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DE. EERFEST

HXE Y THB HEzE &2
K E? RTHE' Eikr
(1. BRI  S54am  BiF 2013065 2. INARAEERESHEMRE 1K HE  264006)

WE A TR A ALK # R 5 A, AR R X B A i KT 46 (Sebastes schiegelii)
K ik 7N 4 # (Hexagrammos otakii) By ¥ Tt 5 85 AR Rt AT W o B4k, 3 80 kAT R4 H .
fE R MR R AT E AR B A HEAT R, BB K EE NRERF NN E 0 B E R8T
Wik, R 2 kA AW TS2 M THS, FF3ATHARAY & A RN . 16SDNA F7| o7, £K
FEMER A E E AN R, R DR, TS2 F* & & B (protease) . & 7 B (amylase) 1 fig A7 B (lipase),
TR R PR A FT 2 40 4 48 101 (Mibrio anguillarum) . & ¥4 it 911 (Vibrio parahaemolyticus) . A 4 K 9
T (Mbrio harvey)fn i x5 # # i, 7 (Pseudoalteromonas nigrifaciens) 89 4 K . THS /=& F Bi fn flg 4 B, H T
WA R EAE S . AT (Mbrio alginolyticus), BlVAMINE . B HEME . BAEE
i, # (Aeromonas hydrophila) . 4 # %] % £k # (Saphyloccocus aureus)f A [ T & (Escherichia coli) B £ K
H T AT A LA A1 16S rDNA 77t at, %% TS2 Wy #k 3 % 74T % (Bacillus subtilis), THS J 77 i
72 Ji7 2K H (Vagococcus fluvialis), TS2 78 Z # 15~40 C . NaCl 3% & # 0~0.08 g/L. pH 4 5~9 i £ K #
B, 6 hFEATE M, 26 h FH K EH; THS 5 E % 20~40 C . NaCl 3% £ % 0~0.08 g/L. pH % 5~12
BEAKEB, 2 hdE A3, 14 h BHEANREM, BEHRAEREE ERL2EAN LI, TS2 1 TH8
7 10° CFU/mL % & 4 1F T xR IR 6 £ R AR 2 Ao 0 26 09 f 3 3F AT o TS2. 7008 Wi 2k THS 7=
BRee hoR, HPEWEME SAREENAEK, BASR. S, WER. EKEEREME, TENE
WEARTT AN BESH R, FFRE RN HA AR & KT o ol 53R 13 30 3

KR TR, K &®; WEFHATE,; MrBkkE; ~8%; IF

FESES S917.1  XHEERIEEE A XEHS  2095-9869(2023)03-0188-12

VLAESR, 0 E K 3R = & R i i, 3% FE LA BE (R 1 L 3R HH KT B LR DL RO 3 By
FEPERBAE FTE, & 2020 4ET G5 174.98 7 t (R4 P4 AR TF B BR il 5 B4 Fb 41 B M 9508 %% & (Hamed
3l e B B R4, 2021), H FRFE BB 9K et al, 2021; Cao et al, 2021; Diao et al, 2020), %5551
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FEE T B R B 2B R (Fazio, 2019), 2y 177
v iR R R . PRI, BRI SR 2 A D 1 5 s e
R PREIRE NG R AR,

BT W 18 D) e A W0 Y & B 25 2 TR BE 3 D
W 4 K (Kong et al, 2020) . & & ML K i 55 o
(El-Saadony et al, 2021). 73 Ak 255 (b B 45,
2019). BE/K L (Kim et al, 2021), 23 KRFT
YEH B BR . BRI, 2F 05T 18 (Bacillus) . LR # (Lactic
acid bacteria) £ A4 B B 8 T & 0 FH 20 7K £8 37 58
(Chen et al, 2020; Alonso et al, 2019; ZEH%5, 2021),
R R B R 0 A R A A5 (T TAR M AE 37 4 P i b
KAEVER, BT HAE K A0 3258 i 1 (5K 38 = 55,
2021), FRTEZE(2020)AF 58 B, BEAR Y 25 4 B ok
¥ H 30 E e . R, A0k 3 B 7= B G vk A
0 5 e T R P VK FL R 25 A TR, AT ST IR T
A G filh (Sebastes  schlegelii) Fil kK U 7 4k fa
(Hexagrammos otakii) 1 {4 £k i P4 i 7k 1 43 5 4l 1)
80 PRANTE h e 2 BRy=“HERE S0 . I B R PE LT 1)
WELE AR TR TS2 A1 TH8. WRMRYE & Jxf HAE K ApdE
e P IEAT THEGE , DAIYIA /K f0 25 25 A2 B 1) TT &
55 07 FH A AR A0 35 TR A

1 #wREFE
1.1 SEIEEhin

B A4 1 BG4 K A (14.140.86) em, KGNy
(66.4+1.3) g) FIR I /<Lt [ 4K H(21.6+0.88) cm, A5
HOM(98.8+1.7) g R T IR AR S | el ik, HF
PRIARA A ES

fdt e GO il [ 4K 4 (7.42+0.34) cm, K&K
(10.72+1.04) g]. KA L MK HF(8.540.54) cm,
AT 1R (9.69+2.31) gl R B X MR R A PR
AR, TR AL

1.2 EFE

ARk RE 5L RN 3 g, AWK 10g, 2%
WAE WK, NaCls5 g, Bifig 16 g, H,O 1000 mL; JEH)
BRI HE: A E 3 g, MR 10 g, WIVAMHTER 10 g,
NaCl5 g, Bfig 16 g, H,O 1000 mL; it 1 77
I, A 10 g, CaCl,H,00.1 g, Tween-80 10 mL, ¥
fE 16 g, HyO 1 000 mL, #57#5E7E 121 'C, 15 min K[,

13 EHHSBEL4N

75% R R R T, o R B R AR
B BRI, KERNEY, oA
AKPPE 2 K, FIHASAR B Y EER R, AR A

BEERK R, RIEIRG SIS, — ¥4I T MRS [
RS E T IRAN T, —HBA A 80 CIKIAIF
B 20 min JFIRA T LB B FREE, 30 CHEFEZET
VS, TR Lo B TR . PRIBUR TR TS,
30 CP KBRS, FHlP R,

1.4 FEERERIIFIE

B B AT BB EBRIE AL 24 h 5205 SR T
B0 J A 5 SR TRy % R SR RN I T O e % 7R A
b, 30 CHiFR 24 h, ARG EBRBET R K figk Rl i 1
RE 0100 NG TR R TR 07 Rl ) TR PR, 0 K S
P 5 T 7 1 ELAR

1.5 TS2#1 TH8 F=HIRIHN B RE 143 4

VR /K A 32 ZE 0 T A2 (Mbrio anguillarum) |
%5 3 9B (Vibrio alginolyticus) . &l %5 1fi 9K & (Vibrio
parahaemolyticus) . 4 [CHN & (Vibrio harvey) . 532
5 A Jifd i (Pseudoal teromonas nigrifaciens) . F& /K < B i
(Aeromonas hydrophila) . 4 5% 5% % Bk & (Saphyl occocus
aureus) Fl K JI7 #T 1% (Escherichia coli) N85, R
SPARY RO AN 73 B T AR I B R ) o Horh | 85I |
WE A CC TR L 58 2 PR D RN g /K S BRI FH 2216E
WAKREFRIEAE 28 °C . 150 r/min 2c0F FIRGGEE IR .
9T AN R I AT A TCBS WS 3736 4E 30 °C |
150 r/min 550F MR 5 . SR AMEKE . KT
BT LB AR J23E4E 37 °C . 150 r/min 5F F IR
Wide o fRmGF 2 REUERIME, AR R A
RBE BB IR I, RRds R BB E , A HF
HYEEARS 5 mm BIAEFL, TS2 Ml TH8 707l T
LB il MRS Wik 32 5135 24 h J5, 10 000 r/min
B0 5 min, WHL 200 pL EiECE TOEEFLN, XF B8
MR ITCE RS 75, 7630 CHiFR 24 h )5,
NREE AL & B2 A5 o 0 A S A BB BT, 000 s 41
P AR

1.6 TS2F#1 TH8 MISEMER E£IB A&

MELHEAR AL R TE B, IR T = R
I, AR AR APT S0CHB i &5 API
SOCHL 5 & 6] B ik TS2 A THS #4714 B A AL A
2% WATH R G E TM) RFERSE, 2001)i#
TTIHZHE .

17 TS2FA TH8 WIS FAEMFLERE

AN DNA, R A5 98 415 H 16S rDNA
J£5, IEmSI4H 8F (5'-AGAGTTTGATCCTGGCTC
AG-3"), LA 5%} 1492R (5'-GGCTACCTTGTTACG
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ACTT-3"), 14447 94 °C 10 min; 94 °C 30's, 55 C
30 s, 72°C 2 min, 30 ME¥; 72 °C 10 min, 4 C
TRAF . DA 1% NERESE I UK I S, 162
A TAY) TAR (L) Bedn A FRA T, 745 58k
JH BLAST ¥R & 4t 5 GenBank Ui 4 v i 48 45 1 A1
KMIEE) 16S tDNA JFFIHEAT RG5> #r, IR
MEGAT7.0 KA R kB # S

1.8 TS2#1 TH8 &KL

181 BE TS2 #= THS A K& #Hh 4 He
100 uL B33 EHEHUEKWIA TS2 M1 THS, 4 54%#h
F LB Fl MRS WRKEFR3E, T 5. 10, 15, 20, 25,
30.35.40.45 F1 50 C4AF T 5557 24 h, K0 ODgoo nim »
FA LA 3 A7

1.8.2 NaCl & T TS2 #= THS A Kt % v A
100 pL 557 EHEECE KA TS2 1 THS, 40l T
LB Fl MRS WA 752, T NaCl ¥R (g/L)H 0.0.01 .
0.02. 0.03, 0.04, 0.05, 0.06. 0.07, 0.08., 0.09 F0I
0.10 g/L £ F, 30 ‘CH;i3% 24 h J5 K ODeoo nm» HF
AL BE 3 AFAT,

1.8.3 pH * TS2 fe TH8 £ K& %" HL 100 pL
Br R B BUE KW TS2, AT pH H 3. 4.5, 6.
7. 8.9, 10 A 11 () LB WK 3= H; B 100 pL
B EIRBUE R WIN THS, /T pH 20518 3. 4.
5.6.7.8.9,.95, 10, 105, 11, 11.5, 12, 12.5,
13, 13.5. 14 [ MRS W {RKE I, 30 CHi3% 24 h
JE K ODeoo nm»  BEASEHRZH L 3 P47

1.8.4 TS2 4= TH8 A ¥ ¥ & wyml & B 50 L
iR BB TS2 F1 THS, 230 14280 T 1 000 uL LB
1 MRS WA 323, 78 30 *C . 150 r/min 5500 F 8555,
TP 2 h R, AU ODgoo s B SEEREH L 3 4 FAT o

1.9 Z=&HEmn

BB UM S A 1/ EC -t AR I N 2 4% 60 B
3Gy R 2 (R 5 X R, MU 30 B, ok
3AAT, BT 60 LKA, /KiE M (23+0.5) C.
HHk 2 Wk, Bk 4/5, 855, ARER
Y, KBS, B L RE TSR, WRE
30 'C, 150 r/min 5514 FHRG R 5% B ECE RS,
6 000 r/min 25.0» 5 min, ] PBS #& % 10° CFU/mL,

R NG s 1 S i A 7 4 A A, S 36 A0/ LG
il R R g 7N 2k A1 43 ) A R 1 B 100 uL 10° CFU/mL
(14 TS2 I TH8 AW, 1 [Q-P- il Fl R Ul 7S 42 £ %) iR
AR AEST 100 uL JCIE PBS. 1415 i L2 igg
10d, GEit#sdiF o, RIS E K AT
NI
1.10 HIE&KITS5HHH

KA SPSS 22.0 b By B R I 2 0 i
(one-way ANOVA) LB 22 5 ik 2 /K7, P<0.05 B}
FonEHEE; RH GraphPad Prism 8.0 44 A ,
SIS BRI I E AR ME 22 (X £SD) KR o
2 ZERE55H
21 FEHBEMNBELER

X AR A BE B A o 2R A T A B 3 i il , AR A
80 PRI B FRANTA (5 1), a4l r= B 1143 My i 1%
HPETERE T B R B AR TS2 A1 THS ., TS2 722K [ il .
TEAD BRI RE W e, WK A VB BAR S TR EAR Ay
A 3.37+0.32, 3.2440.12 1 2.27+0.13; THS ;=& H

FitE A1 G Wl , HEREK B B SWE EA N
2.32+0.09 f1 2.06+0.19 (% 2).

x1 EHRRERES

Tab.1  Strain source and number
KA Hh, (EES el 51 B HRAL ik ¥ R

Collection place Host Species Isolates number Strain number

KEK S PYF K F-fil S schlegelii FLERH Lactic acid bacteria 9 DS1~DS9
Dagin Island KN H. otakii  ZEFIFF I Bacillus 11 DHI~DH11
FLIR T Lactic acid bacteria 18 DH12~DH30

FERLE, VFIRF il S schlegelii 2 fiLFF 14 Bacillus 8 TS1~TS8
Tuoji Island FLARH Lactic acid bacteria 12 TS9~TS21

K724 H. otakii ZFfFT B Bacillus 7 THI~TH7
FLER A Lactic acid bacteria 15 TH8~TH23
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Tab.2 Enzyme production of isolated strains

7 HEK i AR S TR AR

T kR g = Ratio of the diameter of the enzymatic
Strain hydrolysis to its colony (H/D)
number HAM T i 17 T
Protease Amylase Lipase
TS2 3.37+0.32 3.24+0.12 2.274+0.13
THS8 2.32+0.09 - 2.06+0.19

22 HMEKWHER

R 7 0 8 00 G TG PR SR B R B, TS2 7 41 i) i
IR« R I e 2 IR M S B B M AT 7 A
£, THS P~y o ps . BB iR .m0V I oI
AT BRI TR . WK SRR . 4 B (0 49 3K T AR
JAT R I AR (R 3) . BRI R Q&L 1 s, TS2.,
THS8 (7= W BA i M E
23 T2 TH8 HASFMNEREBENMKNER

TS2 7 LB [Al #8537 5 o e LA AN ]
15 A OB G, 78RR P RAPIR, A R
@B ; TH8 7E MRS [E1 AR5 I5 3 P SR DL |

4 1Y)

" V. anguillarum
©
XfH Control

WS AL AGE Y, B T 2 EE i RIE
H s YL S M (B 2), TS2 1 THS 4= B AE Ak
PRSI 485 SN 4 BTR o 0025 FIBE TS2 A ZE AT i AL,
THS NHEREFL
24 16SrDNA F3 o iaR

TS2 il THS [ 16S rDNA JEHH #8351 K

®3 ERSUNEREBNEER

Tab.3 Inhibition of strain products on indicator bacteria

I BBl H 42 Diameter of

Indicigoi?;teria inhibition zone/mm
TS2 TH8
#23LE V. anguillarum 8.73£0.30  8.62+0.43
% E V. alginolyticus - 10.32+0.20
AT V. parahemolyticus  8.20+0.06  11.97+0.43
WA 4k QB V. harveyi 9.80+0.30 -
B3 B BA I P. nigrifaciens 8.66+0.12  10.40+0.51
g KA B A. hydrophila - 11.76+0.51
L AHE BRI S aureus - 9.98+0.39
KIHATFHE E. coli - 9.69+0.29

PP vk

A. hyzkophila

P17 23 D B A 410 o 2R

Fig.1 Inhibitory effect of strains on some pathogenic bacteria

UL eee
’
SNt
l,.
v ' sum

K2 TR RIS R RO 2 IR (B AG 1A

Fig.2 The morphological characteristics of the strain and the microscopic examination of gram stain

A: TS2JEASHHIE; B: TS2 #2[RH(h; C: TH8 JEAHHE; D: THS 2[Rt
A: TS2 morphological characteristics; B: TS2 Gram stain; C: TH8 morphological characteristics; D: TH8 Gram stain
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Tab.4 Physiological and biochemical identification results
2E L Result 251 Result
55t i H
Htems B8 1 Wt 2 Htems W 1 Wt 2
Control 1 Control 2 Control 1 Control 2
B et ] et e L
Negative control Aesculus ferric citrate
N =M% Glycerol + + - - JK#H Salicin + + + +
IREEMEDE Erythritol - - - — | D-£F4E—F% D-cellobiose +
D-F[$i{f1 4% D-arabinose - - - — | D-ZZH D-maltose + + + +
L-F[$i{f 4% L-arabinose + - - - D-F M D-lactose + - - -
D-### D-ribose + + + B D-melibiose + - - -
D-AHF D-xylose + - - — | D-JEH# D-sucrose + + + +
L-AHF L-xylose - - - - D-%#§ 58 D-trehalose +
D-E ¥l D-ribitol - - - - 3% Inulin - - + -
-B- g .
I JE-B-D I ACHE ) + - - - D-#5 =3% D-melezitose + - + -
Methyl-B-D xylopyranoside
D-£F W D-galactose + - + + D-#i ¥ D-raffinose + - - -
D-#jZH D-glucose + + + + | 7EH Amylum - -
D-¥F D-fructose + + + + | B Glycogen + + - -
D-H#E## D-mannose + - + + | ACHEEE Xylitol B B a B
- H —
1IZ4HEF L-sorbitose - - - - D jzﬂfgﬁ + - + +
D-gentiobiose
25 L-rhamnose - - - - D-+1&4# D-Toulon Sugar + - + —
T¥EE Dulcitol - - + - D-KEJiHE D-lyxose - - - -
JLEE Inositol - - - - D-¥5#& 4 D-tagatose - - + -
‘HE2 ¥ Mannitol + - + + D-# A4 D-fucose - - - -
11%LEE Sorbitol - - — | L-&=#EHE L-fucose - - - -
-a-D-Nit g H &5 7 N ” .
T -o-D-MEI H SR -+ - — | D-FIHLAfIEE D-arabinol - - -
Methyl-a-D-mannopyranoside
-o-D- M, M % 25 N ” .
A --D- UL T A6 B Y ) + + + - L-Fif$7 {4 % L-arabinol - - - -
Methyl-a-D-glucopyranoside
N-2 B A L | e L
N-acetyl glucosamine Potassium gluconate
A H Amygdalin + - + + 2-@@%@@*}%@&%&3 - - - -
Potassium 2-ketogluconate
RESR 4T Arbutin + T + i S'ﬁ@%ﬁ]@*ﬁﬁﬁﬁ B B B -
Potassium 5-ketogluconate
T +FRRGERIAE; SRORERBAE; XTI 1. R, M2 TR A T B R

Note: + represents positive; — represents negative; Control 1: Bacillus polymyxa; Control 2: Lactobacillus casei ssp. casai.

1459 F1 1466 bp, i+ NCBI ¥ 72 Blast He Xt & FR,

TS2

5 My W ZE 0 FF T Y37 (KF641801) A1 0-2

(FJ959367)FHLLEE 435l i5 &) 99.79%F1 99.66%, THS
5 3 7 1 %% Bk B (Vagococcus fluvialis) TRG15
(MH329632)F1 SS1339 (GQ337040)AH L 4351l 34 5

98.97%71 98.97%.

T 16S rDNA F4) ) TS2 Fll TH8 FH%

-SR]

(B )RR, TS2 S EZE/ATH KF641801 Al
F1959367 R h—3% , THS 5[ i i i BR i MH329632

1 GQ337040 K —37., G5RIEAE.

A= BRAE ARG
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J 168 rDNA FFF 3 Hrab 3, B TS2 %52 J Al v 2570
FFEE, TH8 %0 Ml i 12 iRk i o
25 TS2F TH8SHAEKEFHEMRER

R BB T TS2 f= THS 9 A KL
TS2 7E 5~45 C¥fig &K, il A K IRE N 40 °C,
fE 5~40 CHY, BEEIGFRIRERN TR, TS2 7MW
AODgpo n (Z41EBT ODgoo I GHT ODgoo nm) 1B HT 14
K BB R IR IR RS T, TS2 B5 32 AODjsgo um

251

BT
TH8 7£ 10~50 CHREAK, fiddKiEE N
30 °C, £ 10~30 CH}, FiFEFIREMNTE, THS
FEFEW Y AODggo nm B HITHE K 5 FEE B FF 1R Ak 2L T
&, TH8 B33 A AODygo nm BT R (K] 4)0
252 I F NaClRE4&# T TS2 4= THS ¢ £ K oL
TS2 7£ NaCl ¥ 47 0~0.10 g/L (1) LB WAk 753
i RE K, i, 0~0.08 g/L i, FfiZE NaCl i)
T, TS2 KiFR MY AODgog am FEAANAS 5 [fi# NaCl

99| T Eh L HIAT T Bacillus halotolerans OL307672

96

97 A TS2

1

100

97 itk 2E 74T 3 Bacillus halotolerans KT758450

DUSEHT 2 AIAT B Bacillus velezensis OK687683
FETER ZEHUFTE Bacillus amyloliquefaciens OK655745

P Q2R BAF T Bacillus haynesii 01322027

1000 g oy (25 HUAT 3 Bacillus haynesii MT225680

DI HIAT T Bacillus anthracis MZ295244

0.020

oﬁ[ MR ZERIAT B Bacillus subtilis KF641801
FERE SR B Bacillus subtilis F1959367

fik: 1 VB BRTE Vagococcus salmoninarum OK376503
100| FREWFIRTE Vagococcus martis NR158022
82| "SRIBWFERE Vagococcus martis KX881420
FE DURB IR Vagococcus teuberi NR157692
XHUFEYFEREE Vagococcus penaei NR116618
A THS
TR WFER Y Vagococcus fluvialis GQ337040
W IWBRE Vagococcus fluvialis MH329632

KFFE Escherichia coli OK643886

3 3T 16S tDNA JFHIRY AR TS2 1 THS R4k B W
Fig.3 The clustering results of strain TS2 and THS based on 16S rDNA gene sequence

AODeoo nn

06
n=3; x+SD . fg E
ef %8 T
e T
d =
04r T
8
&S c
3
02F b
a
0 ,J|__| 1 1 1 1 1 1 1 1 i
5 10 15 20 25 30 35 40 45 50

1R & Temperature/'C

061

n=3; x£SD ¢ f

T £
041 e .
02r
d
C

ab ﬁ b

ol o L I I L T
5 10 15 20 25 30 35 40 45 50

1L Temperature/'C

Bl 4 RIENEE ST TS2 (A TH8 (B4 KB
Fig.4 Growth of TS2 (A) and THS8 (B) at different temperatures

A 057 TR R A [F) 7R 26 57 .3 (P<0.05), R 1AL,

Different letters on the column indicate significant differences (P<0.05), the same as below.
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WeBEARLE TRy, TS2 JEFRMI) AODgog nm 1B W FEAIK o
THS 7 NaCl ¥ & 4 0~0.10 g/L 1Y MRS W AR 1 35 5 op
Yifga K, Hh 0~0.05 g/L B, Bi%E NaCl VR BE (i,
THS 557 AODygoo nm ZEAANAE s FififF NaCl WeFEYE
22T, THS B3R AODggg nm BT FAEAR (K 5).
253 RF pH &4 TF TS2 #= THS #9 £ kL
TS2 76 pH &y 3~11 f LB W AR KRG F: 3 2Bk

K, 7 pH Ky 3~6 B, K% pH MIFHm, TS2 85
) AODgoo nm B W Tt 513 7E pH 2h 7~11 B, B%E pH
HITHE, TS2 BEFRMEAY AODygg nm 1Z W R . THS 7E
pH 24 3~14 1y MRS IR EFREE P REA 1K, 1E pH
S 3~8 B, BfiE pH (I THE, THS 532 W1 AODeoo am
BT e s 1 pH g 9~11.5 B, Bt pH Ay THE,
THS8 572 W AODgoo nm Fo AL s 7E pH Ky 12~14
i, Wi pH TF S, THS 532 AODyoo nm 1% Hi
FEAR (% 6),

254 TS24« THS #9AK w4k  TS2 Ml THS A K
Lk SRy “S” R, W ROWER R GERT ] . XPBUE K
WIRRE I . TS2 AR AAEAIH, 290 6 h, 1IN
BARECR AR A K, BEJG AT B R, A B AR AR
K, 26 h )5, AR K IEARER, THS ZEH;

WA, AR ERPEARKIER, 140 )5, H
MRA K ATRE W], 76 TS2 B gt B 1535 pH HA
ANAE, FE THS B8 FE i RS FR pH B TR 7).

26 RFAEREEMNZEMERNER

DL 10® CFU/mL ¢ B[] 1/ FGSP- il F1 A Ol 7S 2k iR
JE 53 4 100 pL A B ZE AT B R 100 pL Y0 3 i i
BRE, AR R, PR ROl R U S L s
Rif, TABAILT- R GE 5).

3 ifip

A 5% D36 Jify B A 0/ EGOT il RN K U 7S 2R £ T AR
T N> B O 2 BRASAE PH LAY B AR TS2 A1 THS,
FPIAIEE | AR K 16S rDNA 75143
Br, ¥ TS2 F1 THS 535l % 28 Sy i B 2F AT 17 19 37
T WEERTA o Al B 2RO PR ELAT P2 . R L AR R A
g S 4R S (Liu Q et al, 2021; B EESE 2021), ¥k
Iz T K 7 355 (Shah et al, 2021). YR
(Zhang et al, 2021) . 7K Fii5+ 1k (Guo et al, 2021) 55 & s,
JFEUS T RAFRIRCR . MR IFER B T 1989 4E 1K
¥k P(Collins et al, 1989), A XHCHILEA M

08 1.0r
n=3; x+SD n=3; x+SD
f 08 T
0.61 l l de de de cd
s Lcde c_-drf(’de—'?'—ﬁ cde cd lg—‘r——"‘—
é ] 7 g 0.6 be b b
A 04r a a
3 b S o0af a
a
2+
0 ﬂ 02
0 1 1 L 1 Il 1 1 Il | Il | 0 1 | | 1 | Il | | Il | Il
0 0.010.020.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0 0.010.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
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Ashouri 55 (2020)8F 58 & 8L, 7EARDEF A I ELER Fr 3K TR
(Pediococcus acidlatictici), f/ffi(Lates calcarifer)/i%if
VAT LT T 1 S S . AW 5T BT O % B PR AR TS2
BAPEAN . kMY EERe ), THS BA " &
P NIRRT BERE 7 , 2 IH TS2 HoAT $1 5 17 [CF il i 1
B PE A9 7, THS B B i Kl 7S 2k 07 38 g Pk
MIWE T, 76 1 5 M RE A 1 F0 1A 3 S ) BT
e, #Emfe A

W A TE H R AT 25 SR AT LA A R S8R
JE i A2 H)(Galdeano et al, 2019; Z5/NEE45E, 2020), T
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Abstract Marine fish are rich in minerals (calcium and iron), vitamins (riboflavin and niacin),
nutrients that are beneficial for brain (fatty acids), docosahexaenoic acid that prevent cardiovascular
and cerebrovascular diseases, and are an important source of protein for humans. In recent years, the
nexus between the increased demand of high-quality protein and the decrease in marine fishery
resources resulted in the intensification of marine farming. However, this high-density farming has
led to various bacterial diseases frequently due to lack of disease control methods, which has caused
economic losses in the farming industry and impeded the healthy development of the industry.
Therefore, it is particularly important to reduce the rates of bacterial diseases and improve the
survival rate of cultured fish. It is of particular concern on how to maintain intestinal health of
cultured fish under this farming method. Probiotics, a kind of living microorganisms, are beneficial to
the health of the host. In the 1980s, probiotics have been viewed as an environmentally friendly and
effective product in aquaculture; they improve the host health by influencing intestinal microbiota
and nonspecific immunity to increase disease resistance ability. Moreover, they can be used as an
ideal substitute for antibiotics in aquaculture production. Probiotics from Bacillus, lactic acid bacteria,
saccharomyces, and nitrobacteria are diverse, and the function of each varies widely. As the typical
representative of probiotics, lactic acid bacteria, may inhibit the growth of pathogens by the
production of its metabolites, such as lactic acid, acetic acid, peroxide hydrogen, and bacteriocin.
Lactic acid bacteria are also able to balance intestinal microecological imbalance and maintain
intestinal microbiota balance when the intestinal microbiota contains pathogenic bacteria or the host
is treated with antibiotics. Bacillus is an aerobic or facultative anaerobic gram-positive bacteria,
which is stable, possesses strong stress resistance and high resurrection rate, and can produce various
macromolecules, such as proteases and amylases and thus can improve the digestive function of the
host by promoting the absorption of nutrients. Furthermore, as a non-specific immune antigen,
Bacillus can improve the immune resistance of the host by stimulation of the components of cells or
cell walls. The application of lactic acid bacteria and Bacillus has demonstrated favorable results, but

this has been limited in marine fish culture because the non-fish origin of some strains and the
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different specificity of strains for different fish species or the same growth stage make their
application difficult. Thus, it is essential to develop marine fish-derived probiotics, analyze their
characteristics, define growth conditions, verify safety effects, and determine dosage and methods for
their administer in marine fish culture. In this study, probiotics from marine fish were screened for
the development of microbial ecological agents; 80 strains of culturable bacteria were obtained by
separating bacteria from the mucosa samples of the digestive tract of wild Sebastes schlegelii and
Hexagrammos otakii. The enzyme-producing ability of the strains was determined using a selective
culture medium. The common pathogenic bacteria infecting marine fish were selected as indicator
bacteria to determine the antibacterial activity of the isolated strains. Two potential probiotics, strains
TS2 and THS8, were screened, and their physiological and biochemical identification, 16S rDNA
sequence, growth characteristics, and host safety were determined. The results showed that TS2 had
the strongest ability to hydrolyze starch, protein, and fat, and its sterile culture products could
significantly inhibit the growth of VMibrio anguillarum, V. parahaemolyticus, V. Harvey, and
Pseudoalteromonas nigrifaciens. TH8 has the strongest ability to hydrolyze protein and fat, and its
sterile culture products could significantly inhibit the growth of V. anguillarum, V. alginolyticus,
V. parahaemolyticus, P. nigrifaciens, Aeromonas hydrophila, Saphyloccocus aureus, and Escherichia
coli. According to the analysis of the physiological and biochemical characteristics of the bacteria and
16S rDNA sequence alignment analysis, strain TS2 was identified as Bacillus subtilis and strain THS
as Vagococcus fluvialis. Strain TS2 showed significant growth at 15-40 °C, sodium chloride
concentration of 0—0.08 g/L, and pH of 5-9; it entered the logarithmic phase after 6 h and the stable
phase after 26 h. THS grew rapidly at 20—40 °C, sodium chloride concentration of 0-0.08 g/L, and pH
of 5-12; it entered the logarithmic phase after 2 h and the stable phase after 14 h. The safety of strains
TS2 and THS8 was analyzed on a homologous host, and it was found that the strains were relatively
safe for the homologous host at the concentration of 10° CFU/mL. The screened B. subtilis TS2 and
V. fluvialis THS8 strains have a strong enzyme production ability and inhibit the growth of various
pathogens by their metabolites; they have the following advantages: Wide temperature and salt
tolerance, acid and alkali resistance, and fast growth speed. Thus, they could be considered as
potential probiotic candidates for the development of microbial pharmaceuticals and can be used in
more applications in marine aquaculture.

Key words Sebastes schlegelii; Hexagrammos otakii; Bacillus subtilis; Vagococcus fluvialis; Enzyme
production; Bacteriostasis



