1. 4i4: EB2., MR . 4k
EB6. IZRRAS . U, XTI ER . 44 FH £50.5 mg, M3E/K1 000 mL), HifE1g, AE/K1 000 mL, pH 7.4

M9  FRE-FEAMEFRRE EAKLI g FRE3 o INEIRHI3 g. KC12 g, ZEAR15 g, XWFE/K1 000 mL., pH 7.0

M4 TERI-BE R IR AL

M6 JEFE R BRI

M7 H I R s o

M10 FRFH-ZHEAMIEF L TR0 g, H4R1 g. MgSO,-7TH,0 0.5 g, FeSO,-7H,0 0.01 g, Hil§15 g, /K1 000 mL, pH 7.2

1 ORISR B g0 A NE2 g IEEIRER0.1 g, NayCO5 0.16 g, #7ER 14 mg, (NH,)NO; 1.6 mg., Biil§15 g, /K1 000 mL,
pH7.2

M

—_

M12 ISP2 K533k A RE0.4 g, HAIHE0.4 g, HAEH0.4 g BEYER] mL (ML EB1, 4i/E B2, MR 4E2E 2B6., IZ RS . UME, Xt
BHRIETER, 42k FH 0.5 mg, AZE/K1 000 mL), FifE15 g, XE/K1 000 mL, pH 8.0
M13 R2AR; A RTT0.5 g, BREE FRO.S g, BEZRR0.5 g, FiIZAIHE0.5 g, TIIAMETER0.5 g TNERAREMH0.3 g, K,HPO, 0.3 g. MgSO,-7H,0

0.05 g, ZEAR15 g, MWFE/K1 000 mL, pH 7.2

Ml14 MR AR R H k7K1 000 mL, EiiiE15 g, pH 7.2

EcoT14 Idigest DNA Marker b % B8, P2y 46l (B i J M40 1 20 5% 32 4, JF %5 H 16S rRNA BE X 47 1 il

1 B BHIA AR A B BLEEAT IR, SE i — A R
1~800 bp(V1-V4) FI Wi & A UV, #5718 T 98.5 % i
HEAT B 1) )
24 ETFI6SIRNAERWRZELBEDH

1 1 W 2SR 7] ) 16S rRNA K& [R5 91 0 4], 328 B
W 5 SR 19 e 1, 6L 0 7 U] ) ) Seqman 1547 DF
Fz, 1 %) 1 500 bp 22 47 2= K J¥ 41 . ] | EzBioCloud
BLAST( http://eztaxon-e.ezbiocloud.net/) ') ¥ 47 ¥ 51 4
RLE 43 T 5 398 BT 9 M 26 v P S X AT AR 119 16S TRNA
SN FHIVE RS 42, R Clustal X #Fe0 iE 47 %
JEHI HEXT, Ho Rk 45 SR A FH MEGA 7.020 B {43 A, 3T
BRI (NT) 22 AT RGE R B A

3 518
31 EHNAELESR
LB TEREEFE 30 d 5, AR RN B2 L B

S REAE, P HC B AR L B TR v AT Al
L, B 12 A4S0 B R A P 2R AS B 343 BRI T

o 45 5 22 EzBioCloud $UHE i He X 43 #r, % 5
H AT T ] (Actinobacteria) . 4T 14 [T ( Bac-
teroidetes ). JEERE [# ] (Firmicutes) FI 28 J& 1 | ] ( Proteo-
bacteria); 3@ 5 14N T £k B8 49 ( Actinobacteria) . W
2F 4 T 40 ( Cytophagia) . Zf 46 ¥ & 44 ( Bacilli) . o-
A5 JE B 24X ( Alphaproteobacteria) F1 y-25 & B 24X ( Gamm-
aproteobacteria); 13 > H: ##T% H (Corynebacteriales ).
K B H (Micrococcales) . N PR #T I . H ( Propioni-
bacteriales) . 38 % 7 [K 7 H ( Frankiales) . $f 2 & H

( Streptomycetales) . 4% 71 % 1§ H ( Streptosporangiales)
g £ 24 1 H ( Cytophagales) . % i /T B H (Bacillales) .
#5520 % H ( Sphingomonadales). 2% # H ( Rhizo-
biales) . £ 4l /& H ( Rhodobacterales) . % . ifi ;& H

(Pseudomonadales) Fllifg 7 R B H (Oceanospirillales) T
(1 26 ~BE 39 A& 121 AFb, 5L 3 Bros . AT LU
O3B AR TR T O R s, A 13N B, 20 4R,
TUAFR (i B 58.7%), 1 AT RE 2 PR D B il Ak 2R B 57
ZAF TR TR A B BRI 35 57 LR R AT TR TR
JELRE B 1] (4 B R BUAY 5 21.5% F 17.4%); BIAT B
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T/ 28 T o3 A (R AR RO 3R 4, Kb 85255 T 8
( Streptomyces) . ¥ {0 B J& ( Bacillus) . % 55 [K 1 J&
(Kocuria) . 1% BR# J& (Staphylococcus ). i % [G # &
( Dietzia) . 21 ¥R B J& ( Rhodococcus) . T FF B )& ( Mi-
crobacterium) . 11 4l 15 J& (Arthrobacter) . 2535 K KB
J& ( Nocardioides) . ¥1# R [C & J& ( Nocardiopsis) >4 it
SR B BE PR DRI DTURRAAE i b i AR S8 s A 2, I
BRI AT R R A 2 . R T
OB B D R BE, W ke s (Alcanivorax) ., VEVE
¥ & J& ( Psychrobacter) . W ¥T 1 J& ( Phyllobacterium)
B N8 B M0 W B ( Sphingopyxis) . 8 T W )& ( Por-
phyrobacter) . *f BK 1 J& ( Blastococcus) . X & 16 1 /&
( Zhihengliuella) . ¥7 &K W J& ( Citricoccus ). P [CFF &
J& (Rathayibacter). B 3E 3 & & (Williamsia) % . ¥
B BT . A MR G L R KB W,
DL 2 FEl 3,

R3 SEERELESHE

Table 3 Overall distribution of isolated strains

Il H o oH B m i RO 43 /%
T 1 6 13 20 71 58.7
JERERT] 1 1 3 4 21 17.4
AT 1 1 1 1 3 2.4
I 2 5 9 14 26 21.5

Bt 5 13 26 39 121 100

32 AEHANEKRSBILR

GEiT A FE S TR E S B 5 R DL K] 4, i K0T 1 HF06
HF13, HF14, HF16, HF17, HF18, HF19 3K ¥¢ 25 B i
HEZHEERFEE, XTI RESETHLT KT
1TANE, 18R BIBR . Horh HF 17 SRAE AR L I 22
FEPE R, AT RE R AR A 1Y 43 B B A B S AR TR R
M OB SRR G o 8 . BEE R L WO I B A
12 AR AR A3 B B, A VE TR R L
FKHE . Ao R R AR D B b AR 2,
P ECHT 1 8 L AE HF02 SR s B i v 20 B 15 315 Bk
W07 TR s HAE HF06 SR AE SR i v 43 25 45 3115 Ml v 76
)& (Martelella) . W T 14 J& R AE HF10 SRAE SR i
Ay & 3 5K 8 (Brevibacterium) B AE HF13 SRR 5
FE S 3 B B WE R AT R B R AE HF 14 SR A SRR A
Ay EEASE; A HE R HAE HF 17 SRAE S RE S P 4
50 ZFERIJE . 2805 R QTR 8 HAE HF19 SRAE sk
mn A B AR B B ke T8 HO7E HF10 R A A AN
HF19 SR AE SRR & b 4 85 459 215 99 1f 44 18 )& (Janibac-

x4 MoaHmESLL

Table 4 Percentages of species distribution

B R Hr L% @4 M H %
Streptomyces 20 16.53 Gemmobacter 2 1.65
Bacillus 10 8.26 Corynebacterium 1 0.83
Kocuria 6 4.96 Williamsia 1 0.83
Staphylococcus 6 4.96 Brevibacterium 1 0.83
Dietzia 5 4.13 Brachybacterium 1 0.83
Rhodococcus 5 4.13 Kytococcus 1 0.83
Microbacterium 5 4.13 Rathayibacter 1 0.83
Arthrobacter 5 4.13 Citricoccus 1 0.83
Nocardioides 5 4.13 Zhihengliuella 1 0.83
Nocardiopsis 5 4.13 Blastococcus 1 0.83
Planococcus 4 331 Macrococcus 1 0.83
Paracoccus 4 331 Croceicoccus 1 0.83
Pseudomonas 4 3.31 Porphyrobacter 1 0.83
Dyadobacter 3 2.48 Sphingopyxis 1 0.83
Erythrobacter 3 2.48 Martelella 1 0.83
Mesorhizobium 3 2.48 Nitratireductor 1 0.83
Janibacter 2 1.65 Phyllobacterium 1 0.83
Gulosibacter 2 1.65 Psychrobacter 1 0.83
Micrococcus 2 1.65 Alcanivorax 1 0.83

Rhizobium 2 1.65

ter). #6200 B B R AE HF02 SR RE 55 F HF 17 SRAE
FE i b o3 25 25 b8 A i TR R (Mesorhizobium) H
£ HF10 2R A s F1 HF17 SR AL SRR il vh 43 B A 31, R
[FRAE S P AN o s A 22 B i
33 MM ZHEESSBEFRENXR

TE 53 B A TR, BT X AN R 5 TR 0 7 7
RN, B A 55 5 0 0 1 O TR MR B R W), S it
KSR SR H WK 5. i BT R, 7E 14 Ry
BRI, M2, M3, M7, M9, M10, M12, M13 X
7 R R RIS BERCR AT, J3 S R B AE 15 SRR DL
b, M7 B 5RO B TR AR BGE I 20 S, M2
30, WM & L, B SR M7 R M2 43 B 1 T AR
R, WL, 5 RS =Y 055 H it
Xof TR 1) 43 B A0 Ry L
34 BENFHSEET

H Aif % 3 A N 16S rRNA JE 51 A7 L P /N T
95%, HTE R Gk AL B s ry e e oy 4y 3 LRA
FEOEME BRI, AT DL RARAE R Ja i SRR 5 16S rRNA £E K]
FE 5 FH AL /N T 98% H. DNA 2% 42 [f] S 2 /N T 70%
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—
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2 ENBEPEDIBUY PR B 16S rRNA 3 K 5114530 22 48 ik fh A
Fig. 2 Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences of actinobacterial

isolates collected from the Indian Ocean sediment

DR FEERE I, I, K 16S rRNA F7 S AR BLPEfIR
T 98% I T W A A S WETE B 4 2K BT, A B ST Sk
W2/ R IC (R S5), EESMAERLE
J& . AR E . BT T E B (Dyadobacter) . HEFEFT
J& ( Gemmobacter) . ¥R H J& ( Macrococcus). W15 4 AR
AR . AR . SR TE R (Planococcus) . i B
IR & (Pseudomonas)9 A& . Hor, BRE YIM M12122,
YIM MI12139 Fll YIM M12140 5 & # it /9 B ¥k 16
tRNA 5 K AH AL K T 95%, J& e i B E . it
AT UL, R DR U RR ) v A A DR Y R B R B Y

AR, R B R RIRTEE,
4 Z5ip

K A EREE TRy 12 AR S e R4 B A5 3 343 BRk
SRR T AR SR, R A TE 39 A 8 121 ARl
Horp, TR TT N 58.7%, AR TR BT 21.5%, JEBE B
1T 17.4%, AFE TS 2.4%. 5 AR )
Ay B 45 (B 6): Goodfellow F1 Fiedler™ 4 B 5% 4t 11
RI, RS Rk LRI W AT 49 48, 5
12 A8, 31X 12 DHT 73 2 BT 4 EB 02 2000 4F 5 A
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Fig. 3 Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences of bacterial isolates
collected from the Indian Ocean sediment
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Fig. 4 Strain numbers of different bacteria groups isolated from all sediment samples
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Table 5 Comparison of 16S rRNA gene sequences of potential new species
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Fig. 6 Comparison of culturable bacteria isolated from marine habitats
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Isolation and identification of cultivable bacteria isolated from
deep-sea sediment samples of the Indian Ocean

Jiang Zhao "%, Zhang Weihua ?

(1. Engineering Research Center of Tibetan Medicine Detection Technology, Ministry of Education, Xizang Minzu University, Xianyang
712082, China; 2. Key Laboratory for Molecular Genetic Mechanisms and Intervention Research on High Altitude Disease of Tibet
Autonomous Region, Xizang Minzu University, Xianyang 712082, China)

Abstract: In order to explore the diversity of pure cultured bacteria in the deep-sea sedimentary environment of the
Indian Ocean, bacteria were isolated and identified from 12 sediment samples collected from the Indian Ocean. A
total of 343 strains of bacteria were obtained by pure culture isolation method and 16S rRNA gene sequence analys-
is showed that these isolates belonged to Firmicutes, Proteobacteria, Actinobacteria, Bacteroidete and were divided
into 5 classes, 13 orders, 26 families and 121 species under 39 genera. The dominant taxa were Streptomyces (separ-
ation rate is 16.53%) and Bacillus (separation rate is 8.26%), among which there were 12 potential new taxa. The
results show that the deep-sea sedimentary environment of the Indian Ocean is rich in culturable bacteria and con-
tains many new species; secondly, the isolation and culture methods are directly related to the bacterial species di-

versity obtained from marine sediments.
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