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Biodiversity of culturable bacteria associated with
Crassostrea hongkongensis from the tidal flat of Naozhou
Island in the South China Sea
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Conservation and Utilization of Bio-Resources, Yunnan Institute of Microbiology, Yunnan University,
Kunming, Yunnan 650091, China)

Abstract: [Objective] To investigate the diversity of cultivable bacteria isolated from
Crassostrea hongkongensis collected from the tidal flat of Naozhou Island (20°52-20°56" N,
110°33-110°38" E) in the South China Sea. [Methods] Bacteria strains were isolated from
homogenates of the sample by using conventional culture-dependent method, and then the
isolated strains were investigated by using a phylogenetic analysis based on the 16S rRNA
gene sequences. [Results] We isolated 102 bacteria strains from the sample on a number of
media [MA (marine agar 2216), MH (moderate halophilic medium agar), NA (nutrient agar)]
supplemented with 0-25% (W/FV) NaCl. On the basis of the results of some morphological,
physiological and biochemical tests, we selected 74 strains to perform a further phylogenetic
analysis. Our results showed that the 74 isolates represented 38 species, belonging to 18 genera
(Idiomarina, Morganella, Proteus, Halomonas, Paracoccus, Wohlfahrtiimonas, Marinobacter,
Vibrio, Pseudoalteromonas, Shewanella, Oceanimonas, Nitratireductor, Myroides, Bacillus,
Virgibacillus, Staphylococcus, Enterococcus, Trichococcus) of 16 families (Idiomarinaceae,
Enterobacteriaceae, Halomonadaceae, Rhodobacteraceae, Xanthomonadaceae, Alteromonada-
ceae, Vibrionaceae, Pseudoalteromonadaceae, Shewanellaceae, Aeromonadaceae, Phyllobac-
teriaceae, Flavobacteriaceae, Bacillaceae, Staphylococcaceae, Enterococcaceae, Carnobacteri-
aceae) in 4 phylogenetic groups (Gamma-Proteobacteria, Alpha-Proteobacteria, Bacteroidetes,
Firmicutes). The most of isolates were within the subphylum Gamma-Proteobacteria (45
strains, 60.8%), followed by Firmicutes (12 strains, 16.2%), Bacteriodetes (11 strains, 14.9%)
and Alpha-Proteobacteria (6 strains, 8.1%). The phylogenetic analysis results suggested that
there were obvious genetic divergences between most isolates and their closest type strains
(16S rRNA gene sequence similarities ranged from 94.3% to 99.8%). The results also showed
that, out of the 74 isolates, at least 6 strains could represent potential new taxa. Strain JSM
111069 could represent a novel genus in the family Carnobacteriaceae. Strains JSM 111039
and JSM 111085 could represent two novel species of the genus Bacillus, and strains JSM
111020, JSM 111072 and JSM 111090 could represent three novel species within three char-

acterized genera Pseudoalteromonas, Proteus and Idiomarina, respectively. [Conclusion]| The
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results presented above showed that there are abundant bacteria diversity in Crassostrea

hongkongensis collected from the tidal flat of Naozhou Island in the South China Sea.

Keywords: The South China Sea, Crassostrea hongkongensis, Culture-dependent method, 16S

rRNA gene, Phylogenetic analysis, Bacterial diversity
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Table 1 Phylogenetically closest neighbors of bacteria isolated from Crassostrea hongkongensis based on
16S rRNA gene sequence analysis

Phylogenetic groups/Family S (R o Closest type strain (Accession number) Saillny WAl mage

number)* (%) (%)
Gamma-Proteobacteria (45/74)

Idiomarinaceae (5) JSM 111018 Idiomarina sediminum c¢121" (EF212001) 99.2 0-10 (0-5)
(JX220817)
JSM 111025  Idiomarina sediminum c121" (EF212001) 99.4 0-10 (0-5)
(JX220818)
JSM 111086  Idiomarina sediminum c¢121" (EF212001) 99.2 0-15 (0-5)
(JX220819)
JSM 111090  Idiomarina zobellii KMM 231" (AF052741) 98.6 0-15 (2-5)
(JX220820)
JSM 111096  Idiomarina baltica OS145" (AJ440214) 99.8 0-25 (0-5)
(JX220821)

Enterobacteriaceae (3) JSM 111068  Morganella morganii subsp. sibonii DSM 14850" 99.8 0-10 (0-5)
(JX220822) (DQ358146)
JSM 111072 Proteus penneri NCTC 127377 (DQ885258) 98.9 0-10 (0-5)
(JX220823)
JSM 111078  Proteus mirabilis ATCC 29906" 99.8 0-10 (0-5)
(JX220824) (ACLE01000013)

Halomonadaceae (17) JSM 111034 Halomonas johnsoniae T68687" (AM941399) 99.7 0-20 (0-5)
(JX220825)
JSM 111088  Halomonas johnsoniae T63687" (AM941399) 99.7 0-20 (0-5)
(JX220826)
JSM 111036  Halomonas salina F8-117 (AJ295145) 99.8 0-25 (0-10)
(JX220827)
JSM 111045  Halomonas salina F8-117 (AJ295145) 99.4 0-25 (0-10)
(JX220828)
JSM 111095  Halomonas salina F8-117 (AJ295145) 99.3 0-25 (5-10)
(JX220829)
JSM 111100  Halomonas salina F8-11" (AJ295145) 99.3 0-25 (5-10)
(JX220830)
JSM 111040  Halomonas denitrificans M29T (AM229317) 99.3 0-25 (0-10)
(JX220831)
JSM 111041 Halomonas denitrificans M29" (AM229317) 99.2 0-25 (5-10)
(JX220832)
JSM 111043 Halomonas denitrificans M29T (AM229317) 99.3 0-25 (5-10)
(JX220833)
JSM 111044 Halomonas denitrificans M29" (AM229317) 99.3 0-25 (5-10)
(JX220834)
JSM 111046  Halomonas denitrificans M29T (AM229317) 99.3 0-25 (0-5)
(JX220835)
JSM 111047  Halomonas denitrificans M29" (AM229317) 99.2 0-25 (0-5)
(JX220836)
JSM 111065  Halomonas denitrificans M29T (AM229317) 99.3 0-15 (0-5)
(JX220837)
JSM 111097  Halomonas denitrificans M29" (AM229317) 99.2 0-25 (0-10)
(JX220838)
JSM 111081  Halomonas hydrothermalis Slthf2" (AF212218) 100 0-10 (0-5)
(JX220839)
JSM 111087  Halomonas shengliensis SL014B-85" (EF121853) 99.8 0-15 (0-5)
(JX220840)
JSM 111091 Halomonas venusta DSM 4743" (AJ306894) 100 0-20 (0-5)
(JX220841)

(5%8)
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Xanthomonadaceae (1) JSM 111004 Wohlfahrtiimonas chitiniclastica S5T (AM397063) 96.8 0-10 (0-2)
(JX220843)

Alteromonadaceae (2) JSM 111032 Marinobacter vinifirmus FB1" (DQ235263) 99.7 0-15 (0-5)
(JX220844)

JSM 111033 Marinobacter hydrocarbonoclasticus MBIC1303" 99.8 0-10 (0-5)
(JX220845) AB019148)

Vibrionaceae (2) JSM 111026 Vibrio diabolicus HE800" (X99762) 99.8 0-10 (0-5)
(JX220846)
JSM 111054 Vibrio mytili CECT 632" (X99761) 99.8 0-10 (0-5)
(JX220847)

Pseudoalteromonadaceae (4) JSM 111020  Pseudoalteromonas lipolytica LMEB 39" 98.7 0-10 (0-5)
(JX220848) (FJ404721)
JSM 111061  Pseudoalteromonas lipolytica LMEB 39" 99.0 0-10 (0-5)
(JX220849) (F1404721)
JSM 111062 Pseudoalteromonas lipolytica LMEB 39" 98.2 0-10 (0-5)
(JX220850) (F1404721)
JSM 111079 Pseudoalteromonas lipolytica LMEB 39" 99.0 0-10 (0-5)
(JX220851) (F1404721)

Shewanellaceae (4) JSM 111013 Shewanella upenei 20-23R" (GQ260190) 99.8 0-10 (0-5)
(JX220852)
JSM 111075  Shewanella upenei 20-23R" (GQ260190) 99.5 0-10 (0-5)
(JX220853)
JSM 111080  Shewanella upenei 20-23R" (GQ260190) 100 0-10 (0-5)
(JX220854)
JSM 111051  Shewanella haliotis DWO01" (EF178282) 99.3 0-5 (0-5)
(JX220855)

Aeromonadaceae (7) JSM 111019  Oceanimonas baumannii GB6" (AF168367) 99.7 0-10 (0-5)
(JX220856)
JSM 111027 Oceanimonas baumannii GB6" (AF168367) 99.7 0-10 (0-5)
(JX220857)
JSM 111029 Oceanimonas baumannii GB6" (AF168367) 99.7 0-10 (0-5)
(JX220858)
JISM 111074 Oceanimonas baumannii GB6" (AF168367) 99.6 0-10 (0-5)
(JX220859)
JSM 111083 Oceanimonas baumannii GB6" (AF168367) 99.6 0-10 (0-5)
(JX220860)
JSM 111024 Oceanimonas smirnovii 31-13T (AY538714) 99.7 0-10 (2-5)
(JX220861)
JSM 111082 Oceanimonas smirnovii 31-13T (AY538714) 99.7 0-10 (0-5)
(JX220862)

Alpha-Proteobacteria (6/74)

Phyllobacteriaceae (5) JSM 111021  Nitratireductor aquimarinus CL-SC21" 99.8 0-10 (0-5)
(JX220863) (HQ176467)
JSM 111030  Nitratireductor aquimarinus CL-SC21" 99.8 0-10 (0-5)
(JX220864) (HQ176467)
JSM 111063 Nitratireductor aquimarinus CL-SC21" 99.7 0-10 (0-5)
(JX220865) (HQ176467)
JSM 111064  Nitratireductor aquimarinus CL-SC21" 99.4 0-10 (0-5)
(JX220866) (HQ176467)
JSM 111076 Nitratireductor aquimarinus CL-SC21" 99.8 0-10 (0-5)
(JX220867) (HQ176467)

Rhodobacteraceae (1) JSM 111023 Paracoccus homiensis DD-R11T (DQ342239) 99.8 0-10 (0-5)
(JX220842)

Bacteroidetes(11/74)
Flavobacteriaceae (11) JSM 111002  Myroides odoratimimus CCUG 393527 99.6 0-10 (0-5)

(JX220868) (AJ854059)
(558)
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JSM 111005  Myroides odoratimimus CCUG 393527 99.8 0-10 (0-5)
(JX220869) (AJ854059)
JSM 111011 Mpyroides odoratimimus CCUG 393527 99.7 0-10 (0-5)
(JX220870) (AJ854059)
JSM 111003 Myroides pelagicus SM1" (AB176662) 99.7 0-10 (0-5)
(JX220871)
JSM 111007  Mpyroides pelagicus SM1T (AB176662) 99.8 0-10 (0-5)
(JX220872)
JSM 111015 Mpyroides pelagicus SM1T (AB176662) 99.8 0-10 (0-5)
(JX220873)
JSM 111017 Myroides pelagicus SM1" (AB176662) 99.6 0-10 (0-5)
(JX220874)
JSM 111050  Myroides pelagicus SM1" (AB176662) 100 0-10 (0-5)
(JX220875)
JSM 111052 Mpyroides pelagicus SM1" (AB176662) 100 0-10 (0-5)
(JX220876)
JSM 111059  Mpyroides pelagicus SM1T (AB176662) 100 0-10 (0-5)
(JX220877)
JSM 111073 Myroides pelagicus SM1" (AB176662) 100 0-10 (0-5)
(JX220878)
Firmicutes (12/74)

Bacillaceae (7) JSM 111006  Bacillus stratosphericus 41KF2a" (AJ831841) 100 0-10 (0-5)
(JX220879)
JSM 111028 Bacillus marisflavi TE-11T (AF483624) 100 0-10 (0-5)
(JX220880)
JSM 111038  Bacillus circulans ATCC 4513T (AY724690) 100 0-25 (5-10)
(JX220881)
JSM 111039 Bacillus barbaricus V2-BIII-A2" (AJ422145) 99.1 0-20 (0-5)
(JX220882)
JSM 111053 Bacillus rigui WPCB074" (EU939689) 100 0-10 (0-5)
(JX220883)
JSM 111085  Bacillus halmapalus DSM 8723" (X76447) 98.9 0-15 (2-5)
(JX220884)
JSM 111042 Virgibacillus chiguensis NTU-101" (EF101168) 98.9 0-25 (5-10)
(JX220885)

Staphylococcaceae (3) JSM 111094 Staphylococcus arlettae ATCC 43957" 99.8 0-25 (5-10)
(JX220886) (AB009933)
JSM 111099 Staphylococcus arlettae ATCC 43957" 99.8 0-25 (5-10)
(JX220887) (AB009933)
JSM 111101 Staphylococcus equorum ATCC 43958" 99.8 0-25 (5-10)
(JX220888) (AB009939)

Enterococcaceae (1) JSM 111049 Enterococcus faecalis JCM 5803" (AB012212) 100 0-10 (0-5)
(JX220889)

Carnobacteriaceae (1) JSM 111069  Trichococcus patagoniensis PMagG1™ 943 0-10 (0-5)
(JX220890) (AF394926)

W R o3 R bR 5 AR G A 1 R AR e VDA AR G

Yy LRI MR (Trichococcus patagoniensis

AR Z B AR R Bt G 25 57 o

16S tRNA FERFFIARRIPE L o3 46 2%
N, AT A 6 RS ARG A B X R EY)
A 38k R P BLBITRAR Y 16S rRNA EEH 751
TEAER R 225 (R 1 R 1R E S ALY ERR), Al
eI /25 5T (Potential new taxa), FLHPE
PR ISM 111069 5HRERG LK F R RZEEVINC A

PMagG 1T FIARIE RA 94.3%, HAERSHE
AEA L) 3 2 B B {E (Bootstrap value, 98%)3Z
FEIE B — S 40 3 (B 1A), A Al ek
Carnobacteriaceae F}—~J& —ZLIHT 7320 o

JSM 111039 5 Bacillus barbaricus V2-BIII-A2" %
SR BRFZEAED), FFIIRERN 99.1%; ISM
111085 5 Bacillus halmapalus DSM 8723 i %
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71—Trichococcus flocculiformis DSM 2094 (AJ306611)
0.01 96 ETrichococcus pasteurii KoTa2" (X87150)

100

Trichococcus collinsii 37TAN3*T(AJ306612)
87 Trichococcus patagoniensis PMagG1' (AF394926)
Trichococcus palustris DSM 91727 (AJ296179)
JSM 111069 (JX220890)
Granulicatella elegans DSM 11693 (AF016390)

—92‘—| Bavariicoccus seileri WCC 4188" (FM177901)
99

Atopobacter phocaem 1590/94/2" (Y16546)
69, Carnobacterium jeotgali MS3" (EU817500)
1081 Carnobacterium pleistocenium FTR1T(AF450136)
)
95 Carnobacterium viridans MPL-11" (AF425608)

Carnobacterium inhibens K17 (273313

99 Carnobacterium funditum pt3" (S86170)
73— Carnobacterium mobile DSM 4848 (AB083414)
Carnobacterium divergens DSM 20623" (M58816)
4'98 ECarnobacterium maltaromaticum BA" (AF184247)
L 100Y—Carnobacterium maltaromaticum DSM 203427 (M58825)
68 100 —Vagococcus carniphilus ATCC BAA-640" (AY179329)
£| L Vagococcus fluvialis CCUG 327047 (Y 18098)
Vagococcus fessus M2661/98/17 (AJ243326)

98 ———ZEnterococcus faecalis JCM 5803;(AB012212)
Enterococcus moraviensis CCM 4856 (AF286831)
100—— 1 terococeus termitis LMG 8895 (AM039968)

97 —Pseudoalteromonas prydzensis MB8-117 (U85855)
Pseudoalteromonas mariniglutinosa KMM 36357 (AJ507251)
76 Pseudoalteromonas aliena KMM 35627 (AY387858)

0.02

JSM 111020 (JX220848)
100 75_—Pseudoalteromonas donghaensis HI51" (F1754319)
88-Pseudoalteromonas lipolytica LMEB 39" (FJ404721)
Pseudoalteromonas byunsanensis FR1199T(DQ011289)
| 100~Idiomarina fontislapidosi F23" (AY526861)
Idiomarina baltica OS145"(AJ440214)
Idiomarina zobellii KMM 2317 (AF052741)
JSM 111090 (JX220820)
Idiomarina seosinensis CL-SP19T (AY635468)
Idiomarina abyssalis KM227" (AF052740)
100“—Idiomarina loihiensis L2-TR" (AF288370
Cosenzaea myxofaciens NCIMB 132737 (DQ885259)
Too| —Froteus hauseri DSM 144377 (FR733709)
JSM 111072 (JX220823)
-Proteus mirabilis NCTC 11938 (DQ885256)
51L—Proteus penneri NCTC 127377 (DQ885258)
89LProteus vulgaris ATCC 299057 (DQ885257)

87 -Bacillus barbaricus V2-BIII-A2" (AJ422145)

9Q"}Bacillus arsenicus Con a/3" (AJ606700)
100 L_JSM 111039 (JX220882)
_':Bacillus rigui WPCB074" (EU939689)

100——Bacillus solisalsi YC1" (EU046268)

100 Bacillus herbersteinensis D-1-5a" (AJ781029)

99

Bacillus cohnii DSM 6307 (X76437)
96 Bacillus horikoshii DSM 87197 (X76443)

99—JSM 111085 (JX220884)
57—Bacillus halmapalus DSM 87237 (X76447)

E1 HIpEXIERAREERLEBNREREN
Fig. 1 Phylogenetic tree derived from 16S rRNA gene sequences of some strains
(potential new taxa) from Crassostrea hongkongensis
TSR BUE SRR T AR RS 1000 R H R {E(Bootstrap values), 7 =T 50%A7E E H 2R,

Note: Numbers at nodes indicate bootstrap values (>50%) based on a Neighbor-Joining analysis of 1 000 resampled datasets.

DI, HAIERN 98.9%, X 2 MHEMSHAGALT
KA e N VI BRI A LR TR R 2 (8] SR
SRR i, (B BYAF AR 2 7 2R 25
JTHAFAEROR 225, HAERGEEAM E45 FIE IR
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M ST W4 32 (B 1B) . 48 £ 30 43 2K (Polyphasic
taxonomy)#F5¢, HHE JSM 111039 Fl1 JSM 111085
PRI Bacillus JET) 2 B LA 2822451
B KFR) . Bk ISM 111020, JSM 111072, JSM
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111090 SR Gk B K F &% V10 E PR
WA RRA 16S rRNA H& K FFE AR 4351 K
98.7%. 98.9%F 98.6%, & HTERGHM [TE
B M ST 4y 2 (EO1B), AT R 4r B AR %
Pseudoalteromonas . Proteus F Idiomarina J&W#Hr

Yol B E X LE AR 0 2L, I 2L
LR . AR B AR L ARy

G+C mol% & &l & . REGK T 2 Hrai R
DNA-DNA 73§ 4 SRR AW ST 45 R R - 45 2R
WA 2) o tb— 2 B Z I ZE 58 TARIEAE AT

R2 NEAHIRESSBERLFMS LIRS L

Table 2 Partial physiological and biochemical features of potential new taxa from Crassostrea hongkongensis

JSM 111020  JSM 111039 JSM 111069 JSM 111072 JSM 111085 JSM 111090
Creamy white  Pale yellow  Light yellow Creamy white Creamy white Light yellow
Coccus Rod Rod

Characteristics

Colony colour

Cell morphology Rod Rod Slightly curved rod

Gram staining - +
NaCl for growth (%, W/V)
Range
Optimum 5 0-5
Temperature for growth (°C)

Range 5-40
Optimum
pH for growth

Range 5-12 6—-10

Optimum 8 8
Glucose fermentation - +
Glucose oxidation - +
H,S production a4
Indole production +
Facultatively anaerobic + -
Methyl-red test - +
Motility < +
Voges-Proskauer test = +
Nitrate reduction
Nitrite reduction -
Hydrolysis of

Casein - -

Cellulose - +

Gelatin - A

Starch 4
Tween 20
Tween 40
Tween 60

Tween 80

+ 4+ + + + o+

Urea

|
|
+
|

|
+
+ o+ o+
+ o+ o+ o+ o+

Note: +: Positive; — Negative.

http://journals.im.ac.cn/wswxtbcn
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ARSCRAAR TR MEET 16S rRNA FE[H P
B ) 2R G0 2 8 43 BT ot e VT 5 0 947 5 A
FEaL PRI R SR A W Z R T TR, TR
BLRB NN 74 MERIERE MRS B )E T 4006
Mo o4 SR ARS KB K

(Gamma-Proteobacteria, Alpha-Proteobacteria,
Bacteroidetes, Firmicutes). 16 8L, 18 4~g&, 7]

LLorly 38 DY, RESTEHR S H ARG LT K
REE VIR E AP AR Z (8] 16S rRNA
BN PSR — 2 225, P BB AR USRI
T8 7725570 (Potential new taxa).

AT B T X AR = 0% 7 5 25 5 1A
ARG SR AN T 2 R BT 25 50, sa st oy
IR, X 3 RS TP A B A A 4 B IR
HWRE S TP A A ZERE M Proteobacteria [7](52
PR, 68.9%), T i JIH 5 i 28 v 20 T P SRR
Firmicutes [ J(Bk 15370 50.8%F1 40.5%);
FEMARE A AHSC A R 2R R 2 R, I 3 —
7€ He il ) Bacteroidetes | Fll Alpha-Proteobacteria
W w#R; MRS 4ok B, Bacillaceae, Halo-
monadaceae, Staphylococcaceae, Vibrionaceae £}
18 3 Py h e e, S el A s
S AN B A H LS BEA LB, Planococcaceae |
Nocardiopsaceae . Brevibacteriaceae . Dermabac-
teraceae , Pseudonocardiaceae Fll Streptomycetaceae
B ZE 5 H 4025, ] Rhodobacteraceae .

Xanthomonadaceae . Idiomarinaceac . Shewa-
nellaceae. Phyllobacteriaceae. Aeromonadaceae.
Enterococcaceae, Carnobacteriaceae Fll Flavobac-
teriaceae B+ L ZE4H 15 H & BH

DL SRR 7R T A5 AH G il S IR i 5
AL ZRENE . WIFh ZREERISER 2, LI
AN TR it A A 8 ] 55 SR A W R AN [) 23
fRER. IBA, AHuGrha] 55352 40 B B bk o5 A b
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