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B E ([HN] BamERERENRIUEES . SR E SN A BB B . AR R
{383 RNA T4 ( RNA interference, RNAQ )l h A %1% Apis cerana cerana 243K B 11 flexible cuticle
protein 12 (FCP12)%} CSBV Fi# sk, [ Ak ] RHEWE R0 % E ACFCP12 JFFIRHIE, il
i qQRT-PCR il CSBV BYL i J5 71 1% ACFCP12 (%, K i A% Rk RGEx h AR 1% AcFCP12 iff
i3k alifk R HBUARTR & FIH 14440 AR IBDE dsACFCP12, R RNAI THEHA T i 4h m
ACFCP12 Y3k, XS HiE T CSBV M #EE L S5, i qRT-PCR #3il] ACFCP12 il CSBV AK5¢ 4 [ 4k
VPL [3ik e, M CSBV Jidpiiife 5 e R 2 1 AcFCP12 MM E. [4R ] AEWfEEa €
W, e ACFCP12 40 & — AN LT R4S &, BA RR1 LT, RUNZIEH LR E L E . qQRT-PCR 45
HEIR, ACFCP12 7E CSBV Ji B8 Y 24 h F1 48 h 73 R T 86% 1 40%., 3 b I 4% 7 b 3k i D13k A5 24
12 kD ) AcFCP12 S48 1 IF il £ T Fe 5 PR B4 1 B S B ik o FIl FH L4440 2k R 58 i k15 AcFCP12
B BUEE RNA, RNAI L E I, ACFCP12 HFE LK TR T 65%, it T AcFCP12 ik )5 FitfT CSBV
FRREYE, qRT-PCR 455 /K% CSBV [ VPL JEN ki BN T 33%. [ ] CSBV Jiapiye ik
5[ ACFCP12 ik mE(IL, T ACFCP12 FKik/5 53 CSBV JREEIGH N, R -hIeE % AcFCPI12 £
LA CSBV B Z AR EEAE ], WFITEs RN B CSBV i 7 %t Hh e (1 B UL BIL il B8 52 Sl
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Abstract [Objectives] The insect cuticle is the main protective barrier to maintain the morphology of insects and resist
pathogens and changes in the external environment. The purpose of this study was to detect the effect of flexible cuticle
protein 12 (FCP12) on CSBV virus infection by RNA interference (RNAi). [Methods] Using bioinformatics analysis to
identify the sequence characteristics of AcFCP12, and using qRT-PCR to detect the transcription level of AcFCP12 in Apis
cerana cerana before and after CSBV infection. Expression, purification, and antibody preparation of AcFCP12 using a

prokaryotic expression system. The expression of double-stranded dsACFCP12 was expressed in L4440 vector, and the

*P¢ B H Supported projects: TR T HARFHFI AT LI H (cstc2019jcyj-msxmX0564 ) ; TR TTHZRI#HAB IR H
(KJQN202000521 ) ; & PRIFE R 2 KB It B (S202210637015)

**58 {3 First author, E-mail: 2354366303@qq.com

=457 JA/E# Corresponding author, E-mail: xqdang@cqnu.edu.cn

Wik H W Received: 2023-07-27; #52 H I Accepted: 2023-09-29



6 14

B8 BiLE: AR T AcFCP12 By ek L H RNAL BF5Y

expression of ACFCP12 in Apis cerana cerana larvae was down-regulated by RNAI interference technology. Then CSBV
infection experiment was carried out, and the expression of ACFCP12 and CSBV gene VP1 was detected by qRT-PCR, and the
correlation between CSBYV infection and Apis cerana cerana cuticle protein AcFCP12 was analyzed. [Results] Bioinformatic
analysis showed that AcFCP12 contained a chitin binding domain with RR1 motif, indicating that the gene encodes flexible
cuticle protein. The qRT-PCR results showed that ACFCP12 was down-regulated by 86% and 40% at 24 and 48 hours of CSBV
infection, respectively. The recombinant protein AcFCP12 of about 12 kD was successfully obtained by prokaryotic expression
system. The specific mouse polyclonal antibodies against the recombinant protein AcFCP12 was prepared. Double-stranded
RNA of AcFCP12 was successfully obtained using the L4440 vector system. RNAi experiments showed that ACFCP12 gene
transcription was down-regulated by 65% at 24 h of interference when 2 pug of dSACFCP12 was added. By down-regulating the
transcription of ACFCP12,the larvae was infected by CSBV. qRT-PCR results showed that the expression of VPI increased
significantly by 33%. [Conclusion] CSBYV infection of A. cerana cerana caused a decrease in ACFCP12 expression, and
down-regulation of ACFCP12 transcription led to increased the proliferation of CSBV, suggesting that AcFCP12 plays an
important role in defense against CSBV infection. These results lay a foundation for further study of the mechanism

underlying the infection of A. cerana cerana with CSBV.

Key words flexible cuticle protein; Apis cerana cerana; Chinese sacbrood virus; prokaryotic expression; RNA interference
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IR BRI AT R, fE LB FdErs
AR TR A EEEN., TR Apis
cerana cerana ( LU RfjFrrg ) |, ERERAA T
IR TR, VG )% Apis mellifera A5
SRIPTAE . PUR AT FESF R . SR, ITAE R
VR SE S . R EEAN . AERR S (AR AT Er
T, 2011 TEf, 2021) SR RE R
B R MR /D o R ORI 8 45 A7 1 2Rt 4 HU
3 (Sacbrood virus, SBV ) JE&YL i e 4 Fp AR5
P A1 BT BRI (RRBAE, 2023 )
FEEE RS T IR E SR P AL R (Livetal.,
2017 ) &

B R R R AR N2 A 2L, T8
JLT BiAn#E B2 2 1 ( Cuticular proteins, CP )i, ,
REfE iR R HUB A, 1R R iy 5 — BBy
2, REHCEM TR | A . REL AN IR AR
&R R EARILT FRAES & 2O, 25
BIE TR EY F D Re A 25 5, Bk, B
MR EAM S TR ER KN,
Y&4 R 1k, CARIE 3R J B A 5005 32 4% CPR
Z % ( Rebers and Riddiford, 1988 ) . CPF/CPFL
% (Togawa et al., 2007) %5 12 NF % (Liu
etal., 2019) . P& Apismellifera f5 48 5%
CPR FRHE M (PMEIESE, 2012) , e f
40 R LEH ., IMLIT (2014) FEpEd 2 4
HE e i 7R L RL X AccCPR1 il AccCPR2, —

#¥JEF CPR Fji% RR-2 W%, i s e 4l fb e
fiiW] AccCPRL 7EH I AR e thaRik, 24
BRI A B KA BA FEAE R, 1 AccCPR2
Z 5HU RO N

B R He A Sy B SRR 09 SRR Y 5 — B )
PRBEIR , 65 U B b R 45 B O BMAE
FH o 7E R i3RIk 4 B 5 CSBV I AL T 5%
iR, Han &8 (2013 ) SR LIRSS & BTG
R, %3 & A larval cuticle protein
LCP-17-like. flexible cuticle protein 12 %5 6 ~4E
H7EYL CSBV J5 2 T IRk, Deng 45 (2020 )
KH RNAseq #AR LI CSBV YL & 5 HE
larval cuticle protein A1A. larval cuticle protein
A2B flexible cuticle protein 12-like F/1 larval cuticle
protein A3A #2743 By, ARWFFEXT RS CSBV i
B Al U A 3T, KB 12 kD SRR
M ( flexible cuticle protein 12, FCP12 ) 2B T
o BRI I AT A & B 12 kD 2R
HETE CSBV YL fl, #EDM AcFCP12 78
CSBV &l se LA HZAEH], Rk, ABF5E
ALL ACFCP12 MHIEFEX G, RITZOEE # PCR
il CSBV B4l Hu 5 AN )k 1] B2 ACFCP12 Y
B, WL RIE AcFCP12 WY ELLEE il &
HZ vk, J-HH ACFCP12 XS dsSRNA
IBEAR, {5 B RNAT FARRSE AR E 1 AcFCP12
TEEX S UL E K CSBV B EH
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1 #MRETE
11 #iRRARAE

i v A e )y U R PR T BE L XA R
FUEARIRIN Y CSBV i RERL T i HE DRI K
GEIR B R HA I A W S i s B8 5 2 T
PN U T H O A AR BR A W

12 FERXARNE

SZIG BT H Y Trizol , Primescript RT reagent kit
with gDNA Eraser 2 5% 5587 & . Premix Taq™
( Ex Tag™ Version 2.0 ) . pMD19-T vector, Solution
I 40§ F TaKaRa /3 Al; FastStart Essential
DNA Green Master 25t PCR X5 & T
Roche A wl; P HERETIY . KAt @E
Escherichia coli DHSo &2 2400 . 26318 T Bk
Rosetta (DE3) 2400 . D-SRHE . D-Fi%
PEFIREEESE U ( Yeast extract ) BEAEH( Agar )
FAfbsh (NaCl) | Kana 4% (Kana) . =
P AL RR N (SDS ) 480 T4 TAEY) TR AR A
FRAF; &5, B, HEERTOK 550 T
HPRA G R A
POLRE R PCR X (5[ Bio-Rad AF] ) |
BRe AN TS ( LB TAESARATR) &
S ZRE.OHL (Eppendorf) | AR ) i s
CEREBHMAS ( L) ABRAF) 5.

1.3 AcFCP12 EE 7 CSBV Bt/ F o4

HUgRR 2 Higrh e g disy g 2 41, —41
REINE R YR R4, B—4 8% CSBV
TR SL IR AL, R A AR NN 1x107 copies/H,
LB A JE SLUS INE R &) 5 7E355% 24 F 48 h )
A3 M BE & ARG 25 6 HY L, 28 75% L BE
Hl DEPC 7KAbS , A7 5 - 80 CH M. a4k
PEER PCR B 1.7,

14 HhiEEERFEER ACFCPL2 HEREZRIE
537 ¥ ke

MG GenBank SRR ACFCP12 JE[H 7
51, it Primer BRI RMESIY (£ 1) o
Pho4 HigrhiEg o ik, Trizol JAFREA) H
RNA, i FH 5% 3850 & s s sl cDNA, DL L
7 cDNA AR T ACFCP12 3L K YA 74 1
PCR AR (50 pL) : ¢cDNA 2 pL, 1EJZ[H
519 (10 mmol/L ) 4% 1 uL, Premix Taq DNA %
4 24 pL, ddH,0 22 pL, §IGFER: 95 °CHil
AEPE 5 ming 95 °CAEE 40 s, 55 °CiR kK 40 s,
72 °CHEfH 1 min, fEFF 35 ¥K; 72 CLAEH 10
min, PCR F=H)%8 1%35 N BEE G v A ARG TN 4 15
FrEe M B R B, %4 pMD19-T £k If %1k
BRI HEZ S 400 DHS o, PRk B k2 i
PCR. Jiifi PCR SOWHGY] = H 4ok, Bk
PIHEREMRS, ERAETAY TR (L) K

x1 5IMER

Tablel Primersinformation

5|9 %% Primers

F1¥)F%) (5'-3") Primer sequence (5'-3")

34 Purpose

AcFCP12-F CCCAAGCTTATGAAGCTGTTCATTGCTTT PCR
AcFCP12-R CCGCTCGAGTCAAGCAGGGAGATGTTCAC
dsAcFCP12-F CCCAAGCTTTGTTCATTGCTTTCGCTCT RNAIi

dsAcFCP12-R

CCGCTCGAGGGAAACCATTCTCATCGGCTA

dsEGFP-F GCTCTAGATTCCATGGCCAACACTTGTC

dsEGFP-R CCCAAGCTTTCAAGAAGGACCATGTGGTC

qAcFCP12-F TTTCCAATGGTCAGTCTCATCA qRT-PCR
qAcFCP12-R GATGGAAACCATTCTCATCGGC

gAcActin-F TGCCAACACTGTCCTTTCTG

gAcActin-R AGAATTGACCCACCAATCCA

TRIZAEBFIINL . The underline represents the restriction site.
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AR FHEATINT o 4 DU T 52 B A R 2 TR
pMD19- T-AcFCP12 V. 52 & pET28a FKik#k {4,
2k PCR FURUGD) — B 0 IE 1 81 241 F R 24k
pET28a-AcFCP12 fy & i1 .

15 ACFCPREAZEAMNRZEISANRSEIE
bifksE

V4 1) 1 B Y T 2H JBORE % A AR T R T
Rosetta ( DE3) &40, ##47 IPTG 5
Fiko FIHZERMZENTE b EEAE A, BEL IR
Z: 8 Ni-NAT Superflow Cartridge & [ 4lifb 1)
VB AT . Dhalifb iy i JeA% 3R8  AE e
J, SR BN TSI 2, X 2 e B AR /N B
HEAT 4 ARSI E /N BEEAT IR BRCR 0, W IR
15 o R 2 2 1 AT G i B A i ] 5 e A4k

e S o
1.6 ACFCP12 K RNAI

FEHL pMD19-T-EGFP Jithi Al pMD19-T-AcFCP12
JEORELA T L4440 23 50k, Al FHBR i AR N D)
fit} Hind I1I #1 Xho 1 3RHCH B9 - Be, 5 L4440 %%
B, $4% L4440-EGFP F1 L4440-AcFCP12
L ORL, K TR A T T TR IR A7 A A e
HT115 Wk, 37 Cid i Ia 945 M w ik,
W5 Trizol JEHEHL dsRNA ( 2T EE%%, 2019)
%t DNase Fll RNaseA JHAL/G , Ml Hk B, fRATF
T - 80 C#&H.

BEuf 5 IE W AR RS R TR e gl Bl 2 41,
551 4NAN N dSEGFP (X BRLL, 26 2 41 s
dsACFCP12 [W3Cie, DMnETWIRIE 2.0 pg
T o AR MR ) I 4l R AT T B A, A f
195 24 h BEHEATHOM, 28 75%19 ZEEF DEPC
KA, AT - 80 °CAT, FHTH 1wk
R X iR 2 AT T AL B 3 CSBV
T (1x107 copies/ H ) , JG LA TRINE &Y,
SRR CSBV Y% RS 11 24 148 h &1L 6
Hyil, 2 75% WA DEPC /KBS, %AE S
- 80 °CHH.

1.7 WHEE PCR

PEE RN R AL IRl 4 U RNA, 2

§E 558 cDNA , #i #3100 ng/uL Z2 47, Lk AcActin
KNS ERN, DL AR cDNA AR T
gqRT-PCR, £ FastStart Essential DNA Green
Master Ui B B L & 20 pL 2 WK % : Green Master
2xconc 10 pL, 1E/Z M 5[#) (10 pmol/L )45 1 uL,
3R ¢cDNA it 1 uL, ddH,O 7 pL. FEEM
BE 3WIEHT 3 RAEYFEE  RNET: il
M 95 °C, 10 min; 8 95 °C, 10s, B KR
J# 55 °C, 10s, #Eff 72 °C, 20s, fFHF 39 IK;
W2k 65 °C t0 95 °C, H4lE 0.5 °C, 5s.

18 HELGHSR

Excel2019 #Zb¥f qRT-PCR #4515 Ct {8, U
AcActin NS L AR AACE LT3 4% 3L A
FIXER IR, B AYEE N AR X Fak =2 4,
AACt= (Ct HEYHER - Ct NBIEH ) st -

(Ct HWEN - Ct WSHH ) XTI, K5
F A GraphPad Prism 8.3.0 #K /i AT4EIRT, F-XT
A LR FRIR G LA T 22 S A

2 HRESHH

2.1 AcFCP12 EEMF FFIES 47

FIHTEL B AR ACFCP12 JF31] I BL A B
I3HT G55 K IR ACFCP12 JL M 4 fith 95 N HL R,
TN 11.67 kD, 258 5 (pl )l 4.2, 22 Expasy

( http://www.expasy.ch/prosite ) Tl AcFCP12
W5 SRR —A LT Bigh -4 (chitin-bind-4)
SR B R 2 K 2R B 8 B (hittp://
bioinformatics2.biol.uoa.gr/cuticleDB/hmmfind fo
rm.jsp ) 4T RR1 Fl RR2 R HERM, 4558 8
7% ACFCP12 5 RR1 JEFF Y Hext E ok 4x107°°,
5 RR2 BT E {H A 0.000 26, £
ACFCP12 J:[H J& T CPR Z %) RR1 K% (&
1), MNZ#RFEFHEH (Iconomidou et al., 2005 ) .
Wk NCBI Kr &I N3k AcFCP12 HHSIEMH
HA Py Fp i RIS U5 o A Clustalx X AP
ST Z P H oA, Wl 2 R, FCP12 &
HTEE R BA RSP IYTS] YNYGYELSNGQ+
QESAELV+GTENEALAVR+GSYSWV+YTVNY
VADEN+GFHPQGEHLP, “+” F/nA LRIt
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RR1 motif YkysfetsdgssagesgqlkasgtgeeainvrGsfsfvspdGet. ysvnYvADENGYQPqGaHLP E =4x107°
Y y++e stgtstqe 1 + gt++eat vrGs+stvip  t y+vnYvADENG++P+G+HLP
AcFCP12 YRYAYELSNGQSHQEVAELVNEGTENEALTVRGSYSWVEPQSNTvYTVNYVADENGFHPVGEHLP
* % % * % * ok Kk % sk ok ok ok ok kokik %
RR2 motif eeyDphPqYsfaYdvgDs1sGDsKsqv. . ..EeRdGDvvkGeYslidaDG. yrRiveYtaDdvnGFnAvvrrep E =0.000 26
+ Y++a¥Y+ s +++ +++ e + vtG Ys ++ ++ +v+Y aD+ nGF v ++ p
ACcFCP12  SDNIGLGGYRYAYELSNGQSHQEVAELvnegTENEALTVRGSYSWVEPQSnTVYTVNYVADE-NGFHPVGEHLP

B 1 AcFCP12 ZEH %% RR1 71 RR2 £ & il
Fig. 1 RR1and RR2 motif prediction in ACFCP12 protein sequences
S FOREET PR E IR, AL ERR ST SRR, 5 RN RIS R

* indicate conserved amino acids in the motif, red indicates amino acids consistent
with the motif, + indicates the same type of amino acid.

ObiFCP12  ~-—-----mmmm e 81
01iFCP12 81
EmeFCP12 83
BvaFCP12 81
BimFCP12 81
AceFCP12  =-==m=me———e—a 81
AceFCP - 81
AmeFCP12 81
AdoFCP12 99
AfIFCP12.1 99
AfIFCP12.2 81
AdoFCP12.2 - 81
DnoFCP1 2 82
BvoFCPI2  ~---rmmmmmmmee ¢ 81
BbiFCP12 r—=mmmse—ata N 81
BimFCP12 ==e=meccccee=- 81
AdoSgAbd6 77
Afl SgAbd6 79
AecFCP12 87
ObiFCP12 106
OLiFCP12 106
EmeFCP12 108
BvaFCP12 106
BimFCP12 106
AceFCP12 106
AceFCP { 179
AmeFCP12 J 106
AdoFCP12.1 J 124
AfIFCP12.1 124
AfIFCP12.2 106
AdoFCP12.2 106
DnoFCP12 ‘. 107
BvoFCP12 i 107
BbiFCP12 | 107
BimFCP12 | 107
AdoSgAbd6 W 101
AflSgAbdé ,a 103
AecFCP12 23 113

B2 HEEE ACFCP12 £EF LT
Fig. 2 Comparison of multiple sequences of AcCFCP12 in the Apis cerana cerana

AHIF B IR P AN A AR, A RNE (LR R BON IR = 0
The same amino acid sites is indicated by the red. The yellow and blue sections show more conserved amino acids.
Obi: £IME#R% Osmia bicornis bicornis; Oli: % (4 S dl B21% Osmia lignaria; Eme: A& VP4EF 2 {E1% Eufriesea mexicana;
Bva: K5 Bombus vancouverensis nearcticus; Bim: 2 A< #FAE% Bombus impatiens; Ace: H1E% ¥ Apis cerana;
Ame: PYiJ7# % Apismellifera; Ado: K## Apisdorsata; Afl: /N Apisflorea; Dno: #t[%)% Dufourea
novaeangliae; Bvo: &7/l A& Bombus vosnesenskii; Bbi: AE#% Bombus bifarius; Aec: M- Acromyrmex echinatior.

iR T A b PR AN B, T RIZR IR AL BT X ) il
th—FU IR . Hh YNY B TErh A g |

VO REERVNER ) YRY, LAVR #l
PQGEH WFTEL M, LZHE ¥ N LTVR Fl
PVGEH,, iX #6733 {h /R 46 i FCP12 BARENIRST
AfEDfe LIRS LT B HAfEE 2R

2.2 ACFCP12EHE7E CSBV BB/ A 1E

I FH S 585 22 £ PCR A6l AcCFCP12 7 J%
Y CSBV i85 e gy AU P I 5% SR I, I3
SERG I e g R CSBV i 75 1Y 45 14 78 1 4
VPL AEXTFRIA L, [t CSBV J MY 5E
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Ko G5 RER, VPLIEEY: CSBV 4l dip
RERER (& 3. A) , i CSBV E#HE
B G he L L, IR AER I, [RIAT,
ACFCP12 i 57K -7 CSBV J&kt 24 h i} i
= CK

CSBV
2500 | s Hkok

2000 |- T

1 500-
20

1.5

1.0
05 r
0 . \

3000 A _***

ki

/

VPI BAHXT %

Relative expression of VPI

24 48
fiflE] (h) Time (h)

T 86%, TE CSBV /&Yt 48 h By FI# T 40% (&
3. B) , %M AcFCP12 LA 7E/& YL CSBV Jk#
(41 L SRR T, HEDN CSBYV i B 172 Gy
Al BEZE S ACFCP12 JEH 1 R %55,

o 151 B  CK
Ny CSBV *%
O
H%ﬂ% *%
I 1.0F
4= ©
< g
.o
£ T
~ &
& 805
52
< 3
E T
0

24 48
AffE] (h) Time (h)

3 QRT-PCR #&il] CSBV A& 4h AR R1ESR (A) F0
CSBV BT ACFCP12 EHREEL RIENHERTER (B)
Fig. 3 Detection of CSBV infection by gRT-PCR on Apis cerana cerana larvae (A) and transcription of
AcFCP12 in Apis cerana cerana larvae before and after CSBV infection (B)
P P A AR s A LA R SRR IR PIZE] 22 5 3 (*P<0.05; ** P<0.01; ***P<0.001) . [ 7 [Fl.
The data in the figure are mean+SE. The asterisk above the bar indicates significant differences between the
two groups by t-test (*P<0.05; ** P<0.01; ***P<0.001). The same for Fig.7.

2.3 AcFCPL2 EE¥ R FEZFIEHEHHBE

Phrhiggf i cDNA AR Y 1S AcFCP12
I, 45 281 bp ZEA WAL F B, FEVIR IRl
H Y A BE L #6147 pMD19-T o Bk 434 2 31544k
I pMD19-T-AcFCP12 (81 4: A, B) .
P E 4 Tk e pET28a FURLE A 7 XU J= Ml H
MR B, JFibfTiEs: . ik, It pET28a-
AcFCP12 (K 4. C, D) . fw)m, ¥HFEAKY
FF I #IA H bk Rosetta ( DE3) , TG4 H 407
H5 FRIRTE

24 FTHEHR AcFCP12 R EEHERK
B H &

SDS-PAGE #53 iR, iFFRIEHZ 12 kD
MEHE M. XEHAFEA AcFCP12 #HT K&
T, FIHGEMZFrE S 4 A=A (F 5.
A) o Kalife)s AR PR R S B B
PE/INER DA 28 AH Y 1 2 s diiR,, LL AcFCPI12
aifb s E OV IR, FIA Western blotting

Xl £ 14 22 SEREDUIAR NS S P EREA T IR, 22 RS
PR BENS 1 2 38 1 A 5 B B — HL L 0 25
(5. B) , RMZZ sebEhuis] & sh B
PUR RS PRy

25 RNA Fii#g# AcFCP12 3 CSBV &
Egiop A

WS AcCFCP12 JLK1E CSBV Wi
RGBT IVERT, ¥ ACFCP12 3L 5 L4440 ki
PR EIA (B 6: C) , ARG
FFE HT115 Bz 4, H IPTG #1715 5%
k. WK 6 (D) FiR, dsACFCP12 iS5k
Iy, i E XGE RNA W, #2208 1.0, 1.5 Al
2.0 pg MEEgE 2 Hig%h A, i#id qRT-RCR Xf
AP RNA TG AcCFCP12 H5E sk ikt T
R, G55 R, X2l TS dSRNA VR 2.0 pg,
ACFRISHE] R 24 h i, SEER4H dsACFCP12 24 Hifk
N AcFCP12 J:[H ()15 & 5 X HRZ] dsEGFP 4
LR E T (E7: A), R dsAcFCP12 i,
44l diiAk Ny ACFCP12 R 1363k .
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Bbp M 1 2

cbp M 1 2

Ab M1 2 3 pDbp M 1 2

2 000

2 000
1000
750

1 000
500 250
100

250
100

4 AcFCP12 [Riz3RiA H A Ry R 36k
Fig. 4 Construction and verification of AcFCP12 prokaryotic expression vector
A. pMD19-T-AcFCP12 # & 4 #:, M: 2000 DNA marker; 1: BHIEEEY 1%, 2. pMD19-T-AcFCP12 & PCR;
3. pMD19-T-AcFCP12 [fiki PCR; B. pMD19-T- AcFCP12 X143 , M: L-DS™5000 marker; 1: pMD19-T- AcCFCP12
JFki; 2: pMDI19-T- ACFCP12 Fiki Y] ; C. pET28a-AcFCP12 Z /A HYH#:, M. 2000 DNA marker;
1. pET28a-AcFCP12-TOP10 ® ¥k PCR; 2: pET28a-AcFCP12 Jfifii PCR; D. pET28a-AcFCP12 XU B4,
M: L-DS™5000 marker; 1: pET28a-AcFCP12 [fiki; 2: pET28a-AcFCP12 ik SUEH]

A. Construction of pMD19-T-AcFCP12 vector, M: 2000 DNA marker; 1: Target gene amplification; 2: pMD19-T-AcFCP12
bacterial PCR; 3: pMD19-T-AcFCP12 plasmid PCR; B. Detection of pMD19-T- ACFCP12 by double enzyme digestion,
M: L-DS™5000 marker; 1: pMD19-T- AcFCP12 plasmid; 2: pMD19-T-AcFCP12 double enzyme digestion;

C. Construction of pET28a-AcFCP12 vector, M: 2000 DNA marker; 1: pET28a-AcFCP12-TOP10 bacterial PCR;

2: pET28a-AcFCP12 plasmid PCR; D. Detection of pET28a-AcFCP12 by double enzyme digestion,
M: L-DS™5000 marker; 1: pET28a-AcFCP12 plasmid; 2: pET28a-AcFCP12 double enzyme digestion.

TS AT, i 1k 1) v A 2 e 36 17 3R 1 ACFCP12
LR, dsAcFCP12 FEH L W FE AW B & B,

eI T ¥ 50k, 85T RNAI AbB 5 CSBV
SR BRI I . QRT-PCR 4

TEME4h g 24 h 5, ACFCP12 Hisc il 7 Rl
ik, FIHT 65% (P<0.01) (K 7: A), 5
AT CSBV R EE YL, 5N dsAcFCP12 11y
AR, CSBV TR 24 h BTy VPL HE K
FIR BN T 33% (P<0.05) , CSBV Jia:/EYL
48 h I VPL JEPH RIS T 70%( P<0.001 )
(E7: B) o iR ACFCP12 JE [ i ik
XA 24 h TIE T 48% (P<0.01) ,
48 h FiH T 53% (P<0.001) (B 7: C), Kim
g AcCFCP12 JEH M T H{EHE T CSBV JWHEY
HIFH .

3“5
XS CSBV iR Y Hh e &y HUPE Sl ik

AcFCP12 3£ [XJ& T CPR ZKJ%EHY RR1 WK%, A

H—NILT RS G 4 4505, Uil AcFCP12 )y
HAESEGILT RGERM R E R E T . R

CSBV ¥ 8 A & H e 4l 3 KO R B0, TRk

Yt CSBV J5 ACFCP12 Sl N Ea%, %3

AHEZ 5 T CSBV Jiaf i,
AR5 1 BT B ACFCPL2 g 385 |4,

PLrhigeali i cDNA SR E T34 , 2015 H i
PR Bt, Mt RsEIAR, FFRILH 12kD

AAMEHEH, #id Western blotting F ik
AcFCP12 W RIAMI). PLaifbiy i 4 & H 1
P e S RN B, R A L 22 5 RE TR
anti-AcFCP12,

TEX] PO IR i g U S D0, A Rk
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5 AcFCP12 EHEBMRIER ZREHMERIEN
Fig. 5 Expression of recombinant protein AcFCP12
and detection of polyclonal antibody

A. AcFCP12 H 3 F YR IEMLEALRY SDS-PAGE, M:
W ALY 1 marker; 1: pET28a-Rosetta 253 K 4 IPTG
i#%S; 2. pET28a-Rosetta 25# % IPTG 55
3. pET28a-AcFCP12-Rosetta K4 IPTG i F;
4. pET28a-AcFCP12-Rosetta £ IPTG if55; 5: AcFCP12
B\ E AL ;B. ZEPIIAN Western blot %E, M:
Western protein marker; 1: Anti-AcFCP12-M 5 AcFCP12
HHAH AR
A. Expression and purification of the recombinant

AcFCP12 detected by SDS-PAGE, M: Pretained protein
marker; 1: pET28a-Rosetta uninduced by IPTG;

2: pET28a-Rosetta induced by IPTG;
3: PET28a-AcFCP12-Rosetta uninduced by IPTG;
4. pET28a-AcFCP12-Rosetta induced by IPTG;
5: Purification of recombinant protein AcFCP12;
B. Western blotting of polyclonal autibody, M: Western

protein marker; 1: Anti- AcFCP12-M serum immuno
hybrided with the recombinant AcFCP12.

CSBV [1)4)y HFifi 4555 B O FF 21551 , ACFCP12 3
RIS NI, FBA L) 3R e R L
ACFCP12 [ s F5 il e A% B I IR Rk i Hr 2
T, X 5 Han %5 (2013 ) BT 4552 —30, 4R,
HEM T % AcFCP12 JE [H ) 215 , BE#E- T2 CSBV
B AT AR I ARSI A . Rk, A
WEFEFHBEE RNA k4K L4440 I3RS T
ACFCP12 [f) dsRNA, R RNA THL L IR RN
ACFCP12 #:H T 2 J5 , CSBV Jiagxf T g4l
IR B DL S AR N BT O . AABFR S5
LIEESE (2019) AYXUEE RNA T2 4t Ak

JrEE, WiE T dsACFCP12 7E4 AN T &
%, {E dsRNA ¥KJEFH 2.0 pg, THHHEIA 24 h
I RE e AR PR AIC ACFCP12 JEH 5 % ix
LGS CSBV JHEE, i3 qRT-PCR A% 7%
FIEEFES L L) . ACFCP12 iRk, 45 REM,
SXTRRAMIL, Y CSBV R 24 h )5, LI
ZH 1Y VPL S R AR Rk 1 i & 3, 1T ACFCP12
HERFREBE T, WA T AcFCP12 3
IR AN CSBV JR2F , i 08 4 L {2 /95 75
X A R R R . SR, B E AT IR, YRR
FREAMDIBE I ZH > gkl (2020 ) XFxT
HRHUON B & AR AU R 3R 1 A e Sl B &
B 12 DNRCER A FCP12 like Fik i i
ERTHURR R Sun % (2020) WFSERIEOR K
Spodoptera litura Fabricius %1 0 -£r d 347
SRIYIE R, KR 9O At i TR SR
WS LE, Hoh FCP i 1.5 £i%5 . Zhao %( 2020 )
Tz F 1 AR A RN 3k 2 B AR R
0T v AR e DY 0 ) 43 RO B
17 TR0, R BLER B 8 e TR i v (R e sk o1
e T, REEA (CP) fER R4ERIES
FHCAE S T b B 2 OGRS S5, 2020,
TS, 2021) , REEFIEFREL TR
HOE A R 0 Al ) fURR v % AR AR A, il g
RNAi T4 A8 i 3 i 25 111 CPR 4% AccCPR2
LR P FIRBEAR T LA AL BE I 16 4, 5 LR UAR
AAbIG. KAk, Rk AccCPR2 HiR#AK T Hi e
HIEIBIZGTE (Tanetal., 2022)
FEEMAM RR1 G FES 5 M R

JZHEE ( Karouzouet et al., 2007 ) . B H A%
(2018 ) XJ#E7% Antheraea pernyi RR1 V%% iz
3 ApCP12 5 ApCP23 IHF 9T 45 51 s
ApCP12 il ApCP23 74 HUHH L #R AU R iz Hr (1) %
RSP TR, T AL IS TR A Y B B
Fk i N, PR Y) R EE CSBY B S
T SR 2 4 R R T AR IR, M4l ik A E
TR, T A BHOCIE IE R AL, S
R0 BE ORI R AR RAEBRIH R 2,
RWABKRIEIL, TR AR L RARZE R (T2
i, 2021) .



- 1774 - R B H1 244 Chinese Journal of Applied Entomology 60 %

AbpM 1 23 Bbp M 1 2 Cbp M I 2 Dbp M 1 2

2000
2 000
2 000 1 008 1 ggg
75
1000 500 500
@0
250
250 250 100
100 100

6 I L4440- ACFCP12 EHEH K
Fig. 6 Construction of L4440- AcFCP12 recombinant vector
AJFORIOBEEY), M: 2000 DNA marker; 1: pMDI19-T-AcFCP12 Frki Wt ; 2. L4440 Fiki;
3. L4440 FURLXUAEY]; B. L4440-AcFCP12 #ARAHIEE, M: 2000 DNA marker; 1: L4440-AcFCP12 & PCR;
2: L4440-AcFCP12 [Fi%i PCR; C. L4440-AcFCP12 # /A iy X EE A6, M: L-DS™5000 marker;
1: L4440-AcFCP12 Jfiki; 2: L4440-AcFCP12 S W iiHl; D. dsACFCP12 421K, 1. $EHUM A f# H DNase I

RNaseA 71t RNA; 2: ffi /] DNasel 1 RNaseA {HfLJ5 ) RNA,

A. Plasmid double digestion, M: 2000 DNA marker; 1: pMD19-T-AcFCP12 double enzyme digestion; 2: L4440 plasmid;
3: L4440 double enzyme digestion; B. Construction of L4440-AcFCP12 vector, M: 2000 DNA marker; 1: L4440-AcFCP12
bacterial PCR; 2: L4440-AcFCP12 plasmid PCR; C. Detection of L4440-AcFCP12 by double enzyme digestion,

M: L-DS™5000 marker; 1: L4440-AcFCP12 plasmid; 2: L4440-AcFCP12 double enzyme digestion; D. Extraction of
dsAcFCP12, 1: RNA without digestion by DNase or RNase A; 2: RNA digestion by DNase and RNase A.
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Fig. 7 Transcription levels of AcFCP12 and changes of transcription levels of VP1 and
AcFCP12 in larvae fed with CSBV after ACFCP12 gene intervention

A. AcFCP12 BT )5 AcFCP12 %% 5K F-; B. AcFCP12 3£ [H T ¥ J5 IR & CSBV i 5 FHd 4l A )y VP1
FSRACF TS B C. ACFCPI12 JE KI5 U £ CSBV Ji 2 4l U Iy ACFCP12 5 St /K PR L i
A. Transcription levels of ACFCP12 after ACFCP12 gene intervention;

B. Changes of VPL1 transcription level in larvae fed with CSBV virus after ACFCP12 gene intervention; C. Changes of
ACFCP12 transcription level in larvae fed with CSBV virus after ACFCP12 gene intervention.
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Hhig R CSBV 5%/ ACFCP12 (1) FiH Al fig 5
I HUBTR B A A A K RIS SR T IR A
S3HT FCP12 1 rh AR5 i FI VG Jy 8 e 4y HUAN ] &
By BBk K A 2R A ) 4 A S
CSBV JR#MMEMEM LR, #—LH%
AcFCP12 £ CSBV {2 YR #4325 44T it # v
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