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Abstract ; Bacterial community and diversity in marine sediment from Cangnan Large Fishing Bay (27°19'57.3"N, 120°34’'
28.6"E) were investigated by combining culture-independent with culture-dependent methods. By the culture-independent
method, DNA was extracted directly from the environment. Molecular library containing bacterial 16S rRNA gene was
constructed. 25 clones were selected and the cloned 16S rRNA gene fragments were sequenced. Finally, 18 sequences were
phylogenetically analyzed based on the 16S rRNA gene. The sequenced clones fell into five phylums of the domain Bacteria ;
Proteobacteria , Firmicutes, Chloroglexi, Nitrospirae and Acidobacteria, and most of them shared relatively low similarity
with described bacteria. The results revealed that the library was dominated by Gammaproteobacteria and Deltaproteobacteria
of Proteobacteria. By the culture-dependent method, 79 bacteria strains were isolated. The 16S rRNA gene sequences were

determined and analyzed. Most of the isolates were closely related to described bacteria, and fell into three lineages:
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Alphaproteobacteria and Gammaproteobacteria of Proteobacteria , and Bacilli of Firmicutes. However, some sequences showed
low affiliation with the sequences from described species (less than 97% ) , suggesting the presence of some novel taxa. The
sequences from culture-independent and culture-dependent methods were assigned to operational taxonomic units ( OTUs)
based on sequence analysis. Subsequent analysis using Shannon index indicated that the bacterial diversity from the culture-
independent method was significantly higher than that from the culture-dependent method. Integrated the results of culture-
independent with culture-dependent methods, the Gammaproteobacteria and Deltaproteobacteria were the dominant bacterial

groups in sediment from Cangnan Large Fishing Bay.

Key Words: Cangnan Large Fishing Bay; sediment; bacterial diversity; culture-dependent; culture-independent
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LR, ERAIESER SRS R VHDE IR MR S50 R YR R0 TR D, ¥
& VHIRTE A 26km” , ¥ H 48 6486km, RREWELBKME 2 — I8 EE0EEHE W T, BT
LIS IR M2 R B R,

RGBT, BELAE RN T EE KBS SRR A E R AR, i &
ek, F BT RERERNE N, PR e AR BRSNS ARG RS TR A R R EA L RA —
FERTEFE S
1 ##Efnsx
1.1 HmRE

2006 4 8 J , RA/PNEIZE B , AN BT LA BN T B E B RIS (R4 120°34'28. 6", JL 45 27°19'57.
3 REWIRVIRYEER— . PRI SE, EH 4CHBRT, S ERE G A RHEX TIE,

1.2 5 B DNA 2501 16S rRNA REY 1

FRERER S DNA BB IR Zhou™ i 771k

PCR #3597 27bf:5'-AGAGTTTGATCCTGGCTCAG-3' ; 1 1492br:5’-GGTTACCTTGTTACGACTT-3', 50
wl SRR Z % 10 x buffer 5 pl,dNTPs 0.5 pl, Primer 27bf 1 pl,Primer 1492br 1 pl,H,0 41 pl, #4% DNA 1 ul,
Taq f#§(TaKaRa)0.5 pl, PCR &K 50 wl RIAZEMA 50 ng DNA 47,33 MER; 254 94 °C 45 s;
Bk 55 C ,45 s; B 72 °C,90 s,

1.3 BHTFHERNF

PCR 7= ¥ 2 37 I8 & BE ¢ DNA 4fi4k 57 & (TaKaRa) 24k )5, % # pMD-18T ( TaKaRa) # 4k, % 1L
Escherichia coli DH5 o JRZZNAAME . 20K HIBRFE | TR 4R A0 B Uk A I , LA SRz DNA SHEAR , PCR 43 il
WAFBIIN BEEH BN WM FTBEELA E. coli DHSa J5, 7% 3G A 10t i A FR A Bl 44k 30 &
DNA 31,5412k M13 Xl fF , %€ i 7 514 B KT 500 bp,

1.4 16S rRNA ZEHFF] 47

HER15H9 16S rRNA FEH (16S rDNA) 3|38 i3 GenBank (#E FE#E4T BLASTn L, 18 3] 5 HAH DI
BIF5) . R Mega3. 1 34 Clustal W 25 $E17 2 /55 ICELHES )5 , {8 A neighbor-joining BHIAME ARG K
B, JEIEFHRIGH 16S 1DNA 51, 5545 A Ribosomal Database Project H1 3% F§ CHECK-CHIMERA 2% 43¢
R A0, B LA D v LA R
1.5 TEREySE ML

A BISRFR ZoBell 2216E® HM' 1 APA 3 fdg 2 40 B 4i4b Yo v i 4. APA 357 2B 7 : NaCl 20. 0
g,KH,PO, 2.0 g,MgS0,7H,0 1.0 g, B R-HiR4 5.0 g, BEES.0 g, BEjlE 1.0 g, E4F 800 mL,pH 7.0;
Na,CO, 10.00 g, EAZE 200 ml; 3 HIKEFRS . BITRYFERL 0.5 g, MARE 3 ml B3R A BERF
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&% 5 min J5, BB SRV, B EESERBIFRT PR, S0 EERT 3 PR, 45 51E T 4C.25C
MITCHF. FREBPHBEES, REEIF R ERLALER,
1.6 BEALEKRNDTEE

KWW PCR Y 15455554 16S DNA FF 31,514k 27bf F1 1492br, J7#5[F] 1.2, PCR Y E#H#% b
AWt R AR AR LALIFHEST DNA FFFIE , P51 %58 27bf, Il K P31 R T 500 bp, €51
3k i BLASTn BEAT IR o AHMEMRT 97% HIF 5, R A 27bf F1 1492br BHFHHATIE ., EHFWERHIFIIK
BT 1300 bp, >k 16S rDNA 5| K BRI 90% L) |,

1.7 EEHEZHEST

4% BLASTn HXTFIRER T 4R FIRAGH) 16S RNA FF3|BEFTIHZE, & SUR R SR P 5I1E A AR
532 HI6, R A Shannon ZHHAEEAT BRI TRT LR
2 ZR5iHE
2.1 WEULRY) S DNA 250K 16S rRNA EHY 1%

MIFEETUR Y EE R R BUR1G & DNA, B IK .78 DNA f BRR/MNZ 21 kb, i RS2, L 478 16S
rDNA #¢ 54 PCR 3, UK — &, KA 1.5 kb,

2.2 JEHE5F 16S DNA FFI AT 50

MG F OB EE 25 AN IERR AT BRI TSR 7 , 38 18114 FP 31 22 RDP %048 PR 40T, 25 Bt B ik G 3k
BAERUFIN 18 A~ G RFN, BN AR T ( Proteobacteria) \JEBEW ] ( Firmicutes) |5 5
I"1( Chloroflexi ) | T 4K 48 i€ W [) ( Nitrospirae ) F1 PR ¥F & [] (Acidobacteria) 5 A~ K%, KPP B E ]
( Proteobacteria) B 8-ZETEFTF 58 4 ( Deltaproteobacteria ) Fl y-ZETE T 56 41 ( Gammaproteobacteria ) BB B % ,

PRI REDFF5 GenBank $idl FEHHIF FI MMM N B T 95% , 8.5 B 15 % % i 4 B9 W07 Fr 37 48 10
HEAK, (LK 80% ~95% (B 1), @i, mEF C26 548 B P BH «BIRITFEHN T Thalassospira
lucentensis FP MR (87% ) ; LT C19 S HEARM T W AERE 3-RETREW B-ZRATENT
Schlegelella thermodepolymerans F¢ 3| #{bl B (89% ) ' s T T C05.,CO7 I C24 3 HI 53M K E LA M E
(80% ) JREMRE P (87% ) MAHILAE (81% ) FF M B & ;s T se fE 7 C49 5 WANALIRTEH B &
PeALRE B FREHAL AT Nitrosospira sp. NspS7 HEEAMLIEE(97% )

A ENEFEFAE P HBELH, HPLET C36 SHMME B T Desulfomicrobium
norvegicum FFFFIARM . SBRIKEE B M N IR ENRREEEE, YR AR R AR ESRE T ™' )
B h ) eI YA B T T R IEE M . TLMET CO1 55 Geothermobacter ehrlichii B3, BRHH ™
BRE, B—F Fe' " RIFMAEY, EBHEMBRKRBYFEYBES TABAT GRS HAEEEE
N, T C45 SR ERMELEIRH Desulfsarcina variabilis ¥ 3|, FHEF C06 1 C30 SRYILANE
Nitrospina gracilis ¥ FFFIAERLEE 533 90% 1 91% , i S —Fb P M HOMEFE AL BE B SR 40T, WK AR PR £h %
R
2.3 EBAEBEKRKSE RS TEE

KA ZRA R TR RS BEALRE 79 BhAIE . S TEEEREY, XEEKRIIET o
AT AT B 49X (Alphaproteobacteria ,2 #i,2. 5% ) \y-ZETEHTF B 44 ( Gammaproteobacteria ,54 ¥k ,68. 4% ) FllJBBET ]
( Firmicutes ,23 #:,29.1% )3 NKE (£ 1) o BT EHWE KB T 37 KRB & ( Loktanella ) IR H /R
( Erythrobacter) ;y-ZETEFF 1 9B R IH J& T BB ( Marinobacter ) , B35 B MU B & ( Pseudoalteromonas ) , 25 8.
W& 8 ( Halomonas) , YL J& ( Vibrio ) , (B LM & ( Pseudomonas) , T ) 4E B )& ( Nitrincola ) , ¥ B /B
( Marinobacterium) 7= 8% S5 R Microbulbifer) T 50 BB Shewanella) ; T EERE T 1 B bR JEU R -2 FOAT
J& (Bacillus ) , ERFEIFHE B (Halobacillus ) F M ZEFUATE )& ( Marinibacillus ) .
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84 Uncultured Holophage clone CA002 (AF385537) Acidobacteria
Cl16

Clostridium algidixylanolyticum SPL 73T (AF092549)
T halSSZospira lucentensis DSM 14000 (AM294944)

10%26 Nitrosospira sp. NspS7 (AY123791)

Sglfl?zgelella thermodepolymerans K147 (AY152824) Betaproteobacteria

52 :I Fimicutes

:| Alphaproteobacteria

Microbulbifer sp. IAMB-A94 (AB124836)
Saccharospirillum impatiens EL-105T (AJ315983)
Marinobacter lutaoensis JICM 111797 (AJ288157)
C33
C09
Thioalcalovibrio denitrificans ALIDT (AF126545)
Cc47
C20
Thiothrix sp. FBRO112 (DQO067608)
Nitrospina gracilis Nb-211 (L35504)
C30
Co6
Bdellovibrio bacteriovorus 1007 (AF084850)
Co1
Geothermobacter ehrlichii SS0157 (AY155599) Deltaproteobacteria
C39
S I
C36
Desulfosarcina variabilis DSM 2060 (M34407)
Desulfomicrobium norvegicum DSM 17417 (AI277897)
100 C24
Nitrospira sp. SRI-237 (AF255602) ] Nitrospirae

C05 .
100 Anaerolinea thermophila UNI-1 (AB046413) :| Chloroflexi

0.05

Gammaproteobacteria

100

72

B1 BEAEEEETTRYIEE A 165 DNA RER TR
Fig.1 Phylogenetic tree of 16S rDNA sequences of uncultured clones from the sediment of Cangnan Large Fishing Bay. The tree was constructed by
the neighbor-joining method. “C” refers to the clone. The numbers in parentheses are accession numbers of sequences. Bootstrap values are shown at

each branch points, and values > 50 % are shown. Scale bar indicates 5% sequence divergence

F1 EEGFMAEFESEGEXBENBR SHHEY

Table1 Numbers of cultured and uncultured marine bacteria and diversity indices

- @ i35 culture-dependent k3253 culture-independent
Phylum Class BB (1) HBI(% ) TERESE (1) HBI (% )
No. of strains Proportion( % ) No. of clones Proportion( % )

Proteobacteria Alphaproteobacteria 2 2.5 1 5.6

Betaproteobacteria - - 2 11.1

Gammaproteobacteria 54 68.4 5 27.8

Deltaproteobacteria - - 6 33.3
Firmicutes Bacilli / Clostridia 23 29.1 1 5.6
Chloroflexi Anaerolineae - - 1 5.6
Nitrospirae Nitrospira — — 1 5.6
Acidobacteria Acidobacteria - - 1 5.6
B3 Total 79 100 18 100
Shannon ZFELEESL(H') 0.712 1.769

Shannon index (H')

S
Shannon £ZREHEFS BT A F?] Formula for Shannon index('?! . H' = - ZPilnPi ; SEEf Y OTU $tH The number of OTUs in the sample,

i=1

Pi: J& T OTU i B EZE 235 MK 8 E 4] The proportion of strains or clones in the ith OTU

ET B Rk 16S tRNA RFFFIN ARG LT AN (E 2, 3) R, KEBAER S A0 B B R
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HERYRAECERRE( >97%) . ERRERKI—LEHKS CREFEE R AEE AR, Fl0, Hk
CN46 F1 CN71 5 Marinobacter pelagius(97% ) ,CN74 5 Marinobacter lipolyticus(96% ) ,CN44 5 Marinobacterium
litorale (94% ) , CN4T 5 Marinobacterium stanieri (97% ) , CN85 5 Microbulbifer maritimus (95% ) , CN64 5
Bacillus bogoriensis(94% ) ,CN77 5 Bacillus acidicola(95% ) ,CN4Q 5 Marinibacillus campisalis(96% ) ,CN62 5

Halobacillus litoralis(95% ) ,"EAT 1] BEAUSR— LRI 50 2K HIT,

CN42. CN48. CN69. CN76. CN101. CN105
Marinobacter Pelagius HS2257 (DQ458821)

0.02
: CN49. CN54
785 Marinobacter koreensis DD-M3" (DQ325514)
CNI15.CN111

Marinobacter gudaonensis SLO14B61A" (DQ414419)
Marinobacter bryozoorum 50-11" (AJ609271)

CN17. CN25. CN27. CN28. CN9%4

Marinobacter hydrocarbonocla ATCC 271327 (AB021372)*

CN46.CN71

CN65

100" Marinobacter alkaliphilus ODP1200D-1.5T (AB125942)*

CN74
CN26. CN29. CN32. CN61. CN67. CN90. CN91. CN98
Marig?\]bsa,lcter vinifirmus FB1 (DQ235263)

100" Marinobacter litoralis SW-45T (AF4796689)#

97| 72 L

| CN21
100 Haloomonas denitrificans M29" (AM229317)*

74 100 | CN2 i T ; #
T00 Ll Halomonas meridiana DSM 5425" (AJ306891)
8o CNI16. CN36. CN63
57" Halomonas axialensis DSM 157237 (AF212206)
50 CN44

Marinobacterium rhizophila CL-YI9T (EF192391)
99 CN47
99 Marinobactlegium stanieri ATCC 271307 (AB021367)*

100 I~ CN
Shewanella marisflavi SW-120T (AY485225)

961 CN41.CN87
64, Vibrio vatriegens ATCC 140487 (X74714)
98 Vibrio agarivorans 2897 (A1310647)
CN70.CN83

CN93

Pseudoalteromonas mariniglutinosa KMM 36357 (AJ507251)
CNO3. CNO5

CNOl

7L Pseudoalteromonas marina Mano6” (AJ563032)*

CNO2. CNO4. CN34. CN35. CN56. CN75. CN86
Pseudoalteromonas paragorgicola KMM3548T (AY040229)
51 Pseudoalteromonas atlantica LAM 129277 (X82134)*

CN80.CN81
Pseudoalteromonas pachastrellae KMM 3307 (AB125366)*
74 CN85
99 Microbulbifer maritimus TF-17T (AY377986)*
CN39
Loktanella hongkongensis UST950701-009WT (AY600301)*
99| : CN45 .
100 Erythrobacter gaetbuli SW-161T (AY562220)*

Clostridium butyricum ATCC 193987 (M59085)*

55 84

B2 BEAEBEEIIRY RS 16S DNA RERFH
Fig.2 Phylogenetic tree of 16S rDNA sequences of Proteobacteria strains from the sediment of Cangnan Large Fishing Bay; The tree was constructed
by the neighbor-joining method, with Clostridium butyricum as the out group. The numbers in parentheses are accession numbers of sequences.
Bootstrap values are shown at each branch points, and values > 50% are shown; Scale bar indicates 2% sequence divergence; “#” refers to the type

strain was isolated from marine environment

2.4 BB ZHEES

SR T AR P AAE 328 50(0TU) , R A Shannon ZHMEIEHHEAT MR (R 1), JERE
FERBRLL 8- 2 AT ( Deltaproteobacteria ) F1 y-7E T #F B ( Gammaproteobacteria ) L & EHEH) 8 N3k
REo AT 3R B AR B B AR R 2B T AR 7] ( Proteobacteria ) ) o-ZE JEAT T 44 ( Alphaproteobacteria) | y-78
T HF 3 49 ( Gammaproteobacteria) , LA K JRBEB ) ( Firmicutes ) W2 AT 99 ( Bacilli) , £5R3RW I3 B I
MAEYEZHGERERTIIERSER, XFEEA FAEAEARNBE—EREH, SERERPEFHESR
BRAYHY L IOl , AR A o RV R S 2 B A B, AN U B DA 3R 1 X B T TS R 0 7 I LI
YRR ST A R . HIK, REMBHEIEEF SR D SHRK O], 45 S-ERITEHN REN.KE
BEP BRITEN o BIATHENPAIBE B, 3L 7 ke, EBRE R BREBRE KB BRK &4
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99y Halobacillus dabanensis D-87 (AY351395)
s 474 Halobacillus karajiensis DSM 149487 (Al1486874)
95 Halobacillus kuroshimensis 1S-Hb7" (A1195680)
CN
i CN30. CN82
CN62

100 (— Bacillus soli LMG21840T (AJ542515)
CN102
63 Bacillus niacini TFO15566T (AB021194)

CN24
a[[_cg
— Bacillus marisflavi TF-11T (AF483624)#
67 Bacillus aquaemaris TF-127 (AF483625)#
CN77
—| — 0
76 100 Bacillus bogoriensis LBB3T (AY376312)

97 CN3I
4100|_|— Bacillus gibsonii DSM 87221 (X76446)
92! cN79

98y CN22. CN23, CN50. CN60. CN103
| I: Bacillus pumilus ATCC 7061 (AY876289)
89 CNs8
100 & Baciilus velezensis CR-502T (AY603658)

CN57
100 Bacillus firmus NCIMB 9366" (X60616)
CN43. CN66. CN112. CN113
Bacillus megaterium DSM 327 (X60629)

100
CN40
Marinibacillus campisalis SF-57T (AY190535)*

Rhodospirillum rubrum ATH 1.1.17 (M32020)

B3 B AmEEEURY A 5T R T4 16S DNA RERFH
Fig.3 Phylogenetic tree of 16S rDNA sequences of Firmicutes strains from the sediment of Cangnan Large Fishing Bay
The tree was constructed by the neighbor-joining method, with Rhodospirillum rubrum as the out group; The numbers in parentheses are accession
numbers of sequences; Bootstrap values are shown at each branch points, and values > 50 % are shown; Scale bar indicates 2% sequence

divergence; “#” refers to the type strain was isolated from marine environment

T, REMERAEHENEEHBIS . MBITRAFEEF T EOIBEREKR, RBRBREEK, BRER
ERFEREZFUENBRTUERERNERZ —, AW, TERSRDTUEAX IR R P IFEMN
SRR AR B BRI AP FE , W0 BT 7E¥8AT B8 ( Marinobacter) FI (83K ZE W J& ( Microbulbifer) H)E & , I
H WA T — Rk s ok BRRAR B R R Bk o

SRR REFRER, TURBEE R BERRIURY (FRE 120°34'28. 6", 645 27°19'57.3") R
AFERAE LD, UL - BRAFEM v-BIAFE A ILHER, X—4R 5B RENEEEBFIRY
WU RA £ R, Gray &' RAIEESF M2 E Eagle R BIRY T T LR
P, GRFRWNTIRYI DA 6 N FEZKR, AR o BATE - ZBAE v BEATE & GC S BE KM
B MR ( Clostridia) EBEFN TR B ( Planctomyces ) 258E, Llobet-Brossa ') 3% F FISH B 45 T 2 E Wadden ¥
TR T A MRS ALK, A BRAUAT B ( Cytophaga-Flavobacterium ) & £ BIHE , KK SR EE IR , oAbk
BES B WHAE, Urakawa 2" 2F 16S rDNA 3B, 5% H ARDRA #1 RFLP B 555 T H 4 Sagami ¥&5F1 Tokyo
BRI BEY ZHE, TB2h yvEBREFEMEZRHEEE, &F BT E. « 2T EMEME
( Verrucomicrobia) , A oA HE . BILE N, AR KSRy P ARERESAE —E 25, RET
BB , MBI SR , 32 ki AN A0 SRR, B 5 T BUBAA R IR s A T PR 4514

Weht , — e S g i AR B R A0 B LB R B B  BETE RRIEST AL R T o B A A P AR S T R
HEEREVER. U0, Geothermobacter spp. =—3 Fe** 38 JE f Ak iyt s L4 BE Nitrosospira spp. 1 Nitrospina
spp- I AT 4L R it ; Desulfomicrobium spp. 1 Desulfsarcina spp. ‘=W BR LB JRE , H W Desulfomicrobium
norvegicum EEARIRE 4R C° BN . R IRUTIR Y4 B 10 Y8 v 2 28 R G A Wy RR AL E0E 37 o
RIEBEEEM.
3 g
3.1 W EREIEETIRY (RS 120°34'28. 6", b4 27°19'57. 3") h M L H KRN SR TEAF & A -2
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RN

3.2

IR R A B R AR YRR S AN R SR, p B IRB SR G, RAZ 1 HTH

PRI, RHHLERIURY H 4R E R ERMEYRR.

3.3

£4R 16S RNA BRFF R KEPR AR P HERNE R, B ERQERI KA, EHEELZH

X, MERATH—RARERFESRET IR, i KR SEN BRI BRI R ER, TR
AR ER R TAE
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