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T 5 JE b (1) B 15 X WA o P o B AR B 14K BT
SRR E A E (%5 : P.m-1. P.m-2------P.m-14),
T 5E R B BN IRE 1 8%—10%, B K 4r 4R #%
ME(6:00, 11:00, 17:00/122:00), & K Z156d. 4FE
RS, Ki28—29°C, £h 3536, pH 8.0—8.6, i#
AR=7.5 mg/L, BRAA<0.25 mg/L. ®K LT
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FRAF
1.2 WHE

MBERI B TG 2% A T UM IR
WA T B8, fEUKIB R TSI 2K . {EH
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AT T2216B[E 4R K; 77 3 &, &M EE3 N AT,
28 CHHE a3 7246 H 3] B 15 7724—48h. FEEUEAH
BE AN A () 1) B TR 9 3R AT 22 IR B 4didh, W e Al
IR Ja AT IR

FEHUE B9 TF % K A iR v R B AR A
R AT I, CARG 4 [CHN R N FE /R . RS TR AR 1E
R0 1 mLI 4k IO (10° cfu/mL) T-2216E85 37
b, B IRAT R IRAT IS E], SR 5 BT 4
MWE TG, BIEEHA B3, M55
AINO0.2 mLAR 35 B B (10° ofu/mL). BTG PR
IE BB FEM 28 °C N R 7748h, AT I B L
PRI 5E , Webs -~ RO &3 TS5 .
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o FEP.m-14% 1% 1) LA 4P 6 TSB S 77 4, 18
96 LM HAEEFLINA250 pL Fh 7. LA A TSBE:
FREE NN, BOONFE R BN R AL, FTITFEEFRIX
R, B I6FLAR, i 44 X 3, & B 55 7R 2
30°C, MI5E W K600 nm. BEFRICEZNIEE, M6
2hizELODg g, 15777205 45 R SE 0« T REANB [H]
RUIODgo FIIME, LAEEFRET A B AL R, BLODgg
YRR, 2 A I B ok ) A A it 2

EOEGEMANE HP.m- 1R BB
VR) S C2(6000 r/min, 10min), 7325 1375 W7 B A il
Mo AR (B 1K F Folin-ly2:ll 52 : fEpH N
7.8 W AE TR, MG 28 C /K MR 8% 55 19 10min, 1min
P ngBRE R N 1B 1 HAAL(U).
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Pm- 124 (R4 ]

Gram staining diagram of P.m-1

d

P.m-9#i 2% LG (5]

Gram staining diagram of P.m-9

*1 MBEAESHEREZRAEBHER
Tab. 1 Morphological characteristics and Gram staining results of
dominant strains

— / 24 Y 4k
Bk 44 75 AR Tt
Strain Morphological characteristic result &

Pn-l B ABUIANE, FURHRE. 5 2REEEG
RITFRI . DEAHEF

Pan-4 HE I, O, LT L RPIPERG

Pm-g EVER LB, FBAOR, 2 RAEEG
RIDER . A5

Pm-9 EFEILLIE, B, REE 2 REEG

Ve NGRS ) .
P.m-13 W% EEMO., FHEMNE. Wi  FERHAMKEG
. BRI

F4iEE, P.m-1. P.m-9AIP.m-13 AN B FURE N
(B 2R3 2), 1A RG 4 DU X B PR P.m- 1
P.m-9FIP.m- 13U . A< SEIG (Rt Hbm e 1
B Bl L A2 >20 mm, T 0B (14 4100 i 25k S g Al AUk
7 1S<A T BB B4R <20 mm, 10 SUR A m
4 10<$1 B P8l EL AR <15 mm, 0158 25058 g e+,
IR B ELAE<10 mm, DB 8CR ARBE e 25—
P.m-1. P.m-9F1P.m-13 .54 B & ¥ 05 4 ECHI R $1 1
PEF o $0VER R0 A 2 28 A O 1) 32 B AR, BT bL)S
LT S5P.m-1. P.m-9FIP.m-137TJ& .
23 HENMEMNEE

HIREVER PR ERAELSIR ARG 3),
Z WA A F A0 B X bR EGB 4789.35-2016, P.m-

a b ©

P.m-4 2% (R L (7]

Gram staining diagram of P.m-4

Pm-82% (R 2]

Gram staining diagram of P.m-8

Pm- 13322 FR L 4 %]

Gram staining diagram of P.m-13

1 FERGOLR

Fig. 1 Gram staining diagram results
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18 45 58 Ak 5 2R ST 8 (Bacillus subtilis), P.m-94%
S TR T, P.an- 130548 58 N eI iRl (Vibrio algi-
nolyticus)o

16S rDNAEE SIS £IfI16S rDNA
FER 751, $222 B GenBank H 4 % (https://www.ncbi.
nlm.nih.gov/), #4TBlast/F I EEXf . 45 RE W P.m-
155 4 B 2F HUAT B8 (Bacillus subtilis)FALLE i 5, 18
100.00%; P.m-95 R % EK i (Enterococcus faecium)
) Y51 ¢ 1, 15100.00%; P.m-13 5 % #5K  (Vibrio
alginolyticus)[RIE T % &1, 125100.00% 0 376 HUFH B 15
J& K AHACLJE HI 1 TRR 20 1 9 16S TDNAFE 51, FIH
Mega 7.0/ RGKEW . KEW(E 3)I4E
REW, P.m-1 5 B P AT B SR 508 R i, P.m-
95 R IER B 2R 4 % R Aeilt, Pom-13 5 ¥ i N B o5

Biolog R Gt X ELHER Biolog % 4t i3 HlLGEN
TTIAR FF 25 H 4N UL IE B2 e s T A B PP 2R (3R 4). %6
&4 RUFEIN S, W RETE(PROB)ER R ] BETE K
/1N, ARABLPE (STM) R P (DTS T) 26 7 v ffy 14 1L RS
fE. 48hMWIEFRAE REW, P.m-1. P.m-9FIP.m-134
W 5L ZEHUAT B (Bacillus subtilis) ¥ IR ERE (En-
terococcus hirae) NGB INE (Vibrio alginolyticus),
S B REEA 5995.3% T1.1%7H189.7%.

M4 16S IDNAH AR . Biolog 41 % 5 )t A7
ARG A R A EP.m-1. P.m-9fIP.m-134)
PR RN 8 (Bacillus subtilis)~ R I#EKEE (Entero-

coccus faecium)F¥E # N (Vibrio alg inolyticus).
24 HYEIWER
BEENWAMEIH  ES4 PR EAER

) BB VR (8] 4 g alifk i, BLASTEL X )5 15 3
B 7556 R By 0 B 2 AR I 2 1 (R 5). SRR 4
REZY, P.m-1. P.m-9FP.m-133% R8T iz i it

a b

P.m- 140114 [l
Inhibition zone of P.m-1

P.m-9fy 1A
Inhibition zone of P.m-9

2 .

HYPRFZWER  HWIENCCLSH & H
Wrbr i, P.m-1 0 BB R RIEVEAR. URFL VG
LGS SR, SkrB 4 e AR R R L A
Mif 25 (R), W& EFR. Skffhne. PUIREF W
R R BB (1), X HAh B AR 3R 3R I U
(S); P.m-93R Bt % v 370 R URK(S), MR KB &=
2z R P R RUE (D), o HAh Bt A RIS B AT 2
PER); Pm-13XRIBH R, HrEmxR. WHER, £
FOIR R AN 2 B0 ZBRUK(S), X kfufhne . Tk
TR TG B 3 b UK (D), o HAd T AR R I 24
(R) (3R 6)o T 24 B Ak 25 A2 77 i SR A58 2 1) ) B 55 A
g B, R IR BUY 80 s P.m-13H17 J5
SR AE KRR S
25 P.m-189% K%k

EP.m-1 KIS FEH, 0—2h2 A K 22 1,
2—10h AAE KX HUY, 10—22h AT &3, 22h6 A
T 2—10h, P.m-170Edr Hfeom, A Kl R i
K, g R IEE . TG T 5 R TUEFE LA
ERGW R, A2 R B ERI G, 5
FR22hJE AR 2 R IR N R (E 5). fERE R FE
th1, 100 B ODgoo I B 5, B KB T34 1.14%10”
cfu/mL, K HP.m-12E4y 15820
2.6 BiologfXBIHHE S HT

Biologl i 4> H 31 % 2 R4t NGEN T FLAK
WS AN F R, 55 7Rk R ok AR AR iR s
FEME [N, Lext Gen TSR R 40 f 45 5 R AIE TR
H, 7] A4S 3040 B AR E 1 <Fr sC B . Pom-1
U R A 185, FEAFEMIRG . D-Z2 25 b
& AR R R EBEEED- 1348 . D-H B
(K 6). BE4h, Biologsh ik /~P.m-1 H A JHILEE
77, W LR A .

P.m- 13[4 8
Inhibition zone of P.m-13

2 fRIHAEP.m-1. P.m-9FNP.m-135%5 J& B 1 #0144 F
Fig.2 Inhibitory activity of P.m-1, P.m-9 and P.m-13 to pathogen
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%2 HBEP.m-1. P.m-9FP.m-1355 R EAHIHIER
Tab. 2 Inhibtory activity of P.m-1, P.m-9 and P.m-13 to pathogen

A
train inhibition offect results

zone (mm)
P.m-1 26—30 - HR
P.m-2 8—9 - TR
P.m-3 8—9 - TR
P.m-4 7 - TR
P.m-5 5—6 - TR
P.m-6 8 + g
P.m-7 8—9 - TR
P.m-8 10 - TR
P.m-9 33—35 - PR
P.m-10 45 - TR
P.m-11 11 + i
P.m-12 3—5 - TR
P.m-13 32—37 N PR
P.m-14 8—9 - TR

%3 P.m-1, P.m9FIP.m-BENETER
Tab. 3 Biochemical identification of P.m-1, P.m-9 and P.m-13

P.m-1194E L4 e 4 1

Biochemical identification result of P.m-1

NI H B AT H EiP S
Item Result Item Result
V-P + EYidlidtd +

Frmg & - 7%NaCIZE K +

R - pH5. 74K +
D-AKHE + TR L J5 +
L-Br i e bk + VER KA +
D-H bk - ALK +
P.m-9M AL s 45 5
Biochemical identification result of P.m-9
AT H 453 AT H EPS
Item Result Item Result
L + e -
YN + b +
FIHE + i -
H v + R
Kt + FLAE

P.m-13[1 4L e gh 3

Biochemical identification result of P.m-13

A4 H EEES AT E 4k
Item Result Item Result
1%NaCI3 % 4 + 1%NaClZ SR AT EE
JE/K(VP. MR) +/+ 1% k5 2R UK e +
1%EARFKGEETR) - | [1%EE R SUK AR TR
1%NaCl#E b + TR -
1%NaClH Z2 + 3%NaCIfE7K +
1%NaC 15 7 A( 4 + 6%NaCljiF /K +
1%L - 8%NaClfifi7k +
1%NaClHi 2 8 + 10%NaClJif 7k +

a (————————————————— Bacillus subtilis strain CRS (KR780412.1)
Bacillus velezensis strain KLR24 (MT634570.1)
Bacillus subtilis strain EG1 (FJ483514.1)
Bacillus sp. (in: Bacteria) strain AMCC 1088 (MN826427.1)
———————————————— Bucillus subrilis (EU256502.1)
93 P.m-1
—‘—B(mtl[us subrilis strain SBRh3 ( HQ443226.1)
[ Bacillus subtilis strain SBRh5 (HQ443229.1)
Bacillus subtilis strain KBL3 (MGS76156.1)
Bacillus subtilis strain DK 15 (MT534533.1)
Bacillus subtilis subsp. Stercoris strain N12 (MNS55375.1)

87

Bacillus i is strain jin10-qm (MW692134.1)
—
0.00005 . 7 Cup 2
HPm-1 168 rDNAKL K A1 KT 558 % 75 )
Phylogenetic tree constructed from P.m-1 16S rDNA gene sequence
b ——— Enterococcus faecalis strain HISV9 (MT781397.1)
occus faecium : JCM 8714 (LC306849.1)
Enterococcus lactis strain SYB-B (KY010411.1)
Bacterium strain IMAU11802 (MF893780.1)
Enterococcus sp. Strain SL3-3 (MK312482.1)
83 L Bacterium strain IMAU11903 (MF893783.1)
Enterococcus faecium strain 043 (IN560910.1)
Enterococcus faecium strain 1718 (MT597585.1)
P.m-9
Bacterium strain IMAU11814 (MF893782.1)
Enterococcus faecium strain NWAFU6012 (MG551256.1)
Enterococcus durans strain 54-LR3 (MF077130.1)
—
0.00005 . N s
HEFPm-9 168 rDNAKE B 75 ) R SR 7kt
Phylogenetic tree constructed from P.m-9 16S rDNA gene sequence
C Vibrio orientalis strain YHD15 (MZ753710.1:1-1440)
87 P.m-13
Vibrio alginolyticus strainP3.3 (MW996729.1:2-1436)
———Vibrio orientalis strain 5-10 ( MN945274.1:4-1448)
100 Vibrio diabolicus strain FDAARGOS 96 (CP014094.1:3172622-3174068)
Vibri

c lis strain 4-23 ( MW045409.1:9-1447)
Vibrio icus strain ATCC 17802 (CP014046.2:900594-902039)
Vibrio parah Iyticus strain ATCC 17802 (CP014046.2:1156093-1157539)

Vibrio alginolyticus strain 2010V-1102 (CP046814.1:258127-259559)
97 Vibrio alginolyticus strain FDAARGOS 114 (CP014045.1:193569-195015)

Vibrio diabolicus strain FDAARGOS 96 (CP014094.1:2703980-2705412)
—_—

0.00005
HFP.m-13 16S iDNAKE K FHIA LI R G0 & B

Phylogenetic tree constructed from P.m-13 16S rDNA gene sequence

3 3T 16S IDNAFERK 7 HIM 2 i R G0 B W
Fig. 3 Phylogenetic tree based on 16S rDNA gene sequences
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T4 SRS BE 2 F60FF B8 Pom- 19 i &0 2 £ s 14 7T
X259 Uo  HUEAT A 5528 AT T Pom- 1B AT B9
HETHCEE S, WREA ARSI
3 Wig

I PR SRR ) R %, e — KR
DR 39t A2 95 9 B, AHPND R A2 JL i) —Fh . H A
TFE WAL C AU, W LAEh ik 1 3E W AR
o AR TR, DATRVA TR, A R R T 50 A B0 5 906 1) R
ARSI I FESRE M i 1 AHPN DS Ji B ——
IR AN NE SN EE TR AN S 7 NGB 25 U TN 2T Y R AN SN
R B A Bl ORI S, KBS ST P.m-1 R
A RIFHAREE . 580878 92 B il L B A,
PAPEAN HAE T B P2 R RUR o
31 MMEERENFESLEE

XU & T Jo 8 e F e 2R ah Y, AR AR Ry
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PRI KRG KFEIIRE . EKAESNWIEN, 1718 H i
BAWER, Horb i a8 A2 o A 3 25 AR AL, #0461
T N SEHLE I, S an AR B R PEAE B A
T O I SR AR S B U O R, X AR A A
R MEAE R R 2 S o 5o i B LA 4R RIOR, X
R Thae g R BT, NS TSR AT
VENPUIR 26 A B 07 8 1 23R 71 . AR SR EG A AR
01 H OO TR B R R ROR I L i ——
P.m-1. P.m-9#1P.m-13,

XTI H A LR AT R e, AR BE T
T BB IR RS 10 2 2K S AU BT I T
ME R, T HAR T 7 et ot A S B . B
BIAFAE Z PP BRI S8 8 7, — R A 12456
Z M7, DA A RHIEIS UE . AR ST F2 2
KL T3R8, DLORUESS R AER 1. Hodr, 16S
rDNA AR ZE T 75 F st A O 57 1, %558 45 R

HER, TR B RS E R EEY . 2% E, Pm-
1. P.m-9A1P.m-13 73 7 ki 5 2 A | (Bacillus
subtilis) RIEKE (Enterococcus faecium) R 51
B (Vibrio alginolyticus) .
32 FAMRERBHEEER

A HP.m-1 B A YN IS uvd ok, FATTAT LA
7843 M HIX —REPE, B P.m- 18I0 T 7R 58 A 7= 1]
BE, HETT A R95 5 5 EFAHPND o $5 3838 2F #OAT 15
J&BA £ Fh a8 AR F, 19 i TrasemaZs ! s KT IF 7
T8 rh 7y Bt ARR ARV L 28 AT 1, G40 I (Vi
brio vulnificus). X IKINE (Vibrio campbelli). Ei#
IS A ¥ 5K (Vibrio alginolyticus) ¥ B B &
MRS HIE R Lins' R B 55 28 AT 1 0 7
HFFHRA R (Rhamdia quelen) )4 K P RE;
Cao e WIF 5T % BN 0 B 2 FOAT 1 35 o 7 2
P (Carassius auratus var. Pengze) 718 #8404 5
FEE R R T v P 5 Xia ' T 9 2 ) P M A 2

F 4 P.m-1¥1P.m-9fBiologE ELER
Tab. 4 Identification of intestinal bacteria P.m-1 and P.m-9 (Biolog method)

EERe) Lyt LIS Al Retk ARALE (oA Fr RIS (8]
Number Identification result Chinese name PROB (%) SIM (%) DIS Incubation time (h)
P.m-1 Bacillus subtilis Fili B 5 AT B 0.953 0.953 5.027 48
P.m-9 Enterococcus hirae I ERE 0.711 0.711 4.135 48
P.m-13 Vibrio alginolyticus e EING] 0.897 0.897 4.213 48

B AR TR

Zithromycin containing plate

& CREH B TR

Pyroracemic aldehyde containing plate

V3 B e
Control group

BRI TR

Kanamycin containing plate

O ENE IR T
Pyrimidine amino acid containing plate

AR R

Levofloxacin containing plate

K4 g wfe & 2R ARG

Fig. 4 The growth of intestinal bacteria on the plate containing antibiotic
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Tab. 5 Sequencing results, name and Genbank accession of in-
testinal drug-resistant bacteria

A B Re % W25 N Jé B P HE i JE Tk B
FE . TEREBK DK (s N K5 4 A
K2z,

CEERET L rem sming  BR9 Werasan "I e HEHIR P4 9 5 50 1B T L
Sequencing BLAST r;:Eslults :hinese nam/e\ GenBap k flt q] %IJ %%*AHPND@U%E'J (’E‘rﬁﬂ% B@{iélé Ef\;\lﬁz—
numbers and Accession
drugs _ B ZEFAT B AQAHBSO001, K 78 in sk 4 4l mT i
a1 g Soplococens  TELEHE yicorsonnr  HBEWSS VI IBHABIER, B M-SR
FI G Staphviococcus f‘%%%ég) MK748242.1 B JEL R 46 v Sl S M RRAIE,, 32 i PLANIEE R R 7 A K
S Acinetobaster St fit, 488 590 75 200 L 56 O L B e R TR AR
E oryzac AFNFFE  MN704435.1 a1 et o " PN
H2-1 BEZWENE  Shewanella algae VN JT IR MT185147.1 Sulj}mtlth Tr% Mﬁ}j %T%F%L$D %{i% E/ M
L e Saphococcus e o S EIPIHFIIRT L BT BRI
" haemolyticus ' K PP B 4 g AT AN, S SRR R4 2
K12 fIpsgz  Enterococcus — FELLIEM (155990 5 N RS .
diestrammenae 7] - AR B IR NEST IR R R & A K
M1-2 SOy ESLOPACIern RS MW 1929031 EREAIEIE K, SDNAL AR BRI 2
M2 ZE0E R A‘j;’;;‘;l;‘,’ger LRI CP043307.1 B, FFecEpH. AN WAHS R & B SR/ fabr .
Y1 ZBEFE Szaphylt;ctqccus ARG TF784020.1 33 BESFEENREMTEN
s, . FEMERE T Y A TE R, R = A A K
Y22 ERETVE iy HETURI S KCORBL e b BRI A SRBLE R BR B A
o W Stapvilt:/llococcus e HE, € 1= DURHES] o a ame
2 E pasteuri ERAERE KTI86165.1 e IR (Enterococcus faecalis) BAA 55000 R B AE
%6 Pm-1. P.m-9FIP.m-13H0 AR LILER
Tab. 6 The antibiotic susceptibility of P.m-1, P.m-9 and P.m-13
Pt 2 2T KHAETE (ng/H) P.m-1 P.m-9 P.m-13
Antimicrobialagents Concentration B R Al MEE R Ak G RERC | AT R
per disc Diameter (mm) Result Diameter (mm) Result Diameter (mm)  Results
HER 10U 19 R 0 R 0 R
Z I A 1 38—41 S 0 R 0 R
R RN 10 14 I 0 R 0 R
b8 TP 100 18—20 R 0 R 0 R
WRF7 PG Bk 100 10—12 R 0 R 0 R
DNIEERS 30 0 R 0 R 12 R
Sk Atk 30 0 R 0 R 12—13 R
SkftuhisE 30 0 R 0 R 14 R
kAt 30 14—15 I 0 R 20 I
3k K P 75 40—43 S 13 R 0 R
THERH 30 26 S 8 R 14 I
KRR = 10 26 S 8 I 9 R
RHER 30 38 S 8 R 0 S
ER 30 2224 S 8—9 R 16 S
UEZ8 30 17 I 8 R 28—29 S
EQUTEIS 30 18—19 S 12 R 19 R
RS 3 15 2324 S 11 R 17 R
FMER 30 21—24 S 16—20 I 11 R
WA 10 23—25 S 18—20 S 14 R
AR E 5 24—30 S 0 R 15—16 R
R R 5 26—30 S 0 R 15 R
Tl ER 30 25—27 S 0 R 10 I
EZ T 5! 300 22—23 S 0 R 17 S
TG g P 300 11 R 0 R 0 R
AER 30 32 S 0 R 0 R
TIMEE R 2 18—20 I 12 R 0 R
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K5 P.m-11AK 4 (TSBE 77 5E)
Fig. 5 The growth curve of P.m-1 in TSB

PRI —5E 28 AR RO o I DI 24 2k DR R IA B AR I
AT FLARERAA A K, SRR AR g,
3 TR AR A B 4 G s Sy Ao . AR st i
X g T8 T REAT T 25 A U, P .m-1, P.m-9 A
P.m-13ANFENIE T 2518 2 51 T 2 B AE 7K 7 IR 5A
EIEATTI, BN AL 2 SR Fiom 3, ERE
o gk Hisid fr A R i FE I (ARGs) #5557
2, PR .

PUAE ZRT 24 PR ASE Y ) 3 57 DR o 2 A TR 22 4
VERGEEEE IR, 2R eI (R P B —
AR, P.m-9FIP.m-13% K2 H L RHHA B
P, P.m- 1A PUAE R 2585058, AP .m-9 TP m-
13FEAFF & 2 A BEK, MP.m- 1A Wl i A 1
T . B AT BB T A e B | 2 B
JE(EDAYVKI R E A A B B In 22 4 iR
H AT SAE v as AR B, Tz B T AR oAb 3)
Yo 1M HP.m-1HE XUF, X WAE—E R R
{2 oo,

Yang P2 75 9 K £ 37 h 0 R E A ZE T AT
B (Bacillus amyloliquefaciens) AT % 4= M VF-AN, 18
T VA Ho X B2 (Ctenopharyngodon idella) #R A
(Carassius gibelio) M (Hypophthalmichthys mo-
litrix) BT FF WA VI RE TS OS2, 45 Ak B
B A2 VR 458 . Muhamad 5™\ T 1K S5 28R
W v 73 5 E 3 AT A B M )V A e A R ——
RERZF AT RSO VUK 2F Al AT IR FS26 1R /N 2
KT B (Bacillus pumilus)FS97, MR 531 2E & BUSE
3 A AN AL A S, At ATTIA N 23 B B 2 AT B
HA g 24tk Kim& 03 1Rk k45 25 f AT i
(Bacillus coagulans) AT R R EE R . VA LG TEAIHTA
BRI LRSI, I 2 A B A — e 2 et
34 HHEEFEAEMEENK

FET 2 P PR 22 PR AT IR T, 2 A2 11 A 75 bR
KB, R RAE RS BUE o™, ey
—ANRIRIAES RS, Horb B E YR BRI A S
FHELH 2, SEREBE AP — D71, 23 AR IR

AL 55— J7 T, I8 WA, SE R
93 S B, PN AR B E R A K . RSP m- 1R
HUE K AR B35 BT 14 1.14%10° cfw/mL, FHIP.m-1
A iy FIREN, 96 A N 28 A T A AR K T K

Ff A1 il P 77 A b SR BE 7 R N 2 A T 97 0k 1)
BB hRAE . AT O R I R 2 AT
W21-B5 B A B8 (1) 77 2 B A= JE My B T e 2
7K B 25TV 0 45 3] B U0 400 1) K M R POV R 2
FFEB-4M-6, HA AL~ JE Ml 8 LT 4E 5
BRI BE 0 AR S0 388 3ok W 5 A2V 0 T A T
W15 HE W AT R 5 2F F AT B Pom- Ll it 43 W 25
Wy R PE R AEME T . SRR, W ALEELE Sh 1A i i 1R
Fr— 2 R EL ], 3 BhaE WAL YR R, 38 AT LA
Sy AR R BR A 2 R 5
35 FHAREEMIERLE

it B2 2 7 FE B DSM33018 % i i ki PirA Y 1
PirB K4 [ AHPND# %, RietZe"" 5 fyh B
ZEHOAT R EAT B R G, 77 AR 5 WSSV vp28E Al 1
T AMsRNA, M HNHI WSS VIR B HIEST . A
B LA B E20 88 W5 0 5 P 4R Xof S 2 IR P T
e, S SRR AR BB R A A RG& 12 (HBP)
e S HLAET o B 2R T O R T M
(Surfactin)if i ERKAIPI3K/AK T % 3 il 41 A J
HAE R I S E T A A T e T
F 40 A E B (OCTN2) A 5 (R BEAA R R A 5
/7 CSF(Sporulation factor), #iFAKTH1p38 MAPK
G, SRR TEE (A, W g TE R gn i
P AR L5

UEAh, H R AT At 2 A AT 1 R ) B b 2
ZAIE . fRTER S AT B ) 2 BEEPS-K4 1] LA
VLIRS WA B 2R 1 L IR/ 3 ep 2 0 Y
W] AR SR 4 R R i B e e Bt S . MR VE R SR
FF B CBSYD = A BT A MK Y D1 A S A b iG 1,
BRI Nf- 25 3 R P 5 40 2 A -1 (HO-1) 1
Rk RIEERY . MAh, RTIEE ZEME R —F R
IR NAR 5501, 52 AR Ve 2F TR B A AR T 2
o 0 22 TSR, B AR AR M TC AR FR A5,

ASZIGP.m-1 28 A5 A H I R 35 7] g5 R AL
Iy ULRE I 5%, BARIG A LA A T B i s 5 %
THRBH . ZE TR 8 J8 B mT T 488 58 3h 40 () 44 J5 F0
Bl 6, 10 EL B — 5 A 2B AR N L % 2503 7K
(IFEF o Zhao5 ™" i T B 2 F 4 18 7= 25 1) g ik
W] DU B B T (P ) I B S FIVTVE, L2 BTN
S I6RF 5T I E BH o Ak 2E SR AT B R AR A AR R RT LA
KRB T (Ag )ik J5 AR 9K kL (AgNPs) . ik
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a
b
Al A2 A3 A4 AS A6 A7 A8 A9 Al0 All Al2
Negative control | Dextrin D-maltose D-trehalose D-Cellobiose | Gentiobiose Sucrose Turanose Stachyose Positive control | pH6 pHS
Pt e IR D-Z 2 H D-if i D-LFH TR HERE A I FRpxE
Bl B2 B3 B4 B5 B6 B7 B8 B9 B10 BI11 BI2
D-raffinose a-D-lactose D-melibiose | f-Methyl-D- D-Salicin N-acetyl-D-gluco | N-Acety-f N-acetyl-D- N-acetyl 1%NaCl 4%NaCl 8%NaCl
PEES a-D-F| B D-% Glucoside D-7k %4 samine -D- i \! i ic acid 1%5fb4h 4%E L 8%Sfbih
P-HOIE-D-RHEH N-Cf-D- ik N-Ct-p-D- H ]| N-Cfk-D-21 FUH| N-C R b 2
3 i 3
Cl1 C2 c3 C4 Cs C6 Cc7 Cc8 9 Cl10 Cl1 C12
a-D-glucose D-mannose D-fructose D-galactose 3-Methyl-D- D-fucose L-fucose L-rhamnose Inosine 1%SodiumLactate| Fusidic acid D-serine
a-D-fijajHE | D-HFEEHE D-JLhi D-2f- 7Lpk Glucose D- B L L-fR4=Hl WL 1%FLAREN Kb D-22 5
3-HUIED- Rk
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 DIl DI2
D-sorbitol D-mannitol D-arabitol Myo-inositol Glycerol D-glucose-6-PO4 | D-Fructose-6-PO4| D-Aspartic acid | D-serine Troleandomycin | Rifamycin SV |Minocycline
D-1IALEE D-{7RE Do i WL i D747 Bi-6-Ri | D-FLHE-6-BE | D-RIT A RME | D225 BEPTOREE | FHREESY | W
El E2 E3 E4 E5 E6 E7 E8 E9 EI10 Ell El2
Gelatin Glycyl-L-proline| L-alanine L-arginine L-Aspartic acid |L-glutamic acid | L-histidine L-pyroglutamic | L-serine Li y Guanidi Niaproof4
LIl R LR R | LN R L% L-RI&8/M LR L-ARmM acid L2253 k=1 HCl P BE R
L- R E R AR
F1 F2 F3 F4 Fs Fo F7 F8 F9 F10 11 F12
Pectin D-galacturonic | L-galactonic acid | D-Gluconic acid | D-Glucuronic acid | Glucuronamide | Mucic acid Quinic acid D-Saccharic acid | V i T lium Violet| T lium Blue|
Helte acid Lactone D-fiie  D-HiRIRERERL |AORERERLIGE | KGR Eay BT UEE = T PO
D-f-FUBERERR | L-PILbiRA I
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 GI11 G12
p-Hydroxy-phenyl  MethylPyruvate [ D-Lactic acid | L-Lactic acid | Citric acid a-Keto-glutaric [ D-Malic acid [ L-Malic acid | Bromosuccinic | Nalidixic acid | Lithium chloride( Potassium tellurite
acetic acid PRRRIR T iR MethylEster | L-FLi#% iR Acid D- 2R L Acid FEERR S AERERR PR
PRI D-FL H i o-FiR AT R
HI H2 H3 H4 HS H6 HT7 HS HO HI10 HI1 HI2
Tween 40 y-Amino-butyric | a-Hydroxy- S-Hydroxy-D,L-Bul a-Keto-butyric | Acetoacetic acid| Propionic acid | Acetic acid Formic acid Aztreonam Sodium butyrate [ Sodium bromate
ki 40 acid butyric acid | tyric acid acid 4. 7.3 R 7] it st TR LR
7-2UE TR a-F TR ﬁ-%%-D,L-Tﬁ a- T FilfR

[£ & uk N
e e \ @ (@ | —— mkipn
0] /=8 L B J ’ .L_J?-
- o | I (i 3 g X g = NaCl (1%, 4%18%
o s G-@ {0-@ | p Y
eee oo e@——am

RN
CUpEIR

0 SRR ) (T SR AN e )
_ R R PAMEANPE AR
(5 i R FNZENERIR)

BRI, R —
Bt

K6 P.m-17EER BRI TELURE
Fig. 6 Metabolic fingerprint of P.m-1 on identification board
a. P.m-11{J % € R A b. GEN T4 58 BUBIE AL A ¢ GEN TTIEE e M4 s T H 5 Il rf A—CAT 1A 25 SR I W 4 B8 T ¢ Ut 10 R AR 2,
D—HAT 45 5 S MU T X B 0 [ AL R

a. phenotypic identification of P.m-1; b. carbon source composition of Gen III identification board; c. Identification items of Gen Il

identification board. The results of lines A to C in figure a reflect the degree of utilization of carbon sources, and the results of lines D to H
reflect the degree of assimilation of carbon sources
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Fig. 7 Standard curve of protein concentration
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SCREENING, IDENTIFICATION AND PHYSIOLOGICAL CHARACTERISTICS
OF INTESTINAL BACTERIA AGAINST VIBRIO HARVEYI FROM
PENAEUS MONODON

LIU Ji-Dan', FAN Ying’, LIU Hong-Jun’, TANG Xue-Xi', WANG Xiao-Lu’,
WANG You-Hong’, YE Hai-Bin’ and GAI Chun-Lei’

(1. College of Marine Life Sciences, Ocean University of China, Qingdao 266100, China; 2. Shandong Key Laboratory of Disease
Control in Mariculture, Marine Science Research Institute of Shandong Province, Qingdao 266104, China)

Abstract: Penaeus monodon (African group) is a new cultured prawn species, which has good development prospects.
At present, aquaculture diseases are seriously affecting the health of prawn farming. Based on physiological characteri-
stics of intestinal bacteria in P. monodon, the experimental study was carried out to provide new treatments for acute
hepatopancreas necrosis syndrome (AHPND). The dominant intestinal strains in healthy P. monodon were isolated and
purified. Using pathogenic Vibrio harveyi as indicator bacteria, antagonistic bacteria were screened from the strains by
the Oxford cup method. To identify these antagonistic bacteria, high-throughput sequencing technology was used as the
main method. Biolog microbe identification system was also used to identify the strains. These two methods were sup-
plemented by biochemical characteristic tests. To evaluate the safety of antagonistic strains, the drug susceptibility test
was carried out in the study. The basic drug resistance information of intestinal bacteria was obtained by this test. Ac-
cording to the drug resistance information, antagonistic strains with high drug sensitivity were selected. The growth
curve of the hypersensitive antagonistic strain was plotted to show its growth characteristics. The activity of extracellu-
lar enzymes of potential probiotics was calculated. As a result, sixteen dominant indigenous strains were isolated from
the intestinal tract of P. monodon. The three antagonistic strains which were named as P.m-1, P.m-9, P.m-13. P.m-1,
P.m-9 and P.m-13 were identified as Bacillus subtilis, Enterococcus faecium and Vibrio alginolyticus, respectively. The re-
sults of drug sensitivity tests showed that they were not intestinal drug-resistant bacteria, and P.m-1 was highly sensi-
tive to drugs. P.m-1 entered the exponential growth stage from the 2" hour, and reached the growth peak at the 10"
hour. The maximum concentration of P.m-1 was 1.14x10’ cfu/mL, which indicated that P.m-1 had the strong vitality.
After protease activity determination, P.m-1 was considered as a strain that had the strong protease production capacity,
which could provide a basis for digestion or purification of the environment. P.m-1 has the potential to become probio-
tics, which could contribute to the prevention and treatment of acute hepatopancreas necrosis syndrome. The experi-
ment would provide the theoretical basis for functional feed additives from the perspective of intestinal microecology.

Key words: Bacillus subtilis; Probiotics; Vibrio harveyi; Antagonism effect; Acute hepatopancreas necrosis syndrome
(AHPND); Penaeus monodon (African group)
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