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W OE: N TR EINE (Vibrio anguillarum ) ARG AT (Ruditapes philippinarum) 2800 B (LC,,)
Je G A AT RN ZURN G g8 SE D A 52 M . ARSI IR T 5 FhOAS [k J3 s oI o X s A S B 7 d i JBlE AIE 5%, 90
BT B2 25 BEAS Ak 5 BRI (LZMO) 76 P 280 B Bk M e FE DR R s il o 45 SRR T, T S 08 I o e 0 £
168 h (LB (LC,,) 204 5x107 CFU/mL 20 , #1564 52.3%, L BUHEWR B (LC,,) 49 6.08%10° CFU/(mL-
), 1l 5x10° CFU/mL ZH (775 26 MK (33.6% ) , 5% 10° CFU/mL ZH AYA7 3% 5785 (67.0%) o X3 407 s L 2F
FUHEU S (LC,, ) 2H i 2H 21 b 8 T B 500 78 24 hiA B (5 (7.53 CFU/mg) , B JS B #i 4K , 120 h [ %5 4.26 CFU/
mgo LZM iF M2 TR , B2H 21 LZM W& HETE 12 hik B} (123.03 U/mg prot) , Bl 5 B Wi FE A, 120 h [ &
77.92 U/mg prot. i HLAM AT & B, R YL B89 1] 24 h Ji5 05 A7 08 4120 BRHES S5 L , B8 2 ) 8 4 e e I, g 4 7™
o, ) B K S5 BRI Ah , 9% 0 /E B PCR (qPCR) 43 7 & B0 68 9 3 Wh 38 0 355 5 7 Uk s 6 1
(Hsp70) A taZE (Cyplal) 2 E IR/ R IR E I8 (Pim3) JEEEA (Lysozyme) & HiBEE 1 (Cd109) i
JEIRFCIN FZ AR 6 (Traf6) 54 e FE PR 1 23K (P<0.05) , 878 13X Be Ik [ 78 35 A s w4740 68 50 E JBib e 1) B0 2
B B it B v R4 T BRI . AR IR T S8 AR AT AR, S FE A S AT DB I 9 2
RAPENLHI B T8 %

R AT BRI BRLALY; R EBEHE

FESES: S917 XERFRAES: A

KB (V. alginolyticus ) K=K EE (V. splendidus)
Bl % 119K & (V. parahaemolyticus ) F1 65 5K 1& (V.

JE B = 45 41 (Ruditapes philippinarum ) & 3%
EML GRS N 2K 2 — A KR 525

W1 e S A Bk R (] e R Y
TRFEFE UL 2R, 2023 AR 3R [E UG 2 5 444.9 T t,
di FPE DL 2SR R 20% LB, 24 5 e ERIG A
I 90%2 . SR, Bl A K 7= S5 Y T & R
FN A BRI TS YL A TR, £ 1T 1 2 22 ol S
G, L I 28 02 DL 2R R 5 Y R B
[3]

I S — 2T I AEE T AR R R I BOR A
RERSTE Z P AL ) Z BB RE T 5 R IRy H R BOR
FUBLBET, 8k T BR 7K F= IR 5 b Al e h5 2 2 e
A E SR HAT, XF D12 35 b il A
AN AL EE « 05 4E RIS (Vibrio harveyi) (5 #
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anguillarum) %5, 85N & —FhifE A= g Eh Pk g
IR W TR A g | e 2 R | Be S
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FEFE K AR, B SRR X R 5 D12 HA 1 3 R
HEEFHIETT, BER, DEEE  EH
Py A FRERE, AR B aE s CHE R UE
W) LA K 38 i o 240 A W RE T A 2 R i fig L 2 DLk
YL BA I, BHZH 2 AR B RE NS5 il 25 K A
FRAE X AR A AT 8 H N XTSI P = G 1Y)
br&z—. flan, MK A4EW5 (Crassostrea gigas) %4
g9 (2> 10° CFU/mL) 4, AR SUL A= A
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[FIFRREIU , B A OGR4k, 3T
REfa N TSRl T A B b A AR

VAR Bl A B8 5 R 5 | A 14 5 g A Az, % DL
FEFRFEN 1Y A] RS2 A A LT B R EUb . 22
FEHE 5 (LC o) VE R PFAL 15 Yy sl S A4 ) A Ak
BEPERION B AR, 0 A A 1 9B R K ™
SRR RS ) Iz N T D2 B R A
SEWFSE T B K IR A TR K R B A
T YR, IR R DL~ B vk B i A9 2
BRI o WFEFB, DL oI %) SR R
KRB B R E A S B, Je i
(Tegillarca granosa) TE 13 51 W 4 [CHIN B 38 T 1Y
WF 5% % B : 4.64x10° CFU/mL 4 > 5 5E ¥ J¥
(LCy,) , HURHIAEIE 23 55 A vk i 2 0 2%t A
oK, R HATw (At 1 B R B
PH A i G T 9 68 9K B 3 96 h IR
(Cyclina sinensis) H~EEILHE (LCy,) 2y ODgy =
1.57, & BLERSNEX 6 A W B8 FEH . A
SCERFE T IS BOEH B (LC,,) S9N G B a T Xf
FER WA AR TR B LZM 35 1 e 30 = A 52
Jf 388 25k o3 B 658 2 2 B 1 % i 9 A G 35 [
()BT, WP ERIY T W8 LH UTE b X 65 5 P {2
YU Y 43 AL Ay T B S E A R e A T a8 oI
FSER PN AL T S H MME.

1 MRS IE

1.1 IR

ARSI AR A IR AR AL TR RS
Vi K VS B AL FPRE L AE (21.0£0.5) °C \pH (8.120.1)
(K B 5 14 d, SEIR B /NERSEE . BEICSE G
I A7 S 14 5% K (32.08+1.35) mm. F ¥ 5% 5
(21.19£0.91) mm ., “F-#4J5¢ 5% (13.26+£0.56) mm LA
KO- TR (8.2240.85) g0 ANHFST T FH 68 3 B
PR R A KGR KoK= sh W E B, i 5 R
2 MHGO01 .,
1.2 EWHE
1.2.1 B3NGB R R

W 02 5P £ 0 T LB AR RS 32 3, 7E 36 °C
TRV RS 12 h, AR W . (I b
TN T RAEWOE I 560 nm %K T A9 IR I {f L AR
i b ol £ AR R FH PR VR R L TR VR A
8 000 r/min Z5 {4 T &0 5 min, YA 955 J5 R DT TE
FHPBS SR I B R RMR B, T T2 3Otk
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(LCso) FOINE o SEHG 43 5] i B (5%10% \1x10° 5%
107 . 1x107 . 5x10° CFU/mL) 5 ™ 8 5 4 ¥ JiF
FENSHNL S PBS X B4, 3t 6 2 (54 3 N E
FHE ,n =100, & HIGAF S 100wl A6 W B 9
B, 0 TR ZH 73 5 100 pL PBS) , SEI6 i A2 fn 14 1
Ji7R o 424 hid 5 1 RIGATAATE 5 O, 7700 =17
T AT 0B AR A P AT B BB R UL
KRB 245 SPSS 27.0.1(SPSS Inc, Chicago, IL,
USA) [ 77 F2 A 2 2 B0 B (LCs,) o
122 HESCRERGRAE

ARSI LI B (LC,,) 2 A1 PBS X} R £
SRS 5T 5INPT R 2H 2 25 4 AR Ak K
GPEFEAR I RE IR o A3l B S5 (0 by, % ) A
TG 6.12.24 .72 F1 120 h A SR L B 45
AV 3y 1 A F T R L L
610 95 T AE (LZMD) 36 7, 14716 -80 °C I T
RNA$2HL, oAb, o BBy Hhia 24 h (9 6EEF T
HAY) 7 WEE . A 3IANEE .
123 #ERENE

B A9 E SR YU SRR 0.1 g
HLUMA 1 mL A HER KI5 V5 3
¥ 8.9 g TCBS /11 20 mL # 2l /K 2% Wb , 1 5%
(TCBS) BEfig R 72 3k . WU 50 uL 21 ¥ 210k A
T TCBS Biflg 5 72 5L 3L 1i , T 36 °C . 180 r/min 1Y
FEIR P RE IR 12 h AR 5 352 3 1 TR W 1% o €6 1R 7%
(BB HNE) A R . AR & E & (CFU/
mg) =11 B 9 F £ (CFU) x #i B fiF B/ &
(mg)"",
1.2.4 @ EE(LZM) 35 A

Bo.1 g #2020, i A 1 mL 0.9% S AL #1A
PEAT A0, S 3ORAE = T LA S 500 t/min &0
5 min, A LW o CKERRIE S b oV VRN
N7 FH 40 TR VS A 37 °CF Fi 44 7 min, SR 5 P TR
G o RO TN E P AE O B 530 nm
PR T 5% 15 s(TO) F1135 s(T2) AW I
i FH LzM 5 3457 £ (Nanjing Jiancheng Co., 1
] B 50 A LZM 6
1.2.5  SUZHSUR BBy

W5 U £ U A BB AL 20T 4% £ R WS P
24 h, ffi FH 75% O BEUE I FBE K, Bl S A A
RS BIAEA YIS pm A Y] R RO
ARG L (HE) Ye i, FOG- BB A I
SEHRAH UG S RS AR Ak



6 14 B, A5 AR I (R T AR R AR AT BHZH 21 % Sl JE DR ek 1 52 1283
’é“h_—_‘_‘?
Wt ceeee ‘
M

Pt A < < — i — <e— < R Vv

. %F‘ 100 100 100 100 100 100 L /Xm.(”@
(Panguillarum) 3| ety || gesinty || Resite || el || Edssts || eesgg | (o osulloon)
5x10°CFU/mL L (}i]zhillppinafg{tj (Iilzhilt))pinaflf(l) (Iiehilippinafz_m) &ehili])pinaflfn) (&ghilippinaflgt) (R:ghiltppinc{ry(t) | 1x10’CFU/mL

BB G CIEEAT R cii s SR | s - | <t BTG
Von 9}5?', 100 100 100 100 100 00 %”E] :
(Vanguillarum) J | speppre || fpssinte || SR I || IR | R | ST
1x10°CFU/mL L (Rgftihppim‘n:z{n) (Rgftilippimj{u_n) Rgﬁilippinfrj{n Rgﬁihpping;y_n (Rgﬁilipping;:u_n), (I@infilippinil{tfn) J 5x10 CFU/mL

i <S> | <A | <A E e R <SR | <L | < ariree R R4
. ’E%H% ) 100 100 100 100 f 100 100 (Cor?tj;gl\(ﬂrou )
ST | JEhEeT || JERERIT | dERRIAT WM || RS || SRR | sroup

SXA0"CEUmL (R philippinaran) (R philippinarun) (R philippinarun) (R philippinarun) (R philippinarun) (R philippinarun) J 1<PBS

1 P BBEHE R (LCso) 43T 5 7 ’7
9, Analysis and screening of median lethal concentration (LCs)
PEIEH A (LCs) X R
. Median lethal concentration (LCs) .@ Control group
5x10" CFU/mL4] 1XPBS
BUIBFERIG AR BRHRBEERGAG }
Randomly choose 3 Randomly choose 3 i
samples samples

| EES 23 BIZHS1 2 3

RNAHIR I B AT
Gill tissue 1 23 Gill tissue 1 23
RNA extraction Pathological analysis

VA

fHZHZ 2 3 fRZHZR1 2 3

RNA#ZIX I B o A
Gill tissue 1 2 3 Gill tissue 1 23
RNA extraction Pathological analysis

1 825 BhiE B A0t BR 2R B Y SR 36 1R T Fife 2

Fig.1 Experimental design and flow chart for sampling in the V. anguillarum challenge group and the control group

1.2.6 TR R Rk bt

fif F TRIzol 3571 #2 B BE 41 21 v B RNA, i
1 1.0% Byt JEAEEE I Ha UK R R4 RNA S8 3 1, JF
H.f# ] NanoDrop 2000 %8 7h 43 't 5 BE 112k Il 22
RNA W B i s % 51075 6 (TaKaRa, Tokyo,
Japan) 3 HU ¢cDNA Jf 9 & ¥ & o fifi Ji] Primer
Premier 5.0 %11 H W EEH G149 (£ 1), B-actin
fE NS HELFH . ZEEE 5 PCR(qPCR) A FR N
20 pL: Y« % SYBR Il (TaKaRa, Tokyo, Japan)
10pL. F F#F51 ¥4 1 uL.ROX [l (TaKaRa,
Tokyo, Japan) 0.4 pL, ¢cDNA 0.8 uL #1 ddH,O
6.8 uL. qRT-PCRFEJ¥ U1 : 7F Roche LightCycler
480 Real-time PCR &24iH, 71 94 °C | i#£47 cDNA
3% 5 min, SR JE AT 42 MEFR ) 94 °C 30 5,58 °C
25sHM172°C 30 s, BMFERIATIRA Y H A,
I 2O T it — R
1.2.7  Ediorr

iz F SPSS 27.0.1 e it 8 A XF B A5 6 4L A7 1

FHAEIEAT Probit M7 FE 34T, FRIT Bk
& (LCy,) B B AR X0 38 o B R 3 07 25 93 i
(ANOVA) Fl B [K 2 ¢ K 56, 1F Al 21 24038 vk &
(LCyo) £ 85I BT 30 XoF s 735 PR Rk 7K S 1
SR ARG Pl F SPSS X A B R AT 43
Mr, TG 45 S 359 DL 35 {45 1 D% (MeantSE ) %
TN BT R I AE* P<0.05 b HAT 2 1, **+P<0.01
LA 2

2 45

21 TERESW

S5 IR, BN W30 4 5 X6 BEZH A9 A7 16 R
FEAE 3 25 57 (P<0.05; &1 2) o A [A] ¥k B2 i 38 2
(N BIIG ) Je b BE A 0 7 335 SR 00 531l 33.7%
43.0%.52.3%.59.7% . 67.0% . 98.3%. 1E L5 4
o BR 5x10° CFU/mL 4176 hid 48 h J5 H AL T
AR CFEIG 2628 97.0% ) A1, Hogp 52 55 41 34 7 i ae
24 h i BBET: . 510" CFU/mL 417 24 fi148 h
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(Y AF T 557 1) J 25 T % 22 94.6% F11 85.3%, 168 h
JEAETE %N 52.3%(P<0.01; 181 2) , Z4k SPSS [A]
Ay AAS ) 5 AR : Y=3.24-0.42X(R> = 0.927, P<
0.01) , >y 14 5 i IR 360 M5 A 168 h (1) BAE ik

J& (LCy) 41, 2 BFE U JiE (LCy,) Hy 6.08%10° CFU/
(mL-g)">" [ ARG 5T L3 B i it 5, 805 R
Bra=0.050 0 B A5 XA :5.57x10° CFU/(mL-g) <
LC,, < 8.06x10° CFU/(mL-g) |,

F1 MFREHEXERqPCRSY
Tab.1 Immune-related genes qPCR primer of R. philippinarum

L4 B g ERGIHTF(5' to 3" R 1ITE1(5-3")

Gene name Gene ID Forward primer sequence (5' to 3") Reverse primer sequence (5'-3")
Hsp70 evm.TU.xfSc0000012.36 GGCGATTCAAGCGAAGCAAT CGGCGTCATTCACCATTCTATC
Cyplal evm.TU.xfSc0003229.1 GCTGCTGGAGTGCTGACAAG GCATGACAGGTACAGGCATTCC
Pim3 evm.TU.xfSc0000026.20 ATCATGGCAGGTCAGCAACAGT TGGCAACAGATTCCTGGCTACT
Lysozyme evm.TU.xfSc0000010.4 AAGCACAGCGAGCCTCACTCTT GCGTCAGGTAGCGTCCGTTAGA
Cd109 evm.TU.xfSc0001935.1 AGCACGCCAGATCACCATTCT CCTCCAGCCATCGCCATCAT
Trafb evm. TU.xfSc0001568.8 GGCACGGGTTTCACAGCACAT ACCAGCAGCAGTGAACCGACAT
Limp evm.TU.xfSc0000084.15 CGTGTTCAAGTTCCGGTAGC AAAGCGTCTCCATTGGCACT
Atpase evm.TU.xfSc0001291.7 TCCAGCACCATGGACAATCA TTTGTTGATATTTGTCATCTCGTCA
Clg evm.TU.xfSc0000043.1 AGTTGCTGACGACCTTGGTT TGCTGCATTCCGGTGTGATA
p-actin AY889707.1 CTCCCTTGAGAAGAGCTACGA GATACCAGCAGATTCCATACCC

-0~ 5x10°CFU/mL 1x10’CFU/mL 8r d
C ——
-# 1x10%CFU/mL 5%10°CFU/mL _ b =
— 5x10'CFU/mL ~ -@ PBS £z 0 = e
1004 © 3 E =
L L —
90 Eop ¢4
- SR
S 80 KRE® ,|
5] =

¥ =70 59

LE 25 | =

&2 60 =

Z
2 50 5 . . . . .
40 0 6 12 24 72 120
A} 18] Time/h
30 L L L L L L 1 y 4N 2 T e
0 24 48 72 96 120 144 168 192 AT/ TR AL 2 53 1 25 (P<0.05) .

HF ) Time/h
A2 B P<0.05, LR ZEF W B P<0.01.
* represents significant difference P<0.05, ** represents very
significant difference P<0.01.
2 ERERFRRAREREEINENFEER
Fig. 2 Survival rate of R. philippinarum infected with
different concentrations of V. anguillarum

22 BEEMARHEEEEST

SR PR T 8507000 i T a0 i 7 i
Uk . 45 R, 6 h s 80 I R
% 5.86 CFU/mg, Jf T 24 h ik | 1§ {f 7.53 CFU/
mg. FififE# R E T, 120 h /5% 4.26 CFU/
mg, {H 475 A W {8 (24 h) 38 & &= /9 0.56 fiF (P<
0.05) , XF HE £ (0 h) 5l 41 21 rpy A6 1 21) 1 7% (
3)e

http://www.shhydxxb.com

Different lowercase letters indicate significant difference(P<0.05).
B3 FERBTHRALIHNTEEE
Fig. 3 Bacterial load of R. philippinarum in the gills

7 TR B 38R G A7 S8 20 21 0 9 TS
(LZM) i PE 52 B2 I Ja e AR ny i 35 (&1 4)
LZM 3% P76 X5 B8 20 (0 h) 24 53.31 U/mg port,
6 h i i % I (80.65 U/mg port) , H-7E 24 h ik 5|
14 {E (123.03 U/mg port, A X%f BEZ 9 2.30 1% ) , bl
Jo 3BT B, 120 h 5 % %8 77.92 U/mg port, {HA)
Fb X BR 2 2 3 14 0.46 £ (P<0.05) .

2.3 SRALRIESW

i3 HLE e o 0 8 A8 ) SR YL 24 h 5 I A7
LA AL () o 255 B, X B2 i 2]
ZLE I O o6 L 8 22 HEB R, G BH I A 1 5
WHE(EIRR-1,3) 5 =2k (LC,,) 2H B 2 21



6 ) P 2%, 4F B IURE RY X HE R TR IR A AT (B R S N R Y TR 1285

SEAHES ) ZEEL , B 22 AR KN, S5 4R 2
ZIRBE, A K dn iR (E R -2,4) o
140

£1|_
| C
120 T

100

o

—=

80

VTR P
LZM activity/(U/mg port)
o

60F a
T

40 1 1 1 1 1
0 6 12 24 72 120

Hif ] Time/h
AR/ R 2 B 22 57 0.3 (P<0.05)
Different lowercase letters indicate significant difference(P<0.05).

E4 FERBTFHRAAPLIMEFEETH
Fig. 4 Changes of LZM activity in the gills of
R. philippinarum

2.4 ESIEAME S FERA LA RERXERERE
FIH qPCR £ A 43 Hr 68 51 B a1 J5 i A1 8 24
LU 9 A AH KL PR ZE AN [RS8 o B 1) R ik A
fbo S5 RFM, Hsp70 L TE 24 h ik ik B g
., HEXTHRZE (0 h) 3% I T 4.69 £%, B 38
IR TR, 120 h RFEARE] T XTI ZH Y 1.80 £ (P<
0.05; & 5a) . Cyplal ST 12 h ik i 35 5] 0
{8, FEXH IR 2 B2 EVR T 5.92 4%, b5 P 4R R %,
120 h 47y b X B 40 755 0.72 4% (P<0.05; 141 5b) . 4
&l 5¢ itz , Pim3 75 6 h 15 i flk O REZH 11 0.52
%) BE IS T UA THE A6 12 h P3G T B2 (P<
0.05) , 120 h Ji5 J& XF B8 41 %) 4.40 £i5 (P<0.05) .
Lysozyme JE R () 2238 /75 120 h N 23 1 H , 7E
72 hik (A, Bl T AR MK, 120 h 752 4] B4
i) 4.88 1% (P<0.05; &1 5d) . Cd109 1E 6 h 1Y 3 ik
R I O BRZE (9 0.46 1% 5 P<0.05) , Fifi J5 T 45 7
L IE 12 h XA W 257 24 h G BE =
TXFREZ 7 120 hik BI0EAE, S XF B4 1Y 2.95 F%
(P<0.05; & 5¢) ., K SFRTR, Trafo 3L 1 3235
R R T S FRAR A B A 7E 24 hik B0
B, FEXT AL B 2 A T 2.95 4% (P<0.05) . il
1A% A 2R 1 X (Limp) 35 10 7E 6 hik 304
6, L X RE 4 W 3% R T 5.37 4%, Bl J5 T 4R FRAIG
120 h 5% B G i 3 22 5 (P>0.05; K 5g) . =
R N 1T 1 (Atpase) FEIME IS 120 h N b 2 1M,
FIRTAE 12 hik B E(E , =X 2 1Y 2.77 15 (P<
0.05; ¥l 5h) . #MAR FHEERH (Clg) i FRIK FE R

ST R BB S TR A 5 B 120 h N3
B AL IETE 72 hik B IEAE (P<0.05) , Fb R G
410 3% LA T 47845 (18 51), 120 h 475 FL X B A &
2.494%.

3 ihe

AWFFEH, B 5x10° CFU/mL 2H LAAM) 4 Fh 8
IR EA 0 2, R EE UG A7 7 24 h NS BAE T A
T X — I AT fe S A AT 1 B e I8 R0
WRESIA G, WEE SR, 0 IR I R Y vk B Ab
T T AR Y I R P I A A T S ek [ A s
R G A R ) 08 5T A BOR AR . B 8T
W 0T R AT B S R T BE ) Ak B [ (E
R, JHL 4 28 B A B ) JC A SO 6 IR AR 28, AT
A 5 85 A 68 T R 3 T i A 8 4 I ) ,
UL A 685 I R VA 8 R A7 A7 e 4 f 3 A R O
(P<0.05) o 43 AT 5 Wi 168 hif 414716 e b 21
FW, 5x107 CFU/mL 45 17 1% R N 52.3%, 4
Probit [7 5 43 87 75 F2 43 A7 8 1 T 5 68 91 R
168 h XJ #& 47 19 2 B B8 ¥k B (LCy,) A 6.08x
10° CFU/(mL-g) . VE A PFAl 58 5 5 25 55 205 K
B 1 FE B R A L B B e (LCy,) I 2 AN (IR
SET BB XIS AT 2 B R EAE L, O e Sk
SEERAE T RIE S WIS R R P R
B RV T R s SR M B AL T A S E
R XL D S HRAR [ AR AR (1) BB 4R
JER B IE R GACMGAT I S B b i % 2 0T
FEMEF , H v B8 24 207 S K e pe D g i e &
ZEME, HFFE R, R ] 0k
8 20 2R 235 R A 0 0 A BT BE AR I I 1 BIR
WG] 5| % 45 9% (Sinonovacula constricta) il 2%
SER PR T RE SR AL . ASHF T & AR L T X R
A, FBIEUE (LC,,) 20 i 22 90 3 2 B AR 1
X 7% B B8 B 1947 e 2 T S 2l 2 25 4 AR Ak I F
T — R AR AR A AR R R
20 e 88 A B R o A T S N e AR BRI 1
X — AR A N T AT AR PN T
T BRI R 2 WA AT D S 28 S L B s
BEAR 3 — AR b 345 T B 5 2 AE SO (Meretrix
petechialis ) Y B 7 19N BF 78 o & BLEY “ e &
i1 T, PR T B A PR A A A R AR
i 7 2 DU 2RO I I S PR JER e (1) B 98 g 25 1] g
FLAAHBU S 2 2 R
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LZM Ry 2 5 AR 5l W) 2 R 92 1) DG B K
fift i, I A% T4 BB R I TR 170 40 JH B, DA TG 417 A 5K
T PR SR B RN B, 2 DAk DL 26 S K A e 10 B 4
B Limp ] S0 EER T K R REES &, R K
i T, % T Tl A PN DR B 7 St Tl 4 2 TR 1P A 45
PO L DA T 7 35 A A3 ) SR T Bk o A v
EE T, WANG %" & B Limp 55 Atpase
A EAE I 2 5 BHAR R TE L, TE4E+7 40 i g e
FIR T il IR S e D BE 7 I R O HE T . A
SEEG A AT AE BB N 4R Y4 IS | Lysozyme  Limp
Atpase J: K 2 F ], 2 W TR G AE A A BT a8 9K
[ DR aR e P A A VES W T (2 R i N
Sy S PR G088 I TR A2 4 I A A 2H 2 LZM TS
N, F W] LZM TERA AT B 1Y) SR S

| I—
1,3 X R, 2, 4 0 S EOUUR BE (LCy) 45 1, 2 HORAERL 100 %53, 4 ORAE KL 400 177 5 SR (77 % . BEASHIIE 5 i (CURT Sk . S2 40U AI ™ F
ARREE 22 s RO Sk . AR AE
1,3 represents the control group, and 2,4 shows the semi-lethal concentration (LCy,) group; The magnification of (1,2) is 100 x, and the
magnification of (3,4) is 400 x ; Green arrow. Normal gill structure; Blue arrow. Damaged and severely shrunk gill filaments; Black

arrows. Cell necrosis.

A CHAE™ . A, LZM WG 1 5 i A1y 2
B R B RGO R, XA ELR Al e 5 15 1119
Fe R G E BB DIAEC o FATHRE , 5
JE BT (G 6% NG ) 4 e I, e £ 300 3 T B R GE
5 LZM P, DT o) 3 7 5 B 20
B, S RGeik— b LR LZM (9335 RSPk
LA SE X B g 4 Dt 0T 5 T 24 280 T &t BT, g
JELRAE DR, LZM 3% PR AR B ARG, B ke T S i I
I S AT R AR DRSS R e R T LZM AR
W A PUOIGE H S e v R4 T BB R B A A,
P22 A n] BE 2 ML B X L IR e Y T 4 i)
W22 SRyt — TS DL S S W S e B AL |
o J5 - AR B AR S I 5 1 201 B A 4
BT E R RIS LA

B mENEIERERFEHAR
Plate Pathological observation gills of R. philippinarum

http://www.shhydxxb.com



6 A AR, A5 AR (R o AE A RIS (HRAH 21 R G L PR R 1Y S ) 1287
§ 6 Hsp70 » é Tr C)éplal g6 Pim3
2 s| B2 o6t Z sl
927 42 Si [
o = 5F A g
g 4r ® 5 ®oE 4+
7o Be4r =0
z3r g X 23 <
£3 =537 Zg d
%E’ 2r S 8ot 2 5 27 c
= O | QU= AN | a
S5 (1) Se (1) 1 sgl! b
~ A0
= 0 6 12 24 72 120 © 0O 6 12 24 72 120 0 6 12 24 72 120
ffE] Time/h A ] Time/h f[E] Time/h
() (b) (c)
a
. Z 67 Lysozyme ¢ § 4y Cd109 S 4r Traf6
98 sl i 7 2
SN 42 =)
Zodr #® 5 R E
=23} 22 e
= junn i) m .2
1) > =< "5 = s
S 273 © 5
— -
ol SE “%
~ 50 8 E
~ 0 6 12 24 72 120 0 6 12 24 72 120 0 6 12 24 72 120
i 6] Time/h i [6] Time/h ii5f[6] Time/h
(d) (e) ®
g6 b Limp g4y Atpase g6r
wWE st = g w7 St
deal 25 A Eat
ks Z 2 £
=23 £ Eelr
= < -5
= ! %s 2t
£E s g =
3 g 1F 3 § = 1
S0 S o
0 6 12 24 72 120 0 6 12 24 72 120 0 6 12 24 72 120
ffE] Time/h ffE] Time/h [ [E] Time/h

(2)
RIRVNG TR FR AL 22 5 5.3 (P<0.05)

Different lowercase letters indicate significant difference(P<0.05).

5 BIlEERERFEAR

(h) ()

B EXEREREREMRRIEKTE

Fig. 5 Expression levels of immune-related genes in gill tissues at different immune stages
following V. anguillarum stress

UTAEAE (IBIFSE 2 B, Hsp70 F Pim3 %5 3 K]

FE DU BTN TR Y 56 K i S I Hh e o O S R 45
YEM . Hsp KIG & AEWIKN ) IZ FAAE — KR
1, YUE %3 58 B, Hsp70 JE R FE SO Y 12
JF IR R A1 IS Al 204 3238, AR IR e I
ML5KTE 24 h )5, Hsp70 RSB AU ik i i 3% b
P X — BRI G AR Fe, FA1%
AT 5% A 3R W s £ 76 38 20 68 5742 % I v
1 W Hsp70 36 PRBTE 9 Al B S 5 g N
W TEARLE AR YL BT ), Hsp70 &
[AI7F 168 h N i 35 [, 32 B Hsp70 L AR BG4 14T
8 I TRT 1) B 2 B AL i R AR . A,
Pim3 {E R Pim G5 1) — DL, 76844 40 M 9 RE S i
R A S A 1 g v R P G SR DY

BF5

F W], Pim3 BEAT S0 oik ML 240 A7 05 4, g otk g &2
X ) AL I BRI R TR A SR e B AENRE T o X
KA Wi 9 Pim &5 M R W1, Pim3 W] 3 i 81
NF-«B i #% , 7E BT B TR G B i 25 45 T 2

PEFIRY . ARBFSE R, Pim3 36315 K F-7EHT 6 h i 3%
A AT RE I (9 R e T e A0 (0~

6 h) Pim3 3Rk (H Bl & IS A1 o 08 R G T,
Pim3 FikIK -5 LR, RS 5 T 347X 68
B ()38 B f2Y . i — 253l 1 qPCR 40 B &
B, 12 W5 Pim3 BYFRIKKF B TR a7
T Pim3 T e A7 PR B S N A Y )
AR

Cyplal 124 Sive fiff 8 [ W01, 7EFR A
BN R R N R A R R A E B R

http://www.shhydxxb.com



1288 N i3

1E SN

¥k

34 %

WF5E B, Cyplal REA RORAT VLS AN IEEY)
JRAR I A R R s A AR AT AT SR D S Y
RIER N o Trafo fe—FZIREE S0 T, 1A 5
TNF 52 f& (TNFR) Z % 115 5 1%, i #E Toll #
Z AR (TLR) #E K 1) R 15 5 15 5 b & 15 4k
PER™ ARV 2R R, Trafo 241K
S Se K e b KRB . Clg RAMAE
F1 o ) A R 4 T, 7R T B HESh 1 e s
SN R T AR S ARG R AR B R (R Y
J& ., Cyplal [ Traf6 . Clq B FRiE /K 3% il 3t
— UL T Cyplal | Traf6 . Clg 1 AE AR A1 HT
8% I 1 S g S B R LA R L b4,
Cd109 & TEPs [ — A A —FP 2 504 T
HaFE AL 1 AWE B 1, 7 S B RN RN R 2 TR
ZEHEBEMMEN . BRI, Cd109 5 5 K
TR DL iy 40 i XT3 9 I 1) 7 0 R T 4 DA G
ARHFFE T, Cd109 7 6 5 Bk e o F v ST
PEJE LA RA S RALS S T I hrigsn
BRI 1) SR8 S o

4 pagE

oNE[

AS TR 38 2o e B AR B S WA T 1 S 6
168 h X JF A T2 UG A1 1 2 O e (LCy,) M
6.08x10° CFU/(mL-g) . & ] LZM {if Pl i | 2%
AR 20 M I 2H 28 B SR 55 0 1k R 5T T2k 8
B BE (LCy,) 45 14 T A A7 S8 20 2L 7 12 A LZM
TEPETE AR [R] G2 By B i A4S bk 3 4B 7R T ek e
BN 24 h f5 BRZH SV B0 T B B a4, 2R T
B8 28 U 7E B 72 B 1 v B OGS A T . 6 Ak, qPCR
SR T TS BRI B (LC,,) B2 R et
T AE A TE UG A2 2 v 9 Fofr G 28 L PR AE A [ g
B B A AE AL fa 34 ATk -3 B T 3k BE L R 1
PO B G2 S L rh & 5 4 A AR . AR F
I8 R AR A 2 UG AT B 8 TC BT 114 £ 928 1) 17 AL 1
AT SHME.

Y B A RA B0k 5%,

SE K
[1] ZHANG Y M, NIE H T, YAN X W. Metabolomic
analysis provides new insights into the heat-hardening
response of Manila clam (Ruditapes philippinarum) to
high temperature stress [J]. Science of the Total

Environment, 2023, 857: 159430.

http://www.shhydxxb.com

(4]

[10]

[11]

[12]

AN AT F eI VB B, A KRR B
HEDK i g . ERE SR ML de s
[ Al A, 2024

The People's Republic of China Ministry of Agriculture
and Rural Affairs, Fisheries Bureau, National Fisheries
Center, China

Technology Extension Society of

Fisheries. China fishery statistical yearbook [M].
Beijing: China Agriculture Press, 2024.

MARTINEZ C, RODRIGUEZ S, VENCES A, et al.
Role of the vibriolysin VemA secreted by the emergent
pathogen Vibrio europaeus in the colonization of Manila
clam mucus[ J]. Microorganisms, 2022, 10(12): 2475.
ARUNKUMAR M, LEWISOSCAR F, THAJUDDIN N,

et al. In vitro and in vivo biofilm forming Vibrio spp: a

significant ~ threat in  aquaculture [J].  Process
Biochemistry, 2020, 94: 213-223.
MENG J, ZHANG L L, HUANG B Y, et al

Comparative analysis of oyster (Crassostrea gigas)
immune responses under challenge by different Vibrio
strains and conditions[J]. Molluscan Research, 2015, 35
(1): 1-11.

ZHEN Y X, SHAO W K, CHAO Q H, et al. First
characterization ~ of  bacterial  pathogen, Vibrio
alginolyticus, for Porites andrewsi white syndrome in the
South China SealJ]. PLoS One, 2013, 8(9): ¢75425.
SU X D, SUTARLIE L, LOH X J. Sensors, biosensors,
and analytical technologies for aquaculture water quality
[J]. Research, 2020, 2020: 8272705.

LI Y Q, SONG X R, WANG W L, et al. The
hematopoiesis in gill and its role in the immune response
of Pacific oyster Crassostrea gigas against secondary
challenge with Vibrio splendidus [J]. Developmental &
Comparative Immunology, 2017, 71: 59-69.
WEIHRAUCH D, ALLEN G J P. Ammonia excretion in
aquatic invertebrates: new insights and questions [J].
Journal of Experimental Biology, 2018, 221 (2) :
jeb169219.

LU Z, QIU L M, WANG M Q, et al. Comparative study
of three Clq domain containing proteins from pacific
oyster  Crassostrea gigas [J]. Developmental &
Comparative Immunology, 2018, 78: 42-51.
AJUZIEOGU C A, ODOKUMA L O. Comparison of the
sensitivity of Crassostrea gigas and Vibrio fischeri
(Microtox) for toxicity assessment of produced water[J].
Journal of Advances in Biology & Biotechnology, 2018,
17(3): 1-10.

EumbH, B, W 82K (Vibrio anguillarum) Xt
H U (Cyclina sinensis )\ TEYE B BBEH 9T [T . i
PRSI, 2012, 43(6): 1192-1195.

GEDY, ZHAO T, PAN B P. Toxicity test and half lethal

concentration of Vibrio anguillarum to the clam Cyclina



6

pigcE B T EEOUE S TE R RN AV & LR S ESS N AL

1289

[16]

[17]

[18]

sinensis [J].
43(6): 1192-1195.

Moo, 28, e T, 5. W [ EE X Je i iy 2
LR EOUHR BENETE (1], MR, 2023, 47(7) ¢ 130~
137.

YANG Q Y, LI M, HU G Y, et al. Toxicity test and

Oceanologia ET Limnologia Sinica, 2012,

median lethal concentration of Vibrio harveyi for the blood
clam Tegillarca granosa[J]. Marine Sciences, 2023, 47
(7): 130-137.

WTot, IR, 4k, . R YEOINRE R IR T
Vel (Tegillarca granosa) A~ [R) 4 29I 288 1) 72 AL R A
SIHELT). PR SITE, 2021, 52(6): 1506-1513.

YANG QY, TENG S S, CAIY L, et al. Load variation
of vibrio harveyi in the blood clam Tegillarca granosa
[J]. Oceanologia et Limnologia Sinica, 2021, 52 (6) :
1506-1513.

RODRIGUEZ-ANGELES M G, GIONO-CEREZO S,
MORENO-ESCOBAR A, et al. Polymerase chain
reaction (PCR) for the identification of toxigenic Vibrio
cholerae O1 in oysters [J]. Revista Latinoamericana De
Microbiologia, 1994, 36(4): 295-306.

YIN Z H, NIE H T, JIANG K Y, et al. Molecular
mechanisms underlying Vibrio tolerance in Ruditapes
philippinarum revealed by comparative transcriptome
profiling [J]. 2022, 13:
879337.

YUJJ, TENG S S, YUE X, et al. The Toll pathway and

Frontiers in Immunology,

Duox-ROS system are required for the clam antibacterial
immune response in the hepatopancreas[J]. Aquaculture,
2023, 574: 739637.

YAN F Y, LI H, CHEN X, et al. Screening of Suitable
Reference Genes for Immune Gene Expression Analysis
Stimulated by Vibrio anguillarum and Copper Ions in
Chinese Mitten Crab (Eriocheir sinensis) [J].
2023, 14(5): 1099.

BILAN J C. Prevalence and control of Salmonella spp.

Genes,

and sanitary indicator microorganisms in wild caught and
farm raised catfish (Ictalurus punctatus) [D]. Baton
Rouge: Louisiana State University and Agricultural and
Mechanical College, 2019.

TUE . FEA IR ATG16L1 A5 20 15 Wik i B A3 10
I IR 5 G B ROAE BT (D). K% K
K, 2024,

YU J. Study on the role of ATG16L1 in mediating

autophagy immunity response of Vibrio parahaemolyticus

challenge in Ruditapes philippinarum [D]. Dalian:
Dalian Ocean University, 2024.
ZHAO X L, DUAN X M, WANG Z H, et al

Comparative transcriptome analysis of Sinonovacula
constricta in gills and hepatopancreas in response to

Vibrio parahaemolyticus infection [J]. Fish & Shellfish

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Immunology, 2017, 67: 523-535.

BUHRET, BEE T, FARIE. W R R Al B 8 iR R
WO AR TR AR AT T TP R B R Ak i s [T ], K
4, 2016, 40(12): 1813-1822.

ZHUY X, MU C K, WANG C L. Expression analysis of
two I-type lysozyme genes from Ruditapes philippinarum
under temperature and salinity stress and Vibrio
anguillarum challenge[J]. Journal of Fisheries of China,
2016, 40(12): 1813-1822.

T, T, TWE, L ENA T SRR R S
Uy ST IBE R T A i R AR ) 7B [T ] WEvERL, 2019, 43
(4):29-35.

WANG R, YU J J, WANG H X, et al. Vibrio load

variation in the hepatopancreas of clam (Meretrix
petechialis) under Vibrio parahaemolyticus challenge[J].

Marine Sciences, 2019, 43(4): 29-35.

ZANNELLA C, MOSCA F, MARIANI F, et al
Microbial diseases of bivalve mollusks: infections,
immunology and antimicrobial defense [J]. Marine

Drugs, 2017, 15(6): 182.

KUWANO Y, YONEDA K, KAWAGUCHI Y, et al.
The tertiary structure of an i-type lysozyme isolated from
the common orient clam (Meretrix lusoria) [J]. Acta
Crystallographica Section F: Structural Biology and
Crystallization Communications, 2013, 69 (11) : 1202-
1206.

SRS . TFE3-LIMP2 fllAt o35 VR 45 K Ol B e i
BRI S S E FESE D], K% K%K, 2022.

GUO H Z. Study on the molecular regulation of the
TFE3-LIMP2 axis and its alleviation of cholesterol-
induced lysosomal stress[ D]. Dalian: Dalian University,
2022.

WANG Y H, LI D D, ZHANG H, et al. Transcriptome
analysis of Manila clam (Ruditapes philippinarum) under
Vibrio parahaemolyticus challenge in a low-salinity
environment provides molecular insights into immune
response[ J]. Aquaculture, 2024, 584: 740681.

TAN F H, CAO M, GE X F, et al. Identification and
initial functional characterization of [lysosomal integral
membrane (LIMP-2) in turbot

protein  type 2

(Scophthalmus maximus L.) [J]. Developmental &
Comparative Immunology, 2019, 99: 103412.

ZHENG Y, ZHA S J, ZHANG W F, et al. Integrated
RNA-seq and RNAi Analysis of the Roles of the Hsp70

and SP Genes in Red-Shell Meretrix meretrix Tolerance to

the Pathogen Vibrio parahaemolyticus [J]. Marine
Biotechnology, 2022, 24(5): 942-955.
YANG Q Y, XIAO G Q, CHEN R, et al. Immune

responses of hemocytes in the blood clam Tegillarca
granosa in response to in vivo Vibrio harveyi infection

[J]. Fish & Shellfish Immunology, 2023, 132: 108447.

http://www.shhydxxb.com



Lo

1E SN

¥k

34 %

[32]

YANG Q L, GUO K F, ZHOU X C, et al
Histopathology, antioxidant responses, transcriptome and
gene expression analysis in triangle sail mussel Hyriopsis
cumingii after bacterial infection [J]. Developmental &
Comparative Immunology, 2021, 124: 104175.

WeI . 450% Hsp M caspase 3 F R M T 82 Whia
F4 22 T8 S ORI 2 B N AP ST (D], B i . BRI R
2, 2023.

YAO L. Analysis of Hsp and caspase gene family and
their expression patterns and physiological responses to
dry exposure stress in Sinonovacula constricta [D].
Shanghai: Shanghai Ocean University, 2023 (in
chinese).

YUE X, LIU B Z, SUN L, et al. Cloning and
characterization of a Asp70 gene from Asiatic hard clam
Meretrix meretrix which is involved in the immune
response against bacterial infection [J]. Fish & Shellfish
Immunology, 2011, 30(3): 791-799.

JIA'J X, NIE H T. Integrated microRNA study and
pathological analysis provides new insights into the
immune response of Ruditapes philippinarum under Vibrio
anguillarum  challenge  [J].
Comparative Immunology, 2025, 162: 105270.

DE VRIES M, HENINK I H, GRAS R, et al.

Developmental &

Piml
kinase protects airway epithelial cells from cigarette
smoke-induced damage and airway inflammation [7].
American Journal of Physiology-Lung Cellular and
Molecular Physiology, 2014, 307(3): L240-L251.
PEREIRO P, ALVAREZ-RODRIGUEZ M,
VALENZUELA-MUNOZ V, et al. RNA-Seq analysis
reveals that spring viraemia of carp virus induces a broad
spectrum of PIM kinases in zebrafish kidney that promote
viral entry[J]. Fish & Shellfish Immunology, 2020, 99:
86-98.

JINESH G G, MOKKAPATI S, ZHU K Y, et al. Pim
kinase isoforms: devils defending cancer cells from
therapeutic and immune attacks[J]. Apoptosis, 2016, 21
(11): 1203-1213.

AWEYA J J, WANG W, ZHANG Y L,

Identification and molecular characterization of the Pim1

et al.

http://www.shhydxxb.com

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

serine/threonine kinase homolog in Litopenaeus vannamei
[J]. Fish & Shellfish Immunology, 2018, 74: 491-500.
BOAMAH G A, HUANG Z K, SHEN Y, W et al.
Transcriptome analysis reveals fluid shear stress (FSS)
and atherosclerosis pathway as a candidate molecular
mechanism of short-term low salinity stress tolerance in
abalone[J]. BMC Genomics, 2022, 23(1): 392.
WERCK-REICHHART D, FEREREISEN R.
Cytochromes P450: a story [J].
biology, 2000, 1(6): reviews3003.

A=W, JHARME 0L CYP141,CYP344 R H A DSP # 1Rt
TRPEIID ] 7N B R, 2018.

LI M. Study on the roles of CYP141, CYP344 in DSP

success Genome

toxin metabolism in Perna viridis[D]. Guangzhou: Jinan
University, 2018.

WU H, ARRON J R. TRAF6, a molecular bridge
spanning adaptive innate
osteoimmunology [J]. Bioessays, 2003, 25(11) : 1096-
1105.

WEI J G, ZANG S Q, XU M, et al. TRAF®6 is a critical
factor in fish immune response to virus infection[J]. Fish

& Shellfish Immunology, 2017, 60: 6-12.
ZHOU S M, LI M, YANG N, et al. First description and

immunity, immunity and

expression analysis of tumor necrosis factor receptor-
associated factor 6 (TRAF6) from the swimming crab,
trituberculatus  [J]. Fish &  Shellfish
Immunology, 2015, 45(2): 205-210.

WANG L L, WANG L L, KONG P F, et al. A novel

Portunus

ClgDC protein acting as pattern recognition receptor in

scallop Argopecten irradians [J]. Fish & Shellfish
Immunology, 2012, 33(2): 427-435.
SHOKAL U, ELEFTHERIANOS 1. Evolution and
function of thioester-containing proteins and the
complement system in the innate immune response [J].
Frontiers in Immunology, 2017, 8: 759.

WANG J, LIGY, BAILF, etal Characterization of a
thioester-containing protein from the pearl oyster
Pinctada fucata and its role in phagocytosis [J].

Aquaculture Reports, 2021, 21: 100833.



6 ) pigcE B T EEOUE S TE R RN AV & LR S ESS N AL 1291

Effects of Vibrio anguillarum infection on the survival, gill tissue and
immune-related gene expression of Ruditapes philippinarum

JIA Jianxin'?, WANG Ruiyao'?, LI Binghui"?, NIE Hongtao'
(1. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, Liaoning, China; 2. Engineering
Research Center of Shellfish Culture and Breeding in Liaoning Province, Dalian 116023, Liaoning, China)

Abstract: To explore the semi-lethal concentration (LC,,) of Vibrio anguillarum infection in Ruditapes
philippinarum and its effects on gill tissues and immune related genes. In this study, R. philippinarum was
challenged with five different concentrations of V. anguillarum for 168 h. Meanwhile, the LZM activity,
bacterial load, pathological analysis and the expression of immune-related genes in the gills were
conducted. The results showed that the challenge group injected with V. anguillarum at 5x107 CFU/mL for
168 h corresponded to the semi-lethal concentration (LC,,) group, and the semi-lethal concentration
(LCy,) was 6.08x10°CFU/(mL-+g) , with a survival rate of 52.3%. The survival rate was the lowest at
33.6% in the 5x10° CFU/mL group and the highest survival rate of 67.0% was observed in the 5x10° CFU/
mL group. The results indicated that the bacterial load peaked at 24 h (7.53 CFU/mg) , and then gradually
decreased, reaching 4.26 CFU/mg at 120 h in semi-lethal concentration (LC,,) groups. The LZM activity
significantly increased in the gills and peaked at 12 h (123.03 U/mg prot/mL) , and then gradually
decreased, reaching 77.92 U/mg prot/mL at 120 h. The pathological analysis revealed that the gills
filaments showed disordered arrangement, severe shrinkage, and increased gaps at 24 h. Additionally,
quantitative real-time PCR (qPCR) analysis revealed that V. anguillarum infection significantly upregulated
the expression of several immune related genes, including heat shock protein (Hsp70) , Cytochrome p450
(Cyplal) , serinelthreonine protein kinase pim3 (Pim3) , Lysozyme, Leukocyte differentiation antigen
(Cd109) and tumor necrosis factor receptor associated factor 6 (Trafo) (P<0.05) , revealing their
important roles in the immune defense response of R. philippinarum against V. anguillarum. This study
preliminarily explored the effects of V. anguillarum on R. philippinarum, providing new insights for the
innate immune mechanism of the R. philippinarum against V. anguillarum.

Key words: Ruditapes philippinarum; Vibrio anguillarum ; gill; half-lethal concentration (LC,,)
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