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The amount and community composition of bacteria in the co-culture

system of Apostichopus japonicus and Gracilaria lemanei formis
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ABSTRACT The variation of amount and community composition of bacteria in the sea water
and sediments of monoculture (A postichopus japonicus) and co-culture systems (A. japonicus
co-cultured with Gracilaria lemanei formis) were evaluated. The total numbers of bacteria
(2.14X10°~4.27 X10°cells/ml) in the bottom water of the monoculture and co-culture sys-
tems increased during the period of the experiment. The bacteria numbers in the surface sedi-
ments ranged from 1.55 X10%to 3. 39 X10%cells/gdw in the systems, which were much higher
than those in the bottom sea water. UPMGA cluster analysis of DGGE fingerprint from sedi-
ments revealed the bacterial community in the same sampling date had higher similarity than

those in different sampling dates. Phylogenetic analysis showed that the dominant bacteria of
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the sediment in the monoculture and co-culture systems belong to a-proteobacteria, Yy-pro-
teobacteria, d-proteobacteria and bacteroidetes.
KEY WORDS Apostichopus japonicus Gracilaria lemanei formis
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SEHG T 2010 4E 5 4 19 H~7 J1 7 H AR ZR 4 30 Ll vl ) 2 3R 50 o9 6 AT o TR B P WL AR AR S R R B ]
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SCEGHHTAI K IR R 17. 2~30. 1 C, b BEE 31. 96~32. 86 Z [a], pH {HASfL{E N 7. 09~8.51, 7K. £h
H1 pH 245 b7 48 F 25 B YST-556 %K J5 43 A 30 300 <2



#a # RS S e SRR IR A ST b AR BB 5 TR AL 91

1.3 KEMBEHENE

B 7K A 20 T R e 0 S SR T Y BE RS AT Bk . IS ol [ SR K AR A T ml (0. 156) B BERE L 4 3 min,
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341f (57- CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG GCC TAC GGG AGG
CAG CAG-3’) (Muyzer et al. 1993) f1 907r (5’-CCGTCAATTCMTTTGAGTTT-3") (Alawi et al.
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1.8 16S rDNA F 54547

JF A% 7 49 BLAST 2 )5 #E47 R J2E LX) . 3R 15 5 A B 5% 45 7 40 RE AL PE S5 8 19 0 41 o o 3 28 7 3] 5 AR
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H TR E (P<<0.05),6 A 17 H 180 AbH 24 40 g $it 2 25 w5 00 4 80 10 200 7 ik SO e, 1360 b B
2R 1) 240 T 5 A S i R PP R L 7 S B 8 RN 2 R TR AR (L (P<<0. 05)
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Table 1 The growth performance of A. japonicus and G. lemanei formis

HlZ A, japonicus WM G. lemanei formis
gﬂ%u S 5 5 S > > Sy
Group I -3 LV E KR EIN R N L g R
Initial wet weight(g)  Final wet weight(g) SGR(%/d) Initial wet weight(g)  Final wet weight(g) SGR(%/d)
Lo 8.01+£0.02 18.62+1.29 0.99+0.08 / / /
1.180 8.02+0.01 17.47+0. 37 1.03+0.04 405.06+6.23 685.21+238.61 1.01+0.70
1360 8.01+0.01 18.63+2.49 1.1740.13 810. 26+8. 94 1242.084102.75 0.89+0.18
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6 H 17 HAI7 A 7 HARERED H i 2 R 4058 IR 7= R A UUR P ) 40 s 8 WLl 2. 6 17 H L0, L1180,
1360 &b B ZH 1 20 B 55 & 4 31 3. 39X 10% 1. 55X 10° . 1. 56 X 10° cells/gdw,7 H 7 H L0.L180.L360 4hHH4l
() 4N B B0 4 5 1. 61X 10° 1. 89X 10% 3. 32X 10° cells/gdw.,
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Note: In the same treatment the same letter within columns

2 12 15 13210 35 4 50 U0 R ) 40 1 00 50 1 7
represents no significant difference (P>>0. 05) & S e R IR FE 2 G UT R W 4 1 s Rk e A Ak

B 5 e iR 5 2 5 Sk U 4 B 5 AL Fig. 2 The total number of bacteria from sediment

. . . in the co-culture system of A. japonicus
Fig. 1 The total number of bacteria from bottom water in the Y Jap

. . . . . and G. lemanei formis
co-culture system of A. japonicus and G. lemanei formis -
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KA :6 A 17 HRITAREMRBES D03 .7 H 7 HBITAREMRES — s b, 6 A 17 HIY
B3 SIS B TR LB N BRSO3 O — FR . 3 BRI 2 50 5% AL 0 A TR T 2T 0O ) BE e v 5 L180-2 AN
L180-3 F) 240 14 4L A (BLBE AR 55 (86 20) fH 5 L180-1 AYAR B BE B AR 5 LU AR 1T 5+ 1360 Jub FH £ 1A 240 1 261 J 43 AFH 1)
JE Ak,

2.5 IR E 16S rDNA F 5547

WS RARIRFERGE VY AT 16S rDNA V3 X EEE Bt 4 DGGE 435 & 1 %), L5 5) 32 4
DGGE £%i7 o ¥ 45 dEAT sw e VI . A5 3] 4 )2 81 K /INTE 559 ~589 bp JEFIN .
B T 15 7 51 4 A GenBank. F Blast B2 7 gET K R AR JRME g . 25 SR 60 . o R 22 B M A0 9 34 ol ok
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Fig. 3 UPGMA cluster analysis of bacterial community from the sediments in

the co-culture system of A. japonicus and G. Lemanei formis

2.6 WIMYIAE 16S rDNA RELEHH

RGO E o (B O] LUE AR 19 32 25779 3 5 T8 T 4 A0 283 A 18 49 (Bacteroidetes) | y-
I 1 4M (y-proteobacteria) . 3-8 B B 4X (5-proteobacteria) fl o2 FE & 44 (a-proteobacteria) » H tf 16 45 % 3]
(hyl.hy2.hy3.hy4.hy6.hy8.hy9. . hyl2 . hyl3.hyl4.hyl5.hyl6.hyl8.hyl9.hy20 hy25) & FHIFFHE 40,10 £
J¥ 51 (hyl1,hy21, hy23. hy24 . hy26,hy29., hy30.hy31.hy32 hy34) & T v IH H M. 3 5% 5 Chy22, hy27,
hy33) J& T oI W44, 1 275 (hy28) & T o« LI RN .

3 itig
3.1 RSEAERFAECHAFRLSE

S 6 00 5] BT PAYJEG S A TR R B R RO TE 2. 14 X 10° ~ 4. 27 X 10° cells/ml Z Al @& 524 WA
(2010) ¥ A5 A K A Z 15 00 2 37 B 1t 91V 2 7K TR ) 440 7 800 7 AH ) A i . 5 L ZR I 3 T S B A5 L BRI T
JRE U 6 T B W I CT 70 /N B 0 TR T 5 0 R SRR ) B 2 Bk 2 0 e A o A LR XY (O Bl A T
2.74X10°~9. 60X 10°cells/ml A1 1. 76 X 10° ~5. 26 X 10°cells/ml Z [A]) GIX =ZE 4 2005;5¢ & 2008),
X — 2 SR R T SR P R 0 A 1) SR 2 5% Bl 98 K P 240 PR R0 (10. 8 X107 ~3. 22X 10" cells/mlD) (S g 6 45
2010),

TEFR VR 2 B TR GRS (8] O S L R FE /I M S 55 A e S 0 I R 5 (R i 745 19955 5% 4 1994).,
AWEFEAE 5~T7 A FEAT  SL50 07 6] L R 2 57 21 K A [R] T LU A ) 2 e 0 SR TR 7 ALK A v 240 T 500 6 22 094 o 3
S 301 ) TE A K b TR B SR B R K SE ST BRI A 17. 2 CIE T BT B SLIREE AR Y 30. 1 C LK T
72 AT REJE T | R SR /K PR 200 T R Y — A 22 R B A AR 25 3 I 77 B K MR 9 40 1 80 B Kl 14 7 i i
T SFAE 19945 2R E5F 2002; 0BEMESE 2010), R EERMAG TOKERSE IS W5 IR 51
PR BTt Wy OGP R KR b SR SR S A BB O B B A T A R K AR 2 BT
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99[ hy1l
U gamma
hy29
8 o9 Uncultured bacterium clone Tetlect2A1 (EU290175.1)

clone Belgica2005/10-130-6 (DQ351754.1)

hy32
99" Uncultured Pseudomonas sp. clone VHS-B4-54 (DQ395002.1)
99 hy26
Ferrimonas marina strain A4D-4 (AB193751.1)
hy34

98" Uncultured bacterium clone Tetlect2A10 (EU290218.1) Gamma proteobacterium

5hy24
U'Uncultured bacterium clone S1-33 (FJ545463.1)
hy31

hy21

Haliea sp. SY02 (GU124598.1)

100] hy30
73" Uncultured gamma proteobacterium clone Belgica2005/10-140-11 (DQ351790.1)

— Saccharophagus degradans 2-40 (AF055269.1)

69| hy23

100]hy22
Uncultured marine bacterium clonc SHBH1141 (GQ350776.1)

hy27
99|y Delta proteobacterium

Uncultured delta proteobacterium clone Y137 (AB116431.1)

80| 100 hy33
99" Uncultured delta proteobacterium clone YS-UMF5_122 (DQ901618.1)

100| hy5
100 Uncultured bacterium clone A8W_138 (GU969274.1)

Uncultured bacterium clone TSNIR002_G11 (AB487260.1)

o s8 I: hyl7
U low G+C Gram-positi ium PICO pp37 Rainbow 146 (AJ969455.1)

80 hy10
72 hy?
100" Uncultured bacterium clone RefT10_H06 (GQ413688.1)

100[ hy28 "
Alpha proteobacteria
Rhodobacterales bacterium CB1025 (FJ869044.1)

83[ hy4

891 hy18

51 Uncultured Bacteroidetes bacterium clone 70mos_0s_F4 (GQ261768.1)
100 {ypcultured bacterium clone Cim1-42 (GQ246379.1)

hy20
Uncultured Bacteroidetes bacterium clone 302 (DQ482736.1)

79 100[ hy2
Uncultured Bacteroidetes/Chlorobi group bacterium clone $1021806_100TB (FJ615160.1)

100
hyl4
Marine bacterium K20-20 (GU949542.1)

hyé

of by9
Io| Uncultured bacterium clone s73 (AY171315.1)
E:' hyl6 Bacteroidetes
100" Uncultured bacterium clone PropaneSIP5-6-03 (GU584645.1)
o 120 hyl3
Uncultured Bacteroidetes bacterium clone 7mos_10s_ES (GQ261777.1)

100]hy1
0/

10

9.

by

7 hy19
100" Uncultured bacterium clone TFC20LS5 (EU362315.1)
0| hy25

Uncultured bacterium clone HB2-46-16 (DQ334636.1)

100]by8
Uncultured Bacteroidetes bacterium clone Sylt 9 (AM040105.1)

Uncultured bacterium clone tet2ect2E4 (EU290343.1)

hyl5
99% Olleya sp. 204Z-30 (GU584182.1)

0.2

T RAL BT R Bootstrap 1 000 AN B ¥ 45 BE (R SR 7E 50 %0 LA B9 B A5 D
Bootstrap test was based on 1,000 replicates and the bootstrap values less than 50% were omitted
4 RS RAERIRFRZTIRY MR 16S rDNA RERF W
Fig. 4 Phylogenetic analyses of bacterial 16S rDNA V3 fragments retrieved from DGGE bands of the

sediments in the co-culture system of A. japonicus and G. lemanei formis
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TE 5 56 25 AR R 5% e 03 M e 22 (1360 4D 14y Fl Rl JE 22 /K AR 1) 240 7 5 iy 17 0 2 B R 241 1180 LY iR
JEK B A0 RO AR TR S R T R 2R X S5 R X 40 B 5 £ AT RE R TSR AR
AWy v X SR R R B TR R AR G K A T Y S SR A R DI R R A R R I SRR A R AE 5 T 16 H~6 1 26 Hl
BeA W% 22 5 CREROIR A 2002)  SRTTE] 7 G Hh [ X B 8 B8 1R % 28 e /K K v i) S 5% 400 7 O B R 7R 3k
I T TR B0 AR T X R B R (R AR IR A 2002) 5 MR-BR TR SR AK R LA R UR-2 R 3R R GE KR h S R Al
B 14 R BEAE L A A R (BRI R A5 1997) AR5 70 DA Ol FR SRR 2 v o HILD A 5 R 2 ) 57 5 A
SE 7 —H BB T,

3.2 mERMHAREAMK

6 17 HF 7 A 7 HASERIZ A0S B L 1 9% 56 & g0 N OUER Y b 9 40 B R 7E 1. 55 X 10° ~ 3. 39 X 10°
cells/gdw Z [H] + bt 7K A o (1 240 81 8508 0 0 BRCEE , FLAN V58 0T AR 53 1t i 0 FR ) v R % 3 S % A0 T 00 o
FoK PR g 2~3 B (1. 0X10°~2. 2 X107 CFU/g) (ZERRFESE 2009) . v [ 3 R 1 28 VS 55 0t 395 i U8
T ] B IR S SR A A S T ROK P R L ~2 DR (T AR EE N 1. 07 X 10°CFU/ @) (ko5 5§

2002; 48] A 4F 2006

M DGGE B ) UPGMA Bk 4549 B2 40 A B AT LA 1 R RIRFERE ) (6 H 17 H .7 A 7 H) TR Y)
2 TR 2 B 25 S R K T 2 S KT A ) Ak B 1) 400 TR 2 25 S . T TR VR R SR R R AT B 30 d I Y T AR A
HL R 2 B SR 5 RS e S TR SR Ak P 2H A DDA ) 2 22 S R TR 2 B 3 2 VN A R s 2 ORI L B e . X
— SRR RS TR0 R G DU b 0 A0 B VR 2 R 2 KR L IR BE AR WA S 2 R R R . O I5E i S
(2010) R ] PCR-DGGE H AR T 1 AR Z2 45 A [ 2 77 5 1t I 7K 1A 19 240 T T 9% 200 B A AT i) F 9 4 SR o 3%
B A [r) JBOARE INF T 57 B 7K A 1) 200 A1 RS 9 20 B0OR A [t 37 1) 119 22 5

AMIEGE A B 0 2 BT L Rl 3R 2 g A i TR 7 LB S AR RO AR A A B R T v IR W 49 5B TP 1
oY T ARIHUAT T8 40 . ¥ 0K 35 8 2% 0 40 T AE K o UE R T X LA 40 53 A B BCR L Y I8 AT )R BE TR T
(Firmicute) MR M 145, JRFER S W SRR M EHE EZH)E T v B AN O EIR N .« ETRH
W oW AT N FIERE W CR LR . H 55 (2009) BFE A B X W 5% 48 1 0 AR 4 0 O 34 40 T
LIHIE T vBIE W WA E oL IE WA o BT A0 IR AT BN ORI T RURERE R ] . 4% AT (2007) 5@ i 16S
rDNA SCEF AR K B0 57 58 90 55 2 )2 DR ) 0 40 1 3 B A8 T 40 1 (52. 300) , ST 1 1] (Bacteroldetes,
9.3%) 7P IR (Planctomycete, 4. 7%) , J& B B 25 B (Firmicute, 1. 9%) FI i £k % 1] (Actinobacteria,
0.9%).

B2 R R P o B SRR ik 9 IBORE ot 3R 180 1 DO o £ LT AR E LU 2 VA B . BRI IR
PRSI RI AR SEZNEYREZ — (& FEE 20100 ST 700 MRER T oRE A T4H
(FEBIAR 1988) . ASEH b, Je W) 4 77 56 %5 By 360/ m” 119 F5 51 22 Gt P i 2 1 8 8 AR K A8 iy 5 T HL 52 3
G5O ZBC LR SR R AR ZUVIBRY T 8 S s . BRI 1360 A S MR E A KRR ®
A RE S UUAR M) Hh A T R A G . TS i R B BB R AR A 3R FE BR 5 K W T e e SR 8 I Vs 1
JB5 s 32 VT 1 22 06 7 14 5SS — O TV D T 2 9 W R 5L 5 — 0 T R A T A L 3 T AR b A
W R 280 T I 2 AN SRR . AR SRR WL 2 5 e SRR 77 Be S A RO R K A =S )
AVRE BT 8, 32 g B 7 T ARG 7 Y 980 28 U 84

2 X X W

T SRR K. 2009, xR IR A TORR A A0 T 35 1 ZAEME. R R IR (A ARRLE RO L 27(4) :369~374

FEREH B, K R XA 2001, R 426 T E AR R SRS, KM R, 25(1) :32~37

EEF BOEH BOHER.EFEF . FEWNA. 20060 WHI3E (Gracilaria lemanei formis) W) A 1K 36 E1E I S 5T Fe D1 HE i &0 G o
W, A A2, 26(10) 23 225~3 231

Wi, FEE B % dLEEFE BLCMEEB R RREL. 20100 B PCR-DGGE $§ 80 A 4 7 w8 8 25 0 ) 2 55 K SR B v
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WREZ AP, TR AR . (1) :82~88

W ALk AR XGRS B XD L 2006, JRZFSRAE MEVR D1 BEIR IR AR 48 T 0 AR AR BT T R, 30(12) . 72~76

4% Al 2007, A MRS GE PR BT AR W 2 A P A0 B R A S R R B T SRR T UL < BT R AR T L E O A A L8 S

ROY RS M TE L A (L M TR RERRR. 2002, MIRTRFRA S R AN Sh SRR MBF. A S 13(6) :731~734
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