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HO 5 A AT 149 (Prostomatea) Fij 45 H (Proreodon-
isa) [54% W B} (Cryptocaryonidae) A% HUE (Crypto-
caryon) BRI EAZ L (C. irvitans)" . R385 552 B
AR, EEE AR, T DU 4 K 2R
WK RE g £, FE 21 68 7R J7 fili(Takifugu rubripes)'™
WK I &5 (Dicentrarchus labrax)" Fl # & fili (Sebas-
tiscus marmoratus)[”] %@% q:“@.ﬁﬂﬂ ?J@i ﬁ%ﬁﬂ
A LR U R IE o R R R B A T R A
R AR E KSR S, R
MIER IS 2 . RO RE . ME LI 4EFE T4
I 35 52 7 D 5555 K P R RT S s R ) B A
1) 32 B2 Az A Sy £ F SRR B BB, 0 1) Bz R A R
YefE, o RO B EE I RE RN A, JTAE AR AR ERAL
I DB S R Wy B s BRERIER YL 1Y £
PRI 20k S 20 T SR e R e AL R i gt

T BE A R 25 K 7 SR B A R BUR S8
v AR B 28 T 19 7 A RGE I AR 3R A A =T 1%
i 0 2% 119 Zhao SRR AH BERRE FREOR
I B R hiie E fc ik, BE TR
£0 5 e R AR . R R BT e A% Y
AR TGV, EPUHp i E 0y E
SRR TAE . AW B 7E A B A b Fa bR S e gie
PR 1 B DA I B oA B R SR s B, e iR
PRV R R . B AT E A 56K B gk g il i
Bt S 0 AR AR AL A e de bR oT B, AR
SCHRHE 32 SR AT FH B 0 . HrmaLa
W R O . SEPR b, R BB . KB
AW H K AL D (GSH-Px) . 8 AL ¥y Ak il
(SOD) PN % (MDA) % iz B 28 i K & i A 4L
JOF YA A AE fo R B G T AR S T RE S R B B
BIAnAE TS A, R R e A H A 4 & fi i
W I e B OB A AR A R AR T
JIFHE MDA 5 1 12 Jo e Jm TG A2 e %, SOD A
T S A BTG PR 38 B TR AR BE i Tt Ak,
— BB G o TR AR L T BE S 5 fa IR X A A HUJER
Yerma . A RFSERIT,  EIRAR I A AR
S G W nT LA B s R B AR 0V BT (Vibrio
alginolyticus) W95 BE N FNHEHT 1, L0 40 17
H1 IFN-o. TNF-a fil ALP 3% PE7E 408 30 d J5 B 3%
T, HAcge ) BT R B I AT X BR P
HABREA 3= (L) WE — K B A S G AR ) 1)
REAVANRRLIN 7, TEfaZErp & &I 1 4 Tl 40
K, WIL-2, IL-1AIL-8 %5, IL-8 & HMmAK R
iE SN A, I B S 4R S5 rh MR A0 i SR S
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HEaA K, 1EmR A I K JAE RO AT 2L
M S — T G e b S W i 2R SRR B A O
R Bt B A A BN R B S B, TL-1B 7R Y
A2 G NN 2 TP R DG HEARE TR T A R
TR X DR B A G P 0 O WD o A LA

B FEAGIN T R B A R e R R A S 0~
72 h NEY R BRIMR A, T T ORE A AL
RECIRAS , FFIRIE T 3 FhTR AN IH 1 i kA
A, FE T IO B A B0 0 B A R e i 2 A7
CRAIIVE. d i B BRI . AL BLRCR S At
S AR DA 145 A L G R b A I 45 SR S
DERERE, MTTRE— At B R T i f) R 1

1 MRS TE

L1 SCIMR SHEEASKIR

S FH R ¥ A 3K T A A T T A IR X
(THET & &K= H RA D). BEPLEER 300 B &
 (75.67+11.06) g. 1A (17.13£1.25) cm FIfERE K
B, JRFE KR M bR FR 15d, B IR IEER
KR . pH FIES S i & 43008 30+1 . (25+1) °C.,
8.0+0.3 il (7.0£0.9) mg/L. 77 8] 43 KWMLK T
W EES, KEEGHURMNE, R G
IS 56 £0 0 A R f BB A R BER 8: 00 K
17: 00 1R & H M (fa o R R & fa il A 1RRE, AR
R 2 IR TE 2%), FESCITFIRAT 1 A5 1k
. MiJa, FSLu By m R 4 4 (3 K
Yedll | 1 ASKTERA), Il B 4 AN EATCHE
K B97K A (1000 L) i,

P LR K AR T R R B ) S e e T S
5. 28 Dan 55 {0 A% HUE AR D D
TR O 28 3 57 1 K A R P e A B R A
R, TERMRL m ) N TR R R
BUCEEVR B R 17 000 /RS, X IR R HOE
FH T HEBR R85 R 2 5 B KB AT . FESE 6T
46 BI 0 h B ER 6 B8 R fa I . BFAE L AT
il . 68 SR BRI, S A AR R I
12, 24, 48 Fl 72 h DY/ A ] g R 4E LR, 1
S A R EE S G 21 5 % IR A R RS, B
BUFEARE T 1.5 mL KA E S, SLRARE S
BAE, WG R 280 oC AR IR VK AR TR AE, LA
i 5 SLHE L RNA 538465005E . ABF5eA 80 TE 1]
KA 5 3R e 3 W SR P 25 DA st e
TS 7 44 FE A e 4 R A T
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1.2 MERKRE. KRESEHNE

Z:7% Barton 5 7, XK TR ML AE
#E 1 h J57E 4 °C 44 LA 3 000 r/min 3# % 250
10 min, WO ML 7 750 T —80 °C VKA AR A FE I . fifi
JH Kz Jo il i B 4 U 77 &5 (Corticosterone EIA Kit,
Cayman, 3%[E) W iM% B2 TR & 4k, >R FH Rz 5T
iz e T i 00 K63 77 &L (Cortisol Express EIA Kit,
Cayman, 3 [E) W& 175 K BT e &, K2 Joa i #
P T i BN N ng/Lo
1.3 BFAEZE4E SOD. GSH-Px 1 MDA B E

X i BOR B £ JHIEZH U AR #E 4T SOD. MDA
F1 GSH-Px & sl i P Al 22 . >k HI SOD 1% Mk
M50 & (Solarbio, H1IE), MDA £ & i il i 71
& (Solarbio, H [E) F1 GSH-Px i 4 K il 2 57 &5
(Givei, ") #F17 & S EE MR, SOD. GSH-
Px 3G, DL MDA & &t S B e A SCEk™,
ELRINE 7 vk S UL T

1.4 ERAR}XEEE PCR (qRT-PCR) 1l X &
BRI A A FRIGE REBER

YRR . R . Mo . 6R . SKEF AL
Jik 41 2K & B TRIzol™ Reagent i 57| (Invitrogen,
HHE]) $EEUE RNA, HH PrimeScript RT reagent Kit with
gDNA Eraser i{3fl & (TaKaRa, ™ [E) &% 5% A W
cDNA, ffi | Primer premier 5.0 # {4 5% 11 K 2% 4
TNF-a.. IL-8 FIl IL-18 3£ R 45 S HE 5180 (6 1),
b 5 % i TB Green Premix Ex Tag I (TaKaRa,
) B PCR AR R (% 2), 6 FHALZUHY qRT-
PCR 2 i 7 ROCHE LightCycler 480 1l %% ¢ i€ &
PCR A H AT o f F 27AACT 325 T 15344 3L X A AH
XFFRakar, I DAAAR A IR 2 B A J5 DA A X
TR F MM,

£ WXk k)

Tab.1 Primers used in this study

31947 531
primer names sequence
IL-1p-F ATGCTGTGATGCTGCAGGGA
IL-15-R TTGTGCCCTTGATGCCCAGA
IL-8-F CAGTGAAGGGATGAGCCTGA
IL-8-R CGATGGGTTTGCTCTCTGTC
ITNF-a-F GGTGTTATCCAGCCCTCGCT
TNF-a-R AGTCCTGTAGCAGCCGTTCC

R E K7 2: 2 E /) sponsored by China Society of Fisheries

*2 WHEES PCRRFMER

Tab.2 Quantitative real-time PCR reaction system

B A /ul

reagents volume of use
TB Green Premix Ex Taq II (2x) 5.0
PCR forward primer (10 pmol/L) 0.2
PCR reverse primer (10 pmol/L) 0.2
cDNA 0.5
RNase free dH,O 4.1
Bt total 10.0

1.5 KEGNFAHBRZBREBEURREIERR
A (8] FRiA 1 45 Hl

KM ZHWEZN W LRV Ik, LRl s
Excel #AFALBR , LA ESA(2 R AN 5~ Bls
e B B A s n e AT oA, lad 24 bRgs
PP R R A R B R A R R
JI R BEGETT 2 B B e AT oo S T, LA
Tl A R SRR R R A U A B AR B A K B
PESE bR S IRGES R )R AR, dE— 2 pr i R R
0 ) TR

2 4

21 RHREZBABRRERRE LHERUE

TER 3] 3 d AYIER YL Y, SEE 4K B A
W AR B T RS SR B A AR R
11| B <R S A ) (NI 121 £ DN = /N
IR R R R £ A b T UL AR
CRI A e M 3% ) 25, Tk IR 4 B £ 90K Y 3
FAIEAR X 3R R R B 2 2 T SR e S
R B A, AT LRSI A A DGR AR

2.2 RIBES A% B R e w K 5 £ I 5 R R Bl 0 7
REEK E RS2

TE R A R e B 72 h Y, 50
HEAL (0 hy AHEL, I3 B 5 A R o ) 55 e 347 o Ja%
Y i [B] 34 14 T G 25 BN (P<0.05), B i LA
ST R R AR A (1),
2.3 FRIHBR4Z R RN K5 & BT GSH-Px /&
. SOD 5EMEF MDA & /IS0

L REZ (0 h) AHEL, Bl YL s [a] 4 38 0
K8 E GSH-Px 175 P 5 80 R R AR A R 3
HARH 2% (P<0.001) (K 2). JIFHE SOD 986 P4 i
16 48 h Bl — B ) R RS, RARSE B T3,
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>
o

W [ corticosterone I
I 5 cortisol s
= 60 B EEE kg iy
:]‘ .9 % sk
] B
£ 2 40 -
"8
20 +
0 |
0 12 24 48 72

JEYLI 7] /h
duration of infection

Bl 1 RS R RIS KR & I E 5 R A
BE RS K O 520
* P<0.05, ** P<0.01, *** P<0.001, ¥ A4LHE L.
Fig. 1 Effects of C. irritans infection on serum
corticosterone and cortisol concentrations in L. crocea

* P<0.05, **. P<0.01, *** P<0.001, all between-group comparisons.
2% I 18] 159 SOD 1% M 5 % B 4H (0 h) Al HL 344
H B ETHE (P<0.001) (B 3), S5XFHELL (0 h) FHEL,
YL J5 45 B[] 0 IFIE MDA & &3 B E TS
(P<0.05), W& LFE, FEMDA &E7E 12h HE&
JEIEE N, IR B EAE S P2 R (] 4)

24 RIHRZBRENKESE TNF-a. IL-1p
i IL-8 EEREAEAIF M
FER B A A RS 72 h N, AR

F, TNF-o LK K s, IL-18 B
2, I8N, HHMALHLIL, 6

40 -
— Hokok
~ 30 == EEES
j\\ﬂg 20
T
e
sl
)
O | | | | |

0 12 24 48 72
SR YL ) /h
duration of infection

B2 RIHEZABRERE KRS GSH-Px JEERIFMN
* P<0.05, ** P<0.01, *** P<0.001, ~I[d.

Fig.2 Effects of C. irritans infection on

GSH-Px viability in the liver of L. crocea
*, P<0.05, ** P<0.01, *** P<0.001, the same below.
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Fig. 3 Effects of C. irritans infection on

SOD viability in the liver of L. crocea
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Fig. 4 Effects of C. irritans infection on

MDA content in the liver of L. crocea

TNF-o TEI& Y J5 48 h i & | &k (& 5). 244
LUy IL-8 FI IL-18 WY FRIRA A AL, ik
ot I R G e R) (4 3G g R, R LR R AR
RS 24 h N, TR PR Sk ORI IR S5
HE (F 6, KT,

3 TR

Koo P E R B LT T —,
FRPE R B R Rk, A s T E
KL TR, AR A, b Kk £ s e
MR R 0, 12, 24, 48 1 72 h i 2 Rh 4 4Lk
157 B Jo 2 98 28 0 o A 0 R0 S A 7 J0TR AS T
FRFET 3 FhPL R 40 K 10 7 S, DIVE AR
B A R A% HUR I S A R

FEARTRI RIS T, B o P S e v B Rk
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™
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Y )/
duration of infection
Bl 5 FRIBFRIZHEBEETKESE TNF-a EHF
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Fig. 5 Effects of C. irritans infection on

TNF-o FXt ik &

relative expression of TNF-a

O =N W

the expression of TNF-a in L. crocea

% 12 [ w—dp il
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SN
R
o
0

J& YL} ] /h
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Elo RHRZABRENARS IL8EFFREENTIT

Fig. 6 Effects of C. irritans infection on

the expression of IL-8 in L. crocea

28 C - gill
20 [ == k'Y head kidney
30 L H /% intestine

- — i liver

B spleen
; I |_| I_g‘ ez Mk skin

IL-1p FIRT R IE B
relative expression of /L-1/

=W

JEYL 7] /b
duration of infection

E7 RIMBEZARRNARSE IL-1p BRREAENEMN

Fig. 7 Effects of C. irritans infection on

the expression of IL-1fin L. crocea

HHEZHR IR . F2OTTER, YR X
PR B AR B AR AL AR A A Br 1R A — S 5
M o 7 0 9 A Hh TR T 8 i F) 3 T 5

R E K7 2: 2 E /) sponsored by China Society of Fisheries

Bifi 5 B L TR B2 A 2 500 H/REZ A TR 210 000 2
/8, ORI B BURE 5 i . SOD i 74 Fil MDA
P MR RN T, R WA AR Y S s B NN
W R Oy — I DG K R e A R S
RS G g2 S N B 58 25 L3RI, B A TR g vk i DA
12 000 1~/ 1% 4 T & 36 000 4/, £ A A X}
YL ORI BT, i SOD I 1 MDA 5 i
JeTtEE N RERY AR IE T BE ) B — B
(R, BRI I P Ao v 2 ek e AR B g8 S N Ml R T
BB, 3 g Rl . ARSI REE T 17 000 4~/ 1Y
TR e B R AT B A% g, AT DA A T AR 3
Ko S REFE AT IR B HE e 19 7K V- B DT 5 L i J G s )
IARAE,  FE6E T G Ml s B R 0 P SRR 1 O

ZRIEE R BT, AL B IR R T REAE N Y
W Bz T 03 2 %o 0 25 928 T BE 1 5% T 2 22 7 1T 1Y
FEAFEPRIEN . GG 25 2=
W Rz T 25 T DA 2k 25 AR B IR ) e SR TR ok
PR 9 hE FE R ) £k, TRl TNF-o, 1L-1 5520 f
PR 0,2 410 A1 B B o 38 BT R A R X b
il AT DR N AL 2R T 1, Rl DU ST K OF
FA o IR M R Jo 2 33 2% Wk B L v ] B 2 s Al £ 2%
o E A AU T AR S e IR TR A, AT
S M 00 28 R 5 P 4 L O 5 R AR YR B 8 I 2
FEAR S R B o R Y R R S R o
J o T 5 ek o JR G (R 3 TR, 7R R
0~24 h, JRHE o 1ML I 2 IO T RT3 Rz SO I R A
i, WIKIF46 T, BeEE I0-8 Al IL-15 3 R 7E 4%
AU FRIR BRI, PRI T X L 2 B R
XTIV SBE 5 o T 48 h I, R £ LT A I
T o P R T v R K, IL-8 R IL-
18 AR A 21U ) e ik i AR A N2 18
BN, B SE LR By IR g, iR KA
UG RE ST REAK, PARB T OB B o 2 R 4 e R A
FHMAR B2 o 3L TE B B 0T 3R 5 O G
Xof S S8 A R R, DR O R AR P B R
TR SO ] 5 i 1 A8 T R AR Ay e B R £ 0 B
1% e JR e AR P 1) o PR

MG P AT 5 R LA AR AR A 1Y
H,0, 1 H: Ath 2 AU (1) 3iF 4 4 (ROS), 7E 41 P,
ROS R 2t £ 4 55 DNA W% | i A 25 15 A
R Bt A AL E B, HEEESET-Y, SOoD 5
GSH-Px 7EHUIAPT AL R G b R H EEAEA, fE
Sy —FhE B R TEEE A HISE RS 1, SOD f£
GIREE YRR YN E =R SR eI BRI (S LA E e
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RS AT AR, HLE MK - 2 Al 2R A
T AW S N FE B 0 A B A Ak 38R . GSH-Px
SR RN —Fh B AP, BT LA BR
TG PR SRR 3 1 R AR R B R S ANt
fR&, AP Z B b R #a . 78
ROS. A AWM., HEAHRESWERG, 405
JIEE 1) 235 4 R ) g SE R PR A AR 2] T R Y. T MDA
JE WML G Bt A AR B FE bR, HE RS
B3 0T B B AR W A 9 ) SR - B B B AR R G
PAEEI, PR P IS Bt E Ak G s, A 3R
Bt B, RPN R SOD AR AL RE S, M
MG 2 RIA BRI, SHURN SRStk
IbF AT EORASD . EARWFG Rl i 1]
Whn, FFRE4L 2 i GSH-Px 1 1 52 R S 2208 [
RA AT, PRB S R B £0 7 A2 B 4 e s e
Ja FFRE RS Re T 3240, 45 H R AR
F AR A TR R K A A R, IR
MDA, 5 ME S0 TR, Xl
e ST MDA 7684 )5 12 h IWFHE SR TR
F, FFAE SOD JtE SRR FFRIRAS, BB TiERR
ZAME A IR, B3 12h 5K
W IFE MDA & &P IR TR, RS 74y
X E AL M a SN A —E IE N . seAh, AT
fI SOD {ifi P 7E 48 h 8L T /NI T %, X Al RE2&
T YL A1 1] SOD X480 1 F 35k 1) M O A7 7E — 5 1Y
W E IR Z B RGNS A TR, XBERA
PIWFFE L5 5 — 2", d Ll A, GSH-Px. SOD
H1 MDA 75 75 B a4 P phy 0038 i He gk e i = A=
NG PR B PR B ZE AR, S i ANE MY
BN AT D) S PR I B 0 R R

20 e PR 0 2 e R G0 B A TPl
FEAECY, Hd, INF-a. IL-8 1 IL-15 1E98 35
0 23 G e I 25 PR A DGR E T, AT L S e £ S
YUARBLEL T, A T, 7E R R ) e
H172h N, TNF-a. IL-8. IL-18 JEPR Y33k & 78
H L AR TRN I B U, 3k e B G RE
Cm B, ARG T, (2 9 40 M R 1) 22 36 it
B SR e i (R SRR T BT, AT RBARER TR B ik
o5 SN B FE B I . HeAh, X BB TR . Sk
B FRERL R R o R . AR R
TN, IREEFRA AE MR A A R i L
REDIRE, B UNTE K A B B A e 5 | S 1 e
FNiH, R, R BRASL R RS 5
ARG
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4 (Carassius auratus auratus)

JRERE  BEUBE | I 2 Al SR A0 I g R A R
B BIRPAE XRUIEE  SKE PR SR AR
B T | A ) G 8 BT v e BRI, 2
HEMSHAE . ARITAR, FB B ],
L3 PR JAE 2 A OB A% T S5t R BRE PH 3R A s 2
(Eat P I F-F I e R Y S E SIS
SR I I ] 1) 3 258 A AN SGIE W] T AH S S s X 5
TER B AP R P A TR, A BT
Pt R AIPEIR I R B R P, AT Bl s
S B BIL ) e BT A0 b o 7 A

i bRk, DL EA AR bR S SR SR R AR
R A R R A W AR, T RATE— e R
ORI B R R L X SRS AT BT PR
A TEAR ] BOAH AR A Sh S8, SRS A AY SE 50
Bt AU AR A SR L B B
HUBGEME | SR ARSI E] | SRR Y A PR
A AR bR S S FE AR AT LA T UM B 5 220152
AT — 205 Al B A £ R B A R T
R,

(fE# 7 A AU S P B & i Al 22k &)
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Effects of Cryptocaryon irritans infection on physiological and biochemical
indexes and immune indexes in large yellow croaker (Larimichthys crocea)

HU Shuimu ', LIU Yue', LIYichen', TIAN Guopeng', GUO Xinyi ',
LIN Jiagi', BAIYulin', XU Peng'?, ZHOU Tao"*

(1. State Key Laboratory of Mariculture Breeding, College of Ocean and Earth Sciences, Xiamen University, Xiamen 361102, China,
2. Fujian Province Key Laboratory of Marine Biological Genetic Breeding,
College of Ocean and Earth Sciences, Xiamen University, Xiamen 361102, China)

Abstract: The large yellow croaker (Larimichthys crocea) is the marine culture fish most affected by white spot
disease, with the highest frequency of C. irritans outbreaks in China. After years of efforts from scholars at home
and abroad, many research progresses have been made in C. irritans propagation, pathogen pathology and vaccine
research and development, but there are fewer studies on the physiological, biochemical and immune indexes of L.
crocea infected with C. irritans. In order to understand the changes in various physiological and immune indicat-
ors of L. crocea after C. irritans infection, in this study, we selected 300 experimental fish for artificial C. irritans
infection experiments at the peak of hatching of C. irritans cyst. The experimental fish were randomly assigned to
three experimental groups and one control group. Blood, liver, spleen, intestines, gills, head kidney, and skin tis-
sues were collected at 0, 12, 24, 48, and 72 h after infection to monitor changes in serum cortisol and corticoster-
one levels, liver glutathione peroxidase (GSH-Px) activity, superoxide dismutase (SOD) activity and malondialde-
hyde (MDA) level. Transcription patterns of TNF-a, IL-8 and IL-1§ in liver, spleen, intestine, gill, head kidney,
and skin tissues were detected by quantitative real-time PCR experiments. During the 3 days after infection, the
serum cortisol and corticosterone level increased significantly and gradually from O h to 72 h after C. irritans
infection (P<0.05); the GSH-Px activity in the liver showed a highly significant decreasing trend (P<0.001); the
SOD activity in the liver showed an overall upward trend except for a decrease at 48 h (P<0.001); the MDA level
in the liver increased sharply within 12 h, and began to decrease after reaching the peak (P<0.05); the expression
of TNF-a, IL-8 and IL-1p in various tissues were upregulated to varied degrees, with those in the gills, head
kindey, liver, and skin being the most obvious, which indicated these organs may play important roles in the
immune response against C. irritans. These results suggested that corticosteroid content and oxidative stress
indexes significantly changed after C. irritans infection can reflect the degree of infection in L. crocea, facilitating
the optimization of anti-parasite trait assessment. This study contributes to understanding the dynamic physiolo-
gical, biochemical, and immune changes after C. irritans infection in L. crocea, offering insights for subsequent
mechanistic analyses and breeding efforts.

Key words: Larimichthys crocea; Cryptocaryon irritans; physiological and biochemical indexes; immune indexes;
evaluation of insect resistance traits
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