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M=

MR T REE — AR EE RSN AR TR T, ARERENR . ERIEA

TERAETHAHEEEZEN, Eh e E c AEREBRA BT F AT FhcE— 5,
KA 5 F|H RACE HARE Kk 7w KA T 7 KR % 25 (Procambarus clarkii) %8 j8 & % ¢ 2 F (PcCyte),
4K 4 897 bp, #.3% 163 bp £y 5'-UTR., 419 bp & 3-UTR F 315 bp th ik A3 A4E, %45 104 M4
H#%, EEPCRBIMERL T, PcCytre ERETREHITME AR P H A KL, LPEH, i
MR kkE, E£F P RARK WSSV RELE TR, EREFRLE PcCyic 7e TR .
MAAS T REAFHEA LR, FAE24 hkHEEHE, A2 L PBS 4XXEW 2.65, 2.07 f
220 1%, HHEAEM D EMEZEFP<0.01), PcCyte EH TH G, 7 K BEEITR A WSSV s & # I3 L
F 3 m(P<0.05), F W PcCytc #4304 WSSV 7 K R AR Aty A %], LRRY; FEab, A H
KFEE bel-2, bax 1 caspase-3 HFRIK ¥ K A B F LR HTR(P<0.05), RFFREKY, PcCyic 7HE
I E T ®RAAIH WSSV B, b KR I Xt WSSV R4 8y % RO AR B T #8 WA .

KA

FESHES S966.12  CEAFRIRAD A

42 ¢ (cytochrome c, Cyte)Z—Fhml A E AL
ST 2R A o VR SR AARRT I 5% (mitochondrial
respiratory chain, MRC) &3 HL T 244, 52 ATP
1774 o Cyte SRR B ) e K 8 235 | S R0 AR I W 4% 1)
e, ATP 6=, SEEIMELT . EFRET Cyte
fTFERARNIE, 2507148, YRz TES
4 J5 A N 2R 1R B i 2 4N il )it (Welchen et al,

o RN s &K oy AT WSSV % ; RNA T
NEHE  2095-9869(2023)01-0137-10

2016), Cytc fEMR B Z IS, 5T MRS
HF 1 (Apaf-D)JE R IHT-/IMA, it caspases-9 FijA
M H Gk, i’k caspase JUIE v S BN T
(Chereau et al, 2005)., Cytc i 1] LU i T4 7146,
FHWTRE R & A, it B fr 3 AR S S SR T
#2(Huettemann et al, 2011, 2012),
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FEFPEFET:, TEAVIER AR . dERp LR MR RS
S T % 7 5 = X (Elmore, 2007) . 1% 1 FL 3 47 41
MLJA TG, A Cyte MZORAARE 3 4
JiL 5 H O R T T IR ) C B — 2P (Adrain et al, 2000) . X}
W H W Cyte ST BT 545 R SiFLsh )
KL, HINHy Cyte ZEVETT AN I T rpol 35 SC SR
(Liu et al, 2012). iz X%t Cytc 76 40 M8 1= F0 52 7 16
IARWTRADIIE, BORBZIEE R Cyte REEZS S
BRI A R A M T . I BE LR 5 AiE 9% B (white
spot sydrome virus, WSSV}l 7] 75 5 FL 4% i X 4F
(Litopenaeus vannamei)fF AR AN ML AL Cyee FEH
MR I8 (Hu et al, 2016), 7% 1 A1 B £ (Epinephelus
akaara) W 2 ¥R FEIR 15 (RGNNV) % T 1) £ BE £ T 40 iy
JHT:5 Cyte BMUHI 5 (Chen et al, 2007), TEJCEHES)
Yk, He 201558 & B, FK A& (Bombyx mori)i#ftl
FHURYL T = BMC 4iief5 3838 R Apaf-1 F1 Cyte
MBI A AT T, O H SRR O R R . K
#x Cyte HER e/ SRR 5 A T- 2 5
RENGTZ A AR (BmNPV) W2 (Wang et al, 2019).,
i [CJRESHR (Procambarus  clarkii) & 3% E EE /K =4
TeRh, ER R AEJCHGE WSSV G R 2 & VRS R
il 29 2 v I 5t 285 08 % B Ml il B & Jre (R RO, 2020
TR HRAE, 2020), AT, S48 Cyte TEAIMIM T-FIRERE
b R EZAEN, BX] Cyte /- A4 T-7E 5

RJFECHT WSSV i 1B i 4 T H R A DL HRAE

YT AN MR T AE LR G T TH W R AR, AT
5% iR e [CJR B MR T A2 3 ¢ L (PeCyte) &
K, M PeCyte 78 5 IR R AR A2 2P 1 R 1 L
I RNA THRH ARIRIY PeCyte 16 WSSV YL it
RS 5T AL . U ERA M T R T A
K R Z A v [ B MR G 98 I 1y RV FEVE

1 #R5FZ*E
1.1 SEIedfl

AW i v UG 2 R B 17 b [ K7 Bl 22 i 5T
BEIR K WL 5T o047 v SE B0 S b U Ry 20 ¢
AT QR BT, 7ESC i S KIGAR SR 1 A, F5H
TR 24~27°C, 1 JAJG, BEBLGEEUEHE ¢ 5 1 e
XTURSS 3 R, BT . 6. . B . ke
CE L WUA, HRARARZELHZY, I06 3 RREFAY Rl AP e 2t
FERIR AT 145, STRVE T-80CIAT .

1.2 5|¥i%it

AR 92 30 % e s L BUR A5 B 07843 Cyte BERIIR
SFFPH, i3 Primer-BLAST (https://blast.ncbi.nlm.nih.
gov/Blast.cgi)iX it PcCyte W) L NIEEIMIGR 1), HE
FETR M R A F) B

®1 ZBHETASIMFES

Tab.1 Sequences of primers used in this study

5| F%) Primer name 514751 Primer sequence (5'~3") FHi% Purpose
PcCytc-GSP5-1 AGGTTGGGTCCAGTCT 5’ RACE
PcCytc-GSP5-2 TGCTTGCCGTCTGCTTCA
PcCytc-GSP3-1 ACACTGATGCCAACAAGGCCAAGG 3’ RACE

PcCytc-GSP3-2

CCCAAGAAGTTTATTCCAGGCACA

Q-PcCytc-F TCGCTTGCTCTACTTGGTGG

Q-PcCytc-R AGCACAAGACTGGACCCAAC

B-actinF GCATCCACGAGACCACTTACA

B-actinR CTCCTGCTTGCTGATCCACATC

dsPcCytc-F GATCACTAATACGACTCACTATAGGGAGCACAAGACTGGACCCAAC
dsPcCytc-R GCAATCAAGTCTGCACGCTCGGGATATCACTCAGCATAATCACTAG
dsGFP-F GCGTAATACGACTCACTATAGGTGGTCCCAATTCTCGTGGAAC
dsGFP-R GCGTAATACGACTCACTATAGGCTTGAAGTTGACCTTGATGCC
Q-WSSV-F GCTGGCAAAATCTTCCACCA

Q-WSSV-R CCACAAAAGACTGGGATGGC

Q-bcl2-F TCGACGGGATGGTAAATCGG

Q-bcl2-R AGGCAAAAACTGCCAAACGG

Q-bax-F TCGACGGGATGGTAAATCGG

Q-bax-R AGGCAAAAACTGCCAAACGG

Q-caspase3-F CGATAGGCTTCCCACCAAGG

Q-caspase3-R GTCCTCCTGTATGCTGTCCG

#E & Quantitative

E
Quantitative internal

RNA T4
RNA interference

WSSV 7 it
WSSV Quantitative

7€ = Quantitative
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1.3 REE RNA fIEFE=E

FH Trizol #2HUE RNA, 2K RNA ¥ B2 FI4[EE
PR A6 TH(QS5000) M E , RNA 7 4id i+
1.2% 350 I W 058 I P UK W 72 S8 B 1k o ] RevertAid
First Strand ¢cDNA Synthesis Kit (R %)& WHT
RACE (rapid amplification of cDNA ends)J#AR cDNA .

RACE [#7% PCR H AR5 PCR HAR 7351 H]
T 1Y PcCyre W) 3 5% g G 19 W% 1,
51 RPN LA 3-. 5-cDNA AR T, 5 2
R 14 B AR 56 1 R3S B = My B¢ 10 A%
AR . F SanPrep Column DNA Gel Extraction Kit
CET, Baifby 6 DNA F B 4lifk)5hY DNA
5 pMDIST 4%, ZJak AvK ERiER) DHS o B2
SRR TR, Ok P S s B IE E AT 7% PCR
SE, B A BRI Y (4T, B, R
hAkAT 578 3% P40, SR, 18 5d DNAstar B FEAT
PrEE, 4R PeCyte 1Y cDNA 2K JF51

14 EWERFESH

ARG BE RN FP 25258, il NCBI % ORF finder
(http://www.ncbi.nlm.nih.gov/gorf/orfig.cgi) = $& &
¥ 30 B T R SEAE (ORF), - I Bl 135 e 4 A (1) & JE TR P
51 5 R IR AU 138 7 DNAMAN V.9 B/FdEf7 s
SRt ExPASy (http://www.expasy.org)fl Signal P3.0
2 7 (http://www.cbs.dtu.dk/services/SignalP) 73 # 2
FT AP E BTG S IR . BS A5 H 5 TMHMM
(http://www.cbs.dtu.dk/services/ TMHMM) Fitill . 14,
i FATEZE T H. SWISS-MODEL (https:/swissmodel.expasy.
org)id i+F [F] Y5 EEAR 7 YA AL AR 11 BT () = 4R 454 5 fdi ]
Mafft Fl MEGA 10.0 FFET NI DT iE MR SR TR

1.5 PcCytc BIRIE S

J T 53 Mk A [R] ZH 2 18 3 A AR AR
i H HiScript 1st Strand cDNA Synthesis Kit (i5ME%E,
B H0)FE L RNA S 5 55—k cDNA. LA ER BT
717 cDNA WEES, WRIER B3 (55+2) ng/ul, fiH
ChamQ Universal SYBR qPCR Master Mix {7 & i
119 )t5E i PCR. BMEER I 3 NEAE, DL B-actin
KNS SR BT 5 W) WA 1 SOWAR FR A 20 L
1 uL #i4z ¢cDNA, 0.8 uL E¥i#5140, 0.8 uL FilE514),
10 pL ChamQ Universal SYBR qPCR Master Mix, 7.4 uL
ddH,0. SN AP : HiAstE 951C 30s; 95°C 10s, 60°C
30 s, 40 MEFR; 95°C 155, 60°C 60s, 95C 15 s,
TR R 272495

1.6 WSSV Bl

SCIRTFURET, 7F 200 & 5 PG S M v e AL 16 H
20 B, &M WSSV B, ZJa, BEE 100 B
PIREEH 20 g AYMETRRE e QSRS , T ICEESCE . H5L
ISHRRERLAY N 2 4, 52H 50 BB, A3 9T 2 A S
PBS Hl WSSV, XfHRA S 100 pL JCHBERREL(PBS,
pH7.4), SZEZHI4ST 100 pL WSSV (1.0x 1084 D1 %/mL).,
TEVESIG 0. 6. 12, 24, 48 F196 h, 4> 5IRfHLLEH
3RIEHE . fRFRA TR FEAR, BOLIFBERR . BhiE
WLALHEZ, 7 RS T-80°CIRAE, ] qRT-RCR #: il %%
HLUp PeCyte TEARRINT ] A ik &, HAARL TR 1.5
FFR . S E RS 3 AN AT

1.7 RNA F#(RNA interfere, RNAi)SE 1§

DI cDNA IR, 2 EX-Taq B 184045 &
A T7 Jah+ 1) DNA B4R, IFH 1.2%09 SR B e
PEATHL VKGN . #2/8 T7 RNAI Transcription Kit (i7"
e, MR &G dsRNA, I RIFER 7
A N dsGFP., $i 18 5~8 pg/g HFEY L BVE ST dsRNA
TS 5 3 4, 430 ST PBS 41 S dsGFP
HAES) dsCyte 41, B4 3 MF1F, 4% 50 BrelCR
MR, T IES S 24, 48, 72, 96 1 120 h HUIL
W, FEHUS RNA, A2 E & PCR (qRT-PCR)
DRI T HRRCR , FEAE T PR e v s (1) B N 3 4
WSSV, Lk B-actin NS E PcCyte MHIX) mRNA
K.

3T PeCyte % WSSV YL i T2 (0 454 1
7L CJEEMR >N 4 4. dsCyte+WSSV 4. dsGFP+
WSSV 4. WSSV 4 Hl PBS 4, G4 3 VAT, &
AT 50 B o (R R ELE o dsCyte+ WSSV 4 fil dsGFP+
WSSV A 7E53 51 5 Bkl i dsRNA 24 h J5, FE5)
100 uL WSSV (1.0x10* #2 D1 %umL), Ff[FRfES WSSV
o 43 TS WSSV JERY 0. 24, 48 Fl 72 h R4E
A2 3 Hg G EAR LA, $2H0 DNA, Jf¥% 24 h
AR AE B LA $2 B RNA K HE LAY DNA #1798 5E
12 PCR &I, I M3 WSSV Frife th 28 O £ 1t 07 # (Y=
—3.715x+41.983, R’=0.996 6)Fl C {HitH& 14 1 mg
ZHAT WSSV s DI, $2HU RNA i qRT-PCR
R0 T A S L DN 1 ek /K . RNA AU EL . cDNA
(il £ DA B i S S (W] 1.3 A 1.5 BTk o

1.8 Zitor#n

JIT A B 34 LAY 34 + 55 1 22 (MeantSD, n=3)3%
7N, @ SPSS 25.0 EAT W EYE T, WEKERHN
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P<0.05 F1 P<0.01, f#iFf GraphPad Prism 8.0.1 fl Origin
2018 1EKI,

2 ZER59H

2.1 PcCytc B F 54

PcCyte FEP 4K 897 bp, £U4F 163 bp A 5-UTR .
419 bp B 3'-UTR 1 315 bp PRI LHE , WA 104 4
W IERR (K] 1A). ExPASy Prot-Param Tl H. 41 &4
11.49 kD, HiEZEe 50 9.49, SMART F2 5%} 8 H
JE LA I M FE B | PeCyte Tof5 5 Ik, o 4544 ;

A ] CCTCCGCGAAAGTGATCAATGAAGCAGACGGCAAGCAACTGGCGCGGGGCGGAGGCGGAT
61 TGCGGGGAGCGT TCCGGGGGGCGGCECEGCCCGEGECEGCGEGCGGEGCGAGACTCT TCC
121 CACCGGCAGCTGTACCCGTGCTTCACCAACACTTTAATAAACT
164 ATG GGTGACGTGGAAAAAGGCAAGAAAATCTTC GTGCAGAGG TGCGCGCAGTGT CACACT
1M GDVEZEKGZ XZ KTITFVOQRTCAQ QT CHT
224 GTTGAAGCAGACGGCAAGCACAAGACT GGACCCAACCTCAGCGGCCTCTTCGGCCGCCAG
20V EADGT XKUHZXTGEPNTILSGTLTFGRQ
284 ACTGGTCAGGCTCCTGGCTATCCT TACACT GAT GCCAACAAGGCCAAGGGCATCACGTGG
4 T G QA PG Y PYTDANE KA AEKGTITTW
344 GATAAAGAGAATCTGGATATCTAC TTGACCAACCCCAAGAAGTTTATTCCAGGCACARAG
61D K ENLDTIJYULTNTPIEKTZEKTETITPGT K
404 ATGGTGTTCGCCGGTCTTAAGAAGAAGAAT GAGCGTGCAGACTTGATTGCT TACCTGGAA
81 M V" A GLKZ XKZKNERADTULTIA AYLE
464 GCCTCCACCAAG TAG
101 A s T K *
479 AGCAAGCGACTTGTGATC TCACCATTTCAAAGACTAACT TCACGTAGCCTAGGACCARAG
539 GCCACTGTCCACTCAGCCATCAAC CGAGGCAAGGAG TACGGGGGT TATGCT AGGACGGGG
599 AACTTTGTCTCACCCACTCGTGCTCCACTGTCGCAT TCATCCTGAACGTTTGTTATAATT
659 CAGACATAATTTATCCAGGTARAGGTCTTCCTC TGCCTGGAGGAC TCAGGCAAGTAATGC
719 AGGTGTGGTAGGAGC TAATCATGT GAT GGG TGAGGACGATAGGCCCTCATT CTGCTATTC
779 ATCATTTGTATAAATCATTAAATCATCCTGCTATCATTGCTCATCCGGATGGGCACT TAA
839 CTTACACAGCAAAATAAATAATATTTAGGAAAAAAAACAAAAAAAAAAAAAAAAAAAAA

i (TFGT!
TIaNFRKNTFGT!

SN TINFETHM )4
Pj-CYC YTHINERKW TEGT
Pt-CYC %
Xt-CYC V
Pv-CYC N G

&l 1
Fig.1

A 5 AR, 222 14>, IhER
s 1A, SRR A5 3 4o PeCyte 1 4~103 {3 B4
B 1AL Cytochrom C 45 My, = 24 4546 18] 8 7
T PcCyte 19 N i #1 C i (] 1B).

FIFH NCBI BLASTP Xf PcCyte FH 17 R JEPE
#, @R WK, PeCyte 35 =Ptk T8 (Portunus
trituberculatus). HZARXEF(Penaeus japonicus). FLYN
VB X U A8 A A LA 5 v 1 R A IRV R 4l
89.42%. 84.62%K1 84.47% (& 1C), RGIHALM
PcCyte S5 =l FEER N — 3, i H e 28R K
— K32, HAbPF RN —KEZ (& 1D).,

iC e,
%6

I H Manis pentadactyla (XP 036733877.1)
KR Canis lupus familiaris (NP 001183974.1)
F Felis catus (XP 006929319.1)
MR Strigops habroptila (XP 030341855.1)
TR A Catharus ustulatus (XP 032929783.1)
P )T Xenopus tropicalis (NP 001008176.1)
JEE#8 Fundulus heteroclitus (XP 012726602.2)
FH¥ Oryzias latipes (XP 004081820.1)
71— 2164 Xiphophorus hellerii (XP 032424647.1)
EE B Armadillidium vulgare (RXG54470.1)
5% Limulus polyphemus (XP 013783306.1)
B340 Onthophagus taurus (XP 022917069.1)
97— HZASTUF Penaeus japonicus (BAJ22990.1)
FUEREESTHE Litopenaeus vannamei (ROT62386.1)
=IER T Portunus trituberculatus (MPC12875.1)
@ TLRJEEMF Procambarus clarkii (MZ997835)
I, IRYBUF Macrobrachium malcolmsonii (prf]|765949A)

N-term

<D

92

PcCyte FHAYIE B 2E0HT

Bioinformatics analysis of PcCytc

A: PcCyte ZEWHRZ TR M AME T EFERRITFH, LLEOAR Y LG %5 T (ATG) M 1% 1(TAG),
JKRAEFRIY TR Cytochrom-C Z5AE IO N 2 IE T 41 3 B: PeCyte 5 = E5H 5
C: PcCytc FHABYFN Cyte MBRERRIFINZHE LK ; D: PeCyte RGR T ALK
A: Nucleotide sequence and deduced amino acid sequence of gene PcCytc, the red marks the start codon (ATG) and the stop
codon (TAQ), the gray part of the sequence is the Cytochrom-C domain corresponding to the cDNA sequence;
B: The tertiary structure of PcCytc; C: Multiple alignment of the amino acid sequences of PcCytc and Cytc of other species;
D: Phylogenetic tree of PcCytc

2.2 PcCytc ZERRHLR FRIRIX

I qRT-PCR i AR , 1+ PeCyte 78 5 QR AF
JFIERR . B8, .. WiE . B . BRAR . JULPRI Ik £ A
HYUh P FEZER W 2 iR, PeCyte 3ENTE A
HAUh A Rk, i H R Mg &k, el

Pk Ak, Bk E AN E P RIEER 9.46 £5. H
WAEHIE LA s e, a8 E RS ER
8.65 Fll 7.88 1i% .

2.3 PcCytc 7 WSSV #llig THIRE Tk
TENIE | AR A LA H (& 3), AHELF PBS 4,
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T WSSV 4 PeCyte BFRIZAKT-HERT 24 h AW 1
W, JETE 24 hiki s E, 532 LT PBS 4
FIRERY 2.65. 2.07 1 2.20 1%, AEAEMN B2

10 -

. =
: 1]
B mEl |
Soml
s @ & e &
&

K
& #H 41 Tissues

K2 PcCyte fEAHEUNARXT R B

Fig.2 Relative expression level of PcCytc in different tissues

F(P<0.01), ZJERKEAFIFHTIE, EHE 96 h KK
FIEH K, BIARINAESEBHEA . 7F 48 h i,
JUE ST WSSV A AR AL H PeCyte HFRIRK
ST T E, (B4R A I PBS 4Rk Y 2.39
217 1%, A3 2 5 (P<0.05),

2.4 PcCytc £E RNAI FHHEXRIEDH

F IR T dsRNA Fl WSSV 75 Z LA i 43
(FEHFRAL 252 m RNA THIRCR), HALRAH PeCyte
FR BB (RIS, 2018; JELLH %, 2020), HEA
TG R AR 2L 5 2200 8 S F9Y . 76 RNA T4
J57 24.48.72.96 #1120 h #47 PcCyte He A qRT-PCR
R, B9 FHRAR . DRI XTI, WE 4
Fias, (EFESE 24, 48, 72, 96 Al 120 h dsCyte 41
5 [ R MRMA PN PeCyte MR A T ST ALY
59.9%. 30.5%. 40.5%. 73.0%7%1 91.5%. $5i#H PcCytc
TR, W HAETESS 48 h AL 72 h TR
(Y& SG T

4. _ _
— A 7318 Intestine . . 4 B &% Hepatopancreas _ 4 C LAY Muscle ok
& .| —= PBS 5 *x g
= 3r — 3+ —=— PBS ok — 317 —=— PBS ok
= =
e | e WSSV .S | —e— WSSV #WE | o wssv
8 . A8 3 qAg L
®e2 ®e 2y ®E 2
ES B ES
21 et B2t
= = L]
& 4 &
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 6 12 24 48 96 0 0 6 12 24 48 96 0 0 6 12 24 48 96
flE] Time/h B} [E] Time/h ifE] Time/h

Kl 3 QR EIFGIEA) . FERB)FNLA(C)H PcCytc FEH BT WSSV Hilli k51

Fig.3 WSSV stimulation expression profile of PcCytc gene in the intestine (A), hepatopancreas (B) and muscle (C) of P. clarkii

TR EF L (P<0.05), **3F/R 2 FH W E (P<0.01), [,

* denotes significant difference (P<0.05), ** denotes highly significant difference (P<0.01). The same as below.

L5 _g gso(rylggl 5T dsCytc Ji, TE WSSV BT, o [CJREIR

E @ dsCyre . LA R WSSV 2575 DUECILIEL 5. 4k 5 firs, i
JU VY R " 4t dsCyte HRIRTHER DURIGZ R TR 3 41, 7EVEST
9 : : : : WSSV [ 24 148 h dsCyrc 210 [CJFELUF WSSV 25
ol 2 E EL TED | i VB oK T S5 2R LA R DI (P<0.01) . 7EVE S
L o5p e | [ : : WSSV 1 72 h Ze80 4 5 20 1(P<0.05), Hi, 7Ei:4
E % WSSV [ 24 h, WSSV 41, dsGFP+WSSV 41l dsCytc

R 7 i s L 20 SE AR WSSV (M 7% DUE 20 1071°10%!

] Timerh il 10*2 P8 DU fmg; 7E1ESS WSSV ) 48 h, WSSV 4,

K 4 58 [RJRFEMF PeCyte T8 dsCyte TG FETA

Fig.4 PcCytc mRNA expression profiles
after silencing by dsCyzc

dsGFP+WSSV £l dsCytc 4175 FCJFEITF WSSV (1R
P&V 200 1047 10%8 F1 109 $2 D1 % Umg; 7E 72 h
ﬁ}%ui}l‘ﬂ‘j 105459 R 105461 ﬂsn 106.76 j;%m ﬁ/mgo
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g 8 mo dsGFPrwSSV
£ dsCytc+WSSV **
= | O pBS
8 O =3 WSSV s
§ e,
5 4t
wn —_—
3 -
& "
2
g 0 E:‘:é -:I :'l

0 24 48

i8] Time/h

B 5 RNAi Fll WSSV {35t 50 [C R R R A& Y

T DL A
Fig.5 Changes in virus copies in P. clarkii
after RNAi and WSSV injection

W0t dsCyte Ji, 18 WSSV B &ME T, TERJR
ESURWLA A R T AH DGR A R IR W E] 6A R, 5
PBS AL, HAWAAHTEESS WSSV 24 h J5 5w [Ws
FEUF bel-2, bax 1 caspase-3 FeH YR KA R #E BE
Bk B Hop I dsCyte 211 bel-2 Rl caspase-3
FEP R IR 5 R T A A b 25 Bl i 3 (P<0.01), 43
FFRIM A FIE LA I, A0 58 QR B AT bax

[A = PBS dsCytctWSSV

=3 WSSV [ dsGFP+WSSV
*

k%

=] g
_,'HE E I.Iy
24 e
T i :-:%
& I.I%
o -'n%
l:lé
caspase-3

20rg — pBs

=1 WSSV
L dsCytc+WSSV
= dsGFP+WSSV

—
W

bel-2/bax{E
Value of bcl-2/bax
5
T

e
W
T

&
285 Group
6 RNAi Ml WSSV 4 5 5 v [CJEZL MR JH T
HH e 3 R ik A8 1k

Fig.6 Changes in expression of apoptosis-related genes
in P. clarkii after RNAi and WSSV injection

LRIk B2 R B3 (P<0.05). 8 6B 7R T bel-2/bax
B2tk Hdh g dsCyte 4 bel-2/bax {65 dsGFP
N WSSV ZHAH L B 2 T+ (P<0.01); 5 dsGFP
0N WSSV 415 PBS 414 Hb i & F&A% (P<0.05).

3 it

ARG AT v [C R PeCyte B &K P
H, PcCyte FH 4K K 897 bp, Zwfith 282 & I .
ZER RN R, PeCyte %A 1 MRSFI Cytochrom_C
SER, UEIA 5 R i 77 A A X (Gnaiger et al, 2002).
H A FVE X A 2 B, % A SRR )Y 5 5 H ALY
T Cyte 2 LR 3 4 HLAT AR &1 1 [R) U , BH PeCyee
TESEE B TR, RG4S A 45 SR TE R T
TR

PcCyte 1650 [QJREAR LT i B2 418Uy
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R, i RNAI fiBE caspase-3 ] [AR 32 2K
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bel-2/bax ) A BEIA A S A0 ML PR T ERR A A6 A, LA
AN = N %1 i O 2 (1R o i @ B ]
85, 2021) AEABIFE T, 5 PBS AH L, (U WSSV
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Cytochrome ¢ Gene in Procambarus clarkii Inhibits WSSV Infection by
Regulating the Apoptosis Pathway

GONG Jie'?, ZHU Mengru', ZHAN Ming'?, XI Changjun'?, SHEN Guogqing'?,
SHUI Yanz, XU Zenghongz, SHEN Huaishun'2®

(1. Wuxi Fisheries College, Nanjing Agricultural University, Nanjing, Jiangsu 210000, China;
2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs,
Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi, Jiangsu 214000, China)

Abstract Apoptosis is programmed cell death and is regulated by a series of related genes. It is of
great significance in resistance to pathogen invasion and maintaining homeostasis in the environment. The
release of cytochrome ¢ (Cytc) from the mitochondria into the cytoplasm is a key step in the initiation of
apoptosis. Increasing evidence from investigation of Cytc in cell apoptosis and immunity shows that it can
participate in cell apoptosis induced by virus infection. For example, white spot syndrome virus (WSSV)
stimulation can induce Cytc gene expression in Litopenaeus vannamei hepatopancreas and hemocytes,
and the apoptosis of Epinephelus akaara hepatocytes induced by red-spotted grouper nervous necrosis
virus (RGNNYV) is related to the release of Cytc. However, the role of Cytc-mediated apoptosis in
Procambarus clarkii WSSV infection has not yet been reported. Therefore, in this study, the full length of
the the cytochrome ¢ gene of P. clarkii (PcCytc) was cloned, and the role of PcCytc in P. clarkii was
analyzed. Its expression in various tissues of P clarkii proved that WSSV infection can induce the
expression of PcCytc. The mechanism of PcCytc involvement in cell apoptosis during WSSV infection
was also explored using RNA interference technology, to gain a deeper understanding of the potential role
of apoptosis-related factors in the immune response of P. clarkii.

In this study, PcCytc was cloned using RACE technology, with a total length of 897 bp, including the
163 bp 5'-UTR, 419 bp 3’-UTR, and 315 bp open reading frame; it encoded 104 amino acids. The
structure prediction showed that PcCytc contained a conserved Cytochrom C domain, proving that it is
related to energy production and tends to be conserved in evolution.

The results of the quantitative PCR showed that the PcCytc gene was expressed in all tissues of P.
clarkii. The expression was lowest in the stomach and higher in the gills, intestines, and muscles, which
showed, respectively, 9.46, 8.65 and 7.88 times greater PcCytc expression than that in the stomach.
PcCytc showed relatively high expression in tissues with high energy consumption, such as the intestines
and muscles, which is consistent with previous studies in Penaeus vannamei. The highest expression level
was observed in the gills of the main immune and respiratory tissues of P. clarkii, indicating that PcCyfc
may be involved in the related biological processes. Based on the above results, we speculate that PcCytc
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may play different functions in different tissues.

WSSV infection experiments showed that the expression level of PcCytc in the tested
hepatopancreas, intestines, and muscle tissues increased after virus infection, and reached the highest
value at 24 h (P<0.01), after which it began to decrease until it returned to a normal level at 96 h; the
overall performance was an induced expression pattern. This showed that PcCytc is involved in the
process of WSSV infection. In addition, considering that PcCyfc can participate in ATP production as a
key element in the mitochondrial respiratory chain, the low expression of PcCytc leads to energy
deficiency. We speculate that once the virus disrupts the energy metabolism of the host cell, the host may
compensate for the loss by upregulating the expression of PcCytc.

RNAI technology revealed the role of PcCytc in the process of WSSV infection. At 24 and 48 h after
WSSV infection, the WSSV copies of the PcCytc RNAI group were significantly increased compared to
the uninterrupted group (P<0.01), and at 72 h were still significantly increased (P<0.05). These results
indicate that PcCytc plays an important role in inhibiting the replication of WSSV in P. clarkii and delays
the infection process. To further confirm whether PcCyfc mainly inhibits WSSV infection through the
apoptotic pathway, we tested the expression changes of some important apoptosis-related genes (bcl-2,
bax, and caspase-3). Among them, caspase-3 is an effector protein that regulates cell apoptosis, and its
expression directly reflects the result of cell apoptosis. The ratio of bcl-2/bax is considered to be an
indicator of the process of cell apoptosis; an increase in the ratio indicates that apoptosis has been affected.
Inhibition (a decrease in the ratio) indicates that apoptosis was promoted. The test results were as follows:
compared with the PBS group, the expression of bcl-2, bax, and caspase-3 genes of P. clarkii in the
WSSV group was up-regulated to varying degrees, with a very significant difference in values (P<0.01).
This shows that WSSV can cause hemolymph apoptosis in P. clarkii, which is consistent with
observations in mud crab and shrimp. In addition, the expression of caspase-3 in the dsCyfc injection
group was significantly downregulated (P<0.01), indicating that apoptosis was inhibited after interfering
with PcCytc. The value of bcl-2/bax in the dsCytc injection group was significantly increased (P<0.01),
which supported this conclusion.

In summary, our results indicate that PcCytc can inhibit WSSV infection by regulating the apoptotic
pathway. The results of this study provide new insights into the immune response of P. clarkii to WSSV
infection.
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