546 % 456 Wl B % U R Vol.46, No.6
2025 4 12 A PROGRESS IN FISHERY SCIENCES Dec., 2025

DOI: 10.3969/j.issn.2095-9869.20241225001 http://www.yykxjz.cn/

A, Tk, T&EIT, LB, %/NE, B, k&R, KIE. PP ilEe 38 A & JGHF 1A 35 @ E RS 19431 5 &
iE S RFAE 3B, Ml B 22 e, 2025, 46(6): 249-260
ZHANG Y, YU Y X, WANG C Y, WANG Y G, RONG X J, LIAO M J, ZHANG Z Q, ZHANG Z. Physiological and pathological

characteristics of Sebastes schlegelii after Photobacterium damselae subsp. damselae infection. Progress in Fishery Sciences, 2025,
46(6): 249-260

FIRFHBRARLENEBLZATEEARTE
B4 38 5 R E I R E ) 4

% 2 FAAY EATY EAEY ENED
BAEA Y kEm® K EXO
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HE A5 DL 5 1 H X IR 3% ¥ 75 7 U K T 8l (Sebastes schlegelin) i 3t %, 4 xtHEZEHHEH AL
By T P IR 5t E B E B BUR R £ A & K OB AT W £ A & L M (Photobacterium damselae subsp.
damselae, PDD), KA ALIRE ., W, EE R ZROMNESZHE AT E, N, 445, BiEk
B ek % 5 A EW, #R T ¥ KP4 PDD (2 4 0y RALHE . £ R B, FK-F&& % PDD 7l
A R RO E G5 A AL, R A A AR E B T I, AT AE 9 4 & fb 1 E(SOD . CAT . MDA,
PO 1 MPO). 4 45 5 % 7% M i (LZM . ACP. AKP #1 SIgA) DL % 3% 1k B 36 #7(a-AL . PAMY #1 LPS)
MAERSF; qQRT-PCR R B or, B4 e i KT o i 5 %% 8 & A A8 % £ B (CLDN3. CLDNIS
M ZO-1) Btk B F 2 F (IL-10 Fn IL-12b) A8 3 & 35 & H) B % T #(P<0.05), 738 ke B F(IL-8 IL-15
A IL-1P) A8 X & ik & B 3 1R (P<0.05), A% 3% 1 8 3 B (NF-xBp65 . NLRC3.2 1 MyD88)H8 xt %k
R EEE THEP<0.05), HFEFMW, ¥ KFaEL PDD &R A& KA E B, HE., .
JEIE MR, RRALREALE, MRFAAMBERK, WREESEEZaMRETH
FAEA Rk & TR, fiRIERFHEEAGREE R KRR N E LR THERFIIG T I KT 4
18 BT R R o I R A R WY Sk R R BB BE T R RAE
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AR 3 4 8 Jl 0 3, I LATROK AR TR IR N 3

WG SR A HURR ) R — 247 5K K IR B 5 JEE R34
KA Tl A A R R A S BOR B PRE IR 13, 7K)™7 4
TR B e e o Y B B R 1 TG F- il 35 5 24
TR R | AR S L BRI e
(EHL, 2018), FEFURIEA R A EICHH LA M

\EFf (Photobacterium damselae subsp. damselae, PDD)

My 2 [C 9K I (Vibrio  harveyi) . ¢ )6 R H i &
(Pseudomonas  fluorescens) . B %% %& 15 1 [ W
(Edwardsiella tarda)=5 2 F 4 .

Fe N A0 AT 38 N (1 Fl(PDD) & —FP7E 22K
TR RS T g A 0 2 GBI L, T
1981 1 IR B B 4 HF (Pomacentridae) i 2 B g
N (Chromis notatus)RFBHIHAL , I AT 44N
Vibrio damsel (Love et al, 1981), WJJEIL i/ [C - fifl
(Zhang et al, 2019). JL4H X UF (Penaeus vannamei)
(Wang et al, 2024). K (Tursiops truncatus) (Zhou
et al, 2024) . WL#&(Oncorhynchus mykiss) (Battistini
et al, 2024) 2RV ff(Lates calcarifer) (Weawsawang et al,
2024)% Z RN TEEhY) . PDD YL 1t S f R UL I AE
ARIR K R ADLAT3 BT I, 30k e it Ao 7 g 868 R AV A Ty
Wi, Hui, PDD 7EFK E KSR 58 7 b 1 B0 % 1)
B %, HEURE FE 2L, X3 E KSR
F18) fit B i Je i SR 1) B

AT 2 A& K W], PDD &R Bhig Rz
i IO A 7 B 1) 1 D il 7 o 0 2 R A R L
JoR 15t 97 S5 Il CRE IR 1) 3 22 B0 74 (Zhang et al, 2019),
HAZORMER . AR . BOURE 2 &R A,
HICHI W00 R0, 47K R i T B R
LR (Li et al, 2022) [BAE R ZT M, TEWI6
HR I RHESS . PDD e S B VR [QT- filh 2 e H:
2B B N — H B = R T, BT, AWFE
G ERYLEET, MERA SR AL, IE s A
PUATRCE KR AR Cist T YW S B S S B AT
(CLDN3. CLDNI5 f1 ZO-1). iR HFIEH(IL-10 Fi
IL-12b). Wil %9 W F(IL-8 . IL-15 F IL-1B), &
JNEAE 530 PR L K (NF-xBp65 . NLRC3.2 F1 MyDSS)
i mRNA ik, fATVF Pl PDD RRGLS Y RAE I
FEAE o AR ORI FEAE S ] Ay N7 R 1 XA R A 1/ DT B
TR FEVTAL 512 BT R SR TH IR AR B JEfil

1 HEHE %
11 SEEMBRATREEIE
SR FH I TEAK PDD1608 HLAET [ K =Rl 2

TR 5T B¢ B T 7K P2 IR 5T T T 7K 35 B0 D R PR 2, 2% 1T AR
FEHT ) TE B B IE 52 X I I Bl K 32 BT
(Scophthalmus maximus)5§ 2 P i K 37585 s W) B A7 &
o T AR, 2021),

FESEAT N TG Sy, ERAMICIniAR SR |
. MRS AV @) TSI 5 . TR R (PDD FIIG 4 [T
SRR, RABAT Ry >3 P e sh A 6 RO I 5 B9 ik e
VR BV A SE g 6 42 . WIhR A E R (65.02+3.52) g,
REN 15~17 em, W H LA H BRI B
B ECOT-fill 200 R IR TSL9AlN, FRIAKIE N
300 L, /KiiR(12+1) C, WHEKT 6 mg/L, pH A
7.6~8.2, 2 R FAH IR AR EE /N T 0.1 mg/L.
N7 dJE AT N TG S8

eI 5 A, B 30 B, ZH B4 N IR
1RSI AR SRR 3 L, LRSI TR
1 41, PDD 7¢ TSB A& FIEE PR 24 hJ5, Bb
WA BRI G PBS Yk 3 ¥k, 1 1.5% NaCl
VRO TR R R AT R RORE FE R S, SR B
1x10° CFU/mL [ . 7% A %E ) PDD1608 Xf
VF Tl 1) LDso 0B (X 2 55, 2024), AWF5E LA
g ST 0.1 mL BRI TR LG, X R4 v
SR IGE PBS MR, A H LI FCF- il (1) 5T
T M RIRTE L

12 HEmRESLE

TESLEREE 0. 3. 5. 7 RibATHEMCREE, 20l
iC A DO, D3, D5. D7 . &4 kAL 47 77 [CF fih
6 B, JHREBEFI(MS-222, 100 mg/L)FRME S5 B T it
£ T REENCR I, RETEA TBD™ 4105
L HPUEER PTEEAT TPARIR PR AF , Bl FH TG B8 i 51 T
ELHCH pIE  FF RN o i Y8R o ) P i = 40 A
HEAT AN R I, A AURE S B T R RS Th &
WA R G PR A T-80 "CUkAf o

13 HAREBFEYR

3 A R -5 RO VR FCAP- il T | WA i T A
DI GE 4 R/ NS T Davidson's [ 78 W[ 5E
BELF B GK . R R DDA B B
Wi, AR ge @, BrEMIgE ), ZJRET
WEET R RN A I AT
14 EEMENE

S ARG O FhEHE M, A 3 AT TIEAL
LA PSS ALBEE SH ALY B AL B (SOD) | i %
T B (CAT) | f By AL B (PO) | 1 AL BE(MPO);
e R MRS .V IR (LZM) | TRl 9 I
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(ACP)., BoEWE IR (AKP); A= KWHILEEE . o-TEH
i (0-AL) . JBEVE M (PAMY)FIHS 115 B (LPS) . 55 K6 i
B (MDAVE A AL g6 b, fa 53 WA R0 G 8 3k
FH A (SIgAERRETEbr . AR & B et
HBEYEARABRA T, BRI & Ui B
i

1.5 Bt

T T REVF IOl E# K 1 mL, R
FH A4 1ML P20 16 2 R s (R BB AR R W Bt
HABRAH, 5. WBCI080F)HE T A0/ 5, 4
T RRREAS | 37 M SE R BRI TE (20+2) “C AYIRLEE 2544
T AT o BREARTARESE N, FIH The BD FACS
Aria™ I/II CellSorter Jii X4 E{X(BD Biosciences)if
17 EAURI, 7858 O AR B AR S, R R G5 Bt
R TR A B, R A AR bR SR T 1) AR O, A0

Aem S U ) A BURDE , BB A AR AT, £
I 200 SV 2 X TR

1.6 RIEMEXEFBZLHKILESE PCR #&

4V TGO firh i 2 21 E 47 W R E s b PR, R
FastPureCell/Tissue Total RNA Isolation KitV2 if5l
GRBUAEA 2] RNA, &l RNA $2HOR E R alifg
- [ #5387 & HiScript I RT Super Mix for
qPCR (+gDNAwiper) & i, cDNA. FifiJ5 47 DI g A
S92 E it PCR (QRT-PCR)Y 1S, S R T
95°C 30s, 95°C 10s, 60 C 30s, 4T 40 MG
W, BAERE QLB ETOLFES . DMK EA
RPLI7 YE NS HEA, il L qRT-PCR X1 [CF- fifl i
HEEEREA . PURHE T LR F 74T 2 857
Mr, $ei8 2720 S5 H A Sk A Rk, 518F 51
WL 1,

x1 WREMBXEESI%F5
Tab.1 Primers for S. schlegelii used in this study

B[N 44 B E 519 514y 275 3CHk

Gene names Forward primer (5'~3") Reverse primer (5'~3") References
RPLI17 AGGCGACGCACCTACCG CCTCTGGTTTGGGGACGA Ma et al, 2013
IL-15 CGCCTACAATACAACTAAAGAGC AGATGACGGAGCATACAGCA Wang et al, 2024
IL-10 TGTGGAGGGCTTCCCTGTCA GCTGTTGGCAGAACCGTG Madhuranga et al, 2020
IL-1p TGGTTTCCCACGACTTCAC TTTCGGTCACCAGGCTCT Wang et al, 2024
IL-8 CTTATGGGACCCTGTTTGCT TTCTTTAATCCACCCCTCGT Wang et al, 2024
IL-12b CTCTGGCATCCTTATCAGTTCA GTCTTGGTTGCTGGCGTAG Wang et al, 2024
Z0-1 AACGCCGCAACAAAAGA TGGCGGGGAAAGGATT Wang et al, 2024
CLDNI5 TGCCGAACCGTTACTGGA CGAATCCGTCGCACAAGA Wang et al, 2024
CLDN3 ATCTGGGAGGGCCTGTGGAT TCTTGGGAGAGGGCGAGCAT Wang et al, 2024
NF-kBp65 TGTCGTAGATGGGGTTGGA AGGAGCTGGGGAAGGTGAT Zhao et al, 2023
NLRC3.2 AGGAGGAGAGTCAGTGATGAA CAGCAGAAGACTGGGATTAGAC Cao et al, 2021
MyD88 TGGTGGTGGTTTCGGATGAATACCT GGAACTGCTTCGTCATTGGCTTGT  Zhao et al, 2023

17 IR BEIS T A6 R BBET, 7d BIHFET-EH 30%(K 1), A

F A ¥R SPSS 18.0 HEATEAPN Z 7 224047
(one-way ANOVA), Fi§ Duncan’s ¥: 4617 £ 5 L
BB LTS AR 2% (MeantSD) 7R, SR 2744¢
B 5 AT R 43 A, 3833 GraphPad Prism9.5.1 84
N T-test 77 ikt AT e B2 511 A . B bras R
#r P<0.05, WIFRREABEEER

2 HERE5HW

2.1 PDD X3 EK 3 il B0 B 1 B 4H 4R s T HFAE
LS AT 7 d, LIRSS RS 24 hiloh 1 d,

TG S5 VRGPl G T Rz sk TR, g | IR 6E
DL e fig i, REERLI, JE gkt BTk, SR
S5 AR KA —8, Rl PDD By
MR A, 3 B T R R N T o
ALV R, 5IEWIFRFahA L, SR
VB i . B . DRSS R8I B R B AR Ak,
SR PR ZE IR R D5 A8 1 RN S
UESET PDD JEYe S BN RAE S ol EC il i
TS5 F B (] 2A) , B VR QT i i 1 5 A8 55k BH 4
RHONFCIL, HOEMMIRGE . WV, KERMEAE
2, BN (K 2B);s AR R EC STl i 1 LA
JERNG VRS O BE A 1x10° CFU/mL (1525640
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ob SBBORY . IF AN 34, % 01 200 AT E K

3 L P9 S IR (&1 2D) o A iV - f LU 200 A
= ook SIS (B 2E),  HO A DT il AR 40 42 71 8 e (Pl
E 2F), MM UL, Bk, AN, LMK
% Or AEIRBE . IER RIS A R, A LA . A i
4%; o AR AN M55, s A 21 20 45 rh DXCIS0RT Ik B 40
- @ ;Euez_a Control group A X e
- SEK4H Treatment

60 1 I I | BRI S AL HEL TR, N TR S50 mT DA
° 2 i tmed ® KB PDD ARBILRGIK AR, [FEHED] PDD
B VT RG] 5 RV [GF- il 2 20 1 HE B A S A S E BV

Fig.1 Survival rate of S. schlegelii after PDD infection 2.2 PDD &3t St B AR B L BEHY B2 1

TG 3 d LA E IR 2 o R 2L R 4R, s
20 NI B B AL BB R % o e B TGP fl A 240

7

i

& 2

M3 2 AT, &Y PDD W3R T R FCF fill T
JUE P E K3 Tt O U A o0 SR 3 I 1 (P<0.05) 0 0B

PDD R HL1F QT il 5 114 2H 2005 B Ak
Fig.2 Histopathological changes after S. schlegelii infection with PDD

A IEEVFIRCFEhAIE; B: BURTVFICFAEWBERIRE . Bik): C:. IEHVFIFoh P,
D: SR VE Pl I M HES A . 25 ) B IEW VRGPSl RNE; Foo B0 VF 0GP il (2 2L R RA 1) -
A: Intestine of healthy fish; B: Intestine of diseased fish (intestinal villus cells necrosis and shedding);

C: Liver of healthy fish; D: Liver of diseased fish (loose cell arrangement and prominent vacuolation);
E: Spleen of healthy fish; F: Spleen of diseased fish (loose tissue structure).

% 2 PDD B EC S fh BT B E 10 BB iE M RO B2 0B/ (U/g)
Tab.2 Effects of PDD on digestive enzyme activities in S. schlegelii liver/(U/g)

AL it 21 5] Group
Digestive enzyme C D3 D5 D7
o-TER A a-AL 1.40+0.13° 1.63+0.03° 1.79+0.25° 1.69+0.28°
JRVE K B PAMY 8.99+1.03% 9.25+0.31° 9.78+0.39¢ 8.97+0.41%
fig i & LPS 122.78+3.07° 111.26+2.64° 137.4843.13¢ 120.3242.34%

TE e AT R R AR A [RNG TR sOC 7 B3R 22 57 A8 35 (P>0.05), ARIVING T RERIR 22 57 .35 (P<0.05) R 1A,
Note: Data with the same lowercase letter superscript or no letters in the same row are not significantly different (P>0.05),
while data with different lowercase letters are significantly different (P<0.05), the same below.
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73 T TR i A Tl T P ) 7 Al R AR S T R S ARG, S
Y2 D5 5T RRALAH 22 5% 25 (P<0.05); A DS
PEARfL R SE T REIG B Ss, L8R4 DS &k El
(137.48+3.13) U/g, 5XFRRAIHH Eb 22 5 i 2 (P<0.05),
KA D3 Ffi R (111.26+2.64) Ulg,

2.3 PDD BxtiF K TFehin L ML NG

3 %, FE VG- PDD 5 Ay ]
Wk, FICE R A A e E Rl B B 25 5
U520 SOD 1%k I F K T X A4, AKX D3 41, SOD

T }(10.26£0.11) Ulg (P<0.05), S2¥4H D3 il D5
20 MDA & 2 i 5 T % B4 (P<0.05), D7 41 5%} 18
H AR EP>0.05), SAEHERIETDIR, S8
4 CAT WHPE TR, KX R4 (P<0.05), D3 4
TR AR, B PE(112.90£1.56) U/g FR& %
(66.81x1.04) U/g; PO FIG T F TR, 7£3d
3k F](110.01£2.39) Ulg, &M W3 & T 0 4
(P<0.05). MPO [ & M5 Tt JE PR, 2 HgE,
D5 ik 3 F = {5 (6.83£0.23) Ulg, SXFMEA 2R T
#(P<0.05),

% 3 PDD BRI IF K F 1 | A 1 RER R200

Tab.3 Effect of PDD on antioxidant indexes in S. schlegelii liver

YA LR 20 51 Group
Antioxidant index C D3 D5 D7
HB A ALYk FE SOD/(U/g) 27.97+0.32° 10.26+0.11° 14.81+1.21¢ 19.15+0.25¢
P % MDA/(nmol/g) 31.04+1.78" 43.21+0.51° 43.27+1.34 29.55+2.79°
WAL EBE CAT/(U/g) 112.90+1.56* 66.81£1.04° 76.27+1.78¢ 78.47+0.31°
fa W A LB PO/(U/g) 87.89+0.42% 110.01+2.39° 75.60+1.17¢ 81.80+2.11¢
B E AL MPO/(U/g) 4.13+0.57° 4.7240.27° 6.83+0.23° 5.31+0.58°
2342, , S50 IR ZH 25 55 35 (P<0.05);
24 PDOD MUK FMFFHIES S pRmEtopn  (Co02320) Uml, SRRALER 8 5(P<0.05); 1
B 5 d BPSREGA AKP IS PEIRBIERAK, N(42.37+
H 4 51, D3 SESZH RS LZM {6 M8 31 i 1.53) U/mL, 5% HR4125 5 52 (P<0.05); SlgA i&
H, N(3.4120.21) U/mL, W& TXMRA, SH0RE 70805 5 d W, 1550(47.18+0.93) Ulg, S84l
JE(P<0.05); ACP {EMEFERGLYS 5 d B, k3] D7 5 X} HE 4 22 5K i 35 (P>0.05)
x4 PDD BxtiF KR TahIEss R RE R RMm
Tab.4 Effect of PDD on non-specific immune performance in S. schlegelii liver
A 5 s B AR 2H 3] Group
Non-specific immune index C D3 D5 D7
I LZM/(U/mL) 2.67+0.42° 3.41+0.21° 2.75+0.31° 2.16+0.20°
PR M W B2 B ACP/(U/mL) 171.7342.12° 229.55+2.99° 280.23+£2.91¢ 212.85+2.61¢
el s B2 B AKP/(U/mL) 78.47+0.31% 49.05+1.28° 42.37+1.53¢ 45.41+1.32°
AR e BREE 1 SIgA/(U/g) 35.14+1.37% 31.15+1.60° 47.18+0.93¢ 35.22+1.38%
2.5 PDD e B T 1 7% £ 20 AL 502 B 26 PDD BAXMTRFMBERTEERZARER
EERE
R L 2 A 9 ASORT 127 G S firh 22 i ik i 26 47 3 4
ARz R FI, &Y PDD J5 B4 K Fah

ORI, 4= A JE i 1) FC O T AR (forward  scatter
area, FSC-A) X 1] 8l 5F ' 1 FH (side  scatter area,
SSC-A)RI], WAl 3 frzn, ettt difiE i, h#k s
AL, S5 2 1/ DG fil S22 7 I MV 1 4 A A i
EACT X B, K 0 M (20 800£117) 4
(P<0.001), Ffi5 IS ] 4FERS , SAED I R N A b THiEF,
7 d FI AN ECE 1N 2 (26 189+167) 1

%éﬁﬂ%kiﬁiﬂﬁwo %L'}%‘fﬁ i e 35 M o 5
FBERE R DIRE, B8RS AR 1[40 P A AR 1 (occludin) il
416 8 A (claudin) A K LS8R L (A0 ZO-1)44 il 5 %
RN EE AR, 20-1 Wit &I PDZ 45
A occludin., claudin B %R, FEFERENS
FA2H B b 4 E AR FH (FLBRRRAE, 2020), H 1] 4 AT I,

AE TR C, L4 D3 ) CLDN3 HIXf Rk
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Fig.3  Variation of leukocytes quantities in the blood of S. schlegelii

a A RV EG V- il 0 95 2% Bt 1S AR 0 AR S DL, o e R 96.4%;
b~d 73 HICAIEGE 3. 5. 7 d S VR b 25 BRE S A A A OG5 Y00 90.8% . 91.3% . 94.6%.
a: Distribution of leukocytes (white blood cells, WBCs) in the blood of healthy S. schlegelii after the removal of adherent bodies,
with an accounting proportion of 96%; b—d: Distributions of leukocytes (WBCs) in the blood of S. schlegelii at 3, 5, and 7 days
post-infection respectively, after the removal of adherent bodies, accounted for 90.8%, 91.3%, and 94.6%, respectively.

*k5 MkBMEMEHE
Tab.5 Blood leukocyte count of S. schlegelii

Y= 21 5 Group

Items C D3 D5 D7
Yfm@@ﬂgg 1x10° 1x10° 1x10° 1x10°
Concentration/(CFU/mL)
’ é /\” koK * %k ok kK
P2 32 066101 20 800£117 22 219+£56 26 189+£167

Leukocytes count/(cells/pL)
TE: SXRAML, W HEAGI AR (P<0.05); ** A WEMZEF(P<0.01); ***y HA W 25 (P<0.001),
Note: Compared with the control group, * indicates statistical significance (P<0.05), ** indicates significant difference
(P<0.01), and *** indicates highly significant difference (P<0.001).

W FH(P<0.05), FH4l DS XA WE BN S, SKIA D3 53R C AP AR
ZE5(P<0.001), SEE04]l D7 SXTAFERE FM  2Z57(P<0.000 1), ALIMFSE T 3 F EHEEHEAE
(P<0.05). SZal ZO-1 AR kit SXHRAIN W W, HAXERE R ZRHm, LU PDD B B
TFI(P<0.001), 5541 D3, D5 Ml D7 41 CLDNIS Ml FIT 3 ASE AT Fek i, 4509 T 1/ EQOF i
X e ik i E LT X B4 (P<0.01), BETHE ETF EGRRE,
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%ol
skkkok
%k Kk *k
! ! | ! 2 %] Groups
% sk sk ok ke kokk *kkk
1.5+~ o mC
== D3
sk sk sk = D5
o r F =

iy

2357k F Expression levels
<
Ul

________;__4

A I]HH Il

CLDN15 Z0-1 CLDN3
B HEHEE A3 A Tight junction protein genes

&l 4 PDD X FC V- fili i 58 45 5 4 2 Fk (R ik i iy 52 )

Fig.4 Effects of PDD on intestinal tight-junction protein
gene expression in S. schlegelii

S5xFRAME, R EA S #ER(P<0.05); **HEA R
FEZEF(P<0.01); ** N HAT 22 7(P<0.001), ****

O HAT R B3 19 22 5(P<0.000 1), R [A] .
Compared with the control group, * indicates statistical
significance (P<0.05), ** indicates significant difference

(P<0.01), *** indicates highly significant difference
(P<0.001), and **** indicates an extremely significant
difference (P<0.000 1). The same below.

2.7 PDD Jﬂ%iﬁi#&%ﬁﬁmﬂﬁL%rl?%uﬁﬁ%
HERARHEXREBERIZENZ M

IR e RS S 9 E I N B VITH G, A%k
JEAZ 25 mE AR, AN . B RS S E A
R EL A 2L, 5] & G gse I O R R AR R T
IL-1B. IL-8. IL-12b Il IL-15 J2 31 f 3 1 B 2 1
R F, 6 A0 47 51 A S g e 25 G B I (Wang

etal,2017), H11E 5 AL, PDD &YLJa 4% 5256 4H 7R [
Sl AR R IR T IL-18 1 IL-8 WAk B,
B F G TR IR B3 T R4 (P<0.01),
IL-8 FHXT A5 D7 4 5 X IR C 22 5% 1 3 (P<0.05);
SCE A D3 505041 DS fiE R P IL-15 AT Fk ARk
B T X4 (P<0.001), H D3 5 D5 2R E#F
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Physiological and Pathological Characteristics of Sebastes schlegelii
After Photobacterium damselae subsp. damselae | nfection

ZHANG Yan'*?, YU Yongxiang>’, WANG Chunyuan®’, WANG Yingengrz’3 ,
RONG Xiaojun®*, LIAO Meijie**, ZHANG Zhiqi**, ZHANG Zheng**"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. State Key Laboratory of
Mariculture Biobreeding and Sustainable Goods, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Qingdao 266071, China; 3. Laboratory for Marine Fisheries Science and Food Production Processes,

Qingdao Marine Science and Technology Center, Qingdao 266237, China)

Abstract Sebastes schlegelii, a main fish species in the deep-sea cage culture in northern China,
is a near-shore cold-water carnivorous fish with low temperature resistance. However, bacterial
diseases such as eye rot, bacterial enteritis, and skin ulcer disease emerged with the expansion of
breeding scale and increase in breeding density. Photobacterium damselae subsp. damselae (PDD), a
gram-negative pathogen widely distributed in the global marine environment, can infect various
marine animals, such as S. schlegelii. The pathogenic cases in China's marine aquaculture industry
are gradually increasing, and the pathogenic hosts are diversified, which poses a new threat to the
healthy development of China's marine aquaculture industry.

In this study, we focused on the deep-sea aquaculture of S. schlegelii in Bohai and studied the
effects and mechanisms of S. schlegelii on PDD infection from the levels of cells, tissues, enzyme
activity, and immunity based on histopathological, cellular, physiological and immune responses. S.
schlegelii individuals with a body weight of (65.02+3.52) g and length of 15-17 ¢m were taken as the
research object. Fish with normal saline injection composed the control group, whereas fish at 3, 5,
and 7 days after PDD infection composed the experimental groups (D3, D5, and D7, respectively).
Each group had three replicates of 30 fish each. The breeding experiment was carried out for 1 week.
Results showed that PDD infection caused structural lesions of the intestine, spleen, and liver, which
led to inflammation and oxidative stress. After infection, an inflammatory response occurred in S.
schlegelii, and the number of leukocytes significantly decreased, which verified the inflammatory
response. PDD significantly affected the antioxidant activities, such as superoxide dismutase (SOD),
catalase (CAT), malonaldehyde (MDA), fish phenol oxidase (PO), and myeloperoxidase (MPO),
non-specific immune performance, such as lysozyme (LZM), acid phosphatase (ACP), alkaline
phosphatase (AKP), and secreted immunoglobulin (SIgA), and growth indexes, such as a -amylase
(a-AL), amylopsin (PAMY), lipase (LPS) of the liver. The SOD activity in the experimental groups
was significantly lower than that in the control group, and the lowest activity was (10.26+0.11) U/g in
D3 (P<0.05). The MDA content in D3 and D5 was significantly higher than that in the control group
(P<0.05). The CAT activity in the experimental groups was significantly lower than that in the control
group (P<0.05), and the maximum decrease in enzyme activity in D3 decreased from (112.90+1.56) U/g
to (66.81£1.04) U/g. The activity of PO initially increased and then decreased, and it was
significantly higher in D3 than in the control group (P<0.05), reaching (110.01+2.39) U/g. MPO
activity showed a unimodal shape, which initially increased and then decreased, and the highest in D5
was significantly different from that in the control group (P<0.05). The maximum LZM activity in D3
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was (3.41+0.21) U/mL, which was significantly higher than that in the control group, and showed a
unimodal shape (P<0.05). The ACP activity in D5 reached a maximum of (280.23+2.91) U/mL,
which was significantly different from that in the control group (P<0.05). The AKP activity in D5
reached the lowest (42.37+1.53 U/mL), which was significantly different from that in the control
group (P<0.05). The SIgA activity in D5 reached (47.184+0.93) U/g, and no significant difference was
found between D7 and the control group (£>0.05). The trends of a-AL and PAMY initially increased
and then decreased, and a significant difference was found between D5 and the control group
(P<0.05). The LPS concentration initially decreased and then increased, with the highest
(137.48+3.13 U/g) in D5, which was significantly different from that in the control group (P<0.05),
and the lowest (111.26+2.64 U/g) in D3. PDD injection significantly affected the intestinal pancreatic
amylase, lipase, and a-AL activities of S. schlegelii (P<0.05). It also significantly affected the
antioxidant performance, non-specific immune performance, and growth indexes in the liver of
S. schlegelii. In addition, the expression levels of 11 mRNA genes related to intestinal immunity
changed significantly. Tight junction protein genes (CLDN3, CLDN15, and ZO-1), anti-inflammatory
factors genes (IL-10, IL-12b), and inflammatory pathway genes (NF-kBp65, NLRC3.2, and MyD&88)
were significantly down-regulated in the experimental groups (P<0.05); in contrast, intestinal
inflammatory cytokines related genes (/L-8, IL-15, and IL-1f) were significantly up-regulated
(P<0.05).

In conclusion, PDD infection can reduce the growth and antioxidant performance of S. schlegelii;
damage the tissue structures of the intestine, liver, and spleen; cause tissue lesions; downregulate the
relative expression of intestinal tight junction protein and anti-inflammatory factor genes; and
upregulate the relative expression of inflammatory factor genes. This study may serve as a scientific
basis for the health evaluation of S. schlegelii in the deep-sea environment and development of
corresponding impressive technologies.

Key words Sebastes schlegelii, Photobacterium damselae. subsp. damselae, PDD; Inflammatory
response; Immunity; Physiological metabolism



