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Diversity of cultivable bacteria isolated from marine sediment
environments in South China Sea
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(1. CAS Key Laboratory of Tropical Marine Bio-resources and Ecology, South China Sea Institute of Oceanology, Chinese
Academy of Sciences, Guangzhou, Guangdong 510301, China)
(2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: [Objective] Investigating the diversity of the cultivable bacteria in marine sediment envi-
ronments. [Methods] Twenty sediment samples collected from South China Sea were used for bacte-
rial diversity research by using the culture dependent method and 16S rRNA gene sequencing. [Re-
sults] Total of 200 strains were obtained, which belong to 47 genera and 99 species and spread in
four phyla: Firmicutes, Proteobacteria, Actinobacteria and Bacteroidetes. The predominant group is
phylum Firmicutes, in which genus Bacillus takes a great proportion of 55.6%. A few strains in phyla
Actinobacteria and Bacteroidetes were also obtained. Eight potential new species and 3 potential new
genera were discovered in phyla Firmicutes and Actinobacteria. [Conclusion] The preliminary study
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indicates that genus Bacillus is the dominant group in sediment environments of South China Sea and
bacterial diversity showed a decreasing trend with the increase of sampling depth. Sampling depth
maybe is one of the important factors to influence the distribution of bacteria. Diversity of bacteria
and novel bio-resources in the sediment environments are very abundant and need to be further re-
searched. Isolating methods and isolation media are the crucial factors to recover the microorganisms

inhabiting the sediment environments.

Keywords: South China Sea, Sediment environment, Bacteria, Cultivable diversity, Potential new

species
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Table 1 Genera distributed in each of the four phyla

JEBERR]

Firmicutes

L]
Proteobacteria

TR T

Actinobacteria

FUFF R

Bacteroidetes

Aerococcus (1, 3 023 m)
Bacillus (88, 3 928 m)
Fontibacillus (1, 1 640 m)
Halobacillus (3, 3 739 m)
Jeotgalibacillus (3, 3 928 m)
Lysinibacillus (1, 157 m)
Planifilum (1, 1 312 m)
Ornithinibacillus (5, 2 460 m)
Paenibacillus (7, 3 928 m)
Planococcus (6, 3 932 m)
Planomicrobium (4, 1 031 m)
Pontibacillus (1, 95 m)
Solibacillus (1, 157 m)
Sporosarcina (1, 3 928 m)
Staphylococcus (1, 1 860 m)

Virgibacillus (1, 3 928 m)

Alcaligenes (3, 3 932 m)
Alcanivorax (3, 3 932 m)
Alteromonas (1, 3 928 m)
Brevundimonas (1, 1 031 m)
Cobetia (1, 95 m)
Erythrobacter (13, 3 739 m)
Halomonas (5, 3 415 m)
Luteimonas (1, 1 312 m)
Marinobacter (2, 1 312 m)
Ochrobactrum (1, 1 946 m)
Paracoccus (2, 1 946 m)
Pseudoalteromonas (1, 157 m)
Pseudomonas (6, 3 932 m)
Roseomonas (1, 1 312 m)
Ruegeria (1, 95 m)

Serratia (5, 3 415 m)

Vibrio (3, 181 m)

Yangia (1, 1 860 m)

Gordonia (1, 1 860 m) Salegentibacter

Kocuria (2, 95 m) (1,2 918 m)

Microbacterium (1, 1 946 m)
Micrococcus (1, 1 031 m)
Micromonospora (10, 3 739 m)
Nocardia (1, 3 023 m)
Rhodococcus (1, 2 918 m)
Saccharomonospora (1, 181 m)
Salinibacterium (1, 157 m)
Salinispora (1, 1 640 m)
Streptomyces (3, 3 928 m)

Verrucosispora (2, 3 415 m)

1 355 BT BIZR AR T R E B o3 B AR BZm AR Al B R OR TR

Note: The numbers in each bracket represent the number of stains in every genus and maximum depth of the samples from which we

discovered the genus, respectively.
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T2 89 MAEYIFHAET 16S rRNA EF 55 BLAST LEXT45R

Table 2 BLAST results of 16S rRNA gene sequences of 89 bacterial species

spkn  16STRNA SRR MU —— 16S rRNA JEF MDA ST HemAUE
Strain number Name of strain having the highest The highest | Strain number Name of strain having the highest ~ The highest
16S rRNA gene similarity similarity (%) ! 16S rRNA gene similarity similarity (%)
SCSIO 04132  Aerococcus urinaeequi IFO 121737 99.90 ! SCSIO 04308 Kocuria rosea DSM 20447" 99.60
Alcaligenes faecalis subsp. ! . .o
SCSI0 04630 = S ot 99.30 1 SCSIO 04613 Luteimonas aestuarii B9 98.30
SCSIO 04561 Alcanivorax dieselolei B-5" 100 ! SCSIO 04315  Lysinibacillus sphaericus C3-41" 100
SCSIO 04629  Alteromonas macleodii DSM 6062" 99.60 + SCSIO 04320 Marinobacter lipolyticus SM19" 99.20
SCSIO 04122 Bacillus aquimaris TF-12" 99.90 | SCSIO 04705 2"5'8{)3?0““5 yunnanensis YIM 99.50
SCSIO 04189  Bacillus aryabhattai BSW22" 99.89 | SCSIO 04592 y;cgob";;gf’smra COXENsIs 99.70
. . T Micromonospora echinospora
SCSIO 04219 Bacillus asahii MA001 97.10 | SCSIO 04596 ATCC 158377 99.60
SCSIO 04560 Bacillus aurantiacus K1-5" 9690 1 SCSIO0asg1 o o ONOSPora siamensis 98.60
Bacillus barbaricus Nocardia grenadensis
scsto 04118 07k 100 iSCSI004169 LR O 100
. T Ochrobactrum pseudogrignonense
SCSIO 04190  Bacillus cereus ATCC 14579 99.90 ! SCSI0 04701 v O 100
Bacillus drentensis LMG ! Ornithinibacillus bavariensis
SCSI0 04177 S50 9770 1SCSI0 04134 e ol 99.00
SCSIO 04203 Bacillus flexus IFO 15715 100 | SCSIO 04277 ?;:,’;:T'”'bac'"“s SR 99.40
SCSIO 04155 Bacillus fortis R-6514" 9890 | SCSI0 04300 Facnipactlus bareinonensis 99.00
SCSIO 04564 Bacillus galliciensis BELP-1" 97.10 ! SCSIO 04114 T;j;'g?ac'"”s cineris LMG 100
SCSIO 04207 Bacillus horikoshii DSM 87197 99.10 | SCSIO 04100 ;;esn_'gzg}"us EMIEINIAE 98.60
SCSIO 04230 Bacillus idriensis SMC 4352-27 99.90 | SCSIO 04162 ;?ET:’?C'"“S AELIAELE 99.30
SCSIO 04165 Bacillus indicus Sd/3" 98.80 ' SCSIO 04200 Paracoccus homiensis DD-R117" 98.70
. . . T Paracoccus zeaxanthinifaciens
SCSIO 04611  Bacillus infantis SMC 4352-1 9990 | SCSI004312 o S Teer 98.90
Bacillus licheniformis ATCC l Planococcus plakortidis
SCSI0 04529 ' 7CC 99.70 i SCSI0 04304 o ey 100
SCSIO 04617 '13;";:;'3'?3 Bl W EILES 9590 | SCSIO 04329 Planococcus rifietoensis M8" 99.90
Bacillus nanhaiensis JSM Planomicrobium chinense
SCSI004239 (0 99.60 | SCSI004541 [T 99.20
SCSIO 04215  Bacillus nealsonii DSM 15077 98.10 | SCSIO 04552 Pontibacillus yanchengensis Y32" 97.80
SCSIO 04286  Bacillus niabensis 4T19" 9830  |SCSIO 04301 | Seudoalteromonas lipolytica 100
: LMEB 39
SCSIO 04153 Bacillus rigui WPCB074" 98.10 | SCSIO 04519 T;‘;gg?monas stutzeri ATCC 99.50
SCSIO 04150 Bacillus safensis ATCC 7061" 100 | SCSIO 04568 Pseudomonas xinjiangensis S3-3" 99.60
SCSIO 04267 'f;‘ggéﬁs I CILTHI ] 99.80 | SCSIO 04227 Rhodococcus gingshengii djl-6" 100
SO EAagn o) B oy, 99.80 | SCSIO 04684 Roseomonas aestuarii JC17" 99.90
inaquosorum BGSC ;
Bacillus subtilis subsp. subtilis | Ruegeria lacuscaerulensis
SCSI0 04210 0 00 99.80  |SCSIO 04266 | 97.80
| (Fesk)
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SCSIO 04276 Bacillus thermolactis R-6488" 99.40 | SCSIO 04271 iig‘i';?mmo”osmra LI 100
. . T Salegentibacter mishustinae
SCSIO 04265 Bacillus thioparans BMP-1 99.80 | SCSIO 04536 o et 99.50
. . . T Salinibacterium amurskyense
SCSIO 04297  Bacillus vietnamensis 15-1 9820 SCSIO OIS (P 100
SCSIO 04574 Brevundimonas vesicularis 100 ! SCSIO 04337 Salinispora tropica CNB-440" 99.10
LMG 2350 :
. . T ! Serratia nematodiphila
SCSIO 04313 Cobetia marina DSM 4741 99.60  SCSI004139 e 100
SCSIO 04330  Erythrobacter citreus RE35F/1" 99.40 | SCSIO 04289  Solibacillus silvestris HR3-23" 99.00
SCSIO 04225 Erythrobacter flavus SW-46" 100 ! SCSIO 04128 Sporosarcina luteola Y1" 100
Erythrobacter pelagi Staphylococcus warneri ATCC
SCSI0 04665 o a! 100 i SCSI0 04349 D% 100
Erythrobacter vulgaris 022 ! Streptomyces sanyensis
SCS10 04539 S 100 iscsi004264 TS 98.90
SCSIO 04249  Gordonia terrae DSM 43249" 99.50 | SCSIO 04582 itlrgg’}omyces Ul RS IBIER 99.50
Halobacillus kuroshimensis Streptomyces viridodiastaticus
SCSI0 04659 | 0 99.70 ! SCSIO 04268 [oo o 100
SCSI0 04661 Halobacillus salinus HSL-3" 9830 1SCSIO 04593 ol PSIPOrE gifhornensis DSM 100
SCSIO 04110 ?ﬁgg?c'"us trueperi DSM 99.70  : SCSIO 04285 Vibrio azureus LC2-005" 98.60
SCSIO 04327 ?ﬂg?}onas COEIE DA 99.40 | SCSIO 04305 Vibrio communis R-40496" 99.50
SCSIO 04328 ?E‘S’TO"” LN D/ 99.80 | SCSIO 04565 Vibrio marinus R-40493" 97.80
SCSIO 04303  Halomonas venusta DSM 4743" 99.90 | SCSIO 04217 Yangia pacifica DX5-10" 99.40
SCSIO 04343  Kocuria palustris DSM 11925" 100

£ 3 10 MEBEFHWIAY 16S rRNA £ F 55l BLAST LExf &R

Table 3 BLAST results of 16S rRNA gene sequences of 10 potential new species

WIEFM GBS  FERIRE 16S rRNA. FE [R5 AH Bl B A 44 ik 5 e AR hgllkesrass
Strains of new candidates Depth (m) The highest-similarity species Highest similarity (%) GenBank accession No.

SCSIO 04116 2134 Microbacterium hatanonis JCM 14558" 97.4 (35/1 335 bp) KC894000
SCSIO 04123 3023 Paenibacillus tarimensis SA-7-6" 95.9 (56/1 352 bp) KC894011
SCSIO 04143 3928 Ornithinibacillus contaminans CCUG 53201 97.3 (33/1 208 bp) KC894005
SCSIO 04235 1312 Bacillus cibi JG-30" 97.8 (30/1 370 bp) KC893972
SCSIO 04236 1312 Bacillus cibi JG-30" 96.6 (46/1 365 bp) KC893975
SCSIO 04344 * 1 640 Fontibacillus aquaticus GPTSA19" 93.9 (79/1 309 bp) KC893983
SCSIO 04524 3 415 Bacillus carboniphilus JCM 97317 94.7 (76/1 431 bp) KC160501
SCSIO 04527* 1312 Melghirimyces algeriensis NariEX" 95.3 (64/1 359 bp) KC894002
SCSIO 04534 3928 Paenibacillus barengoltzii SAFN-016" 94.8 (69/1 339 bp) KC894013
SCSIO 04151* 3928 Jeotgalibacillus soli JISM 081008 95.5 (63/1 390 bp) KC893991

T 355 PRFFROREAER YR 5 16S rRNA I 751 S5 AH T B A7 51 HXT 19 22 Sl 40 B 5 0 gk, = W TET )8 G ik
Note: The numbers in each bracket represent the number of different and total nucleotide bases between the two 16S rRNA gene se-
quences of potential new species and their nearest neighbours. *: New genera candidates.
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99

84 100 SCSIO 04343

72
100

74

97 4SCSIO 04304
Planococcus plakortidis (JE775504)
99 ;SCSIO 04541

93 “Planomicrobium chinense (AJ297862)
SCSIO 04128
00 'Sporosarcina luteola (AB473560)
SCSIO 04151

Jeotgalibacillus soli (F1527421)
Jez)lgallbaullm alimentarius (AF281158)
100 ,SCSIO 042

Sollbaullux xllvextrlx (AJ006086)
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SCSIO 04552
99 “—Pontibacillus yanchenge (EF533969)
0 Isfzcuézlgts subnh: ss. subtilis (ABQL01000001)

SCSIO 0427

0 ()nmhnnbaullm scapharcae (DQ090961)
SCSIO 0

V lrgzbacﬂlux /(ekermx (AY121439)

SCSIO 04659

Halobaczllm kuroshlmenm (AB195680)
SCSIO 0

57

100 Staphylowccus warneri (L37603)

Fontibacillus aquaticus (DQ023221)

94 SCSIO 04344

CSIO 04132
100 'Aerococcus urinaeequi (D87677)
SCSIO 04123
97 “—Paenibacillus tarimensi (EF125184)
SCSIO 04527
-Kroppenstedtia eburnea (FN665656)
‘Kocuria patusiris (Y

SCSIO 04705

16263)

100 “Micrococcus yunnanensis (FJ214355)
04318

100 Salinibacterium amurskyense (AF539697)
SCSIO 04116
licrobacterium hydrocarbonoxydans (AJ698726)

7 95rSCSIO 04581

-Micromonospora siamensisi (AB193565)
100SCSIO 04593
Verrucosispora gifhornensis (Y15523)

99 | rSCsI10 04337

88 —Salinispora tropica (CP000667)
SCSIO 04268

100 ' Streptomyces viridodias taticus (AB184317)

SCSIO 04271
100 Saccharomonospom viridis (CP001683)
SCSIO 0
100 ‘Nocardia grenadensis (FR729900)
SCSIO 04249
00 “Gordonia terrae (X79286)
SCSIO 04227

99 Rhodococcus gingshengii (DQ090961)

{ SCSIO 04536

74 9

55

68

54

SCSIO 04574
100 'Brevundimonas vesicularis (AJ227780)

100 - Salegentibacter mishustinae (AY576653)

SCSIO 04266

100 'Ruegeria lacuscaerulensis (ACNX01000031)
SCSIO 04217

00 —Yangia pacifica (AJ877265)

SCSIO 04200

I’alaLoLLu\ homiensis (DQ342239)

54

99

0
]00 SCSIO 047

SUSIO 04225

100 Erythrobacter flavus (AF500004)

100 ;SCSIO 04684
‘Roseomonas aestuarii (FM244739)

100 ,SCSIO 04561

Ulcanivorax dieselolei (AY683537)
SCSIO 04630
100 Ylcaligenes faecalis subsp. faecalis (D88008)

100 4 SCSIO 04301
Pseudoalteromonas lipolytica (FJ404721)
SCSIO 04629 3

100 'Alteromonas macleodii (Y18228)
1

SCS 9
100 'Serratia nematodiphila (EU036987)
SCSIO 04565
100 'Vibrio marinus (GU929925)

SCSIO 04613
100 'Luteimonas aestuarii (EF660758)
SCSIO 04519
100 “Pseudomonas stutzeri (CP0O02881)
SCSIO 04313

91'Cobetia marina (AJ306890)
SCSIO

Firmicutes

Actinobacteria

} Bacteroidetes

Proteobacteria

78 100 Halom()na\ uquamurma (AJ306888)
0.02 55 SCSIO 0
— 99 urm()bacter Iipolyticus (AY 147906)
1 EFETIRY PR 16S rRNA EEFFIRFEFH U7

Figure 1 Neighbour-Joining phylogenetic tree based on 16S rRNA gene sequences (700 bp, V1-V4) of sediment isolates

and related species

Note: The tree was constructed with Kimura 2-parameter model and complete deletion treatment for gaps/missing Data. Numbers in
brackets are GenBank accession numbers of 16S rRNA gene sequences for each strains. Numbers at each branch point indicate the per-

centage supported by bootstrap values based on 1 000 replications. Bootstrap values>50% are shown at branching points. The scale bar
indicates 0.02 substitutions per nucleotide position.
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EAlaMmAE 3 W H,
B-Proteobacteria Fll y-Proteobacteria, A P& MR A
M EC B 53 5 39.2% . 5.4%F1 54.9% . UL,
y-Proteobacteria A LHIEHE, X 5 H AW BUTRER
Bt W Z Rk I IS A5 i S e AR R 22 (RS
3N DR FH 2155 37 7 156 B 1 e VD TTOAR PR R
MAEY Z MRS RS s IR KRN
Proteobacteria®, 54 H Proteobacteria 45
TR 25 5 R R T B S R R
TEREVE . AL . BRI E R SR G,
o-Proteobacteria 2 il b 2> Kz ¥ 7k BR 5 P £
PR, R TEVIRREE A KB Rk
N AR I B BRI TR B R IR S . AR5
RIZERET 20 BRANG, Horb 15 Bk B T KR
Bt 1000 m MUTARAEE, X SRS E5 R A

o-Proteobacteria .

BRZR, HEACHKMED, #HARKEE
1 159-6 379 m K&K 7 MUY P, KB
a-Proteobacteria b 5F — K L X WL IE
a-Proteobacteria ZSHF AR 4l 55 57 M0 R A 5 1 02
AT H & (Erythrobacter), JE& L 4 NFREY 13 Bk
Wo FFRE—ZOLEME, BRI R
¥, RS T EEA NG Bk
MARFF R o8 AR, Z2HNEZE
K ARAG 0 R v R TR A e B —
BRFTRREY A S R VR 1 8603 739 m FREE
KRBT RN EIBREE, EITEZ YT
B (X A RS2, DI TR A A BT
SR A B B TR DU R i) 25 260,
B L Z (R .

B-Proteobacteria J& A K #f 7 K M W
Proteobacteria H i /N HE, [UFH 3 MES
Alcaligenes faecalis subsp. faecalis (IAM12369")
16S rRNA R FFFIFALE N 99.5% 77 HdAT 12
(Alcaligenes)ZfE7E Tk . +3E . ZhWy P24,
WIS ALY H WS . B-Proteobacteria 7EIR
K R Bl IR BE Yz A A, L B A G e
AP IAEE SRS AL, Ve 515 WA
B Z BRI K B AR, Ak vk P
T3l ) 2 AR AL TR S BEAE A R R BE YK iz A7
7EP" ) {H B-Proteobacteria 7EMEIEITTARIREE T 5
F IR /N2,

y-Proteobacteria ki VR TR DU B 5% v 9 fE 2
B, LA = — LU R A BTN RE T IR, FRATAAIR
FETE 3700 m DAY 3 AR S 0 B AR B e i s
(Alcanivorax) 3 ¥ , 115 Alcanivorax dieselolei
(B-5HHIBUEL N 100%., [FIE, RATELE 1 312—
3 932 m KIRMTIRAE A 6 PRI
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FREREE 1) F= FEAD p i — 20T 2
22 ARAREHGRMERE DML

KT EFGI 8T, ¥ 20 DU IR
FEA MU, 45 AL B, C. D, FESTREE/5
7 95-717 m. 1 031-1 946 m. 2 134-3 023 m Fl
3 415-3 932 m, MRS N2 BS B R BT
49.61.47 .43tk , 245 AR 98% LA K 16S rRNA
BHFIG, s 45, 41, 35, 28
A, BT IEPIT RS 28, 21, 15, 10 1>,
WP W FE 4 SRR W R TR RGN, 40 2k
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PRI F-18) 34T, DRI TR B2 R B 2 R e 4 TR 22 R 1 1 —
NeS SEw

TE 4 ADURBE DXl 5 b 2 B A e bk
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FEG R g OFASERE, 235 i 51.0%.37.7%.63.8%
1 65.1%, ZZFE ] (Proteobacteria) A& — KA
HHE, TEVREE 10311946 m Xk HLflf A, 5%
34.4%. Actinobacteria 7F %%~ TR B ¥ [l HL 151 AR 45
/N, ¥/F 20%, Bacteriodetes VA5 1 BRAHEA ,
Oy ES EREE 2 918 m WY HEUTRRMIRE B
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S8, WMZFEMATFE R (Bacillus) . 27 T &
(Erythrobacter) . /N i 5 J& (Micromonospora) . 3
Bk JE (Planococcus) 4 NEFAET 95-3 932 m

[ Firmicutes [ Proteobacteria

35 I Actinobacteria M Bacteroidetes
0F ] ] —
25 +
E
g 20 ]
3
(=l
.g 15
7
10 +
A A Ll
0 m
A B C D

Sample classification

B2 JFEARVERFBRXFAETEHREAE

Figure 2 Strain number of different bacteria groups
isolated from four groups of sediment samples

Note: A: 95-717 m; B: 1 031-1 946 m; C: 2 143-3 023 m; D:
3415-3932 m.
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Figure 3 Neighbour-Joining phylogenetic tree based on
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16S rRNA gene sequences (1 300—1 450 bp) of new candidates
related species

Note: The tree was constructed with Kimura 2-parameter model and complete deletion treatment for gaps/missing Data. Numbers in
brackets are GenBank accession numbers of 16S rRNA gene sequences for each strains. Numbers at each branch point indicate the per-
centage supported by bootstrap values based on 1 000 replications. Bootstrap values>50% are shown at branching points. The scale bar

indicates 0.02 substitutions per nucleotide position.
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