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) 2~3
, LB , 30%
(Subedi et al, 2020; Wang et al, 2021) —80 °C ,
) 1.3
, , (Vibrio splendidus)
( ,2003) v.
(lactic acid bacteria, LAB), pomeroyi),
, (Edwardsiella tarda, Et) V.
(Yang et al, 2019), alginolyticus) (V. vulnificus) ,
(Mohapatra et al, 2012; ( ,
Nordin et al, 2013) 2017) LB 30 °C 16 h
, , , 100 pL LB
pH, , , 30 °C 2h
( ,2016) , 100 uL. MRS 30 °C 16 h
) , MRS ,30°C
(Yang et al, 2019) , 24 h ,
(Leuconostoc mesenteroides) 1.4
(Lactobacillus rhamnosus) 1.4.1 1.3
(Enterococcus faecalis) (L. plantarum) MRS LB , 30 °C
(Pediococcus pentosaceus) 24h ,
(Lactococcus lactis) (Huang et al, 2013; , 2015;
Alonso et al, 2019; ,2020;  £H ,2021) 1.4.2
(Buchanan et al, 1994)
, ( ,2001) ,
VITEK 2 Compact
16S rRNA
, 1.4.3 16S rRNA DNA
, (Lane, 1991) 16S rRNA
27F (5'-AGAGTTTGATCCTGGCTCAG-3'), 1492R
(5'-ACGGCTACCTTGTT ACGACTT-3") PCR
PCR 1% ,
1 R BLAST
1.1 NCBI , MEGA
5.0 Neighbour-Joining
(bootstrap=1000)
(171.6+16.6) g 1.5
1.2 1.5.1 5%
, 50mL LB , 30 °C 180 r/min
, , , 8h ODgoo 3
) 107'~107 ,
100 pL (MRS) 1.5.2
, 30 °C 48 h, 1x10® CFU/mL, 2%
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LB 18 °C 25°C : ( , 2020)
30 °C 37 °C, 24 h, ODggo 2 mL ( 2 mlL), 1 mL
0.2 mmol/L DPPH- s ,
1.5.3 pH HCl1 30 min, 9 000 r/min 10 min, 517 nm
NaOH LB pH pHS55 pH6.0 DPPH
pH6.5 pH7.0 pH7.5 pHS8.0, 24 h, : (
ODgg0 ,2020) 2mL 1 mL 5 mmol/L
1.5.4 ( (FeSOy) , I mL 5 mmol/L , I mL
, 2021) , 3 mmol/L , 10 mL, 37 °C,
1x10® CFU/mL 10% 15 min, 9 000 r/min, 10 min,
, 0.9% , 510 nm
30 °C (180 r/min), Oh 1h 2h 3h : (
1:9 , , 2020) 1 mL, pH 8.0  Tris-HCI
, 3 0h , 4.5 mL, 0.4 mL, 25 °C
10 min, 1 ,
1.6 325 nm ,
( , 2017) 1.8
10 SPSS ,
8 Microsoft Excel Origin 8.0
(MIC)
1.7 2
1.7.1 : 2.1 AJC-XP-15
PBS , ODygo 2.1.1 MRS
0.54+0.02, 2 mL s 1 min; 1
37°C 2 h; , 600 nm , AJC-XP-15  30°C 24h
AJC-XP-15 MRS
: PBS , 1~2 mm; LB
, ODy0o 0.5£0.02, 4 mL 37
°C 2 h; 600 nm , 1~2 mm ( 1la)
1.7.2 DPPH (1.7~1.9)%(1.4~1.8) um ( 1b)

1 AJC-XP-15

10 35 SEI

10KV x10,000 1 pm

(a) (b)

Fig.1 The colony morphology of pathogenic strain AJC-XP-15 (a) and the image of scanning electron microscopy (b)
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2.1.2 AJC-XP-15 D- (V. fluvialis) ,
D- ; AJC-XP-15
6.5% NaCl D- F 1 EH AJC-XP-15 By 5 04 LIS HR
B Tab.1 Physiological and biochemical indices of strain
AJC-XP-15
, D- L-
¢ b D- D- + D- ]
€D . .
VITEK 2 Compact + @ )
s AJC-XP-15 (Lactococcus D- ¥ }
lactis), 86% + D- +
2.1.3 16SrRNA PCR D- - +
1 452 bp AJC-XP-15 16S rRNA , + 0~ -
GenBank : AJC-XP-15 * D- *
Lactococcus lactis NBRC 100933 ( L i b- -
NR 113960.1) . 98.8% ) © . )
GenBank 16S rRNA ,
D- + B- -
MEGA 5.0 N-J , D- N D- N
AJC-XP-15 ) )
( 2 L - :
2.2 AJC-XP-15 6.5% NaCl + N-  -D- +
AJC-XP-15 C - -B-D- +
2 + 1 +
(19.67£0.57) mm  (17.67+£1.15) mm (  3) B - - )
AJC-XP-15 (Streptococcus ) ) + +
agalactiae) (Escherichia coli) wpn “y
(Staphylococcus aureus)
@ﬂ? Enterococcus faecalis F-438 (JQ 307483.1)
43 HAPIRE E. faecalis BAB-1376 (JN 815033.1)

FREMEERITE Bacillus amyloliquefaciens BAB-6517 (MF 351797.1)
SRR LI B. amyloliquefaciens ICTPSS26 (MG 438287.1)

| A 3B FLIRE Lactococcus lactis strain AJC-XP-15

93

100! $LESSLIRE Lactococcus lactis NBRC 100933 (NR 113960.1)
100 | R¥EFERE Pediococcus pentosaceus RQ1 (MW 737413.1)
[XHEFTIRE P. pentosaceus MQ1 (MW 737377.1)

94 %33,4T& Lactobacillus brevis ATCC 14869 (EU 194349.1)
100 - FSITE L. brevis BJ1-1 (AY 341565.1)

— BBIEBASBIRE Leuconostoc mesenteroides KKP 385 (MW 221382.1)

100—— E7IEBR kS L. mesenteroides KIBGE-IB12 (GU 907675.1)

100 | HASME Vibrio vulnificus SD1 (MH 493718.1)
SUHIME V. vulnificus FJ02 (MH 493720.1)

100

0.02

2

Fig.2 Phylogenetic tree of 16S rRNA

[EXKSPA0E Aeromonas hydrophila SS2 (MF 445123.1)
100 L XSG A. hydrophila XJZZ (MF 417382.1)

NJ AJC-XP-15  16S rRNA
gene sequence of strain AJC-XP-15 constructed by neighbor-joining method

0.02 s GenBank
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Fig.3 The antagonistic effect of strain AJC-XP-15 on pathogenic bacteria V. harveyi (a) and V. tubiashii (b)
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Tab.2 The antagonistic activity of AJC-XP-15 on pathogenic
bacteria strains

S. agalactiae + ND
E. coli ++ ++
E. tarda ND ND
A. hydrophila ++ ++
S. aureus ++ ++
V. alginolyticus ND ND
V. parahaemolyticus +++ ++
V. fluvialis ++ ND
V. vulnificus ND ND
P. aeruginosa ND ND
:ND: s+ <10 mm; ++: 10~14 mm;
+++: >15 mm
2.3 AJC-XP-15
2.3.1 AJC-XP-15
3, 0-8h , :8h
OD , ;
0~24 h , ,24~32h
, ,32h  OD ,
)
2.3.2 AJC-XP-15
(18°C 25°C 30°C 37°C) ,
, AJC-XP-15
: 30 °C
, ODg0 1414 ( 5)

16 -
14
. 12
g 10}
@]
o 8-
=
® 6F
41
2
0 | | | | | 1
0 8 16 24 32 40 48
S8/
4 AJC-XP-15
Fig.4 The growth curve of strain AJC-XP-15
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RE/FC
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Fig.5 Effect of temperature on the growth of strain AJC-XP-15
2.3.3 pH AJC-XP-15
pH(5.5 6.0 65 7.0 7.5 8.0) ,
pH s AJC-XP-15
b pH 7 b b
OD¢oo 14.66 ( 6) , AJC-XP-15

30°C pH6.5
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6 (48.33+5.28)% (18.33+4.32)%
14
253 8 >
12
s F4 EHk AIC-XP-15 WHHIRER
% 8 Tab.4 Results of antibiotic sensitivity test of pathogenic strain
® sl AJC-XP-15
4 —
oL /ng /mm /(ng/mL)
0 30 28 — S
. 6.0 6.5 7.0 7.5 8.0 15 0 o R
pH
10 24 — S
6 pH AJC-XP-15 23.75/1.25 0 — R
Fig.6  Effect of pH on the growth of strain AJC-XP-15 300 22 _ S
23.4 10 6 — R
ha G 10 12 — R
3 30 24 — S
pH 3.0 R AJC-XP-15 100 12 o R
5 P 10 26 — S
3h 71.43%, ; — — 0.5 S
pH 6.8 , AJC-XP-15 — — <0.125 ND
3h 92.1%, - — 4 ND
— — 8 R
R3 EHR AIC-XP-15 EEBMA L BRI THFER _ — <0.06 S
Tab.3  Survival rate of strain AJC-XP-15 treated in artificial
simulated gastric and intestinal juices - — 64 ND
AJC-XP-15 /% — _ 64 1
1h 2h 3h i
98.10.39 95.7+0.78 71.4+1.25 - - <304/16 R
94.3%1.13 93.243.14 92.120.61 ‘R: L .St I ND:
x5 HEEAJC-XP-15 REHRKMEMBRE
24 AJC-XP-15 Tab.5 Surface hydrophobicity and self-polymerization rate of
AJC-XP-15 strain AJC-XP-15
5 , AJC-XP-15
G 5 1% 34.56+2.93
. (MIC ) 1% 35.61+£3.23
100 -
+
8 AJC-XP-15  MIC A
0.5 0.125 4 8 0.06 64 64 304/16 pg/mL M 60 -
&
2.5 AJC-XP-15 iﬁ'%li
2.5.1 AJC-XP-15 % 40r
34.56%, 35.61%, 20k
B
0
252  DPPH T, BER  COEETW  AELER
AJC-XP-15 .
DPPH 7 AJC-XP-15 DPPH
’ Fig.7 The activity of DPPH radical scavenging of strain
5 DPPH (82.67+6.92)% AJC-XP-15
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20
< 16F ’
o (H,0,)
o 121 (Vazquez et al, 2005; Campos et al, 2006; Sugita et al,
o 2007) (2015) :
m 8
i
Y
4r s
0 11 >
BER TRIREY) kB2 LBR MRS
8 AJC-XP-15 AJC-XP-15
Fig.8 The activity of hydroxyl radical scavenging of strain
AJC-XP-15
AJC-XP-15 AJC-XP-15
, (15.36+£2.95)%, (12.82+ ’
1.56)%, ,  (8.18+2.02)%
2.54 9 , ’
AJC-XP-15 (8.73+1.32)% 165 rRNA
(12.64+2.56)% (26.36+2.58)% AJC-XP-15
pH
pH
2r AJC-XP-15 30°C, 15°C
281+ _
L 24 ’ ’
8 s 18~20 °C,
& 201
#T AJC-XP-15 20 °C ,
M 16|
e >
& 12F
% | pH 7.8~8.7 , pH 6.0
al 9.0 , ( , 2010;
, 2016), , AJC-XP-15 pH
BER TUOIRIREY)  REEEBR 5575 ’ ’
9 AJC-XP-15 pH 7.0,
Fig.9 The activity of superoxide anion scavenging of strain
AJC-XP-15 ’
3 AJC-XP-15 pH
3.0 ,
, 3h , 71.43%; pH 6.8
) 3 h, 92.10%,
> M7
(Kiymaci et )
al, 2018) ) )
, (Kwak et al, 2016; , 2017)
(generally recognized as safe, , (2018) 15
GRAS) (Liu et al, 2005; , 2021), , KLDS6.0933
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( , 2018), 43.57%
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ISOLATION AND IDENTIFICATION OF LACTOCOCCUS LACTIS FROM THE
INTESTINAL TRACT OF SEA CUCUMBER (APOSTICHOPUS JAPONICUS) AND ITS
PROBIOTIC PROPERTIES IN VITRO

HUANG Yi-Bei"?, YANG Qiu-Hua®, LI Zhong-Qin®, WANG Li-Li*®, LI Hui-Yao?, XIAO Yi-Qun®>, WU
Jian-Shao®, LIN Qi"?%?
(1. College of Life Science, Huzhou University, Huzhou 313000, China; 2. Fisheries Research Institute of Fujian Province, Key

Laboratory of Cultivation and High-value Utilization of Marine Organisms in Fujian, Xiamen 361013, China; 3. Fisheries College of
Jimei University, Xiamen 361021, China)

Abstract To obtain candidate probiotic lactic acid bacteria that can be used for sea cucumber culture, a dominant lactic
acid bacterium (Lactococcus lactis AJC-XP-15) was isolated from the intestinal tract of sea cucumber (Apostichopus
Jjaponicus) by de Man, Rogosa and Sharpe agar medium. The strain was identified based on its 16S rRNA gene, and
morphological, physiological, and biochemical characteristics. The antiviral ability, antioxidant activity, and drug
sensitivity of the bacterium were assessed in detail. Results show that the cells and fermented supernatant of the bacterium
could inhibit the growth of Vibrio tubiashii, V. harveyi, V. parahaemolyticus, and Aeromonas hydrophila; the optimal
growth condition was 30 °C and pH 6.5. The surface hydrophobicity and self-polymerization rate were 34.56% and 35.61%,
respectively. The survival rates were 71.43% (pH 3.0) and 92.1% (pH 6.8) after 3-h artificial exposure to gastric juice.
Moreover, the strongest scavenging activity of cell-free extract of the bacterium to DPPH and hydroxyl radicals was
(82.67+6.92)% and (15.36+2.95)%, respectively; while those of the fermented supernatant to superoxide anion radicals was
(26.36+2.58)%. The strain was sensitive to tetracycline, enrofloxacin, and doxycycline hydrochloride, but insensitive to
florfenicol, trimethoprim/sulfamethoxazole, and gentamicin. This study provided a reference for the isolation and
identification of lactic acid bacteria from the intestinal tract of sea cucumber (4dpostichopus japonicus) and the screening
for candidate probiotics.

Key words Apostichopus japonicus; Lactococcus lactis; isolation and identification; growth characteristics;

probiotic characteristics



