425 B3 Wl B % U R Vol.42, No.3
2021 % 6 H PROGRESS IN FISHERY SCIENCES Jun., 2021

DOI: 10.19663/j.issn2095-9869.20201216003 http://www.yykxjz.cn/

M, EENEE, B, SKAKNI, 2/NE, ERE, TR, KIiE, TEO6 SR ARSE T 1 WA T8 FLFT B0 5 5
LAY e . ol Bhor 2t i, 2021, 42(3): 100-107

Li B, Wang YG, Liao MJ, Zhang YG, Rong XJ, Wang JJ, Yu YX, Zhang Z, Ning LG. Isolation and biological characterization of
Lactobacillus paracasei isolated from a sea cucumber pond culture system. Progress in Fishery Sciences, 2021, 42(3): 100-107

RS imEFRE RSP 1 5kETERILTER
SBREEYFFERR

= W EWREY E#EAT AN RAE
e FAam Kk E' TER?

(1. KRR B B A B SR AR AR FR Pl T 452 R SR TS S BIEER 5 BOR IR
[ R g a ol R e S Y M R ORE SRR W 2660715 2. IR RHEARAF ARE 257500

WE AR MRS #FHRE, Nl KK E R 5 (Apostichopus japonicus)x 78 # 3 FR 51 # 4~
2| 56 ARILER T . LAR| S K 4 A 2 Fh E EE BUR BN IUE (Mbrio splendidus) A & & B
(Pseudoalteromonas nigrifaciens) 7 48 7~ i, % A 4 E AR % 0 2 FT 20 5 B FLER T X 2 AR B H EY AT
WE, ikl 1 AR ARENE EE IR E CSND-6, HFxXZAEWMBA . A=W Fa o 7= 4
MATHE N, EEAEMELE | 16S IDNA FH 20T, WA KFEEARN S 2MHTTHAR. &
KRB, Bk CSND-6 At h 2 I H FfR 28 2 A0 o 00 4 K LA B v 4 dl1E . o, AN =0 i
ME B 2H H 17, 22 mm, M5 I B 27 8 25, 31 mm. ZE AR 50 & R B IR 5 ke
LI ERKYN, o B mE kR SR L e, @it 43 & 16S IDNA F 7| 24k ¥, CSND-6
J& T FL AT # FF (Lactobacillaceae), 5 &| T B #L 4T # (Lactobacillus paracasei JCM1171)#y 48 {0 14 %
99.83%. Ttk CSND-6 7 30°C~44°C ,pH % 6~8 G B WA K& B, 24 h FH AT £ K, 28~32h
B3k | A KB, HE A 2.10x10° CFU/ml, A 5 1 i i B T B AL AT B B T 0| 5 o 3 Fr AL 30 35
PEEGAW, ARSNEERFEEIABRES, HRIAE T RENEKEN, T hFAE IR
RPN AESHEMLREATARESH

XA WS BHEAE; B TEHAATE,; wFERA

FESES S9689 XEAARIREE A XEHS  2095-9869(2021)03-0100-08

135 %12 (Apostichopus japonicus) X Fx il 2, it W ) B EL B A 2 b ] R A R IR A DR - 2 — o X
Il R I P B SR B BT AN sh . ARk, B IS0 AT BN, 8 R 2R A AE 2 RIS F i AR
5 FRTH IR B 0 AL ISR R 7= b B B G K, R R BB E ORI SAIF TR, 40 A
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TR 3 (Vibrio splendidus) (5K 245, 2006) . %58
& 11 T (Pseudoalteromonas  nigrifaciens)(E E[l g# 4%,
2006) 2 295k 1Y BB I, T3 IR S R 2 FR
M EEFREB, BT RS 50 s m AR, fif
FHZ5 -4 705 35 By 425 ) T HR AR v 2 BR 1, R IR 2
700 24 S 3R 7K B A5 R ) A DR 25 R 4 2 B 4
WEFRFHRN 28 B 5 G AR R 2R AR

AMAEH FE—F A8, T A RER
PR 1) R ARG PRI AR S50, BEAS BT T W R0 . 2l
TERERE . BsRORE, I R AT B e T, R
i KA 1 Z AU(NHG-N) AR ER(NOL-N) S5
B, BAVERA R E RS, ZITERFHE DY)
P A= 25 B 122 v FH 4 5 (Cavalcante et al, 2020; Wang
etal, 2015; Zhao et al, 2016; Peng et al, 2020), FLIRE
TE & PA 7 rh AR B, ABAEZK = 55258 v i g
WAL TER RN B, HHET, MY R T ZLRR
X FRFE SN W 3G AR G ) DL ROK BT SE I . Li
25 (2018) ¥ 4 4 FL 4T 1 (Lactobacillus plantarum) &
7% l7 £k 7 (Enterococcus faecalis)is il 2] il 2l h H ,
Xl 2 A K K B B RAF R EEE R, RO
Q020 R, FLMR A AE W &I m 4 M
(Rachycentron canadum)%l £ ##8 i 5%  fEE A= KR DL &
VENG . PR TR . AR ER A0S ME ;. EEEESF(2010)
TE JL4A 1 % IR (Litopenaeus  vannamei ) il B} H 75 il 7L
PR DA, P B o VA D T AR 00097 o 4R Sl 0 1, SR
KT FLIR O 200 F B i it s e A ol . H AT,
M5 b FLFF 7 5 22 S DAt DX S 350 43 2 4k
5, WHZESHIRAERZ 2N MEERE, ARG
YA B s A K IR i o 3, R 3 R
TERE, EA SO0 PR B A v A e e
YT I, ASHIFGE AL 2R AR 3 b DX 25 3t 30 P45 o i o
X228 4 1) 1 LR T T R A KRR PR, LA
WA 2 I AR AR B R LN 2%

1 #REFE
1.1 ##

111 AR RF TEHUN T IR A AR B T it
BRAK =R A BRAA ) 35 15 5 B RS S i A, it
WAL 4 hm?®, IR 1.5~2 m, {3 RE 56 by 3
B35 M BG, ZHBIEAETT 1.5 AR A, $T R
WA 1~2 g3k, WIRMBOREBE Dy 2 T1k/E, AL B
PR B HE B, TR A BRURE 3 (Sargassum

thunbergii). 7 (Laminaria japonica)Z: 3 45 .

112 H&0EE 2018 4F 10 HRERIFEA,
SKAERE, FEFEMKIREE N 20°C, RN 29; KL
SR BRTEFRFE M R, (R AR AR R A IR DT
Y, EIEZ NS cm B9 EJZIRININEKFEAR ,, BEAR
KA T 4°CAE, IRREBEPITEE,
113 EH#HA LB {5385k HAM 5.0 g, BEEEE
By 2.5 g, AALEN 5.0 g, INZEBAKERZ 1000 ml,
MRS [ {485 55358 . AR 10.0 g, 2R AR # 5.0 g,
BRI K 4.0 g, HZERE 20.0 g, BEERE A1 2.0 g,
FAEETR — %% 2.0 g, BERREN 5.0 g, BEAREE 0.2 g, WilR
5 0.05 g, TR 15.0 g, Wi 80 1.0 g, JINZKIBKER
% 1000 ml,
MRS AR FREL . B[R MRS B FR3E, AN
InBifg
114 HRIBTABEEH  HSHEELEAIEN 2 B
(1) 0 TR O Rl SRR N 5 R o P
AT AR 3 B R 2 09 SR
1.1.5 A AR A A LMY SE 5
Fr R R 20 A AR S T OB E AR, 1
Tl SRR J(22.67+2.56) g/k ., im K256 = 58 5%
7d, AT/RESE ., BHHRAM: KR 16°C, A
28, pH N 7.9,

1.2 FHik

121 AMEWRERLEHH R B T RE AR
FIA 50 ml 1.5%F%) K B NaC IR I HEAT 7570 s B s fit
#iE 20 min 5, WO R, A 1.5%A9 K NaCl
AT 10 586 BERR B S5, 76 MRS “F-Al_E A TR A,
TR BRI TAN R R, B3R 55 10 37°C, BlE s
I 24~48 h, EHGE BB AR TR B T, R
WIS . AL ARl FXHER Y B 7% T80 CIR-AF .
1.2.2 HRHBMIHL B 15 Ak A I B AN 3E
B IR A T A AT ALY LB AR L, 1) 4 HUAR
INFLER AN 150 pl ¥ FE R 1x10° CFU/mI 55 5% 1Y AH R 2L
FRTATEWL, 37°CHE3% 24~36 h, 5 LR HERR /N LAY 1
PR A2 o R IBOGT 2 AR 350 TR B A e I B R 1 3L
FRIEVE MR SR AR, AT T —455,
123 P 3lBRE &~ AR Z W R T I E
2R

(DML F= 4 KM= Wi il #& XA MRS WA
BRI KB 352 3K B M 28 25 4 PR RS R EA TR0
4500 r/min &[> 15 min, R EA N 0.22 pm K385
I U8 FVER, A 300 AT U8 B0 A A s B0
AR VR K B 9 PBS ik 3 Wk, PRI
JrkE TR, HA M .
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QM=) XA = R BOR i s fe
A2 I P A A A B R TR R AT T 2R EREAR S TAL Y LB
SEAR L, A B /NFLES I 150 ul il 4 A4 9 7= R
Mash =8, 37°CREFR 24~36 h, I 5E 4 EAR/NLAG D
BRI P A% o AR 310 B AR A T PR R M A T
X B0 S A U TR AR o
124 fZik & A W xR Aoy xR SIS
FeE Jo R SRR BEAL > B2 U 20 LY 12 A~ 325
KA, BEAKFECE 20 SLEFP, SRRk 4 41,
BI 1 AT BELUR 3 AN dl, A4 3 P17, %
PSSR R IR A T AT, MR 5 AR TR iR TR Tk
BEAY I E N 1x107, 1x108 1 1x10° CFU/ml, DIAS
UN I 25 A6 TR 3 AN KA AE Ry X6 BRAH o 2 PRS0
J A 30 d, HHEMERRISEEN 1%, BR7FHR
1R, KiEHR 16C~18°C . EhEEH 29, FR#KER
20%, oK e S Rb FEHT R S 00 45 A TR DA 2R R A L 1)
R SCE A, MR RE ST . it
I K FET I
125 B ERANLLET K FH 4 B i A Ak
Y TE A (T % Vg 1 A6 ) XoF O A2 1 TR AR A 7 A LR Ak
FRAbRAIL . MAZE IR CH LA R % F0)
(FRF5ERAE, 2001)F1 ( FLIR YN B 40 JS 58 7 I S i )
(BARCEE, 1999) 47X HL A 28 5 H 58 B Rk IS
1.2.6 H R 16S tDNA 5 7] 5 #7 I FH 240 1 35 P
20 DNA FEBGR T & (At 5 RAR A ) B BB Ak 32k R 4
DNA K40 16S rDNA 18 51 ¥13 HE K 4] DNA,
SIS K 27F (5'-AGAGTTTGATCMTGGCTCAG-3')
F1 1492R (5-TACGGTTACCTTGTTACGACTT-3"), "
=2 1% BNE MG VKK, 5 T B R
BEA B AR A BRA RN 7 o 5 25 238 1 Blast ki &
PS5 NCBI HEJH JE A OG5 647 Hext, 541 H
MEGA 6.0 B BRI R KL EW .

127 EHERFEFR

(D)X PR AR A K sg w43 5 W R
9°C, 16°C, 23°C, 30°C, 37°C. 44°C . 51°CH158°C,
5 B i 08 B T AR AP T 300 ml MRS A RS F7 56+
BT RE T R AR A R B R AR
180 r/min 1H IR 35 72 24 h, X B W P A9 8% 35 40 1 3t
BRF5, 2017), 6 BRI fos IR .

(2) pH XTEFRA K B2 43 pH R 2.0,
3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, Ji 1 mol/L
i) NaOH 1 HCl A K MRS YA 5% 7 3643 5 98 241
N pH 254, JIT i 355 9 TR BR 322 F0 T 300 mi AH L ) MRS
WA FR 3P, 180 r/min fHIRHEFE 24 h, XEW D
B B5 FE AN TR R AR 55, 2015), B 72 TR PR A pHLo

G MRA R ML A2 s LR SC 56 3 B
PRa AR A pH (BRI A R R i 8 19 T PR A T
300 ml A A pH 45719 MRS MR RS R b, B8
B IR P Ny Ol AR IR BE , F2 R 180 r/min AYFE
ARG R 52 ho BigRMIE], BERR 4 b BURE 13K,
I RE AT A PO A B e P T2 X TR AR I 2R

2 HR

21 HAEREE

A FE DAL 2R AR 3 O 2 5 B i B v o B AR
13 56 PRFLFRTE, 43945 K CSND-1. CSND-2.
CSND-3. ---CSND-56, il iz % 48 7~ B I 45 P S0 56
G 1 RS IR R A R M R AR K BLAT
BL A 1 T B SLIR T CSND-6(1 1) 3% I bk 1 181 7%
FREDGW . DZEw . Pk, 2RA6G, E 2K
@B, EHREWERY, AR, A
1.5~2.0 pm, WoumsliE, JCHEE, JoZFEAM(E 2).

A 1
Fig.1

FH R CSND-6 X il 2 20 J5t B 14 10 4 /6
The antagonistic activities of strain CSND-6
to main pathogens of sea cucumber

A 1B 875 T8 73551 A Jall 42 9 T A M1 S B M AT
A and B are V. splendidus and P. nigrifaciens, respectively

10 pm

500 nm

P2 bk CSND-6 Y4 22 [ 3 (0 Lz 5 it Bl g
Fig.2 Gram’s staining and TEM photograph of
the strain CSND-6

22 HWHREAFYFREMNTIRINERR LS
FI IR CSND-6 il #5121 bk 1Y I 9 7 1
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FIMLZR ™4y, D05 2% B A 0T Jall 422 T Al S % B e
8 VR PEL R /N DL IR 3 R 10 MAIET 3 R 1 nf LA
i PR Rl BT AR S P T A4 T R i)

17, 22 mm, HaAM =80 e 55k 25, 31 mm,
Vi E MR CSND-6 P | HEAR ™= ¥ 648 75 B 1)
A T ELA R PR AR FE

Kl 3 Bk CSND-6 Jifg A L A1 ™ 1t o 2 Fh 2005 g 4 0 il 7

Fig.3 The antagonistic activities of intracellular products and extracellular products of strain
CSND-6 to main pathogens of sea cucumber

A B35 kR CSND-6 i A ™ xRl A 9 L AR SR BA L A1 Fg 410 4 P

C. D 73l bk CSND-6 MIAh ™ X Al e | A5 52 B T A 400 ol V]
A and B: Effects of antibacterial activity of intracellular products of CSND-6 to V. splendidus and P. nasnigrifaciens, respectively
C and D: Effects of antibacterial activity of extracellular products of CSND-6 to V. splendidus and P. nasnigrifaciens, respectively

#® 1 Btk CSND-6 Ml P9 K B =4 Xt Rl £ B 2 s [ 1 B9 400 6 4 R

Tab.1 The antagonistic activities of intracellular products and extracellular products of strain
CSND-6 to main pathogens of sea cucumber

PR A R A
L RN

JEZ = Vel A

Inhibition zone diameter of intracellular products (mm) Inhibition zone diameter of extracellular products (mm)

Strain name il SR 1R 2S5 B PST¥:+] 1R S R T
V. splendidus P. nasnigrifaciens V. splendidus P. nasnigrifaciens
CSND-6 17 22 25 31

23 HEMHRIE

SRSV EE ) CSND-6 1 Y% 3l 2 1 b 1) 1
WIE SR ) R R LR 20 N2 ATDLEH,
BRI E /50 1.0x107, 1.0x10%, 1.0x 10° CFU/ml [
VR SR, TR SR R, RIS RN )
RAF, HEIEW, YWREIHE . ZRAST- A,

&R 2 HHE CSND-6 RIS R MLE
Tab.2 Safety testing of strain CSND-6 to sea
cucumber A. japonicus

HREAERCR SRR

ez i3 7 X

20 5 3 3
Groﬁjs Concentration Mode of . k) . k)
p (CFU/ml) coercion Evisceration Dead
number number
CSND-6  1.0x107 B 0 0
1.0x10® Dipping 0 0
1.0x10° bath 0 0
1 HB 4
it Bl o B o o
Control

1% CSND-6 BRI 2 M Rl 220 41 o
24 HMEAENEFE

YEE R FLER T CSND-6 474 B A AL 4610,
KW TE 3% NaCl JR Z i . 3% NaCl ONPG , ##F{F
W RN 2N, BRI AN . H .
PERE . ILALEE ;s SAALEE SN 2 B, X E R A AL
I, A=A HoS Ak, 28R CE IR R % E
T D) GRFBFERSE, 2011)A1 CFLIR 40 1H 7 2% 1 M 5
Bk ) (BARSCAE, 1999), % W Ak JE 2L AT B R
(Lactobacillaceae)(F 3).

25 Tk 16SrDNA FIIS TR RE R BEREHEE

YT HEi#k CSND-6 16S rDNA HYAH N FE5 #kFT4"
B SRASZ AR 16S tDNA FE1h 1414 bp,
g Blast KiZR AT 5 NCBI J: K o751 3017 e Xt
I3Hr, I MEGA 6.0 SRS R B, 45
UL 4. I 4 ATRAE W, ASHIFSE 20 B3R5 10 T A
CSND-6 5 Bl F 1% . #T 1% (Lactobacillus paracasei
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% 3 Hitk CSND-6 M4 £ AFE
Tab.3 Physiological and biochemical characteristics of strain CSND-6

H:AkTiH Biochemical items CSND-6 H:AkTiH Biochemical items CSND-6
JeER IR 7K No salt tryptone water - FZ=H# Rhamnose -
3% NaCl 7K 3% NaCl Tryptone water - % ¥ Melibiose -
6% NaCl JiEfIE7K 6% NaCl Tryptone water - 3% NaCl ONPG +
10% NaCl JiE7K 10% NaCl Tryptone water - 3% NaCl JR Z i} 3% NaCl Urease +

3% NaCl #j%ZH# 3% NaCl Glucose

3% NaCl it fb &4z 3% NaCl Hydrothion produce
3% NaCl H & 3% NaCl Mannitol

3% NaCl BiTHi{{1# 3% NaCl Arabionse

3% NaCl FLK# 3% NaCl Lactose

LA Sorbitol

T Amygdalin

HILEE Inositol

N izt Malonate

AL A= Oxidase strips

AHF Xylose -
3% NaCl ZZ RN F A 3% NaCl Ornithine decarboxylase -
3% NaCl #&Z RN HF 3% NaCl Lysine decarboxylase -
3% NaCl #5ZfR WKt 3% NaCl Arginine dihydrolase -
Kovacs 337 Kovacs reagent -
3% NaCl MR-VP _
3% NaCl B 3% NaCl Gelatine -
FU 5% [CHUG IR L Simmons citrate -
3% NaCl j#4# 3% NaCl Sucrose +
e [E K35 Semi-solid agar _

542 &

78| CSND-6

100| 571

97 L. paracasei subsp. Tolerans JCM 1171

L. paracasei subsp. ATCC 25302
Lactobacillus zeae ATCC 15820

Lactobacillus chiayiensis NCYUAS|MF446960
Lactobacillus casei ATCC 393
Lactobacillus rhamnosus JCM 1136

991

Lactobacillus brantae DSM 23927
Lactobacillus saniviri DSM 24301

— Lactobacillus camelliae DSM 22697

100 Lactobacillus jixianensis 159-4 MK 110836

0.005

K4 EET 16S rDNA JFFI Y Bk CSND-6 R4t L & W
Fig.4 The phylogenetic tree of strain CSND-6 based on 16S rDNA sequence

JICMINTL) M E R, A 99.83%.
26 HHREIEKSHE

261 BEMNAREKGTA W5 AN [] 3k S22 %k
PR AE RS2 e LI 5o IAIEL S AT LR, 7E 9°C~58°C
F14) S 35 3 L PN, TR AR P A R R 5 1 0 T e
el S AN, X ERTE 9°C~51°Ca iy
AR, S8 CHFALEK ; 30°C~44°C iR 7E Bl N AR K
B, EaE A AERIRE R 37C,

262 XF pH &HxTEHHAE K H@w A e pH
) MRS 5323 E Bk CSND-6 1555245 1 LI 6.
MIE 6 FTLIEH, Hikk CSND-6 7£ pH 24 2.0 il 10.0
AR 76 pH 4 3.0~9.0 GBI Nl LI K ; 78
pH }y 6.0~8.0 5 il N, T 7 50 W) Sk s T A4, pH
7.0 B AR U el

[LRE2S
Total counts of bacterium/(10’ CFU-ml ™)
- NN W W A A
Wm O L © W © W

—_
v O

1 1 1 1
09 16 23 30 37 44 51 58
1B F Temperature/C

K5 AEEE T E PR CSND-6 B A KA I
Fig. 5 Growth of strain CSND-6 in different temperature
263 AKw&k LBV, %
PRI AR ) SR 15 B SRR BE Oy 37°C, SRl B MRAE K pH

7.0, FRGX — 5 FBCH] pH oA 7.0 B9 MRS 5573,
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B
Total counts of bacterium/(10’ CFU-ml ™)
[*))
S

pH

Kl 6 AN pH X EE#k CSND-6 A= B 52
Fig. 6 Effect of different pH on the growth of strain CSND-6

—_
(=]
1

—_ = o= N
O N Wn ®
(=] (=] (=] S

T T T T

(=)
(=]
T

W
(=] (=]
T

1 1 1
0 4 8 12 16 20 24 28 32 36 40 44 48 5

AR
Total counts of bacterium/(10’ CFU-ml )

A} [B] Time/h

Bl 7 Btk CSND-6 7EAN R I [H] 4 A= K 2k
Fig. 7 Growth curve of strain CSND-6 in different time

2 HAE 37 C R IR AE K i W IE 7. #R¥E CSND-6
B K AT LLE 1, CSND-6 7E 16 h Z Aij A K i BF
g, 16 h et A K If A B K, 28~32 h
WAL T A A 0], Horpr, 28 h B B VR BRI
BV&%0k 2.10x10° CFU/ml, 32 h J§ CSND-6 4= K
FETRE, 36 h 5 IR#EAE-G 8.

3 it

FLER R ]2 A T hmiE v, GeRH AR I8 P94
S S0 TR PR BRE RN 2 B, DT RS 280 9] 45 1 1 T R 25T
i K A9 J R A VE FH (Guo et al, 2020), H AT, FLAR
P 28 o T 3 ROROK ™ S 56 1 3 B TG G AR O X
HANEHLBLIEAT 79T . Atanassova %5(2003)ffF 5% %
B, BT A& FLAT I (L. paracasei subsp M3)HESA 1 F
PURER, M . HEA K Ashokkumar 45(2011)
WS FRE, R 1 LT ™ A B 20 R 22 R A A X B
FEVH ] X (Salmonella typhi murium) B 5 (140 1
YRR o AR DN LU R 4R 36 000 2 95 B S 33 VS DR AR o o 4
B 1 PREAT W RS PR R T RS LT X
JHL PR 7 40 R L A 7 0 %o i 2 I R 2 A R Y B0

JE A A B A Rl A S 459 L 1 0 R 1
22 W7 16 1) I T 1% 2L AT R b 0 5% B 1) o o A b
HA R Ar .

R LR T & I8 A 1 K AR K U T X S 01T &
IR HE RS2 B 1 0 3 R AR —— Rl T
ik LT TR & e 2 R AR K i 4 0 9, T R T
FLFFI CSND-6 S A K 4514, iR E R 37°C ,pH 2K 7.0,
HAE 16 h Gk AL K30, 28~32 hak 24 K gy
28 h & R AR g, R 2.10x10° CFU/mI, %dis
555201 7) MO B 19 B 25 Fh 3R AT 1Rk P IR T g 7L
FREE LV Il 09 4= 90 2 et AR 0L o 25 15555 (2019)
X1 RSB I 0 R LT TR A A s e
WF5E KB, AR TR R AR B0A 4 301 B I 1) (12 h) Fe
AT 5 5 158 1) B AR IR [R) 6, (LR A AR K v 8 301 194 B )
(30 K., kUL FAFFE T LA 1, ABFFE 0 %
{14 ) W FLFF B CSND-6 AE K BT | R 1Y 9
T, I HiE ARIE TS R AR K, EE TR
T2 Rt I SR 5 A BT B4 I H

i A T B I YT IR BE K R RO B L el K T 4%
PF L ER IR R AR, e K 7= IR 5 S e B 4 0
b A0 UL RS, F 5 B el Aol P K R 2 R R O R
JCE) O FLEREE b X AR B ) AR Z M. Wang
55 (2000) W 5% & B, 7E 3% FH 1) BE 15 X BT (Penaeus
monodon) 1 % . 1 T 14 200 B 1 BEN L 1200 0 R
T {51 ARG 25 2 7T 1 (Bacillus subtilis) i 5| %& ; 3% 25 5C
S (2009058 & B, R fdi FH 2 AE TR —— S AE 2R AT i
(Bacillus cereus) i 5| #2 il 1L Bz . PRk, FRFH LR
25 A TR R VR A 30k B K 2 A TR T ) A B A S N 2 4
A e B

A 5 7 35 118 400 ) 3R] 2 B D R 1) I T EL
FFB CSND-6 7 i i I IR it il 2, S s fil 234
@R WE 14, JonkE . b RsE T M S, RUZH
X2 A0 o T R B LA B K = SR sh
R 7T, B R4 (2020) 58 & B, 7E LGN IE XTI
Tk s N ) B FLAF B, BB T X R AL PR K 4
EPA. DHA &k, FEARALIA H i IR R % 1t ; Cazorla
(2015)WF 58 R B, ® T W 2L AT & R )W R
(L. paracasei subsp. Tolerans)fE# =1 T £ (Oncor hynchus
mykiss) %)) £ 19 A= K 1 B I 0 G T8 TR B IRAE
(2015)7E % ff1 (Ctenopharyngodon idella)fal & Hfim A 1
i LT T 45 25 2 TR A S B0 b SR A R R T LA i
TP A A R U, JE R S T A B R L A
P BRI NIAE(2019) F A St 3 b i BE 21 1 X ol 2
e HAARIMERRENEDALTH
(Lactobacillus plantarum). ASHF5T BT 4 25 1) &l T % 7L
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FFE CSND-6 X RIS YA | I AR A L KR
FRFHIASE B PR A T 75— P OB SR

L5 LATR , ARG A LI AR AR DX 2 0t 3 5%
PRIE ik + 3% 45 AR W ——RI T IS FLAT I CSND-6,
R B AR TSR R RE TSR AR AL, AR
2 I 7 GH PR BT rp s BRI UL B B A AR
AT BE o AT SCATEZE Xt 98 77 7 (0 35 By 2 R 2
SC, K5 Bl LR B 2 A 2 790 A A R B
SE HE Al o

2 % X M
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Abstract A total of 56 strains of Lactobacillus were isolated using MRS medium from a sea
cucumber (Apostichopus japonicus) culture pond in Dongying, Shandong Province. Their antibacterial
activities were analyzed using the Oxford cup method, and Vibrio splendidus and Pseudoalteromonas
nigrifaciens were used as indicator bacteria. A Lactobacillus strain, CSND-6, showed strong antibacterial
activity. The morphology, antibacterial activities of intracellular and extracellular components,
physiological and biochemical tests, 16S rDNA sequence analysis, growth characteristics, and effects of
strain CSND-6 on sea cucumbers were studied. The results showed that strain CSND-6 had a significant
inhibitory effect on the growth of V. splendens and P. nigrifaciens. The inhibition zones of the
intracellular components were 17 mm and 21 mm, and that of extracellular components were 25 mm and
33 mm for V. splendens and P. nigrifaciens, respectively. The safety analysis showed that the strain was
safe for sea cucumbers. The results of the physiological and biochemical tests and 16S rDNA sequence
analysis showed that the strain CSND-6 belongs to family Lactobacillaceae; the similarity between
CSND-6 and Lactobacillus paracasel JCM1171 was 99.83%. The strain CSND-6 grew rapidly between
30°C to 44°C and in a pH between 6 to 8. It entered the logarithmic growth phase after 24 h and reached
the highest concentration (2.10><1O9 CFU/ml) after 28~32 h. Since strain CSND-6 was isolated from the
environment of the sea cucumber culture ponds and exerted strong inhibitory effects on the main
pathogenic bacteria of sea cucumbers, it holds potential as an agent to prevent and control infections and
diseases in sea cucumber. This study provides the foundation for the development and utilization of
probiotics in sea cucumber cultures.
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