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FENSERLZ M RERNTIEFAE
B IR ESMEEEEXEI T

?’J%lg EH'KZKD ?'1%13 Efﬂ%zﬁ
EANES K OEP wmAH Y oazsl?
(1. BRI S A aregbe B 2013065 2. bR A de il vl F580 & R 1 S0 ih =

TR BRI B B0 AT ST R 2660715 3. BiEEERE SE ARG E R LR E
ol R S Y A BRRE R E HE 2660715 4. T BEEES M ERAR A HE 266400)

WE  XAKR@EIESRT &, X% S (Apostichopus japonicus)F & & & i £ 4h ik i &
FREFENEREETAAERN LR G EHEFHE, 0B RSa@mtiTrFEE, s
b, #TTRSYERENEBEEN G ERTBHEMEXI N Y BRER TN AERERERR
T, EHEFOMNERTEBER. 7. BN, BRI L TEREE, AHRENE, BR
YR MERGEEANT 2 EETEREE, YERKFEES UG, BhETERDE L HEEE i,
A4 A e ks 10° CFU/g B S, B ERENTEFAE +, JUHE(Mbrio) i b H 2.2%~77.3%.
MIEEHBAN AR RERLT, BEARKTAECEL ML S, MESRLA TN ERNER,
FTEEBHERNFTHAHEEZRDE, BENRARATE L EE 65 it B4, 16SDNA K24 R
BR, FiaBleS hit B WEEN 4ANE B Fad. MMM ITERE TS, MESHRHNKT,
A M AR B XU G B T AR AR AR R R K R R RO AT R S L W AR K,
HRfMESNEUR A FEFNFES A ETT 4,

XM NS RHMAH; TEAAE; WHEESLE

FEDES S947 XEHRIEEE A XEHS  2095-9869(2019)02-0122-10

| 2 (Apostichopus japonicus), X4 iH|Z, 7E FHIX HEAES 2 —, BA RSN HSERN
opE R T L AR S RGT AR U, P EAE {H(Bordbar et al, 2011), Ff& HIZHE AW FRTHI K,

* W E KRBT BE e G 45 PERHIT BE T JEASRHIT AL 55 2% (2017GHO7; 2018GH10) ., H /K 7™ Bk AT 5 e 1 163 K
FEWTE ST T B AR B Al 55 %% (20603022016008) A1 11 7R 25 Al K Ff T2 55 R A (2017LZGCO10) I [R % B [This work was

supported by Central Public-Interest Scientific Institution Basal Research Fund, CAFS (2017GH07;2018 GH10), Special
Scientific Research Funds for Central Non-Pprofit Institutes, Yellow Sea Fisheries Research Institute, Chinese Academy of

Fishery Sciences (20603022016008), and Agriculture Seed Improvement Project of Shandong Province (2017LZGC010)]. 2= ¥,
E-mail: 362477084@qq.com

@ WIEE. B, BIPFSES, E-mail: liaomj@ysfri.ac.cn
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B BIAL Qe AT A, I HR 4 A 301 By 23
W LB, HESEHHEARE . A AR B 2R Bk

(EEIPESE, 2012, 2013; 5K SCHFRAE, 2015; #EEZIR5E,

2017), LHRIZSFRFENE W T BRI ZHHUL o
RGO AU, AR PR 19 A A 5 AR N TR
OGRS DI SC o M A 0 2 5L 300 26 7 IS0 0 D e e
ey % HE 55 B 58 T AR R S A o L Ak B SR A LA B
SCo FTAER , X TRIZ M T8 TR RS A BT N
S5, T TE N B A R LA B A2 B RIS R R S
(1 RE AL I (A A, 2012), H 550 k4% )
XK. BREXTRSWmiE . bEY RIS oK ., K

Je . B 36 #E(Gao et al, 2014a, b; Zhang et al, 2013;

AR, 2016), LLRCANFEIZESY | FRAA TR B
Z: ) 18 VR RE 25 0 T J T A G IE 9Y (R IR e 4R, 2011
ZEHEEE, 2014; WA, 2012; FIRIEE, 2015a, b),
11 O&F i 2 U & 5 4% B B AR DY U1 A 285 4 18 ik 53 oK
DLARGE . RIS RR B RS2 . BN R
. BOARGAR . OB LA . H TG RFIRES LA
B Hod, ORI M e SR, ROE 4 A
ARE, HAMFHIERMHES Z )5 B BE DT Bt
fe b e B R & A L RS AEAL, ¥R
IE W E AR TR | SRR LA T . B S PUR  RUE
BB MHSKYE . AR5 DML G577k, it
FEARN S R R E 25 By Beah i o B3R Bs (1 AT R
KR8 FK) TR B 2 5 45 0 TP AR 5T, XA 5 Y
M AT T 500, IR -, 3577 T HI=4)
A N TR R 28540 55 PR B TR R 5 A A DG M o BT, LASBIN
S AT SR 2 T A TR T T s o R R R DA B 5
B FH 5 A TR 4 2 5 07 P 28 A

1 RS
1.1 RHAENMRFERNSHERERERLLE

2017 4 3~10 A, TEINZRTE 55k 2 0k e
AR FIREM G S RS20 =, §
B K D UEHEE K o 73 5 R AR B U R A
(CX) . HEHEMERR(XX) LA S AR AZREBI(L) « 52 K588 (SIL)
JERAIR(YC) . HARAR(EZ) . RETE Sk (ZX) M & I
1 Hi%(ZS5).2 Ai%(Z2S6).4 Hi#(ZS8).6 H#(ZS10)
BHIAHES:, R, SRAE RIS & kK 7K (W)
5HEHEL),

111 ) A 4K B 18 64 SRR R 4L 32 YT R Ui 40
Tk XA IiE , BOX LA K E B8R 2 250 HKH
AN , K 3% NaCl iF i S 2wk o, %t

RITEUE , DHEE . 51K BREERR RS, IR T &
1.5% NaCl i TSA Fl TCBS Bifg 55 5L, HHRLEE 3 4
AT o X FHES IR FIAEAS , REE L S 12 h,
25 B 5 S i ECHE S W36, FH KB 3% NaCl s ik
Jaih . YERAEMIATEFRE ST | 500 . BREERRRE,
SRIGURAT TSA Fl TCBS BEfR3E SR 5L BB AL 3 P47,
URAT G IPARAE 28 CHEIRESFRA G FR 24 h, R4
TSA il TCBS HiflgHr =5 LT E, THE &R h
(18 T 55 7% 40 ARV ESORT AT B R (Mibrio) 8148

112 BHFAKRLSEHG RHER LR P&
B AR K 7 I R K 01 KORE N T 3 R R A
AR o ) B AR S A PR 32 A AR PR (U AT
B PR IR ER AR, KHL A R 4
PREEASHHI R R ORI T EM . &R ER, #ES
BF 40 10 1 RE 32 22 Sk ik A A A RE[JEORE S T R
(Scagassum) . 77 (Laminaria japonica). i D1if]
SR Ie iR &M . $59E X0 1, 5
A FEA R 1T 15 R AN B R BRI A B

1.2 BEHRMASBE. g 5R/E

WIEHEEIER | Bt . RANERE, XA R
MR B E KR RIEEAR TSA B35 3L RA5 1) n] B
TR AT A RAU A Gt SR HAT 0
alifb IR
1.3 ZHE 16S rDNA FE5IAE

AL LR % 40 DNA, KM 16S rDNA
FEYHEA TR S, FrS1¥): 27F 5'-AGAGTTTG-
ATC(C/A)TGGCTCAG-3',1492R 5'-TACGG(C/T)TA-
CCTTGTTACGACTT-3, JZ WA & K438 414 R
B FHIE Q015 ¥R = A TAEY) TR ()
AR AT, MFE5 9 R Contigexpress X
EPHEJE 5 EzBioCloud B JZE kAT A R E L X, 3
SR SRR o A S H A T A BOARE BRI R, X A5
R BRI A T B 5 255 BT o

1.4 HHESH

B P55 145 R ] SPSS 17.0 4, B
F 5 2431 (One-way ANOVA)FI Duncan’s & & 45
HATE R B EWRLE, 458V E 4 2=
(Mean=SD)#/~, P<0.05 HZESMHEE ., HRHE 163
rDNA %ELE R, Goil 45 RAE RIS 4 (RO [R] i 39
ANFIREA ) A GO, 56 T8 1 0 FOKF AU R 1B
AL XS 2 REAS A DM AT 328053 0 HT (PCA 738 o
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2 R %40 &

2 #R

21 HEABREPRFARFREAEFRARNES
3

LA TSA BEIRHRAHI B v RO AR AR 1] 15 IR 4 R
AE AT R IR 10 R 1 TR, 74 ikIT
FUHITAY 25 K T I (PRI« RAZRGER . S2H5 00 . J5iis
JUR) I SR AR R REAS I R B 3R T B SR AR s SRR A
TR ERRAR LU, T AGBORDRL, R i HARZ A
FEOIE S A AT 8 AR A TS SR AN, (HE R 90K

ik, } 10' CFU/ind.; Z#4ALBRIHES UG, HikiHE
AR RSB CRURIE N, BOESeh 10°~10° CFU/g,
IHTE 4 F S ik B I KB 9 (10° CFU/g) . A E 1
WK T 55 35 A0 R RO AR, B4R RETE— A AT
FasE 7K, A 10> CFU/ml; % TR & & R b
FERIA], 45 % T I8 R %) LAk mp P 5% % 400 R A i 22
SWE, BEEYCHN 10°~107 CFU/MmI,

LI TCBS Z5th Tt 77 A% 0 11 7 B0 45 AE AR
AL REFRONE 1 AT aE LR 2 WK 2 mT LB
TELRIF ORT 04 R & B CPERR . RS2 K5 B0 .

R1 TRIAXEHARSHEERARFERG P AIEFHES BT
Tab.1 The total number (Logarithm) of culturable bacteria in gastrointestinal tract of sea cucumber
larva at different developmental stages and its aquaculture system

KA 411 Larva B:E H7K Water 1HB} Feeds
Developmental stage (10N CFU/ind or CFU/g) (10N CFU/ml) (10N CFU/ml)
PEMR Sexual gland ---(t’f Male) S
---(Jiff Female)
bl Egg - S

ZAEEN Zygote 2.46+0.15° -

JE 5 Gastrula - 2.47+0.06° -
HoRSMAE  Auricularia 1.2940.11° 2.48+0.03° 3.88+0.20¢
BIE 4K Doliolaria 0.91+0.25¢ 2.09+0.08° 3.58+0.02°

1 A ##E2 One-month-old juvenile 7.03+0.40° 2.91£0.10° 6.320.06"
2 HitHt% Two-month-old juvenile 6.27+0.06° 2.86£0.10° 7.31£0.01°
4 A #AHEZ Four-month-old juvenile 8.10+0.19* 2.69+0.07" 5.06+0.08°
6 H#:HEZ Six-month-old juvenile 5.64+0.17¢ 1.36+0.39¢ 4.94+0.05°

" N TCIE IR Al 5 (-7 RIEIR N NT R AU W8 _EARNE PR R SRR 25 5 .3 (P<0.05),

G

113

—— Sample absence; “---” No bacterial colony was cultured; “N” represents the value in the table; Different lowercase

superscripts mean significant difference (P<0.05), the same as below

®2 TEXERPRSHFFARFERGDAERINEREGHEE) RS

Tab.2 The number (Logarithm) and proportion of culturable Vibrios in gastrointestinal tract of sea cucumber

larva at different developmental stages and its aquaculture system

R H

Developmental stage

41K Larva

(10N CFU/ind or CFU/g)

& H/K Water
(10N CFU/ml)

1} Feeds
(10N CFU/ml)

PEMF Sexual gland

5 Egg
ZHGIN Zygote
JE It Gastrula
Hk&h & Auricularia
RIE 4114 Doliolaria
1 Hi#¥HE2% One-month-old juvenile
2 A HEZ Two-month-old juvenile
4 A #5HEZ Four-month-old juvenile
6 Hit#E2% Six-month-old juvenile

---(IfE Male)
---(#f Female)

6.48+0.78% (57.2%)
6.160.08%(77.3%)
7.07+0.25%(10.6%)
4.01£0.43°(2.2%)

2.07+0.02%°(37.3%)

2.06+0.19%°(97.3%)
2.30+0.14%(24.6%)
2.00+0.13°(14.0%)
2.09+0.12%°(25.9%)

6.18+0.15(75.7%)
7.01+0.60(83.7%)




552 WA SRS R T I B D T SR A0 R BRI B R S TR AT A A 125

ZAGEN . SRR B AR R ERAR G AA . RETE 2h A
W R IR ; EIRE T RIS LG,
A3 W] 55 SR 2R3, B gk 10°~107 CFU/g,
JEAE 4 IR SR &, AR ARG, Bk, BN F
KR TR SRR A B LRI, H 2R
— NN FA E 7K (10 CEU/ml), {H AT 555500 5
AT BRI A0 TR 1) E B s K, R R 14.0%~97.3%;
&R B I TR A R, AT R SR AR 2 S
FLBRT 1~2 H R HES T b nT R 55 0 £ ks E)
10°~107 CFU/ml, H.ATEFFR9NE 5 1l 1% 35 40 5 i Ho o 4
IR 75.7%F01 83.7%51, FAMTE R AR A I 25

22 AERBEHMHENLERFERGETHK., HR)
AEFMBENIEREESER

HRE 25 S TRIRE i TSA b BT 8% 32 40 B Y Bl
WL, RIS 65 Bk, Hrh, 4k, HH
FK RN R AR R 0 27 #k . 18 AR 20
Mo HRAHHY 16S rDNA P45 4 5 EzBioCloud %
o bR E TR AR Y 16S tDNA JF 1 BT [A] IR 1 Xt 43
IS b R LA 3 Fgk 4. MR 3 Mk 4 T LIB
65 TRANF ALY ER] 3 114 40 14 )8 43 Fp, Z0)E Tk
I [ ](Actinobacteria) . JEBETR [ ] (Firmicutes) . 25T #
["J(Proteobacteria) 3 />], T2k # 49(Actinobacteria) . #f
AT E A (Bacilli) . a-Z8JE i 44(Alphaproteobacteria) . y-
ZNTE 1 4X(Gammaproteobacteria) 4 /44, LB AL HE T
B J&@ (Mibrio) . 2 0 #T B J& (Bacillus) . 7 % Bk i )&
(Saphylococcus) 45, Hrf, INEEMERZ, N 18,

MANTR] % B 11 23 AL T8 P00 34 2 e 245 SR )
DIFEH, HARGNAI, DiiRikpsresits 4 SO, 1o
S i = 1 MR K B YA FT I (Psychrobacter aquimaris),
PEFAIE 5 60.0%; RIELMART, 4hififkpy @b 2
TR (10 B, 6 &), 5 BRI R N 2.2%~36.2%,
D3 f e 1 I8 A 6 PR 7T ) (Holomonas) , 1 47.2%;
EHEIMSLUIG, 1. 2. 4 f1 6 AREHY, 2k
BRI A 5 B S BR. 28R 1 Bk, (B2
E SRR BN & . ZF AT IR R A M T
(Pseudoalteromonas), 6 J i1}, HEZ I AL IE H AL 3
JBAE AT R . LT LUE Y, AR AT ,
YRR AN R AR S, A B RIS DR,
Ho 18 AR RRE o

AR B W E KBS wm T A, R
EREE FK A n] B 40 RSB, (H KR Hh 4 B Y ol
KHRFE, FEHRGE . BIEYE, 1. 2. 4 Fl
6 HIEHES KB WKEE R B R BARE S 0 2 Bk .5 Bk
3Bk 4Bk LR 3 bR, ARIEEESSRAT IR,

IREEF SRS BT G RSB, 0 22.3%~52.1%.

MRV 55 & B A b 23 25 75 31 5 Do 3 s 2 8
SERVTLIE N, TR R E BT A R R 2R
[F], £ B HAAN R R A 22 5 W3, AE R G R
AT AR R A 25 S AROLA B, Hirr, RPGFEIRE
(Vibrio atlanticus)+ B fzfm, k%] 76.0%; HIE4A
B S0 T PR 43 85 0 1 AR LA, AR B 2 MU AT
W (Bacillus tequilensis), fL# LT 85.4%; #hikk
BRI AERNIHES DG, AR E R F
W, OFELL 2. 4F 6 HRHESEEE W, MR L
FRAT BN 4 k. 6 Bk 1 BEFN 3 8k, RN LIZE
AT I (Bacillus sp )RR EE N LR, PLEE 441
9 8.0%~100.0%7F1 6.8%~ 80.0%.

23 AEEZBEBHEENEESMMEREFEXESN

XTHOARE A B IS J5E AR LA
MG ATIE L, INRHRE, #5065 (Halomonas
alkaliantarctica)il Ay H-AR 44 . RETE G AR A O 374 5
2 ~4 AEmE, 5EHITE (Vibrio fortis) & H fkil g3t
A NI R G — 2 Mk, fEHARS A
FIRSTE SR, QA K FIAERE A JC 3 3
1 A, R K B R PE IR | 75 949K (Mibrio
natriegens) £ 2l 1A H 58 i T R I A, O TR
TR SRR ZE MOFT R 2 AT, i BRI (Mibrio
alginolyticus) e 1M b 18 AR G 2 [ AL 3 TR 5 6 7 i
B, >k A ERE K A 2 ZF HUAT 1R (Bacillus siamensis)
TEHALTE N S8R T A i A, AH S R R, 7E4)
TR & B 2VERMATE DUS , LR P9 09 B S5 1R )
DL TR AT B B AH M

YT 16S rDNA B8 45 R 78 Jm 7K 7 b i e 1
1=, MNJE IR B 53 AT A I B R 9 43 S A S A A 3%
BITFRIE RG W SRR 4. WK 4T LB,
K A 8 oA I 8 (41.9%) . TR AT H 8
(9.3%) . {RASER B (9.3%) . EhHTH R (9.3%)
XTLEAA 55 FHACFITE R b £ 2 1 /KF %) A il
DIEH, ZEAIFTFIEE | R s i Al R s J2 7E 3
DRGE R P, W Y AT (Psychrobacter)
SETELR BORK R ILR B . i — 20X L, SR TR
ERGT M LR, R E T R
WNHahik 5K LA R Z , AT BN,
2.4 M6 g, ikt SR A R Z .

TE J& () 7K T AT 25 B AR G M 1 3 B0 e B
(Principal Component Analysis, PCA) 252 LE 1, WM
K1 ATLUEH, 55 1 ERMU PCL X RE 22 55 1Y BTk
fHA 69.6%, %5 2 FEWSr PC2 XS24 5 1Y 5Tk E
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R4 TELXEMPARSHEFARFEREAERMBERG T L
Tab.4 Classification of culturable dominant bacteria in gastrointestinal tract of sea cucumber at different
developmental stages and its aquaculture system

E/iiEs
(ri L) SRR (I3 B B bR
I Q . 7N 7
' () . R Speices Source (Developmental
Phylum Class (Proportion) Genus number of stage and number of strains)
strains
(Proportion)
NAPIRTIN TR T S
Zi/).% Al . Actinobacteria M-ﬂ: P . 1(2.3%) IK(RPE 1)
ctinobacteria (2.3%) Microbacterium
JERERT] AR TR 49.3%)  ZREDE 1,1 A 1,6 A% 1)
Firmicutes Bacilli (16.3%) Bacillus K6 Hit 1)
PPRHCERIR 1LROE 1,1 A 1,2 718 1,6 H i 3)
HIATER 1R 8 2(4.7%)  LhiRRDE 2)
Saphylococcus
Elen G 12.3%)  GifkEIR 1)
Planomicrobium
L] o BIEAT W ARG R 12.3%)  HifkHRDE 1)
Proteobacteria Alpha-proteobacteria  Paracoccus
(2.3%)
peigeEl - IR 123%) K@ A1)
Gamma-proteobacteria Alteromonas
(79.1%) B HR . ,
Cobetia 12.3%) JKGEIE 1)
%ﬁ$‘ﬂ@%)§ 0 e Z,
Holomonas 409.3%)  HIAEAR LIEIE 4)
RICHFF IR &

0 FH "
Photobacterium 12.3%)  BRH2 TR 1)

TR L R 49.3%) - AIRWEE 1,2 Atk 1)

Pseudoalteromonas JKCEAR 1)
PERHCERR 1,2 Hilg 1)
B T IR 1(2.3%)  JEEHER 1)
Pseudomonas
EAATHE 3(7.0%) SRR LY 1)
Psychrobacter KAEIE 1)
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The Characteristics of Culturable Bacterial Microflora in the Gastrointestinal
Tract of Cultured Sea Cucumber (Apostichopus japonicus) During the Early
Developmental Stage and its Relationship with Environmental Flora
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Abstract  Conventional bacteriological culture techniques and molecular identification methods
were used to reveal the composition and structure of the intestinal microflora in sea cucumber
(Apostichopus japonicus) larvae at different developmental stages and the microflora in the
aquaculture environment (feeds and aquaculture water), and then the correlations between these were
analyzed. The results of bacterial culture from sea cucumber larvae showed that there were no
culturable bacteria during the stages preceding the development of the mouth (gonads, eggs, zygotes,
and gastrula), but culturable bacteria did occurr after larvae developed a mouth and began feeding.
From the auricularia to doliolaria larval stages, the number of culturable bacteria in the
gastrointestinal (GI) tract was low. After the larvae reached one month of age, the abundance of
culturable bacteria in the GI tract increased significantly, and the highest level (10° CFU/g) was
reached in four-month-old juveniles. The proportion of culturable bacteria that were made up of
culturable Vibrio species ranged from 2.2% to 77.3% across the different developmental stages. The
results of bacterial culture from the environment showed that there was no significant change in the
bacterial content in the aquaculture water over time. However, as the ingredients in the feed used for
different early developmental stages of sea cucumber changed, there were significant differences in
the bacterial content in these feeds. Sixty-five dominant strains isolated from the aquaculture system
were identified by sequencing their 16S rDNA. They were classified into 14 genera and 43 species.
Correlation analyses revealed that over the course of the development of the sea cucumber larvae, the
bacteria obtained from their feed likely had a great impact on the microbial flora in their GI tracts.
This study laid the foundation for the analysis of the formation processes and succession patterns of
GI tract microflora in sea cucumber, as well as for the screening and application of probiotics in
aquaculture.

Key words Apostichopus japonicus, Early development; Culturable bacteria; Characteristics of
microflora
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