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W OE. [B#)] Mg kAnv Z 6)5 (Micropterus salmoides) M i F i i 3t 8 & 3% K & (Nocardia
seriolae)B- A 3% uAE 69 e & cFE] RERv ZE¥MEHR, BGHEHBEERA T TSA
FARVA S B Ao AL MR mmﬁ%& hikATHR e TR EABAAREAREA L T1RE .
WA FHAE, AEAKE. 16S IRNA K E 5 7| B R 3t & & G2 F A oA 5 8 3 AR At
&, ﬁﬁ%%%%ik% . FEMHEE . RfmAe K BE LRI E E B M & AT R Fe g
M. [ER] AAOM S BRATHhABE 2 HEFEFRALALE LT ZRLRRAEAGBK
XXLC06 #= XXLCO8, éy\ﬁ‘l ST A D RAT IR B R BR 3 F0AF B (Lysinibacillus macroides)5 %5 44K #1 &
B 3 F0AT B (Lysinibacillus fusiformis). 2 W& & & 25-37 °C. #HE 5%0-30%0. pH 5.5-9.0 & T
ARRIF, £03%F05% RRERETHEEENZHT 53%. BREEELET, 8h/E XXLC06
5 XXLCO08 49 B B EFE 53 4 68.09% A= 63.16%. £ 3 FAMEF F, XXLC06 5 XXLCOS #)5
KEHZT 50%. 2AMEHaEFRADBEIRLRSh B, EREE 55X 54.62% F= 52.44%.
XXLCO06 A= XXLCO8 #9 . m it & 8% £ i xt #F &35 F I E 49 %ﬁP 7 B A 124 5 4 (28.15£0.44) mm A=
(22.63+0.52) mm. 2 B ARERIN B B L FME, 3t 23 2 RAEA HWHE; S EFRBIEEHL
stRkv 2o At [44] Bk XXLC06 = XXLCOS B/ RAFe9A KiE mk, ZMEE . A
WM BRAER RN ERER, AGEHLEFTRARSETHEN AL T TRE TRIRIE.
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Screening, identification, and characterization of Bacillus strains
antagonistic against Nocardia seriolae from the intestine of
Micropterus salmoides

LIU Chenyuanl, MAO Huili', WANG Qiankunl, ZHANG Xingxingl, SHEN Changchunl,
ZHU Lixing', GUAN Shuhao', MENG Pan', CHU Yanxing', LI Xudong®, GUAN Jianyi'"

1 School of Life Science and Technology, Henan Medical University, Xinxiang, Henan, China

2 Fisheries Technology Extension Station in Henan Province, Zhengzhou, Henan, China

Abstract: [Objective] To screen potential probiotics with antagonistic effects against Nocardia
seriolae from the intestine of healthy largemouth bass (Micropterus salmoides). |[Methods]
Intestinal samples were collected from healthy largemouth bass, and strains were isolated and
purified via serial dilution and spreading on TSA plates. The hole-punch method was adopted to
select strains with antagonistic effects against N. seriolae as test strains for subsequent experiments.
The species of the test strains were identified through morphological characterization,
physiological and biochemical tests, 16S rRNA gene sequence alignment, and phylogenetic
analysis. Additionally, the growth characteristics, adhesion ability, antibacterial activity of cell-free
fermentation supernatants, and biosafety of the test strains were determined and analyzed.
[Results] Among the 40 bacterial strains isolated from the intestinal samples of healthy largemouth
bass, two strains (XXLCO06 and XXLCO08) with stable and significant antagonistic effects against V.
seriolae were selected. XXLCO06 was identified as Lysinibacillus macroides and XXLCO8 as
Lysinibacillus fusiformis. Both strains grew well at 25-37 °C, salinities of 5%o—30%0, and pH
5.5-9.0, with survival rates higher than 53% at 0.3% and 0.5% bile salt concentrations. Auto-
aggregation assays showed that the auto-aggregation rates of XXLC06 and XXLCOS8 after 8§ h were
68.09% and 63.16%, respectively. In the three organic solvents, both XXLC06 and XXLCO08
exhibited hydrophobicity rates exceeding 50%. After co-incubation with N. seriolae for 8 h, the co-
aggregation rates of the two strains reached 54.62% and 52.44%, respectively. The diameters of the
inhibition zones of cell-free fermentation supernatants of XXLC06 and XXLCO08 against N.
seriolae were (28.15£0.44) mm and (22.63+0.52) mm, respectively. Neither strain showed
hemolytic activity, and both were sensitive to 23 tested antibacterial agents. Acute toxicity tests
confirmed that they were non-pathogenic to largemouth bass. [Conclusion] Strains XXLC06 and
XXLCO8 exhibited favorable growth adaptability, adhesion capability, biosafety, and stable
antagonistic activity in vitro . This study provides potential probiotic resources and experimental
evidence for the control of N. seriolae.

Keywords: intestinal probiotics; Lysinibacillus macroides; Lysinibacillus fusiformis; Micropterus
salmoides
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K B&5(Micropterus salmoides), HFKANN
i, ®E T 8 H (Perciformes) K BH i Bl
(Centrarchidae) 22 5 J& (Micropterus), 7 7= F 1t
M, R Rk IR a2 [ 1983
GNP E N R LR, KE R RS T
Y. Kl riitks HER P e, R
MR LT ER . B A 2 ook Al
FRIHMA RS R, R RS L E R R R
T H B A IR K Z BT SR A AP BRI, FE
R PR B FRAE P 2 ) R R iy IRl i, & 280
A H g dh . Horp, g FIRE
(Nocardia seriolae)7 | EEP) iR QB /& Y Hi R H
PRy SRR e EL IR R AN R PR 2 — &
RHA R | gtk SRe s, B SR80R
FAREARAERR G | JET R bJF, P E AR5
PR, 4 kB R TRk .
PRI, R 5 0 20 R T s 1Y A % 7 455 S g
DRBSE R 1R 5 332 58 A B vl Rl i e, E
R YRR P IR B AU TS 5 ]

UTAEAR, i A AR K ™ SR 5 U Y v H
w0 ), VER—RhaRE . A s A B
5T B, HARLER KL S Wyl 18 A 251 1
SR ATLAA G i 7 LA KA e Jat oA AR R A5 T
EHEEBAEAD, MG F50E i B i 25
A TR B HE SR AT & (Bacillus) . FLERTE &
(Lactococcus) . FLFFHJE (Lactobacillus)h S i E:
B (Saccharomyces) = HUE YN, 2EAIFT 1A 5 HiAlb
g A A P, G S S AR 2 RE A5 7 41 A Y JE B
EA M W RRORE . vk T DL &
U AR p R 2R, B9 AU, Rk
Yrog R PRI T 1 25 AT T 5 R 00 PR B 33 0 1
il L RE A8 26 M 0 S5 1F N e F e A AE . BT ER
BT, MKA: sh ) 18 vh i 8 Hh i 2R AT TR 2 4
Az AN RE A5 A RO 5 B AR A, e e
FXEFRY IR, g AR PR
Yl 5 40 2oh RSz 5 S5 ML A 400 ) s it T 1 o 1
PR B 5 A R

P I PN K SR A AT A Y v R
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Ko 1 25 A FF B 28 25 2E DA B AR AL R ZE AT I
(Bacillus subtilis). f# V& ¥y 2F 8 ¥F 5 (Bacillus
amyloliquefaciens) L4 S 1 A ZF #9 #F T8 (Bacillus
licheniformis)!'"""2 . AR T AR, AR
FELRF B (Lysinibacillus)VE A 7K 7 5% 58 4 A T8 1 AH
KB, (B AT 3 B 2 Il 1
Weti. pln, &SR R, RRsk
VS N1 2 PR 2 AT TR 6T ML AN I5E % R (Litopenaeus
vannamei) = K& M A7 E HA — @R #EH, H
BE R PSR . WA .
MR R A & i & pH fH; T W FHF R &
B, U5 B 8E(Cyprinus carpio) il )51 & R 25 10
FRE ELA RAF 09 7= K EE AR -TV (DDP-1V) 1)
Wil RE 7, IF AW AE 0 AR I D) RE .

ARAIFFE DN 11 B gy 3 v O B S ) Al £ A
K E E A PO R R XXLCo6 A
XXLCO8, il id i V& TS 0RE . A B AR fb e
K 3L T 16S rRNA S H P9 1 R4k B W5
Br, X2tk AR SEAT T 28205 . [T,
X R Bk XXLC06 A1 XXLCO8 it A= K 4% vk . Zh
B BE I SR TN, A B TR E R R
5 35 58 85 T S N BB 7, LA TR 4F R
HBF R EM IR A, WE 2 HE T
Y1 it 2 P 7 VOO A £ R ER B XXLX2 A
B M, JF X B FR XXLC06 Fll XXLCOS i 47
g (RN CANETE /K5 Rl R W ) R B = W
PLER 7% HAE O 25 AE R s bR 000 1, AT
TR PR R EG R s 1) AR ) B 4 B9 JL A o
1 MR5H%E
1.1 ##
1.1.1 Rt I E Ak

AH 5 BT AT Bl ) S B Y AR AT BT & R 2R B Bl
VI PRZ DL HIb e, g5 A XYLL-2020451, fa
B T BB G S 4 4R K A (11.03+0.36) em, F-3

PR A (13.42+0.71) gl BT RS 44 B £ AR 57
S . SR FE KGR R B0 H 45 KA SR T A R0k
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J¥ 200 mg/L AR SARIEIGRIE 1 h, Z 5
FHUE K 0 3-5 LA L BRI EEGR B2 . BRI Y
R RS TAH RN 15 mg/L BYAE /R Sk
WM 15 min FATIRR A, RS HEL R
2 205 1 Ak PR A 1 2R GE K AR N AT 3 DR
g%, IR IER RGN I KE LT, MG
IR AT RP L KT, DAYEHRe it i A K AR B
S i FEATLVE B 10 AR HE O 1 R B T JRe 4 TR
o B SCAF A ORI, B PR S £ 0 T R A )
B HOoR #5725 4R . i A v R IR (V.
seriolae) XXLX2. Mg K < H (Aeromonas
hydrophila) XDMG ., Hi % 2 6 ¥ 18 (B. subtilis)
XXWCI A7 TA R IR0 %
112 EZTFLEE

JiR 8 F R K 5355 (tryptic soy agar, TSA)$:
FREE | AR AR KGR ) (tryptic soy broth, TSB)
AR AL MR E ARG, FR e
F T Bl T 1A W R R A IR W) 5 A0 G TR 4
DNA PO BULA &, = H BEAYH AR )
H IR H] 3 2xTag MasterMix, YL A 40 4k
VIR R AR A F] ;B AR, #FE L
SAEYRHCA RAE AR 28048, B
A iR FR A A

it 7 B I9B5(SEM), Hitachi /A7) 5k
WURELOHL, W AR AR R A IR A A 5
ANAT LG EE T, At st s A S A BR 5
EAF,
1.2 BFEREMEN S S5k
121 @AEHS

BEMLIEHL 8 AR K FEGT, BETRAT
A 193 (1:20 000) HY /K G HH JEAT RIR AL 8, i fa {4
SRESVEE R AN NISTIE e O K B R A S S
SRR AT S . T 75% SRR ER
R AT IHEE, MRS, R )
A LA B 5 B o £ g B 1 . R G T
B /OB I iE N TE AR, ] PBS o
UE3-4 K. Mg 8 e aET. . 5 s By

VIR 2 em BB, AR A4S B 5l B X Y
TR BT, B MA 1 mLPBS R, JH7E
WG A R UUdl s 515 . AR E T
60 °C/K A4 HPE IR AL B 30 min, LA 4 000 r/min
B0 3min, WO FJZW, SR 10 A5 BEFR RE
HIEAT B R R, WA 107 107, 1074,
107° ¥R B A0 B2 AR BRI o o 1) W B 45 2L s T T
100 pL, 57 URAFERT L 1Y) TSA K533 1 ikAT
Ve, TRAREARMRA 10 AP K% SR s E
T 28 cClHIRIGFRAH ™, E 24-48 h IG5
B8], AR AS [R] (4 B VR 25 AN 3060 Bk 1k H A TR
7%, JFTE TSA FAl b ibtT e = klkalife, fral
b5 B VR AR T TSB B g dkrh, PR BT
5H 11 AERBE A 50% B I H i, Jf
TRAFE T -80 CCHIVKAR 1, T KR A9 4 5 AR IK R
XXLC01-XXLC40,
1.2.2 FEREYITE

T 2o FT AL X 43 1 B A B R A T 0 A O 3
L £0 0 5 G XXLX2 VE M8 R . 4
121 °CK A ) TSA K532 R H & 45-50 °CH3
PR, TR FREREEEITRE R =R, SRR
100 pL i £ 347 = FG PR A2 VR0 I 28 45 1% 95 2 P Al
FUE, A HICR A SR A, AT B
BB, R R FRILE B T 28 ClHIEA TR .
48 h JE WU P, FAEY R AR T R BRI
5o VLS PUM a0 R ECORE Y kG D ZE AR R
XXWCI1 E A BEPEXTRE, TSB A B: 7254 A
FIPEXT R, fd IR T FL A (B AR 7 mm)7E T4l
¥ 3 AL, AR R 2 fL,
3N 30 pL Ak BLZEAOFT B XXWCTT B A
30 uL TSB ¥k A 85 752 3%, ) A FL A2 43 0 m A
30 ub BiRSr BS WK A . RS IEEE T 28 °C
TEIRAG TPk 9%, 18 h S JTIA4ERE 2 h WL
HWRETE SN, ERMEE R, o3 Em
PR FE A TRIAR
123 EmEETF

SR AT AL T 77 A= 100 1 P 1) B AR R4 52 T
I, FERE 1.2.2 1, fFFI0E TSA B
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MBE 5, B E 100 pl A6 fo b G R
EYIIER-S P S O e TR (= oY 1 3 N
By, PARDATCRE S B B, 58 T 28 °CH
TEAT TR FE 48 he RE R4S IO i, T
Wy AR TP F S R SR L3S, (HFJC AT AL A (L
# 7 mm)7EPAl b el LA, ol gL
A 30 pL WIS HURR R o TR PR AS i
11 3 VATEEER, IEH T 28 °ClIEE A&/ T 4kss
. LRAPIR S A A HREE R, ik 2tk
Xof i £0 v R IS EAA Feoe B g 5 E R T
Pk XXLCO06 Al XXLCOS, FH:-Hfi 2 H: M )5 LeiF 5t
1) B AR IERE
1.3 EHMELRE
1.3.1 FEEE

We B 4y i 4l 4k 5 B B BE XXLCo6 AN
XXLCO8 MBI, 2 10 5k R B ER B 2
107 R BEEE, 43 WG 100 pl 1 AR R T V4
SIURA TAHRL B TSA K53t I, 28 °CHiF: 24 h,
WA 2 BRI IAMIIE . K/, Bl s, R,
3NN 2 BRTE H BRECR TR VR HE RN T TSB K57 5
Hi, F28°C, 180 r/min #EIRKE % = KU K]
(ODgoo fE 9 0.8-1.0), WZHL 2 pL 18K & T JC i
B b, 2R AE, 7ER M T W
ARRHIE . A, 23 IR 2 BR TR A 5 57 T
W (ODgoo T4 0.8-1.0)%% 1.5 mL B T 2 mL A
BEOEd, LL4°C, 4000 r/min &.0 5 min, 37
£ LW, WEREZE A 1.5 mL % R e
(25 mg/mL) 2 5 A WIRDITE BSOS N, K1
JE T RE S R4 m AT 5 AT A
HLBE AR
1.3.2  AEIBAAFERN

ol FH 40 17 2 Al 5 5 17 B X TR jR XXILCO06
Fl XXLCO8 #EATAEfbdedntail, S8 (o L2
W ARG ETFM) P (AR E % e T
) UOgEA T A B A A S e, IR ARG S A A
A, SRS T AE LR AR A TN A5 5

P4 actamicro@im.ac.cn, 7 010-64807516

1.3.3 16S rRNA EFFINER REAE
SOk AEES

SR FH 20 7 55 (R 2H DNA PRk 2 BiG57) 6 42 e
BkE XXLCO06 Fl XXLCO8 [ 4H DNA, 434
DL 2 BRTE B9 BN ZH DNA AR, ffi ] 2xTag
MasterMix & 16S rRNA KPH3a FH 5 10 Eiigs ]
¥ 5'-AGAGTTTGATCCTGGCTCAG-3' . T iif
5% 5'-GGTTACCTTGTTACGACTT-3" ) #47 H
bR A PCR 9715 . PCR [Z W AK & (25 pl):
ddH,0 9.5 uL, 2xTag MasterMix 12.5 pL, I,
#5110 pmol/L)4% 1 pL, itk DNA 1 pL.
PCR Jz W F#2J¥: 95 °CHIZAEYE 5 min; 94 °CAR
45s, 55°CiE:k 30s, 72 °C#Ef# 1 min, 29 MG
PRy 72 CCAHE 5 min, 280 1% TEAEAHHEE S HL
VKRS 26ifk PCR 74, k24 TAY TR
WA A B2 FIHEA TN o B T A5 3 R T 913l
i BLAST 7£ GenBank H 47 [R] R H X 20 #r
JF8F MEGA 11.0 34 7148 42 (neighbor joining,
N)EM R G K G
1.4 HIENEKRFESH
141 REXHEIEE KN

Z B S A S B o8 i, KR Y
9 1.5x10° CFU/mL ) 5 $1 @ XXLC06 Al
XXLCO8 M5 R, iR 1% MR EZEE K
WY TSB 54, IF & TARNEEE (25, 28,
32, 35, 37 °O)fEIRFEIRH 180 r/min 1555,
1.4.2 HENERESE KN

B Bk XXLC06 F1 XXLCO8 1 15 35 Wi LA
1% He PP oy B 2R EREE R 5%0 . 20%o .
30%0. 40%0 AYJCHH TSB Rige K, 1 idE i
FE | i wls pH 454 T 180 r/min 1555
1.43 BRI IEE KM

B4 bR XXLC06 1 XXLCO8 HY 1% 77 i i IR
1% FERh a2 G 12 2 © K #1900 1 pH (5 55
J33.0, 55, 7.0, 8.0, 9.0, 11.0 1Y) TSB ;555
H, TERGE AR A5 T 180 r/min 1557,

LIRS T 3 IRE R, BRI 2 h U PR



XU % | B 2R, 2026, 66(3)

1093

BRI, AR AT WA 6T T 600 nm P
A ) 2 G2 B (ODgoo) (EL, LA I W I 240 7 A=
Kahds, AR TR RKIRZ.
1.44 RBEXFEMEE KN

3V 2 MEAEDL B BT i RS S mL, 42
Fh 2 S5 A AR EHEIRER(0.3% . 0.5%) 19 100 mL
TSB i35 3rp, B F 32 °C. 180 r/min AYF% K
W, aldRGHEFR 0. 1, 2. 3. Sha, RAM
TR VA% A7 1k o 4% 4H A PR S B9 A7 05 T TS R AT TR
SCESCE 3 M Y, BIREZAE 34
TPacss . R aT ZIM B IC N Ty, HAZ)
FIEEIE N Ta(m=1. 2. 3. 5), FH#HERAK ()
ARG,

TR R=T,/Tyx100% (1)
1.5 HEiInEFMIEE M E
1.5.1 HEmERBEREREINE

% W ZE B SOV EE O v, K
XXLCO06 il XXLCO8 43 ) 4% Fl £ TSB K7 ## 3
i, 32°C, 180 r/min {535 12h )5, T 5mL B
LA 4°C, 5000 r/min B0 5 min Y ARIT
TE, fdH PBS Uk 2-3 UG, SRR DIE
HET 4mLPBS Zofifirh, ki 30 s 1RSSR
B R, DIASEZEHIAT I XXWCLL AR R FHME
XTHE, DL PBS I AE A LI, 4000l F 0,
2.4, 6. 8h NEE PRI 1 mL FERERY
2mL PBS iR&, M 3 BREEN K 600 nm 4L
WOGME, #RIBARQITEFEEN A RER,

A=(Ao-A)/A9*100% )
K Ao MFE 600 nm ZLRIER R 0 h (INGIE ;
A NAE 600 nm AL X6 R AN [R] B[R] 8 IR OEAE
1.5.2 FEIERIERKEE SIE

[ 1.5.1 a9, 15 PBS ZEmMmRPEs 2-3 Ik
o, BREATTEEET PBS . WEH 2 mL B
W, RS 3 FAEVERNCH R JMLiR
LB 1 mLIRA, R 30s J5HE 10s, 5
W€ 3 min AR riRS), BEJE#HE 60 min 77)2 .
Ay SEAH K AR, L PBS VER2s FIX R, TAE

FAHAEPA 600 nm AbFMOEME, R IRAXEG)IT
AR B

H=(Ag—-A)/A*x100% (3)
A 4085 3 R HLIAFITRE A HT 600 nm 4
Jefl; 4 H5 3 FAEVLULFIRA G 600 nm [
JEAE
1.5.3 HEmERHEREEINE

WKHR 1.5.1 35005, 1 PBS PRSI 2-3 1k
J&, WULTEEBEIE T PBS b, [RIAF, fifain
R ERH XXLX2 R A [E D7 15277 T PBS 4%
OB . 43 ) I B 2 mL B BR XXLC06 Fi
XXLCO8 MM, 5 RMHE R XXLX2 FHE
WIRA T 5 mL MICER T, B EdRY 30 s
PIFEAMRA]. [lE, #E0. 2. 4. 6. 8h 435
FEHAEHA 600 nm AbHWOGBE, &A@
BRI S BUR R IR AR

A=(Ao=Ami)/A0*100% (4)
K Ao MHIEGRATIE 0 h IR A 2R AE 600 nm
AT AGAE 5 A A 1] (AR B TR BV AE
600 nm Ab I EAE
1.6 FTHpaAEE L EREAIERIKE
BIHNE USRI E

Bk XXLCO06 1 XXLCO8 434 %h T TSB
s, 1E 32 °C, 180 r/min 51F T 1555 48 h
J& . ¥EEEFRMLA 5 000 r/min B0 10 min, 43
AR 2 BRI K LIS, 28 0.22 pm JCRRE N
g 3R, R ETREIES, 4 CIRAEH.
WZHL 100 pL e IC A RO N 2 TSA 1%
oM b, TR RS, R
FTFLAS(EAR 7 mm)7E 75 18 1) TSA Al 35147
3A4FL, XFEEFLH AN A 100 uL JCE TSB K 3%
e, g AL A S Y TR Bk XXLCOo6 Al
XXLCO8 ) JCAm Ml & s v, 47 3 AT
R, KPR T 28 °C fH IS IR 4 s 5
4d, WEII R RE Y AR, TR
SPSS 21.0 XA AT 43 BT A B
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1.7 ZEMEN
1.7.1  FEIELS M E

P B XXLC06 Fil XXLCO8 1t B 2 Wik =%
FTALIEAZRD T M BE Ak b, DU 3 i e
FIRE K S B XDMG 1E R BHEXT IR, PAJCH
i) TSB 55 72 KA M BATEXT IR, e A nEEFL
HREEA 30 uL WA AR AR, 32 °C fHIREE IR

24 h, WEL M AR AL JE R 2 75 B0 I
BilE 3
1.7.2  ZA8LRE

B XXLCO06 Fil XXLCOS 1) i A2 Vi e FF 241
# % 1.0x10°CFU/mL, Jf #& #§ (Clinical &
Laboratory Standards Institute, CLSI) i) A 1 47
FEAE . o B 2 PR Y B R4S 100 uL, 354
URAT T AN ) TSA 53R 3 &1, IS
5 TKE 24 R 2GR 43 0 T A AR e X
B, RABEBE RIS, T 32 °C fHiEA T
IEERESR 24 h, 45 25 B4R S R0 R L
B, SIS, WA 2tz
PRI 25 U
1.7.3 AMIERE
BE A e ELAAS AH G A9 R 1 R R AT 2ok

WK, HHBE 3 NPT, BN Oas
10 B fh, #5400 IE RS 100 pL JCpE A= 4R
JK(NaCl i) i 553 80N 0.65%) . 1.0x10° CFU/mL
) XXLCO06, XXLCO08. iXIe Wik 7d, /KA
K IR IR (25+2) °C, Hib] & KWL IHHid 5
AR R AR K FBET G O

2 BRENM

2.1 HEMS B RIEEFE
TR BB S KB 22 5, D f
FRR 1 R SF g IEAE A TR 43 B R4S 40 BRAATE . )
TSR], b s R AN PRV f0 s R TG
BIRYUEYE(R 1A-1E), il X% 5 PRI e
PRI T & A0, fe 2k th s btk pe R e
L0 T PR A B R XXTLC06 il XXLCO8 (£
1), FFHFX 2 BREEVE N Sepoe i SE R TR AR
22 FEMERNEE

2.2.1 TETSHSENER

TE TSA #5753 b, B AR XXLCo6 Fl
XXLCO8 M ¥ LA R ITRIE , e #7 m& fil
Geld, TRHIRE . FhAR BLRE I (E 2), Hid,
XXLCO6 AR B TRV IR B A, 1 XXLCO8

Fl1 AT BEMNHEEFREMNENMNR. A-E: KN H KR XXLC06, XXLC08, XXLC17,

XXLC24, XXLC31XJ it i< QA MRS HIRCR o 1 FIPEXS BRAL(TSB); 2 BHA: X HRFL Ol R 2 F AT 1
XXWCI1); 3: XXLCO6RHRMFEAL; 4: XXLCOSHHEIMAESL; 5: XXLCITHMMFESL; 6: XXLC24H#
BRANEESL; 7: XXLC3UHEBANEESL.

Figure 1 Antagonistic effects of five isolated strains against Nocardia seriolae. A—E: The antagonistic activity
against N. seriolae for strains XXLC06, XXLC08, XXLC17, XXLC24, and XXLC31, respectively (from left to
right). 1: Negative control well (TSB); 2: Positive control well (B. subtilis XXWCI11); 3: The sample well with
XXLCO06 strain added; 4: The sample well with XXLCOS8 strain added; 5: The sample well with XXLC17 strain
added; 6: The sample well with XXLC24 strain added; 7: The sample well with XXLC31 strain added.
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*1 IS BENEHSEFRERRARNER

o
Table 1 Secondary screening of five isolated strains
for antagonistic activity against N. seriolae

I B bR e R

Isolated bacteria Inhibition zone diameter

(mm)

XXLCO06 24.71+0.49

XXLCO08 20.01+0.34

XXLC17 11.16+0.53

XXLC24 10.02+0.32

XXLC31 14.11+0.46

PERRTE TSA 85323V MR L I 2ok A . A
i AL B, 5 XXLCOS FRAHLL,
XXLCO06 W k2 KATIR; edh, X 2 BRI
T TR VKA B R AARAE . 228 22 IR T A
WEL, X 2 PRI 94 R 22 [CBH P,
IE SR IFRR
222 SIBENEFHLEE

itk XXLC06 1 XXLCO8 fit 4= Bl A AL 5 b
K 2s Ak 2 iR, 2 BRIFEIBELL D-H 28 |
BRLEomE . L AYEE . TSR AR IR T A

MASREF A0 . AME . 27U, i, 5
Wi FPBERRER s [RImE, XXLCo6 ] I p-£F 4k
TR R A AR, 1 XXLCOS AT I A
TR P A AT S 7R, 3 2 MR A 4 2 AR Ak B R
TR MR BEIG VEY A BAE, A LEE . AR ER
W, LA SR UK il TS 4 B s | it 56 44 Sk B
PR Hodb, XXLCO06 T ¥k i B K6 I Sy BH Ak,
XXLCO8 i BB I 2 . tbdh, 2 BRI n]
KIRVERT, (EAKME-EH, AL BIE, VP
IS5 R e . il (R WA R R e T+
WY U (IAZSANEE %52 T UOmr s an i Az
AR AE AR, I 2 R EA T RESRE T 2R AT I
J&(Bacillus).
2.2.3 16S rRNA EEFIDITERGELE
R

WM 45 3 578, XXLC06 Fl XXLCO8
16S rRNA 3 K Fr Bt K B 43 5l 4 1 461 bp i
1449 bp. ifit BLAST 7EEL LT HT, XXLC06
(%) 16S TRNA F:[H 5 NCBI i 2 i i TR
Z IR 2 AT B (GenBank #5555 5 KR085803. 1)1
AT EA 99.72% HIARIE; T XXLCO8
%) 16S rRNA H:[H 5 NCBI FHE 4 i (1) 2 etk i

B2 XXLCO6MXXLCOSHIEEM S RIFHBIFEYE. A: XXLCO6IHHKIEA; B: XXLCOSHH V44 ;
C. D: XXLCO6WFRAEFI A EE FIELS; E. F: XXLCOSHRIESI G FIYIEAS.

Figure 2 Colony morphology and scanning electron microscope (SEM) observations of XXLC06 and XXLCO08
A: Colony morphology of XXLC06; B: Colony morphology of XXLCO0S8; C, D: Morphology of XXLCO06 strain
under scanning electron microscope; E, F: Morphology of XXLCO08 strain under scanning electron microscope.
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F2  BEHFEXXLCO6FIXXLCOSHYE FBAE (L 4FHIE
Table 2
characteristics of strains XXLC06 and XXLCO08
AR H
Biochemical item
VP ¥ Voges-Proskauer test - -
UG FH Carbon source utilization
D-## % B D-glucose

D-£F 4 —## D-cellobiose

BT 7114 Arabinose

B4 Inulin

AHE Xylose - -
HUBE Fructose - +
2[-FLbk Galactose - -
W3 Trehalose - -
A Sucrose - -
111745 Sorbitol

H #2155 Mannitol

AMEEE Xylitol

¥Rk Citrate

fifi P Enzymatic activity
A [k Oxidase - -
VAl Lysozyme

HE T Lipase

i b £ Catalase
AR ER I8 i Nitrate reduction
AR BRI A + +
Lysine decarboxylase broth

LA SR UK e - -
L-arginine dihydrolase

15| 3R K Indole test - -
JKf# 3P4 Hydrolytic activity

JEH) Starch + +
L Esculin - -
Y i 1k Gelatin liquefaction - -
o RIREER I - AR

+: Positive test result; —: Negative test result.

TR 2 fFT 1 (GenBank % 5% 5 MK753026.1)
1A% B2 7 90 A AR 5 3K 99.93%., T 16S
RNA JEHF5, 7EF &K EFH MEGA 11.0
B, R AR (neighbor joining, NI)EM H R 55
KERE 3), SR ER, XXLC06 5K AT
A R ZE AT TE . XXLCO8 5 27 Fl R i 2 1% 24

Physiological ~and  biochemical

XXLC06  XXLCO8

+ o+ 4
|

+ o+ Lo+ o+ +
+ |
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fIFFR AR RE TR —0r o LA AWML SRR
TERA: BRA AR AR, 8 XXLCO6 Al K AR
R ZEFOAT T, XXLCO8 A & File bR 1 22, 1 2
FOFF IR

2.3 Bk XXLC06 F1 XXLCO08 K4 &

R

W4 R W, B XXLCO06 F1 XXLCO8
TE 25-37 °C Wil EVE RN R R irnyE K
RE 1, 2 MR P s A KR Y 32 °C; 7
32-37 CHYPA IR, 2 MRS TR RE % B F ik
A K ARE W (B 4A. 4B). Ak XXLC06 #11
XXLCO8 7E AR #h 25 F ey A KSR,
2 BRERTE 5%0—30%o0 MY %R B Bl N a] 1E F AR
TE 5%o $hJE 2 T #E AR W H ODgoo (153
R HAEERE N 5%0-30%0 ML T, 2 BEH
PIREAE 14-18 h NIk EIFE (K] 4C-4D). itk
XXLCO06 il XXLCO8 7EAIA] pH 25 T By A K4k
PRI, 2 BRI 7EIREE pH {HM 5.5-9.0 B e
A, HEEPIG pH IR 7.05 17E pH A
3.0 A 11.0 My o 4514 T, Bk XXLC06 F1
XXLCO8 A=K 1 Mk 58 a4 il (K] 4E-4F). 1t
Ah, TEARRIIHER Y (0.3% . 0.5%)5ME T, Hitk
XXLCO06 HI XXLCO8 H A7 i1 54 Fifi b HH B[] 42 <
EIFERE AR (B 4G, 4H); SRIMZ 5 h Ab2E
Ji . 2 ARBETE 2 FlIBER IR BT A7 TG R T
53%, FBHHXR A BT 0.5% IRERS HA
AR APk
2.4 FE#k XXLC06 F1 XXLCO08 HI A [t
AEJI E
2.4.1 E# XXLC06 F1 XXLCO08 HI B B &
BE M E

PR B REM G R —ELMT, A
B A BAE B & A TE BUE IR S5, &
PS5 A0 I BERE 1 BB ARG . 3 MR R A R
LEZERANE SA i, TR XXLC06 F1 XXLCO08
1 A SRR 158 T FH X R E XXWCL, JIf
H7E 8 h I B IR R, 3 HRER HREXR
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100 I:XXLCOS
90 -Lysinibacillus fusiformis strain SRG16 (MK753026.1)

60
99

100

62

—
0.01

_:Lysinibacillus tabacifolii strain K3514 (NR 132691.1)

99
-Lysinibacillus sphaericus strain IAM 13420 (NR 115529.1)

-Lysinibacillus parviboronicapiens strain NBRC 103144 (NR 114213.1)
-Lysinibacillus boronitolerans strain NBRC 103108 (NR 114207.1)
XXLCO06
99 —Lysinibacillus macroides strain IHBB 9247 (KR085803.1)
-Lysinibacillus odysseyi strain NBRC 100172 (NR 113881.1)
-Lysinibacillus composti strain NCCP-36 (NR 126171.1)
100 —Lysinibacillus alkaliphilus strain OMN17 (NR 136779.1)

84 Bacillus amyloliquefaciens strain BCRC 11601 (NR 116022.1)
86 Bacillus amyloliquefaciens strain NBRC 15535 (NR 041455.1)

-Lysinibacillus varians strain GY32 (NR 134074.1)

-Bacillus velezensis strain FZB42 (NR 075005.2)
-Bacillus subtilis strain IAM 12118 (NR 112116.2)
100 [Bacillus licheniformis strain DSM 13 (NR 118996.1)
100 =Bacillus licheniformis strain ATCC 14580 (NR 074923.1)
-Alteribacter populi strain FIAT-45347 (NR 159290.1)

E3 BE#EXXLCO6FIXXLCO8E T 16S rRNAEFEFFIHARFE L B . XXLCO6MXXLCOSFE /LI 53 55
Fitk. FE5 N9 N EE16S IRNAZKE K B4 GenBank & 555, 0 SAENRFTEEE, N TR

BEALR0.0 1M R

Figure 3 Phylogenetic tree of strains XXLCO06 and XXLCO8 based on 16S rRNA gene sequences. XXLCO06 and

XXLCO08 denote experimentally isolated strains. The numbers in parentheses represent the GenBank accession

numbers for 16S rRNA gene sequences of these strains. The values at branch points indicate confidence levels,

and the scale bar denotes 0.01 nucleotide substitutions per position.

B A B[R] 09 HE 3% 34 1B 3 T (P<0.05), Horr,
XXLCO8 FHHETE 8 h /) H R A FH 63.16%, i
XXLCO06 R F RAERES H H5Eih, HAE8h
1) RAEHIEE T 68.09%.
2.4.2 E# XXLC06 F1 XXLCO08 K 7K &E
JIME

TEATISE R, Bifk XXLC06 F1 XXLCO8 %I 3
FEHLRFIC A S CIR IR R RE
BHVE AL B AR s K T bR . A& 5B T
7N, XXLCO06 Fl XXLCO8 7£ —H 2K FIE )5 2 Fify
HUEAH K I TC B & 22 57(P>0.05), {H 2 B
B 7E S R K P 2 T O R R Y
Bk (P<0.05). ZEA i, Wk XXLC06
F1 XXLCO8 7E 3 FA L 7 h R BN R A7 1Y
FmgikPE, HBKFR 5T 60% 1 50%.
2.43 EHk XXLC06 F1 XXLCO08 Ayt B &
BESINIE

LR AR SR W T A [ A R 22 ) A 45 A Y

e 1, XFRAE Tk o5 AR TR A I I PN B 4R
HET PR, B XXLCO06 FiI XXLCO8 43 7 5
fili f2 30 R TG T XXLX2 By dh B 45 B K 5C
fii7R, 76 8 h i B LR, 2 s A 5
fiffi £ 3 FQE XXLX2 B 3 8 4 R 24 i 25 15} (1]
() 2E K i # ETE(P<0.05). R B, FE 0 E
XXLCO06 Fl XXLCO8 7F 8 h it 4t I 4= 5 43 Jjl] ik
F| 54.62% 1 52.44%, LA W, 2 BRIEPUE
iR 5 A R TG XXLX2 A R4 3t
REMEM.
25 R AEE EE GG IERIKE
IR SRR LE R

P g 25 R E 6 i, Bk XXLC06
HTXXLCO8 1) JC 20 i & 19 - ¥ WO i #0 S IX
T 3B B B AR 4 i R (28.1540.44) mm Al
(22.63+£0.52) mm, &M 2 Fk B AY 40 R 1 R R
FEAAE T LW FIEWh, HERR XXLC06 *f
fiffi 03 TQ B AT e EA SR I 0 B s 12 o
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AL «25°C XXLCO06 B 0. «25°C XXLCO8 C20_ o 5%  XXLC06
S w28°C ' C ST e 20%0
I i e 30%0
150 1.5¢ L5 v 40%o
sl N 1.0
1.0 g 1.0 SR
I I 0.5
0.5} 0.5 |
I 0.0
0.0 PR NI I R T S | 0.0¢ i JSTR A U T N I i | PR I T I R U U S B |
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
t/h t/h t/h
b 20, 5%  XXLCO8 2 20 -»pH 3.0 XXLCO06
’ | +%8g§m i +pg%8
15| a0 151 S PH&0
o] ol SHi Tt
= O =D .
3 1.0_ 8 10_
0.5¢ 051
0.0p—4= v— v — ;
PR RN NNTRN NN TN NN SR T SO (TN N N | | I I (TR NI ST N T S| I [N S| S VN | Y U (NS (SN N (N T O |
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 1012 14 16 18 0 2 4 6 8 10 12 14 16 18
t/h t/h t/h
G H
100F 4 XXLCO6 o, 100
S 90F S 90+
= 2
280 S 80
3 B
E 70 - = 70+
g =
@ 60 Z )
3
| 50 | | | | | eI
50
0 0 1 2 3 4 5
t/h
B4 BHRXXLCO6FIXXLCOSTEAREIEFIRE . hE . pHEH THEKIMZURERRIRERL RHE

EE. A B: BEXERXXLCO6MXXLCOSHE K AN ; C. D: FREEM X XLCO6 X XLCOSLE K Y
M5 E. F: pHXTPHPEXXLCO6FIXXLCO K AN ; G, H: HERXSFERXXLCO6 FIXXLCO8A: K 5%
Wi o AN[)/ING FRE R 20 PR AS [R) I ] 53 8] 22 57 fi 35 (P<0.05)

Figure 4 Growth curves of strains XXLC06 and XXLCOS8 under different culture temperatures, salinities, and
pH levels, along with survival rates in varying bile salt concentrations. A, B: Effect of temperature on the growth
of strains XXLC06 and XXLCO08; C, D: Effect of salinity on the growth of strains XXLC06 and XXLCOS; E, F:
Effect of pH on the growth of strains XXLC06 and XXLCO08; G, H: Effect of bile salts on the growth of strains
XXLCO06 and XXLCO8. Different lowercase letters indicate significant differences between different time points
within the same group (P<0.05).

2.6 Bk XXLC06 F1 XXLCO08 Y &  XXLCO06 Fl XXLCO8 B . BIMEX] IR TSB &5
=M FEHE L R B R RE /K S LI XDMG 4351
2.6.1 EHk XXLCO06 #1 XXLC08 fiam e MEMBMEFHR, 32 °CHigs 24 h )5, WEF
=) BHAE XS HE g /K <A I XDMG 774 T B I A7

WE 7 s, RAITIOER B SR IR0 3. MHIZ R, 2 BRAEHTE 5 PR IR R
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(@)

 C2h4hm6hmsh

280 J2h4hmm6hm8h - Xylene =1 Chloroform ~60
s . 9 50 = Ethyl acetate S b e a
Q ~ ab & a P c b
g 601 a 2 601 ab & p 2
M os = M Z40F ¢ [
AR b ¥ 2 w5 d
g 401 25 40k %=
B o0 c & > 5 N &0
w § Ll°  £20}
S0 201 =20+ 80
] =l ¢
20 ) ©
XXLC11 XXLC06 XXLCO08 XXLCO06 XXLCO08 XXLCO06 XXLCO08
& #Strains & #£Strains & #kStrains

Es5 PMHERBREM. HKERESHBERKEMLREME. A: HKRXXLCO6FXXLCO8H H R4
R B: WHRXXLCO6MXXLCOSHYHIKH; C: BIFRXXLCO6FIXXLCO873 )55 i i< IR X XLX 2y 4t
AR ARIFINE FREFR IR A AR 18] 28] 22 57 1 7 (P<0.05) .

Figure 5 Auto-aggregation, hydrophobicity, and co-aggregation with Nocardia seriolae of the two bacterial
strains. A: Auto-aggregation rates of strains XXLC06 and XXLCO08; B: Hydrophobicity rates of strains XXLCO06
and XXLCO08; C: Co-aggregation rates of strains XXLCO06 and XXLCO08 with N. seriolae strain XXLX2.
Different lowercase letters indicate significant differences among different time points within the same group

(P<0.05).

El6 MtkEinENITMEEARE BB R HaiE~
ECEAVHDHIR . 1. FITEXSHRFL(TSB); 2: Witk
XXLCO8 1 JC 41 i J 8% b WomFESL s 3: Bkk
XXLCO6H)TCA L K % 1 T BINFEAL -

Figure 6 Inhibitory effect of cell-free fermentation
supernatants from two strains of antagonistic bacteria
against Nocardia seriolae. 1: Negative control well
(TSB); 2:
fermentation supernatant from strain XXLCO08; 3:
cell-free
supernatant from strain XXLCO06.

Sample well containing cell-free

Sample well containing fermentation

PR IME IS, BNRE A .
2.6.2 EkE XXLCO06 1 XXLCO08 8580k

WEER
AHARB AT R BN (R 3), Wk XXLCO06 Al

E7 MHEMENRLMERE. A: FEHEXXLC06
A M ZE SR s B: PR XXLCOS Iy # I P45

1: FIPEXTREFL(TSB); 2: BAMEXT ALK S ERA
P XDMG); 3: [tk XXLCO6 i FE AL ; 4: T8 bk
XXLCO8MNHEAL.

Figure 7  Hemolytic test of two antagonistic
bacterial strains. A: Hemolytic results for strain
XXLCO06; B: Hemolytic results for strain XXLCOS. 1:
Negative control well (TSB); 2: Positive control well
(4. hydrophila XDMG); 3: The sample well with
XXLCO6 strain added; 4: The sample well with
XXLCO8 strain added.

XXLCO8 el F5kL fURER . wwhidi R . AR
TEN G 23 T 2549 R B0 U, WiXT 21085
0] 5 PR AU
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=3 ERRXXLCO06FIXXLCOSHYZo 48 =k M iR 16 45 5

Table 3 Drug susceptibility test results of strains XXLC06 and XXLCO8

Zik2hY) FrUEM B E AR Strain XXLCO06 Strain XXLCO8
Test drug Standard inhibition zone diameter (mm)
AR PR fUER HIEERER A U PR B AR RS
Insensitive (R) Moderately Sensitive (S) Inhibition zone  Sensitivity — Inhibition zone  Sensitivity
sensitive (I) diameter (mm) diameter (mm)
SR <15 16-20 >21 28 S 27 S
Cefoperazone
S A AR <13 14-20 >21 27 S 27 S
Ceftriaxone
S <l4 15-17 >18 30 S 30 S
Cephradine
S mEn; <l4 15-17 >18 25 S 22 S
Cephalothin
At fl <l4 15-17 >18 21 S 19 S
Ceftazidime
ERR NI N <11 12-14 >15 32 S 35 S
Ampicillin
E¥ A <13 14-15 >16 26 S 23 S
Meropenem
HHEG <19 20-27 >28 37 S 36 S
Penicillin G
AE#E <13 14-22 >23 18 I 19 I
Erythromycin
R <13 14-17 >18 27 S 26 S
Clarithromycin
HER <12 13-17 >18 22 S 24 S
Chloramphenicol
MR <14 15-20 >21 24 S 27 S
Clindamycin
B R <11 12-14 >15 23 S 20 S
Streptomycin
ok A <14 15-16 >17 25 S 31 S
Amikacin
KA 2% <14 15-17 >18 25 S 23 S
Spectinomycin
VilLE S <14 15-16 >17 25 S 22 S
Vancomycin
IR <10 11-15 >16 35 S 37 S
Sulfamethoxazole
T <16 17-19 =20 26 S 27 S
Rifampicin
AR AL <12 13-15 >16 28 S 24 S
Ofloxacin
Wi 2 <12 13-16 >17 22 S 24 S
Norfloxacin
BN <15 16-20 >21 25 S 24 S
Ciprofloxacin
DU <l4 15-18 >19 27 S 30 S
Tetracycline
ZIE <12 13-15 =16 29 S 31 S
Doxycycline
b S727 <l4 15-18 >19 29 S 30 S
Minocycline
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2.6.3 EHk XXLC06 F1 XXLCO08 & 1414
HIHEER

X 45 20 R 11 B 3 S I 5 100 pl TG TR
A ER UK (NaCl B T &= 43 208 0.65%).
1.0x10® CFU/mL ff) XXLC06. 1.0x10° CFU/mL
) XXLCO8, 455 W /RGP Mag L s 4l K 1
R FI FH RN, 5 XA TR
225, AEFRESORFRERRE R 45, 1WA, St
FEAEE 2K R LRI T IR (R 4).
3 ik
30 BEREESEEEMNYELERIF
& N AT

KT B S —F 32 FRE IR K 455 £
J5, WHRRESEMZB T E k. R, 7
FRHH LR v p AR R T | S 12 PR 2 i
G 2 I R T, X2 £ 2 ) i B 3R B R B
FEE RO H ETIZOW R BT A B BRI 24
PRbiA R, (HX R T EAERERRE,
FEGYIR B R | HIRIRE A, L
e XoF 37 5 A 55 RN 48 4 R TR A KU R 022
PRI, AR o A e 4 HL i 250 B 3 1 e A5
HEEL,

FEIK = FRFE R, 1) % FE K AR RN PR s
T A T AT AT 8O0 9 IE O A TR AR S AR I SR
WA TE A, DT 3 5 5 58 s ) e g T
e B Gl R, R AR T e Al R

R4 EHRXXLCO6FIXXLCOSHI R £ 141X 18
Table 4 Safety tests of strains XXLCO06 and XXLC08

AR 25 A T A SR R B AR I L S5 IR A sh W 1) %
RN 22 —2Rm BRI, BIFRGE
H A 50 40 i 38w H A T K AR IR TP 4 B L T
YEH B FE R 5 — R MNAE HRE E it
B R TR A A At AR R A PR R R A
35 N AERIE S 51 AFRIE R G A R E
WP B TFAFREFEZES, KESHYH
T8 P RRAL AL T e S AE sh Ay e RO R,
T i 198 HAT 5 5 D18 B T A 25 A TR S R RR A R
VR CHZL; A Y FH AR K A K IR 9 Rl 5
A TR T R 2 BRI XS 7K AR Sl 1) e % R 1 A
FAERKARHORMY, B, 56T R 0 B
i A P R T e B A B 3R A 2 R ER R 7 T
AR A R . RL, AR KT R
fi gy 1 v R X 6 €0 U I EC TR LA FEPUVE Y
WRTERS AR, TS 2 MRS PO B N B i
AYBE R XXLC06 F1 XXLCOS,

W R IE A LS | FRACRE G T
16S rRNA J:[H 751 Fb Xt LA K 2R 58 % 75 R 0ot
Hikk XXLC06 F1 XXLCO8 #A7% 5, WisE 2 #k
R0 591 A UL R 2 2 AT 11 R 2 R At
AR A . Bk XXLC06 Fil XXLCO08 7E
J&F 25-37°C. EhJF 5%0—30%0 70 B PN A= K A4 R
U, 5 Kanbe ZPT KT 45 FIEA —5 ., K1
MR e AR KK TR 28.1-28.6 °C, HIFRAEIK
PRER BE F AR T 5%, FIL Al L, 3X 2 #REE
P TR A B £ 3 R A K ) TR X[ % S K ek B
B B A KA, RE NS e 550 isf [R) PN S PR

TESIREARZEAY (e Gk FETHL
Injection sample type Host Bacterial content Death count
(CFU/mL)

TCTEA: BEER /K (NaClL I i 43 40CK 0.65%) NEES 0 0

Sterile saline solution (0.65% NaCl by mass) Micropterus salmoides

XXLCO06 b 1.0x10° 0
Micropterus salmoides

XXLCO08 by 1.0x10° 0

Micropterus salmoides
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ORISR AR ) O R R A A
AAER .t AR N — A SR R, WA
Iz AfaEmei g, &0 REARAErE EmiE N E
B ot HL A 7 A U R TR FREOL, K B gy
MITH AL AR SO TRl R TR S IR R, Horp
HIRIRBE SR, A P TR X e 55 D
WA, SR AT N H AR v B AL RS,
bE & B YT B A T B BER A A
B A IF o WA IR YT, S B0 I8 A IE R ik T
EC M, 2R A B R BT 37 P A H AR IR R
B B A A7 RE 2 52 Wi 1 A TN RE S 7R BA B
WA SR e R AE i AAE R OGN R . AR,
itk XXLC06 F1 XXLCO08 7E pH 5.5-9.0 K fiHh
e <0.5% 25 A A 4 35 1y 1 5k R 2852
K& (Larimichthys crocea) i i 28 1 46 22 R
AR B (Lysinibacillus) % ¥R 355 A4 32 4 R AE A7
oL, R 2 BRFEHT I HA1E K™ 4 A T Y
W J7 o SR, 48T HOOT R M PR 5 1 T A2 4 4
55, QAT IF R ORAFHIL A LA OR TR e 3o B 1
H R IR B AT s it — 9T
3.2 AR RIE K S
T A= TR RE A5 781 32 I 18 78 I8 5 1 o0 I AR
B o 2 L A FE Y AE 2 A2 DRI G R 32 o BP9
FW], HAABREEMRE I 55 4 TR R 08 0 A &L
by AE 7 T8 R R T A, E TP RS E Y T
T b, 25 A R AT e A WA RE DT R )
G RSl o R o8 I T LD i S ol B T
DL4E 7 I T8 SR S P #0%, Del Re ZE0OF5E
BRI, BWRR AR R MEK RS H A e
WY, TR 5 e S 0 3 SR AR 250 RE e
HETR PR B RE R RE 0, 0 RE % B e B 1 g 5L T
FIFE P RE U0 eI 7 ok A R 2 A AT
W G117 SEAT MR T A PR BT, 45 2R R
IR PR 5 h 5 B RER Ny 87.68%, HIE=
APE A R R B K R85 K5 5 92.11% Fl
90.36%; AMWFFE 2 PRIA Y H R EF A 3 M A
HLE A ik R BT Wbk G117, HE 4
THEIK- o fE—E RN, 2 BRI H R EHR
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LA K 55 I B ) S R B AR B IS TR (R HE RS 1T T
X — 45 R 5 R 2 B 5 38 ) TR Pk 2 B RE 7 4
FEGE R T,

FAT, S i 2008 28 F AT T8 iy o 32 204
T T HAE BB S 5 (L A A R sl Y iy H
32 1 Ja 75 7K A= 3l W) 20 o A W1 815 16 O T 1 v
N ARG RN R IRE . CAMRIRIE, MR
2T R 5308 1) A TR 2R BLAT — S ) B E
I FEAM B U0 Fang 591 B 2 38
W B B R 2 AT IR, TR A
PR TG 40 M b W WX R OK R B (A
hydrophila) 1 iR i % 18 48 [N & (Edwardsiella
tarda) A BB AMEIEH] o Ak, 1AM IZ TR RE
g 4R T RIS R R 2, JF B B T4k
s EpIE R . Zhou SEIHIH BEIRAG Y BRIE #1
BIR S AEAT 7 (Lysinibacillus sphaericus) ] i ¢
AL 8 (Channa maculata Y% Channa argus &)1
AR, BREE R E, JRE N TG
GEER7 i N AN 2 AP/ iR A I SO N g 2
7N T A AR A 2 R 2 fL AT 1R XXLCO06 . 254k
AR R ZF AT I XXLCO8 LA K LG 21 it % 1
PR AR IR A EIE ] . 2 BRI oA
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