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R R 16S rDNA :
, EU621382 — EU621389, EU661786 — EU661815,
EU746413 — EU746427, EU809474 — EUS809481,
14 DNA FJ447539
DNA ( 1.7
, 2000) ( , 2001)
1.5 PCR-DGGE )
DNA PCR R H,S
GC+341F 518R  16StDNA V3
, : GC+341F, 5'-CGC CCG
CCG CGC CCC GCG CCcC GG cea cea ceec cea 2
CCC CCT ACG GGA GGC AGC AG-3"; 518R, 5"-ATT 21
ACC GCG GCT GCT GG-3' 230bp, ’ (
DGGE 27F 1541R 1 ’ 50m (B ) ’
165 rDNA : 1400 bp, 1.60x10° CFU/ml, 200m  (C )
27F, 5'-AGA PTT TGA TCC TGG CTC 4
, 8x10" CFU/ml A )
AG-3', 1541R, 5'-ACG GCT ACC TTG TTA CGA CT-3' s
, 1.14x10° CFU/ml
PCR 50pl, 50ng
4pumol/L  dNTP 200umol/L, 10xbuffer(
Mg®) 5ul, Tag DNA 1U(TaKaRa), 288 ’
50ul .94 Smin; 10 ol
94  Imin; 65—60 Imin: 72 30s, L, A
0.5 18 94 Imin; 60  Imin; 72 80 ; 41,
30 s; 72 5min 51.3%; B 80 S 28
(DGGE)  DCode system 35.0%; C 128 ,
(Bio-Rad) , 8% , 22, 17.2%
40%—70%, 8ul PCR , 60
180V 6h ,
, 2.2
1.6 16SrDNA
27F 1541R, PCR 3 ,
16S rDNA R UNIQ-10 DNA , ,
( ) PCR s 60 , , ,
GenBank , s , ; 29,
BLAST , FASTGROUP , , ,
(http://biome.sdsu.edu/fastgroup/fg_tools.htm) , ; 2,
R MEGA4 , , , ,
F1 BAFREREEFFHEERFFAAENHEE
Tab.1 Amount of heterotrophic bacteria and spore-forming bacteria in marine fish-cage sediment
(CFU/ml) (%)
A 1.14x10° 80 41 51.3
B 1.60x10° 80 28 35.0
C 8.00x10* 128 22 17.2
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, 91 )
; 11 ,
43 47.2%, 22
, 24.2%, 71.4%, 11
13 ( 2 6 : 28.4%
R , 2.3 16SrDNA DGGE
, , 2.3.1 PCR-DGGE ,
, ; 5 , ,
, , 16S rDNA
, , PCR-DGGE ,
, ; 2 DGGE,
2 , ( , 2004), 1
1 ,
2 , PCR-

x2 FHRARMNEERAESSH

Tab.2  Grouping of the spore-forming bacteria in morphology of colony and cell

A B C
[(0.5—0.7)><(5.2—10) pm] 2 0 0 60
[(0.5—0.8)>(3.0—5.2) pm] 1 0 0
[(0.5—1.0)><(1.2—3.0) pm] 19 12 12
[(1.5—2.0)><(1.5—2.0) pm] 2 1 3
[(0.5—1.0)><(1.2—3.0) pm] 1 2 1
[(1.5—2.0)><(1.5—2.0) pm] 1 2 1
[(0.5—0.8)>(3.0—5.2) pm] 1 2 0 29
[(0.5—1.0)><(1.2—3.0) pm] 1 8 3
[(1.5—2.0)><(1.5—2.0) pm] 1 0 0
[(0.5—1.0)><(1.2—3.0) pm] 0 1 1
[(1.5—2.0)><(1.5—2.0) pm] 0 0 1
[(0.5—1.0)><(1.2—3.0) pm] 1 0 0 2
[(1.5—2.0)><(1.5—2.0) pm] 1 0 0

41 28 22 91

A26 C23 Cl11 A5 A9 A3~ “BS B2 Al  Al9 Al8

1 16StDNA  DGGE
Fig.1 PCR-DGGE profiles of 16S rDNA for some short rod and elliptical spore bacteria
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DGGE , 1 , 11 , B. marisflavi (Cluster3)
B11 C27 A5 A9 A3 B5 B2 Al Al19 Al B. baekryungensis (Cluster11) B. aquaemaris (Cluster2)

10 DGGE , B. pumilu (Cluster7) 4 ,
, , 10%, 13.2%—27.5% ; B.
Cl1  C23 R marisflavi , 25
, 15
, DGGE , 5 2 , 5 2 2
, 91 4 B.
64 DGGE aquaemaris 6 ; B. marisflavi B.
2.3.2 DGGE baekryungensis 5 ; B. vietnamensis
16S rDNA , H. blutaparonensis 3
, , 64 , 2 :B. marisflavi
28 , 28 , B.ma.-1, 15 16.5%; B.
28 GenBank , pumilu B.pu.-1, 12,
3) , 13.2%;
R 5 : B. firmus 8
( 2 , 16S , B. aquaemaris B.aq.-5(5 ), B.
rDNA =97%, marisflavi B.ma.-2(5 ), B. baekryungensis
, 91 (Bacillus) B.ba.-1(6 ) B.ba.-2(5 ),
(Halobacillus)2 5.5%—8.8%
85 (2, Cluster]1-Cluster9
Cluster11): B. marisflavi B. baekryungensis H. blutaparonensis
B. aquaemaris B. pumilu B. firmus B. megaterium 50m 5 ., B.
B .catenulatus B. vietnamensis B. cereus B. halo- marisflavi 50m
denitrificans; (Cluster10) 6 H. , B. aquaemaris
blutaparonensis 1 3 , 200m B. baekryungensis  B. pumilu
#3 FHENHEREPEFRARNIFE ML
Tab.3 Diversity of spore-forming bacteria in sediments below fish-cage
oo A B C
B. marisflavi BI5 AF483624 (T) 98 14 10 1 25
B. baekryungensis A30 AF541965 (T) 98 7 6 3 16
B. aquaemaris A21 AF483625 (T) 98 5 1 6 12
B. pumilu B9 AF234854 (T) 98 4 3 5 12
B. firmus A8 BACI16SRRO3 (T) 98 6 2 0 8
B. megaterium C17 AB334764 100 0 1 3 4
B. catenulatus C23 AY523411 (T) 98 1 0 2 3
B. vietnamensis A22 AB099708 (T) 99 2 0 1 3
B. cereus A6 AB271745 (T) 98 1 0 0 1
B. halodenitrificans A26 ABO021186 99 1 0 0 1
H. blutaparonensis C30 DQ058358 (T) 98 0 5 1 6
41 28 22 91

: ““B.””7

Bacillus, ““H.”~

Halobacillus, T
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32 A22(EU746417)

93| Bacillus vietnamensis(AB099708)

C19(EU661790) Clusterl B.

74! A24(EUT46419) firmus  B. pumilu B.

A23(EU746418)

A33(EU809481)

C7(EU621388) 3 B. firmus;
Bacillus aqguaemaris(AF483625) | Cluster2

A21(EU746416) . .
75
79 EL—B?(EUéGIB]S) B. marisflavi B.
77 C1(EU661786) aquaemaris;
B5(EU621387) H,S
A18(EU621386) . )
o3| [ BI6(EUT46425) B. pumilu B. aguaemaris
661 B15(EU746424) Cluster3 B. firmus
69 | A15(EU621382)
741 Bacillus marisflavi(AF483624) 3
100 —— A7(EU621384) :I
L— Bacillus Sirmus(D16268) Cluster5
100 | A6(EU621383)
70 | Bacillus cereus(AB271745) |Cluster4 >

100 | B32(EU661811)
62 | Bacillus megaterium(X60629) Cluster6

53] 100 1 A28(EU661798)
LBaciﬂuspumiiu(AF234854) Cluster?
97 — A36(EUT46421)
100! Bacillus catenulatus(AY523411)
A26(EU809474) ] Cluster9
59 C30(EU661796)
]_|—_1317(EU66130?)
100| | Halobacillus blutaparonensis(DQ058358)
76 B1(EU661812) ’
72 71— B4(FJ447539)

71| "A11(EU661802)

Bacillus baekryungensis(AF541965)
Clusterl1

00 52 A30(EU661800) >
I_EC29(EU661T95)
65

A2(EU809477)

35

marisflavi,
87

B. marisflavi

]Clustcrg

66

Cluster10

0.005

2 16S rDNA >

Fig.2 Phylogenetic tree based on the 16S rDNA fragment of representative strains of ,

spore-forming bacteria
b

(2007)
, : PCR-DGGE ,

2.4

DGGE

( )  HS, , , PCR-DGGE 64

>
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R4 FERAEMARELNERSES T 30 (, 2007),
Tab.4 Distribution of intra-species phylotypes of spore-forming
bacteria
( ) ; ,
, Bacillus  Vibrio
B. aquaemaris B.ag.-1 A21 98.6 3
B.aqg.-2 A23 98.4 1
B.ag.-3 A33 98.3 1
B.ag.-4 B7 98.3 1
B.ag.-5 Cl 98.6 5 >
B.aq.-6 c7 98.0 1
B. marisflavi B.ma.-1 Al8 99.5 15 (Aguado et al, 2004; Yokoyama, 2003),
B.ma.-2 BIS 99.5 5 , ,
B.ma.-3 BS 99.0 2 ,
B.ma.-4 B15 99.5 1
B.ma.-5 B16 99.8 1
B .baekryungensis B.ba.-1 A30 100.0 6
B.ba.-2 All 99.8 5
B.ba.-3 B4 99.7 1 ’
B.ba.-4 C29 99.1 1 ’
B.ba.-5 A2 99.3 3 > 4
B. vietnamensis B.vi.-1 A22 99.7 1 s
B.vi.-2 A24 99.4 1 B. marisflavi , ,
B.vi.-3 C19 99.4 1
H. blutaparonensis ~ H.bl.-1 B1 100.0 3 ,
H.bl.-2 B17 99.5 2
H.bl.-3 C30 98.4 1 ’
B.pumilu B.pu.-1 B9 99.4 12 ’
(%) ’
(2004a, b, c)
H,S,
s R 16S
R s rDNA ( 16S rRNA
, ) , B. aquaemaris,
16StDNA DGGE
EHFRAREAE T E. B, WIS tLE)
Tab.5 Use of compounds containing N, P, or S by spore-forming bacteria
(%) %) HS (%)
A 17.1 9.8 56.1
10.7 25.0 53.6
C 9.1 18.2 36.4
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DIVERSITY OF SPORE-FORMING BACTERIA IN MARINE SEDIMENTS
BELOW FISH-CAGE

WEN Dan, ZHANG De-Min, CHU Hang

(Key Laboratory of Applied Marine Biotechnology, Ministry of Education, Faculty of Life Science and Biotechnology,
Ningbo University, Ningbo, 315211)

Abstract Spore-forming bacteria have been widely studied for their capability to secrete various extracellular enzymes
such as proteaes, amylase etc., but less for their distribution and ecological roles in natural environment. The diversity of
spore-forming bacteria in marine sediments of cage culture area were investigated in this paper. Results indicate that the
proportion of spore-forming bacteria in sediment just below cage is as much as 50% of culturable heterotrophic bacteria.
Distant from cage, the proportion of spore-forming bacteria reduces significantly. At a place 200m distant, the proportion
dropped to 17%. Ninety one strains of spore-forming bacteria in three localities were isolated. Based on the sequences of
16S rRNA gene, these bacteria can be grouped into 2 genera. Of the 91 strains, 85 belong to Bacillus, including 10 species,
25 phylotypes; six strains are from 1 species of Halobacillus, containing 3 phylotypes. B. marisflavi, B. baekryungensis, B.
aquaemaris and B. pumilu are dominant groups. As ecological function, about half of the spore-forming bacteria can me-
tabolize sulfide, some can reduce nitrate or break down phosphate compound, and only 3 strains can reduce nitrite.

Key words Spore-forming bacteria, Marine cage culture, Sediment, 16s rRNA gene, Diversity



