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(CZB) uIEFRHZ i 259 (CZN) it 3% 5=
P25 Wl RE (CHB) SR 05 02 5 i A
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1.4 MFEREEEFRME 16S rDNA PCR #1718

HUAS B S o3 0 BT KRR R o, 78 43 B
JE S min AR SL 5] K. ] TG AR BEER KO0 AR
VTR RS LR B 2 1 x 107°, F eI R 7 2 IR %
KRB EEAREN 30s. BEHL 1 x107° 1 x 1077 .1 x
107 1 x107° 1 x 107°5 />y BE RS BE RE S 4% 100
mm’ YA 2216E AR, 28°C 441 PR 5 d, 4k
ETE3ANEL.S d W&, gl w
PR BE 30 ~300 AN FAR , BEALPEERL 40 A4~ BLTR
JFg*5 76 2216 E #5553 I 2R 4 &5 44k, |
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-80°C#H.
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filt. 519K 3E BB W 27F ;5 -AGAGTTTGATCCTG-
GCTCAG-3",1492R ; 5'-TACGGCTACCTTGTTACGAC
TT-3',PCR #3445k /7 : 94°C5 min;94°C30s,55%C
30s,72°C 90s, H 4 35 ¥K;72°C 7 min.
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A2%) NCBI (1) GenBank A% 1 2 J¥ 51 5 4# J7. 0
MEGA4. 1 BB SR AHHEE AT R L B o HT.
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2.1 BEBRARSHERREY

M2 Ao R FEASE Y e B A7 2 14 i 1 P S0
P33 451 BRANT , NEEAHE S h BEBLEEIE 40 > ERLTH
%, 48 16S Mg KPR S H bk, 153 78 ARl 4N
W, 738 20 R 4 DB T, 40 A
[ (Bacteroidete ) A5 [ ] ( Proteobacteria ) | JEEB¥ T
["J( Firmicutes ) . i 2k & ] ( Actinobacteria ) . i 3 73
FEPT RIS IE R 3 AT 150 AR TR 1T (Acti-
nobacteria) | 28 7 & |] ( Proteobacteria ) ., J& B 1 |
(Firmicutes) , /5 b330 0. 95% .62. 56% 36. 49%
(£ ). EmERBITRSHEREEA 3 D150
WA 2R FZ 5 1) ( Proteobacteria ) | J& 8% & [ ] ( Firmi-
cutes) . 8l #F B '] ( Bacteroidete ) , 5 Ft 43 5l M
92.08% .1.67% .6.25%.
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Tab.1 Bacterium abundance of the Phylum from the samples

F R/ %
W LGOS HIESRGE O S
A5FE #17] ( Proteobacteria) 92. 08 62. 56
TZR 1] ( Actinobacteria) 0. 00 0.95
JEEETR ] ( Firmicutes ) 1.67 36. 49
PUFF 1] ( Bacteroidete ) 6.25 0.00

2.2 WThFAEER GRS HFIE A E A A E A
VR
2.2.1 WMBHRBAZRNAMEGABES>A  MIbIE
FRIA PRI S 10 I 38 P9 343 B S 1S 51 211 R TA, 43
J&F 11 ANJE 49 AFh, BT )7 51 4% 5 NCBL Rl
JRE(CQB) L4535 19 ¥RIE, 438 9 M@ (3R 2).
B ESRFE AT RIS 10 i B BE - (COB) 43 545
£ 9 @, IR NP (CON) 43 B (1 2 0 24T
)& (Bacillus ) , 5 F 0 81% , N R N 254 (CZN)
A B B IR (Vibrio ) (5 HEh 94.3% (3R 3).
INEE R EAUAT R | 5k 2 B R (Halobacillus )
P IE TR FE 05 S W N 7 B .
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Tab.2  Distribution of the intestinal flora of sea cucumber cultured in ponds

B L B B Pk A~ J&E/A NCBI 7315
COB 34 19 9 KR347210—KR347240 , KT023500—KT023502
CON 32 14 4 KR347298—KR347303 , KR347305—KR347318 ,

KR347320—KR347322 ,KT023553—KT023558

CZB 39 17 6 KR347323—KR347345 ,KT023503—KT023518
CZN 35 11 2 KR347241—KR347272 ,KT023519—KT023520 , KT023559
CHB 35 11 4 KR347273—KR347297 ,KT023541—KT023550
CHN 36 14 4 KR347175—KR347209 ,KT023551

Bt 211 49 11
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Tab.3 Flora abundance in different parts of intestine of sea cucumber in ponds

FE/ %
e

COB CON CZB CZN CHB CHN
I J& ( Vibrio) 47.0 9.5 41.0 94.3 65.5 66. 6
ZEAFT & ( Bacillus ) 5.9 81.0 2.6 0.0 8.6 2.8
&Y P I J& ( Psychromonas) 2.9 0.0 0.0 0.0 0.0 0.0
3 AT & (Halobacillus ) 14.9 6.4 33.0 5.7 23.0 25.0
FEIMERZE & ( Microbulbifer) 8.8 3.1 0.0 0.0 2.9 0.0
WK IBHT & ( Thalassobacillus ) 2.9 0.0 0.0 0.0 0.0 0.0
L5 [ & ( Nocardiopsis ) 0.0 0.0 2.7 0.0 0.0 0.0
RZEHFTH ( Pontibacillus ) 0.0 0.0 0.0 0.0 0.0 5.6
Thalassomonas J& 5.9 0.0 7.7 0.0 0.0 0.0
Octadecabacter & 2.9 0.0 0.0 0.0 0.0 0.0
4% 25 1 @ ( Streptomyces) 2.9 0.0 0.0 0.0 0.0 0.0
BT & (Virgibacillus ) 5.9 0.0 0.0 0.0 0.0 0.0
SR R (Aliivibrio ) 0.0 0.0 13.0 0.0 0.0 0.0

2,22 HERAGRAHEGAFESA WL 20 FE,MET 7 R, MRG0 EE_EAUR
FRIEDT RIS R oy B IR AT 2] 240 BRI, 70 )@ 11 0B R0 9 el R TN & (Vibrio) .
AN 34 AR (R4 B 1) RN N T B TR
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Tab.4  Distribution of intestinal flora in sea cucumber insuspension cage

A R Bk M4 JE %A NCBL #4115

HQB 32 11 5 KR270229—KR270255 ,KT023529—KT023532 ,KT023560
HQN 49 9 3 KR270283—KR270328 ,KT023533—KT023534 ,KT023561
HZB 31 16 6 KR270256—KR270282 ,KT023535—KT023537 ,KT023562
HZN 44 11 3 KR270110—KR270149 ,KT023538—KT023540 , KT023563
HHB 39 9 1 KR270192—KR270228 ,KT023521—KT023522

HHN 45 20 7 KR270153—KR270191 ,KT023523—KT023528

At 240 34 11
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Bacillus sp.CHN-13(KR347184)

Halobacillus halophilus CQB-11(KR347218)
Bacillus vietnamensis CHB-1(KT023541)
Halobacillus trueperi CHB-4(KT023542)
Halobacillus kuroshimensis CHB-26(KT023542)
Halobacillus dabanensis CZB-9(KR347331)
Halobacillus salinus CHB-12(KT023543)
Halobacillus mangrovi CHB-21(KT023545)
Halobacillus alkaliphilus CQB-14(KR347221)
Halobacillus sp. CZB-14 (KR347334)
Virgibacillus dokdonensis CHB-29(KT023549)
Virgibacillus pantothenticus CQB-32(KR347234)
Pontibacillus chungwhensis CHN-11(KR347182).
Bacillus megaterium CQN-28(KR347314)
Bacillus sonorensis CQN-15(KR347306)
Bacillus subtilis CQN-39 (KR347319)
Streptomyces fradiae CQB-22(KR347226)
Nocardiopsis lucentensis CQB-27(KR347230)
Microbulbifer salipaludis CHB-22(KR347285)
Microbulbifer maritimus CQB-4128-1(KR347239
Psychrobacter nivimaris CQB-4 (KR347212)
Thalassomonas sp. CQB-17(KR347224)
Thalassomonas sp. CQB-21(KR347225)
Aliivibrio fischeri CZB-11(KT023503)

Vibrio fischeri CZB-28(KT023509)

Vibrio crassostreae CHN-28(KR347198)
Vibrio splendidus CHN-30 (KR347199)

Vibrio comitans CZB-22(KT023506)

Vibrio natriegens CHB-9(KR347278)

Vibrio alginolyticus CQB-31(KT023501)
Vibrio azureus CZN-1(KR347241)

Bacillus firmus CQN-18(KR347309)

Bacillus infantis CQN-9 (KR347302)

Bacillus jeotgali CQB-24(KR347228)

Bacillus aquimaris CQN-3(KT023553)
Bacillus aryabhattai CQN-24(KR347312)
Bacillus amyloliquefaciens CQN-2 (KT023552
Bacillus licheniformis CQN-22(KT023555)
Halobacillus sp. CZB-19(KR347336)
Thalassobacillus devorans CZB-8(KR347330)
Octadecabacter sp.CQB-13(KR347220)

Vibrio ponticus CQB-12(KR347219)

Vibrio sp. CQB-38(KR347237)

Vibrio sinaloensis CHN-9(KT023551)

Vibrio nereis CQN-16(KR347307)

Vibrio owensii CHN-25(KR347195)

Vibrio harveyi CZB-21(KR347338)

Vibrio diabolicus CZN-39(KT023520)

Vibrio parahaemolyticus CHB-39(KR347296)

Vibrio neocaledonicus CZN-17(KR347255)
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Fig. 1 Phylogenetic tree of the intestinal flora of sea cucumber cultured in ponds
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FEoh 100% (5 B 2) . 9IG Ja 7 He Al iz 38 38 0 #B
SEPCHBRE. T L 7 TE SR 5005 0 2 10 i N )
Oy B AR B R A AT B, M I A R ) s 2

Lacinutrix J&. 43 B9 2 /) 40 E A [\, 30 B B A58 407
FEAE 40 T BEXTIEE I 3 28 FR 5E )5 0 2 38 (1) S BE
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Tab.5 Flora abundance in different parts ofsea cucumber cultured in raft culture

FPE/ %
Vi

HQB HOQN HZB HZN HHB HHN
9 & ( Vibrio) 81.0 96.0 64.5 90.9 100. 0 64.6
Formosa J& 3.1 2.0 12.9 0.0 0.0 11.0
Fiv FLEC T & ( Shewanella) 6.4 2.0 9.7 0.0 0.0 11.0
AR H (Alteromonadales ) 6.4 0.0 3.2 0.0 0.0 2.2
SETEHT H B ( Bacillus ) 0.0 0.0 0.0 6.8 0.0 0.0
Wi £F- 2k 1 J& ( Cellulophaga) 3.1 0.0 0.0 0.0 0.0 4.5
WU 1 s ( Agarivorans ) 0.0 0.0 6.5 0.0 0.0 0.0
& Y5 BT ( Psychromonas ) 0.0 0.0 0.0 0.0 0.0 4.5
E AL TEAT R (Halobacillus ) 0.0 0.0 0.0 2.3 0.0 0.0
Lacinutrix J& 0.0 0.0 0.0 0.0 0.0 2.2
LR K& (Ruegeria) 0.0 0.0 3.2 0.0 0.0 0.0

WL GE R TR R AR e X R B I 2 1
TE A, I 2 Fh e 5 B ) e 78 05 000 2 1 g 1
WALIPBSAG R 451 ARAN R, o3 4 DT, 2090
25 i 1) ( Proteobacteria ) | il 2% 17 ] ( Actinobacte-
ria) | J5 BE B [ ( Firmicutes ) | ) # 1 [7] ( Bacte-
roidete ) ,20 NAN[F] Y JE 76 SN . Ho, DA
R SRR 05 R 2 1 3 PR 3 B M E TR 240 B
A 1LAE 34 AR Rl D 3% 57 56 05 4 2 18
NI EE S E 211 BRIEMRA 11 18,49 AR R

3 9he

2 T g R 2 0 T8 B RE A5 A AP TE R R 22
5, FLIF— 0 i 2 1 18 -5 53 22 18] 0% TR 7 205 4 o A
TERCR I 22 5. TERG IR SE (2016) X B A% 005 1 2 14
B AT AT SE o & BRAUAT 18 1T Formosa
JETEE I o5 A e A SE A I 2 3 Y
HI 5 &K B Formosa J& , Forb 5 N &) &
M ZH 5 BRE R 2 N Fh Formosa arctica . Formosa
undariae. Formosa J@& &4 iy Ivanova 4% (2004 )
BRBMIE" Rk S IR, % R PR i
ThLRERE M ORE S AR R b I S SR 2
A4l rh o0 2 T PR IR s o A e Y L i
M IEFRFER AV RO 7 R IR 2, B —
WA RS B0 2 1) 1 T8 TR A0 =F 8 B, HLIRE Y

B I IR R S W E R =TT, 2090
MLk 1] ( Actinobacteria ) 28 B 1 | ] ( Proteobacte-
ria) JERER ] (Firmicutes ) , 2 TE BT o5 HUEE 1Y
NG R JERER ] 7 R R ST T s . )R
BEG T eI N A A R, A B T 18 120 A
B FRYI T, 2o 55 T 453 IR At it A O ke PR 7 JE B T
[N P B R BT 2R AT B B AN 2 N 25
AT A BT A R A

77 R 2 i 308 AN [ (A5 1) i TR R 45 ) e A
[E] . N EFRAE O R S W ImE N o s 8] TZ 1
SV , 1M 88 SN (Vibrio alginolyticus ) |\ Jill 2 5K
(V. splendidus ) %5 22 7K 7 37 58 v (4995 JEL 7T E ¥ |
FRIRY RS 22 LD M Ay =, T i 3% 77 4 05
ZIE HIMR G IR0, 10 BRI LIt S ik e o &
PR, XA T A RO A i 1 2 U o, TR R
R S 2% , R S T A R A ik . 0 A i B 25
(2016 ) 55 it A ) % 57 s 7] 24 300 b 35 005 0 2 Mg i
AT L B3R Y AT
i 1 7 PO 2R AT A K S AR D i
TR A5 258 g S KR Y 4 R e W] A
K7 FRFE AT DL AN 2 AEAT s A K A DL K s il
R H ], I LT AR A B A AR, AT K
TR i) Decamp 45 (2008 ) BF5E T 2F 1
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Vibrio comitans HHB-3 KT023522)
100~ Vibrio furnissii HZN-22(KR270125)
Vibrio sp. HHN-5(KT023523)

o Vibrio furnissii HHN-8(KR270157)
Vibrio azureus HHN-3(KR270154)
1% Vibrio parahaemolyticus HZN-33(KR270133)

™ Vibrio gallaecicus HQB-12(KR270238)

Vibrio cortegadensis HQB-31(KT023532)

68

5 Vibrio aestuarianus HQB-9(KT023560)
90

o0 Vibrio tasmaniensis HZN-25(KR270128)

Vibrio anguillarum HZN-20(KR270123)

100 Vibrio atlanticus HZN-5(KT023538)

Shewanella denitrificans HHN-25(KR270171)

74
71
Shewanella colwelliana HHN-9(KR270158)
100

Psychromonas sp. HHN-14(KR270163)
100

Ruegeria atlantica HZB-28(KR270270)

100 Halobacillus salinus HZN-1(KR270110)
100

Bacillus baekryungensis HZN-29(KT023563)

" Cellulophaga sp. HHN-44(KR270188)

100 Formosa undariae HHN-1(KR270153)

100| Formosa agariphila HZB-21(KT023536)
Lacinutrix sp. HHN-23(KT023525)

100 Formosa arctica HHN-12(KR270161)

100 | Agarivorans albus HZB-14(KR270260)

Agarivorans sp. HZB-19(KR270265)

Shewanella sp. HQB-8(KR270235)

Psychromonas arctica HHN-6(KT023524)

Alteromonadales sp. HHN-38(KR270182)
Vibrio sinaloensis HHB-28(KR270217)
Vibrio alginolyticus HHN-4(KR270155)
Vibrio scophthalmi HZB-38(KR270277)
Vibrio tapetis HZB-41(KT023562)

Vibrio gigantis HZN-40(KR270140)
Vibrio splendidus HHB-2(KR270209)
Vibrio cyclitrophicus HHN-28(KT023526)

Vibrio kanaloae HHN-45(KT023527)

Vibrio lentus HHN-49(KT023528)

0.1

K2 i BSOS E R R LT

Fig.2  Phylogenetic tree of intestinal flora of sea cucumber cultured in suspension cage

FERE I 76 BENT XS U ( Penaeus monodon ) F LYY BEXTHR ( Litopenaeus vannamer) 7 Wi A= 7 Fp AP
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Comparative analysis of intestinal microflora sea cucumber cultivated
in ponds and sea suspension cages

LU Zhen', YANG Qiu-hua®, HUANG Rui-fang®, LIN Qi’, HE Li-bin®, GE Hui’, ZHOU Chen®, DU Hong'
(1. Department of Biology, Shantou University, Shantou 515063 ,China; 2. Fisheries Research Institute of Fujian Province,
Key Laboratory of Cultivation and High-value Utilization of Marine Organisms in Fujian, Xiamen 361013, China)

Abstract ; The intestinal flora is essential in shaping many of its host’s functional attributes . The microbial communi-
ty structure in gut,including anterior intestine ,middle intestine and posterior intestine of sea cucumber ( Aposticho-
pus japonicus) , was studied by 16S rDNA sequence analysis. The results showed that 240 strains were identified
from A. japonicus in suspension cage closely relating to 3 Phylum, 11 genera and 34 different species. from the cul-
tivated sea cucumbers in suspension cage. Similarly, 211 strains were relating to 3 Phylum, 11 genera and 49 dif-
ferent species from the sea cucumbers in ponds. The structures of flora were quite different between each part of in-
testinal, and microflora populations of the entire gut and between the sea cucumbers from ponds and suspension
cage were quite different. Vibrio, Formosa and Shewanella were predominant flora in the gut of sea cucumber in
suspension cage. Vibrio, Bacillus and Halophilous were predominant flora the gut of sea cucumber from in pond.
There were 7 bacteria, which not only existed in the intestinal of sea cucumber in ponds but also existed in the gut
of sea cucumber from suspension cage. However they dwelled in different parts of intestines. The species abun-
dance in the gut of sea cucumber from ponds was significantly higher than those in suspension cage. The number of
Bacillus and other probiotics were also higher.

Key words : marine biology ; Apostichopus japonicus; 16S rDNA ; intestinal microflora; pond culture; sea suspension
cage culture
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