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Abstract

Babylonia areolata is an important economic shellfish along the southeast coast of China. However,
in recent years, bacterial diseases have severely restricted the development of its aquaculture in-
dustry. This study aims to isolate and identify the pathogenic bacteria of bacterial diseases in Bab-
ylonia areolata, and explore their pathogenic characteristics through artificial infection experi-
ments. Dominant bacteria were isolated from diseased snails, and purification, identification, and
drug sensitivity tests were carried out. At the same time, artificial infection experiments were con-
ducted to evaluate the pathogenicity of the pathogenic bacteria and establish a dose - response re-
lationship. The results showed that the Vibrio load in diseased snails increased significantly, and
the isolated strains were resistant to multiple antibiotics. Artificial infection experiments indicated
that the pathogenicity of pathogenic bacteria such as Vibrio harveyi was positively correlated with
the inoculation dose. This study provides an important theoretical basis for the prevention and con-
trol of bacterial diseases in Babylonia areolata.
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1. 5|8

77 Bt 75 AR (Babylonia areolata) & T4 B 7R Fa i B B2 5F DI, HAG AR K EE L. A 6 56 S5 e 1
K= TR A A1), Hm & BB HES) 1 IR PR S 5K, (FBE T SR 1 4 T 1
o] i . AR, FREEERRE AR CMPWE” CRHTERE T CSERE” SRR, W SEURMARIE I
B RMUARIE T S AR AR S, X IR B iE O™ B AT AR [2] [3] 1X U8 3 1) B R AU % FE 7R
FEMSRE N R R AR RR S UIAH oG, IE 0T RESZ A TURAL . I U0 2 S A 358 i ER 2R i B[R] 2w [4]-[6] . 2R TTT
H RS0 _F g 3 R S5 S TN D7 4 T B AR AR B AR, JCH RN AZ Lo IR B AP R 55 . BUmL
HRAT S BT X PEBIT TG TG BT R M AR T R G R, P B 20 1 77 B AT RS2 & R [ 71-[9]

T, J7 PR MG B P BB A S T IR S B T oK, R RN T ) . Ho—, B
(R 22 RENE S o 2RI R e A, A BE A 2 JRAE TR E R IR, SR Z 5 T 00 TR A HOR RS e
SE[10]s H, R m M EURALEI ISR RS Ess, 3P i 2 A 2 e
2y, Gy gl K25t ARSI [ 11]. FHRHX — IR, AH Fidd 7 B B Rk N LA vk, 2567
AL AR K 2 1% (U0 16S rRNA JE (K741 40 8) BA 8 SR AP S, FFadt— o N TR 4y
SRR BRI, BV AR - B0V R R SIS (W LC50). TS SR B AN 5 B 2R XU 5
BRI, R ST SR 1 22 S A 7 4 SR (D2 P R BRAR S TR ) SR AR R S, A HED)
I T 7 428 IR 0 P A B ) B} AR TR A T ) e Y
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2. MRS HE
2.1. RBENSESALSER

2.1.1. SERHH

REEIEF M AR AR SR AR XIR A R E9AEdh . JEH] 2216E “PA. TCBS “FAR. = 77T
WA Rt . HER TR WRSIT . BRI i . T RT . B0 B VE ST 95%I0R . R
Ak, FEARESE. 1L SE. TRUKFEI. 2 ZHOKB T 05 SEU6 T i

2.1.2. LB AE

TEPAR B BEATAN R RE 7%, 28°CREFR 48 h G AT W T, DAE Al & . WP BB A 7%
HEAT AL . %5 R 2GR AT, N RGO B e R . 3 JC T | mL BRI 50 28 A0 B A 2R K Ab HE
FEA[12].

22. RBEAHHYRE

2.2.1. SRR

I3 B AL R R AR A AL S IR B S e 7R B B R OO ARE SRR . SR 2216E [ 1A B: 7 3 H T AR s AL & 24
O . HER R A SR 2R PRI B | mL BRI IRAR . B FRAH . RS AT R BT
FMAE S Webn R REEAH S FEM AU B[ 13].

2.2.2. LWHZE

PRI AL Ve, I TC BB SI 2R AR WS , IO\ T b 28 3 2 K ) a8 S B B B 100 pL B 234
SJURAT T 2216E “PAREETH, §E Smin 5, HGRS 48U T PR, £5 2.1 P RIGFR%
PSP N R . BE IR DU 2 O ] R VR P LA IR il e [ 14]

2.3. NILRES3EH

2.3.1. #§

1% FH AR 7 B AR MR- B 1.25 @) N seie sy, RRE 3 A TAT, B AT 10 AMA,  [FRF A7
KR KOO IR ZH o B PR 5205 5 R FH RN 2 4l B e P (28 “C R F% 24 /NI, A LB AR5 = 57 15(28°C,
180 rpm HRFH KT FE 16~20 /M), B O R (8000 rpm, 1 234 i FH K B IE /K B w0, 1) 4% T AR BFR
FFEAT R Y IFERE o
23.2. Fk

TG0 15 B PV S AR T SR G P b 7 RN 22 N IR FE G T o JULPRIY: ST I R VRS 0.1 ml BV, T35 80
PN, SRR MKAASEGEEE 28 £ 1°C, #hEF 30 £ 2%0, pH8.0+0.2). A H EWICRIET: A
i ACREIR 58 HAREAT B P T H BRI UL . SR SPSS 26.0 B AFHEAT 2o Mk [0 A 50 7, E ST 7F — %50z i
2R 115 96 h LDSO0 1, LA [FB G I Eum 2= 5 15].

24. RBEHREESE

2.4.1. SEIEHH

% 2.0 HL(5417R, Eppendorf) . PCR 1%(9700, ABI). HLIKAX(DYY-8C, Jb5H/N 128 ). /KB4 (DK-
24, EHREESLRRAAIRAT) MFGB730XL, AB)Z S, LLK BGI 2xSuper PCR Mix (with dye)-
BGI D2000 Plus DNA Ladder. 4t g5 I ZH 2 BRI & BIERE . PCR P Wmh ki 4l Ak k0] 2 55 R A RE
F[16].
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2.4.2. LW F5E

BUGE WA T 1.5 ml 808, AT E BB ESERB RS, KM Proteinase K ¥V RF
TooK CEEEEEAT HE K 41 DNA $2EL. DASREUH) DNA AR, {8 4R E 519317 16S/18S ¥4, 1474
LU NRRE BRI S, R REER A bRt BV AR AT A4k [ 17]

3. 858
3.1. BPENIBESHEUTRER

3.1.1. SRR ESFEFFIFSE

TEAR T, b3 77 BE AR MR R B /K AAREAT 1 A Th] ARSI K A I, B 70 A W VEAl 75 FE A Bk
Blo KMGE R EIR, KARIEME S BN 6.8+03 mg/L, 1M IEW KIEMETEEER KT 5me/L, XKV
FrHE KA TE T35 A7 S8 77 THT RE 85006 A2 77 B R IR I A A7 7 R, D FLIPIRAE AR AL T 78 R ISR IR . KA
pH {4 8.1 £ 0.2, AT 7.8~8.5 MIIEH X AN, 1X— & B [ ERHSE PR 55 Bl T 4k RF 7 B 7% VI P R sk
ST, ORBEHAEBRDIRE M IE R8T RN, BB IIME Y 0.12 £ 0.05 mg/L, KT 0.5 mg/L %4
BIME, AR T R EHIRA N BT, WD T RIEUR R AR

3.1.2. RBERIEFSHK

SNB A AT REIE:  HET TCBS BRNIERE R0 2 o, 344 P IIEE B V& (cfu) 76 & i it Y2 35 T i 24.5 1
(p < 0.01), EFETIEEIL, HEAM. R RINE F 7% S8 I H WA AR Ib A o i) W22 7, R4S A3
WETT, W2 IRENEE (Vibrio harveyi) W] BETEEIK

Table 1. Measurement of vibrio and heterotrophic bacteria concentrations

* 1. NERZFERENE

- ‘ N ‘ ‘ SR ‘
IEH K T K
BRI (cfu/g) 1.2 % 105 2.94 x 106 4.17 x 10? 4.39 x 10*
17K (cfu/mL) 8.58 x 10° 1.56 x 10° - 2.74 % 10°
JED (ctu/g) 1.79 x 107 9.11 x 106 3.26 x 10* 2.93 x 106

Figure 1. Isolation, purification, and cultivation of strains

E 1. Bt B s

DOI: 10.12677/0jfr.2025.122017 161 KPR AL


https://doi.org/10.12677/ojfr.2025.122017

FIREANZLAN: AR TRIFERE R TIEFL, wae7 R4 KRG S EES KA, iR
HEMDIE I R 0 A, FREE ARG A RE T EER(LAE 1, & 1D,

3.2. MBEAYKRER

e 2 i, RV AN Z PR SR (WU 330 RO S0 R AR (N [ 2.0~2.5 cm). PRI DT
A FR BAEYTRD R B i L SR B N TR, (B 24 AR R A B0 (18], WT BE IR AH SR 24 3 R i AR T2 47
G AERIE S & BRI R RS 2N, EEFEFERAGMRRER . FRERME SR
PROMERE 1.2~2.3 cm), FGEmIKEMM, SLERR TR NS 7 4H . FER LR RO -
N BEHE R (IR TG M) M AL B- N I L LR )2 A7 AR, FERZGWIRA AR R B 22(<1.7 em) [13],

Table 2. Diameter of inhibition zones (cm) in antimicrobial susceptibility testing of dominant vibrio and heterotrophic bacteria
from diseased snails

= 2. RBAERMBINE LR FREAFLEMNEIFER (Cm)

EILUER S L] TRUE S IR B
R R 24 3.0
TR 1.4 —
HAER 2.1 2.5
1) e A 1.8 1.2
AR S 22 2.1
FRIE P bR — —
ZWHR 2.0 2.3
KRR 2.0 2.5
FIBEER 1.0 2.3
WER 1.1 1.9
HHR 1.5 —
IEZS 1.7 1.6
BRI 1.7 —
LTE DAL 1.3 1.1
HHEIE 1.8 3.0
BN 22 32
TS — 1.4
275 Hn i — _
EZITN 1.8 1.2
ERliE S 1.6 1.6
JRRER 1.2 1.8
AT 1.3 _
TR 1.1 1.7

DOI: 10.12677/0jfr.2025.122017 162 K= FT


https://doi.org/10.12677/ojfr.2025.122017

3.3. AITRGRASTIOGR
3.3.1. TCBS E#k A TRARLIE

Table 3. Experimental results of artificial infection with TCBS strains
7 3. TCBS Bk A TR ZERIDR R

6h 12h 24h 36h 48 h 72h 96 h
U CE S TR A I A I A A T
I S S SO S SO - S SO - S U S U - S
SR A 0 0 2 0 1 0 1 0 1 0 1 0 1 0
X HEZH B 1 0 1 0 0 0 0 0 1 0 0 0 1 0
XFHRA C 1 0 1 0 1 0 0 0 0 0 1 0 0 0
Al0?2 2 0 3 0 3 0 3 1 1 2 4 1 5 0
B102 1 0 3 0 2 0 1 1 4 2 5 0 7 0
C102 2 0 2 1 1 0 2 0 3 1 4 1 6 0
Al10? 2 0 2 0 2 0 2 0 0 2 3 1 4 0
B103 1 0 2 0 1 0 1 1 1 1 2 0 4 1
C103 1 0 1 0 2 1 4 1 2 0 1 1 3 0
Al0* 1 0 3 0 2 0 2 1 1 0 2 0 4 1
B10+ 1 0 1 0 1 0 1 1 0 0 2 1 2 0
c1o+ 1 0 2 0 2 0 1 0 1 1 1 1 3 1
A10° 0 0 1 0 0 0 1 0 0 0 0 0 0 0
B10° 0 0 0 0 1 0 0 0 0 0 1 0 0 0
C10° 1 0 1 0 1 0 0 0 1 0 0 0 0 0
A106 0 0 1 0 2 0 0 0 1 0 0 0 1 0
B10¢ 0 0 1 0 0 0 0 0 0 0 0 0 0 0
C10¢ 1 0 1 0 2 0 0 0 0 0 0 0 1 0
Table 4. Injection concentration and cumulative mortality
T4 EFHRESRITRTE
TSR (cfu/ml) R TR
3.0 x 10° 33.33%
3.0 x 104 30%
3.0 x 10° 23.33%
3.0 x 102 0
3.0x 10 0

SIS, TCBS BRSNS 5 B4 KR (1 B0 1 2005 3 R Al . e SR EE A 3.0 x 10°
cfu/mL (RTFIETEE 33.33%) % % 3.0 x 10? cfu/mL I, FET:ZHEL T2, HiddH&E - 88 2545
H 96 hLC50 4y 4.33 x 107 cfu/mL, X BE R HE I 8085, (B 5 HTHEE ) 598 YY BPR(LCS0
=N BRI SAE XS L, P EIE 7 IREE R AN R B R I B0w 1t 2 7 . B S0 R R : (1) 96 /)
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P 252 1 99 AT A 38 IR 18 1 S50 RO BB R UK s (2) XHIRZH PR G “BITS 7 ER(m 12 h B 2
B T HEBR A B M8 SR E TP (3) TRRAR S 1 B0 ML (2 2 FH B e I I8 42 MR AT, TR 44
B S W B LR B S ARIRANIR TC o LA 45 SR A I RH3 Ji F 25 P Ay % o7 92 B 4% s 4 it 17 3k
s, R4 T RS L T (R 3. K4, 1E 2).

40

.................
.
.o
.
e
e
o®

w
o

a

y =-5x2 + 50.437x - 93.592
R?=0.9869

BT SETEY
= NN
o o

Seriesl

N
o

......... Poly. (Series1)

o o

2.5 3 3.5 4 4.5 5 5.5 6

SEFHREcfu/ml (HEURE )
#E: 96 h J5 LC50 [MyFESHRELN 4.33 x 107 cfu/ml.

Figure 2. Correlation analysis between injection concentration of TCBS strains and cumulative mortality

& 2. TCBS M ESTRE S RIT R T REX MR

3.3.2. YY EtR A RRSESCLE

A SRR N LT YY B bRS TCBS WA 77 BE AR KRB0 M, 78 1T YY BRAR 2 2 B 9 0 3
FIFAE . SZIRBE R, FEAH [E) YLK B (5.85 x 10° cfu/mL) R, YY HkkGI K 77.67%M Bit3ET-%, &
TCBS BE#EI1) 33.33% M A5 PA b o 35 7722 57 B 0 AR B TP EBUEIR FE(LC50): YY Witk 96 h LC50 X
N 3.36 x 10* cfu/mL, % TCBS Bk (4.33 x 107 cfu/mL) K =N UEH, RPHLBUFABCEW R ERTF. &
WL RRGLZH (1072 20) 24 /NI RIS AR R PEAE TS, 30K Y'Y B T BeId e S 2 PR AL i) (v 280 3 0 W
BT e R IR ) PR B, X5 G R S 7R J5 (IR ) PR I 2/ B 1 A PR R A AR AL
TS [EI I A I, 19 o e 100 790 2 28 2 S D= 3 AR VP A 3 AL 1 DGR EE I 4, IR 7 R MR
ARV K 2R R R B ML o %45 RADCRTA T B8 S5 2 AR U A, o 2 AL E
RS (AEE X 5 B 0 B R B L R SRt 7 BRIk IE (R 5. K6, [ 3).

Table 5. Experimental results of artificial infection with YY Strains

5. YY BRA LRSI HERIERE

6h 12h 24 h 36 h 48 h 72 h 96 h

FiRe A2 1 S M S M M % M % B ¥ W %
LR S = S = - SR S - S S S S A

STHRZH A 0 0 1 0 0 0 1 0 0 0 1 0 1 0
XTHREZH B 1 0 1 0 0 0 1 0 1 0 0 0 0 0
SRR ZH C 1 0 0 0 1 0 0 0 0 0 0 0 0 0
A 1072 2 0 6 0 2 5 1 0 2 1 0 1 0 1
B 1072 5 0 7 0 0 5 1 1 1 1 0 0 0 0
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Rk S
Bk
c10? 8 0 8 0 1 7 0 0 2 0 0 1 0 0
A 1073 6 0 8 0 0 3 2 0 0 1 1 1 0
B 107 7 0 7 0 3 3 1 1 1 1 2 0 0 1
c107 3 0 2 0 1 1 3 4 2 0 1 1 0 1
A 107 2 0 0 0 0 0 0 1 1 1 1 1 1 0
B10™* 0 0 1 0 1 1 0 1 1 0 1 1 2 1
c1lo+ 1 0 2 0 1 1 1 0 2 1 0 1 1 0
A 107 1 0 2 0 0 0 1 0 0 0 0 0 0 0
B 107 2 0 3 0 0 0 0 0 1 0 0 0 1 0
C1073 2 0 1 0 1 0 0 0 0 0 1 0 0 0
A107¢ 0 0 1 0 2 0 0 0 1 0 0 0 0 0
B10°¢ 0 0 2 0 0 0 0 0 0 0 0 0 1 0
c10 2 0 1 0 1 0 0 0 0 0 1 0 0 0
Table 6. Injection concentration and cumulative mortality
6. EFRESRITHTR
R (cfu/ml) RIS
5.85 x 103 77.67%
5.85 x 10* 63.33%
5.85 x 10 33.33%
5.85 x 102 0
5.85%x 10 0
90
80 St
70 y =26.1x-68.123
4‘:\;_ 60 R2=0.9718
gso
=40
30 RATETE (%)
20
10
0
2.5 3 35 4 4.5 5 55 6

EEHRE cfu/ml (WEORE )
¥E: 96 h J5 LC50 My SR 2N 3.36 x 10% cfu/ml.

Figure 3. Correlation analysis between injection concentration of Y'Y strains and mortality rate

3.YY EHRESTKRES R TRBEX D
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34. RBEREESTWER
3.4.1. TRAGHRERRRFE ik

Table 7. Correspondence of electrophoresis wells to samples and primers

7. BIKFLAL RSNG4

L5 £ ElR Y] M5 S EL S
1 27F + 1492R V4-515F + V4-806R TCBS
2 27F + 1492R V4-515F + V4-806R YY

3 AR BIP (3 7)0F4IEE DNA #EHT PCR &4, I8 ik B g st Al kot PCR P=9idt AT, 13 21
ANRIREAS B K T R i S e e R Ak 4 s SR BRI (] 4) K3 1 (TCBS): FEASK [ TCBS #5355
BB, WKIE 2 (YY): FEASKRE S — 0 B BER(TRE N 2216E 808 77°FPR). ¥KkiE M(Marker): DNA %)
TEbE, 2 K/MERN 5000, 3000 2000, 1000, 750 500, 250, 100 bp.

1 2 M

Figure 4. Agarose gel electrophoresis image

B 4. TRAEHEELRR R IKE

3.4.2. MK BLAST LEx4ER

NTYEGREIR, BRI WA 2 B A7 B 25 FEA TCBS ¥ BLAST thxtR#, H5
SN BHE I (Vibrio tubiashii) AL IE 99.46%~99.66%, #x i= UG AT B kN A& 7€ 4543 251 Bacterium
3H101 (99.79%AHALEE), 7R AT ae I EE R 5 85 PO B 1 Sk (8 CE BT P B R 70 7 S 8 I B ik, 75 ad
toxR.gyrB 2 FE K RGK B it — LA MFEA YY WIS CAn7K 7= [ B s 4t ISR ES (Vibrio harveyi,
MT605241.1 FRAERR) & E —550(99.93%AH L), BRI iZFh . 465G aisustEEdE, YY Bikea4E
PCHINER ) AR 5t 85 775 L LR K P B0 W RETEARTRF 10 TCBS T8 (1 78 76 9B A 43 FE A7 v BE AR JLAH XF
WEMEUREE, IR RA KR G 25 T HBURILE AL T R EKIE R 8).

Table 8. Top 3 blast results of sample YY against NCBI database
8. #A YY 5 NCBI BBEELL 3R 3 &R

Description Max Score  Total Score Query Cover E value Per.Ident  Accession

Vibrio harveyi strain MFBO03 16S

0, 0,
ribosomal RNA gene, partial sequence 2702 2702 99% 0 99-93%  MT605241.1
Vibrio harveyi strain 0 )
Jor0 omo haneyi stan 2702 29641 99% 0 99.93% CP051122.1
Vibrio harveyi strain SEDPROD3 165 2702 2702 99% 0 99.93% MN066575.1

ribosomal RNA gene, partial sequence
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4. g
4.1. B ENDESHEE T

WRANTEIFAE R AR R AR, RO AR R P S ER 3 25 v 1 IR, T /K A AT v i
TR R LI 2 22 5, RN B I B T 2 O PR IR S 1 G A T[19] AR TR i Y I 5
FIRE HE TR, o R AR RRE, T RE O 2 WAME T T IR R 0 A L G AT B
Fefig e ThRe T FEAE D 3R S B 201 AFRFE I rF 73 25 K20 5 X 50 A2 2 (iR 26 PR A7 AR, AT T
Iy BRI DURA ZR G R rh 2%, (R SR - N IR SR 24 1 25 [21] DRI, TG X T2k
RIS, SRR AT YR HU 2 RIS, IR 37 58 36 10 AR 368 HTRIR 24 5 ME D 14 & 221

4.2. NTRERESCIG ST

N TRGESI WG R R S0 T R DL S AL BOVERFAE, BT AR AT Ao G bs, B/ X 0 R
PEREIR S IR RN o RTE SR R A A B i LA 103, AT RE S A DU N, an B 36 L . RER:
THFEIN AT AR R AR, FECHIUD BRI R IMA[23]. GBI S0 RGTVEA 1 PR RO R 5 BEAR K
BRAEORE, BAIE T AR SRR A AR AR o e AR R D R R e 3 T RN B AR A
T RS98I 1 RCRAB R Bg ) TR 1A 9% (24 o A BRI 206893 Jir 1 03 A S LRI, AR S0 e 3 42
IR S JAU B R IRBE AR AE, BTSRRI SR 1 55 o RORWIE FURT ik — SR UM B A 3R 55 9 i 1 380
PERIR AR, LS 32 G BEAH O HE IRURT B 3 78 SO B Gead 72 b i 4 (251

4.3. B EHREESE D4

B 7 i o BB 2 S BT BEAR KR “H/ITSRE " A “Bhwpie ™ i Z0m 5, FLam g0 it vl REJR T8
JIHE R ) iR 08 A& R . A TCBS nlgeJ& TINE AR, 184 T Vibrio tubiashii, @it 2R EE
YT IR 2 AT [26] 0 SEIG R FIARHEAG 70 7 % 8 IR 5 v B A Ak R AR T S v, (B R
FEA e AR PRSI 50 RPA R IIEEAR, S5G 45 P FIbR 2 PR Id % e H AR B bk, [ hidid 22 3 Rk
BT S IR IR /> AL, IR T BOR M RIA BT E R [27].

44. HEEHSHERE(ESH

BT BEA IR NI B R BT, T R I, S R O A S R A )
Ao R A T A A A5 37 5 4 PR R s 0 B B 00 LT T 4 2 25 A B T 4
VAT T 25 T A O A (28, T O 30 S M o 47 3 2 2 40 7 R
R[29], B FEFIIE T, I AT A I S A M4 I REBOR T L R R, R P kA
FIE T4 e B 3R, T A 25 B 25 40 330 o 8 58 81 S e T S i 4% 1 S 8 408, tImds o4 EG
BI(Y'Y BMR)EIT ] Toll BESZ RS S MM IS XX R M MBI A ST, B MBI RAR31]. &
KT 5 5 54 5 0 DR AL S AR T B A DD RS R D246, 3 3o Ao A 0 V4 9052 6 6 I 0 e 8 2 T A 9
RIS HURON, i B B PR L S
5. &g

AT 5 I AR 5 B AR R 43 Y O, e s e 2 I RS TR Dy O 1. 2
SRR W1 4 B BT 2R U WL, NS TR R T S . N TR W T 5 I 7 -
NN F, R T HBORE . 05 bR R S AR SR SR R B AR R R T . A
T 5045 5497 B 20 XV 7 5 S O B A 7 BT B ARHE 5 B T30 7 B A% XV 3 3 L e
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HER SR
6. RE

T T AT — 25 BRI SR BRI (0 2 TARNT, 45 & it LA AR (R AL R, Frik ek
FIR T B FC TS 10 a5 F R D R e 5 R SRS AT, B T B IR A T e
T 550 111 265 2 T 40150 o B ST IR BE DR T 5 0 A EL R Eh A WA R, 48 & SE DR A S AR L S AR
MR R TR, [N, ARG BRI R SR, RTINS A R 5, N
T B2 R LB 2 T 5 8 R SRR 3 7 ) S
E&mABE

A BB (ZDYF2022XDNY351); BARAOL M B AR AR R L 10158 42 (CARS-49);  fOMV A AT R4
HETI(NHYYSWZZZYKZX2020).
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