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o7 ke BEL# g 2 (0 52 I S5, AnBIR s 2K L A
H’Q{Eﬁ:# Brol, R H AT B9 1 T AAR AR
WX C IS T SR, SRTTAHXT FX
B TR, W AE AU T T A4 B AL
AIBEARATIIR B =

KAx(Bombyx mori) e EEINATFRE, Wik
TG — B Al R R E LR, Hh
JEUAG B M B e o 3 o M o S A R 5 ik
s PR i, R A A% R £ AR A B (Bombyx mori
nucleopolyhedrovirus, BmNPV)J& TR 51—
f, RIIZBIOFZEE AT, HXAPIRA 1
WHFE IR K U T A M o A WFFE A B TR A
B35 T —2 5 BmNPV 2 YA 115 £,
un Rg Wi B (Bmlipase-1) . %2 % R & 11 & (serine
protease) .caspase-1 .BmREEPa .BmAtlastin-n 2,
ACHIFATE B, ARG AT L) LEF-11 3f¥
i “E A ATP [iff ATAD3A LUEHE B 5 952 il 35,
JRAEANE R 2 5 G P 28 5 T 1) B 5 48 [ (heat
shock protein, HSP)#{#ftiEZ 5 T BmNPV {Z 4%
e NSO AN ANT(TD0 e w8 i 0 N N A DT
FIRUE, X H AR FIAL G A A b7 2 AR 0 B
JERiT FIAITSE R I R ST M (Spodoptera firugiperda)
IR TEEE 1 hse70 FEH (Heat shock cognate 70)
TEH A5 B 8UTR K B £ A K B (Autographa

californica multicapsid  nucleopolyhedrovirus,
AcMNPV)EYL 5 F ik b2 EIU KA hse70

FEN A FRTEIEY BmNPV Jo o 2stigami™ ) {56
hsc70 FEFATHES 5 T NPV Bysfs Fadad e, [F
B, B AR KR A hse70-4 FEH (Heat shock
cognate 70-4)11% 5 T BmNPV {24 #2217, {H
HAE YL A

A AR A R 82 1 HSCT70-4 S5 xT
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%, BWIXHAE BmNPV 2R At s ag s
BE SR EEMLE], TSR TS 32 5% B AR LA A
143 F SRR A — 2 A BRI A3

1 AR A7 %

1.1 #8

% OO M & (BmN-SWUI) fil & 4
BmNPV %5 55 (v39KP™-EGFP) 1 48 5216 2+ £ 1l
RFF o
1.2 EEFFI5H

15 A NCBI(National Center for Biotechnology
Information)7£ 2k BLAST Ffy Fb Xt , 3 MK dis 22 b
N EARNAYEE B 41 . A BioEdit # i T2
AN EEXT, FR 25 Sl 1 GeneDoc #44i H .
1.3 ZHIEIR ARG

1E 27 °C 00T, I 10% (VIR 4 LT Y
TC-100 [ Hu 3% 5% k48 I 55 95 5 42 09 5L 40 i &
BmN-SWU1 . 4fi fg %% 441X 5 & tremeGENE HP
DNA Transfection Reagent(Roche), il fifif% YeiafE
Pl BT
14 BiEHE

WHE 2N e A5 BT B S B AR R 5
Yy, Horb TR R Rk A 8 5 | W S A Rz A
YA (R 1) plZ/V5-His 34K TR 3L o 5=
KOk, AN FT IR EE ) CRISPR/Cas9 % 5L A
3% AR ™ P A S I R BB TR
L5 FSMESAMMRAT

e gy B Bk 4R IG 5% 48 h s, WRBRIG
FrEk, TEEHMT (@ W) T 15 cm 4RSS 4 min, ¥
INREFRIE, HRLEREFE 24 h, FATFIREEHHT.
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Table 1.

AiRIGFT A 5149

Primers used in this study

Primer names

Primer sequences (5'—3")

plZ/V5-HA-Bmhsc70-4-F
plZ/V5-HA-Bmhsc70-4-R
plZ/V5-Flag-Bmiap-F
plZ/V5-Flag-Bmiap-R
Knockdown-Bmhsc70-4-F
Knockdown-Bmhsc70-4-R
Bmiap-qRT-PCR-F
Bmiap-qRT-PCR-R
Bmhsc70-4-qRT-PCR-F
Bmhsc70-4-qRT-PCR-R

CCGCTCGAGATGTACCCATACGATGTTCCAGATTACGCTGCAAAAGCACCCGC
CTAGTCTAGATTAAGCGTAATCTGGAACATCGTATGGGTAATCGACCTCCTCGATGGT
CGCGGATCCATGGACTACAAAGACGATGACGACAAGGAGTTGACGAAAGTTGCTA
CCGCTCGAGTCACTTGTCGTCATCGTCTTTGTAGTCCGAGAAGTAGAGCCGCACCGCA
AAGTGAAACTGCCGAAGCTTATCT

AAACAGATAAGCTTCGGCAGTTTC

CCTTAGTGACTCCTGCTTTACGAA

TAGAAACTTGCAAATGGCTTGTG

GGCTTACGAAAATGAAGGAAACT

GCATCTTTTGTGGCTTGTCTTT

vp39-qRT-PCR-F CTAATGCCCGTGGGTATGG
vp39-qRT-PCR-R TTGATGAGGTGGCTGTTGC
sw22934-qRT-PCR-F TTCGTACTGGCTCTTCTCGT

sw22934-qRT-PCR-R CAAAGTTGATAGCAATTCCCT

1.6 Caspase J5& AN

Caspase i P£ # U | A1 Caspase-Glo9 #il
Caspase-Glo3/7 57| & (Promega)ilf1 7, EFLIN 100 uL
Caspase-Glo9 5% 3/7 TAEM, B MHEMER 3K,
37 °C HEOEHFE 1 h, RG2S bR SR
Caspase-9 F 3/7 B934
L7 SRR

TEZ AR T ] PBS 23k HARAHML 2 YK (5 min/
W), RGN 4%Z KRR EE 15 min;
PBST [a] F# ¥k 5 (6 min/K); M 0.1%
TritonX-100 ¥ % 10 min; A PBST #¥k(F F)),
IMAE PR (10%F- ML 3% BSA)T 37 °C &[]
1 h; A 1:500 R —HT(HA HLiksl FLAG $it
&, Sigma)F 37 °C fHIREMFE 1 h; Fi PBST #£4%
JiFUE 5 (6 min/IR); LA 1:1000 FiRER) —Hi (G
ZR)F 37°C THIEME 1 h; N A DAPT Yk (34
= R)FEIRYLE 10 min; F PBST #2358 5 ¥ (6 min/
W); KA Bk, HEAH M A e 2 R i
R IR, R B (Olympus) T AL .

1.8 Gt UTE )2 Western blotting

B H TR 48 h 5 4NN, R 73518
fil, M PBSY§VE238; MA 1 mL IP 2RI E T
UK _E 240 3-5 min; KR P RO AL RS 2 1.5 mL
FRTES OV (T2 ) R 2447 30 min ;4 °C ¥ ES.C> 15 min,
14000xg; #4 Fig 7 3 4. (1) B 80 pL AE A
EFRESL, A 20 pL 5xSDS-PAGE &[4 FFEZE
Mk K 10 min, (2) B 400 pL, fiIA 3 pL /)
B 1gG AE AT HR, (3) 4 EIEMA 3 uL FLAG
SPUE R, VKB E % ; B 70 uL protein
(A+G)M 1 mL IP RFWPE 1 ¥, 4 °C B.0» 5 min,
3000xg; KX 2T Ko S 6 2H A i 43 1) Jan 810 5% iz F1)
protein (A+G)H', vKIEIEE 3-5 h; H 1P 2R H0H
Pk 3 (500 uL/AK), F 4°C .0 5min, 3000xg,
FEIR W TERE SR R 40 uL () TP 24 IFT 10 pL
MIEE I EAEZE MR, WKW 10 min, AT T —4
53T

W B RE I EIRE S L IR 4T SDS-PAGE,
VAR KN o3 B RV BE 250 5% 12%; HLIK
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SRR A TEEIE, T 200 mA, WRIEEAS TR
e 5L R] ;. SR)5, #% PVDF JEi S8 1 3 ]
W, =WRMFE 3 h; 8 PVDF S A Eb 6 )
—PiR R, 4 °C BRI =, A IxTBST
28 MR IR VE 4-5 R (8-10 min/iR), 4 PVDF Jiik
NAHNE LB —hiis B, E Lhy L LA
WHUEE IR, A BCL & 1T i k% .

1.9 % ER PCR (QRT-PCR)

A 58 BT R 4 iTaq™ Universal SYBR®
Green Supermix(Bio-Rad), #% Ui 451 T#4E
qRT-PCR JZ W A2 5 41°F : 95 °C 4 min; 95 °C 15 s,
60 °C 31 s, 40 MBI ; ¥ #h 2 S0 2140
95°C 15s; 60°C20s; 95°C 155, K FEHE

B RERE T 4A (XE|EF RIS sw22934)
ERNSIEH, 51PEE0E 1.

2 ERAAMN

2.1 Bmhsc70-4 BHFH 547

i 3 K R e BEARAT T Bmhsc70-4 FE R )
cDNA J#41, HIFH [ EHE(open reading frame,
ORF)2Jy 1950 bp, 4 649 N2 FEMR , Bl
Hor 820 71 kDa, 735l RIS A . RIS R
(Drosophila melanogaster) . 2R K (Spodoptera
litura) FN% ¥ (Apis mellifera)ft) HSC70-4 [A] )55 1
AR T O b, S55RER Bmhsc70-4 FERAE
E b BA RS RSP (R 1),

E 1. FRIHE HSC70-4 EQFFIHTEEXT

Figure 1.

Multiple sequence alignment of HSC70-4 proteins among different insects. Bm: Bombyx mori

(NP_001036892.1); Dm: Drosophila melanogaster (AGB95967.1); Sl: Spodoptera litura (ADK55518.1); Am: Apis

mellifera (XP_001650298.2).
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2.2 Bmhsc70-4 EE% BmNPV H458 5200

N T 5L Bmhsc70-4 3£H 5 BmNPV i?ﬁz
B¢ &, AT E EX BmNPV 2 4§ K
BmN-SWU1 #il i) Bmhsc70-4 3 [F B 5 5E ?E
frorhre iR En, W& BmNPV (I 5H ,
Bmhsc70-4 JER 5 BB T (B 2-A), Jyik
—BHRIE Bmhsc70-4 3L 7E BmNPV 34 58 1 Fi v
HEhRE, TR BmNPV {2429l ek 8k il
K4 Bmhsc70-4 3K (18] 2-B)Jii i BmN-SWU1 4 iy,
HXFFARIFEE Vp39 SEH I Feak i LA TR 25
R BRI Bmhsc70-4 LR GEVE FEL Vp39 FEIH
FVRFRIK, MR Bmhsc70-4 3L 5, BEAELE Vp39
FEP T KK 2-C. 2-D), £B Bmhsc70-4
HBEUS AL E BmNPV ({365

2.3 Bmhsc70-4 FRX R BT TR H
20 it 0 T B R ) e R B I A

(A 207 o (B)
= %k
-% ~ L5
§ < sk *
%E 1.0 -
o =
Z 205}
S
o
0.0
0 12 24 48 72
t/h
© 400 , (D)
N mm pl/ZV5His
3 300 F83 Bmhsc70-4-plZV5His
£ 200
% %k
o
£ 100 I|_|
5
£ .
E 0
& 0 12 24 48 72
t/h
2.
Figure 2.

R RPPAR S E S T AR T i e,
N T BAIE Bmhsc70-4 FERNTEZ A A A A T2
g, 43517 BmN-SWUL 4 il v i & 7K B8 #i B
Bmhsc70-4 FEH 5, XF Caspase-9 Fl Caspase-3/7
AT PEEAT TR o Z5RR W, i RiK Bmhsc70-4
G, 4%5MEFES BmN-SWUL 4, k3
Caspase-9 Fl1 Caspase-3/7 3% P45 %) BEAH HL 3 g
F AR B Bmhsc70-4 FHJG Caspase-9 Fil
Caspase-3/7 R EE SR T o= (Kl 3), 1 HH
Bmhsc70-4 FENTEZ A A A BT T IhRE.
2.4 BmHSC70-4 71 BmIAP A E/EALE
58 2 I 5K A W T R L L (Bombyx mori
inhibitor apoptosis, Bmiap)1EZ #x AiMeH HAT B
BT TAEIRY, T U BmHSC70-4 HUYH
TARMZ AR R R, W EIF RIS T Bmhsc70-4
FEH (FBl5 HA $325)F1 Bmiap R[H (B4 FLAG 3

WT: GAAAATGAAGGAAACTGCCGAAGCTTATCTTGGCAAAA

M1: GAAAAT
M2: GAAAATGAAGGAAACTGCCGAAG

Relative expression of Vp39

TCTCGGCAAAA
TCTCGGCAAAA

300 o pIzV5His
3 Bmhsc70-4-psll1 180

200
I

*3%

100

10
0
0 12 24 48 72
t/h

Bmhsc70-4 B [E ¥ BmNPV 1EIE ) 201
Effect of Bmhsc70-4 gene on BmNPV proliferation. Statistically significant differences: ** P<0.01. A:

Expression analysis of Bmhsc70-4 gene during BmNPV infection. B: DNA sequencing analysis of the
CRISPR/Cas9 target sites. WT: wild-type; M: mutation. C: Effect of overexpression of Bmhsc70-4 gene on BmNPV
proliferation. D: Effect of knockdown of Bmhsc70-4 gene on BmNPYV proliferation.

http://journals.im.ac.cn/actamicrocn
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(A 15¢ B) 200f
. R 2
E dk E 150+ I
'§ 10 + 8
o S 100}
2 2
% T 2 sol
S S
0 . 0 .
plZV5His  Bmhsc70-4-pIZV5His plZV5His  Bmhsc70-4-pIZV5His
(C) 100 (D) 600 -
>
280} *+ £
3 2400f
5 60f e
b «@
2 40 2
g g 200 -
2 201 g
© S
0 . 0 .
psl1180 Bmhsc70-4-psi1180 psl1180 Bmbhsc70-4-psl1180

B 3. SdFTIAFIEFR Bmhsc70-4 ZFE 3T Caspase i& 14£H) £ 0

Figure 3. Effects of overexpression and knockdown of Bmhsc70-4 gene on caspase activity. Statistically
significant differences: ** P<0.01. A: Effect of overexpression of Bmhsc70-4 gene on caspase-9 activity. B: Effect
of overexpression of Bmhsc70-4 gene on caspase-3/7 activity. C: Effect of knockdown of Bmhsc70-4 gene on
caspase-9 activity. D: Effect of knockdown of Bmhsc70-4 gene on caspase-3/7 activity.

Boym ik Rk ok, PEWA R ERAMM KR, AL B WA SR RS
BmN-SWU1, /&% BmNPV 48 h J5 i1 16%50t  BmN-SWUIL 4, F /&4 BmNPV 48 h J5 /i1t
0T o DEHE M AR R BmHSCT70-4 FEHBERE S LUiE st . 45 R B A HA Ml FLAG $itik
5 BmIAP & FHEN T AL B b (B4-A). 8 THF #RRE B8 4G DU 2 AH B A Ak (K 4-B), R

— 4 BmHSC70-4 2 [ Fl BmIAP 45 [ Z [A] /Y BmHSC70-4 il BmIAP Z [a)f£AEAH B AE A o

(A) DAPI HA FLAG Merge

BmHSC70-4-HA &
BmIAP-FLAG

(B) BmHSC70-4-HA & BmIAP-FLAG
Input I2G a-FLAG

— D
o-HA | (> -

4. GERAMGRELINIESH BmHSC70-4 71 BmIAP B9 E1EH
Figure 4. Immunofluorescence (A) and co-immunoprecipitation (B) analysis of the interaction between
BmHSC70-4 and BmIAP.

a-FLAG
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2.5 Bmhsc70-4 FHXT Bmiap FH VST

N TS HTHE BmNPV {2 4L 52 Ax 41 i 1Y
AR Bmhsc70-4 3£ X Bmiap 3K W JEEVE
4y 5 7€ BmN-SWUL 4 g o 2 3% 35 5 i PR
Bmhsc70-4 3£, SRIGKN Bmiap L i Fik 1
o G5 E/R, ERA BmNPV RYEMET,

Toi St Rk iL & m SR Bmhsc70-4 FER, X Bmiap
(A)_ 0.03
5} P=0.9176
—_

e
=)
)

=
(e}
—_

Relative expression of Bmi

<o
=
S

pIZV5His

Bmhsc70-4-plZV5His
Genes

(©) g 0.08 - 1715

O Bmhsc70-4-plZ Vig is

o
=
X

e

[

=
*

o
=]
l\)

Relative expression of Bmiaq

48

||
72

an ll
12

<o
=)
S

t/h

5. Bmiap EREKIEX i

Analysis of the relative expression profiles of Bmiap gene. Statistically significant differences:

Figure 5.

(B)

(D)

Relative expression of Bmiap

Relative expression of Bmtap

SER )RR BAT B (B 5-A . 5-B); MMifE
BmNPV {2 YL 5544~ , &2 3k Bmhsc70-4 3£ 5
B B RO (B 5-A) T R BR
Bmhsc70-4 KR I , Bmiap R 2635 5.2 FE (#
5-B), KUTE BmNPV {2 el FEf Bmhsc70-4 HEH
REMSAL I Bmiap KR BIFRIA

Bmiap

0.020 - P=0.3035

=
o
wn

=

(e

—_

[w]
T

e

=

S

W
T

<
=
S
S

psl1180 Bmhsc70-4-psl1180
Genes
r W s!!180
2 Bmhsc70-4-psi1180
0.03 - 5
0.02 - ok N
ok
0.01 -
0.00 ,
12 24 48 72
t/h
BESH

**P<0.01. A: Effect of overexpression of Bmhsc70-4 on Bmiap gene expression without BmNPV infection. B:

Effect of knockdown of Bmhsc70-4 on Bmiap gene expression without BmNPV infection. C: Effect of

overexpression of Bmhsc70-4 on Bmiap gene expression with BmNPV infection. D: Effect of knockdown of

Bmhsc70-4 on Bmiap gene expression with BmNPV infection.

3

PRI BE -5 1 EAH AR 0 20 AL A 58 .
A B R OB A (R, JEHE XT3 BBy

20 BRI BUR P IEE E - PR TN (heat
shock response, HSR)WEN—Fdn s Pk A HLIA L i
i XUL IBE ) BRI SRmG , vT LA SR TR
Vo FERPIRIR REIR Y AE AR, 25 3R

ALJ
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HEER R ERIE, SR FR A T8 50N
e A FE EANO R AR IPIE], R TR
AR EHIGTE, T EIRA RIS

A PRI K PR HSCT70-4
FWFTERT G, KBLFK A BmN-SWUIL 2 fifg 2% 4L
BmNPV J5, ik B ETH R, XU BmNPV (B
BT Bmhsc70-4 FEREL . RN, H3®RATEHR
ik Bmhsc70-4 25, GEREiE BmNPV (3574,
MR Bmhsc70-4 FEF N2 BmNPV 3851 ,
FKW] Bmhsc70-4 FEHARFREF] T BmNPV 1450,
Bmhsc70-4 25 (4 LR N W] RE C 8o 2 A o 30
TR 25 SRt — 2P UESE 19 B AT BEHE IR 5 1y 2204
R — P T AN A A EE e g

) AR S 28—, AR Tt mT AR A
S 17 32 A2 B0 BE AR Y S 0 — Bl RS N, T
R R TEE S5 T AT R, A
PR RATHEE R IR iR Bmhsc70-4 RERS 5T
R MM R AT, MRk Bmhsc70-4 FEHRE
B IME AT, R Bmhsc70-4 3k
PRLELA il A0 M R T PR A 145 3R S Kong 5%
PRI PN AR UK LA Hsp70 REAENT H,O,
FEFMEIE -5, Didelot % &3 HSPIOP
AEfS 5 c-IAP1 455 AR IE c-1AP1 (W B Bz KL
FEC, Zhang %% H HSPT2 EGSIHIL 1 XIAP
MEE A I A TR0, HIRIT Bmhsc70-4 FEH
T2 R TR AL, FRATTRSI 5 g T
HH Bmiap ZAIRIX R, 457 B8 BmHSC70-4
e 5 BmIAP 454, H Bmhsc70-4 FEHX} Bmiap
BRI EAREHEN . FATHENAE BmNPV
Ba%E 2 s R, BmHSC70-4 7 1 0] LLE i 5
BmIAP % 145G LAz ZAUREAR, dEmian b
6 FAM L AT, 9 BmNPV A4 5 il 5 5 f it
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ZAF. [FEE, FRATIE K BmHSC70-4 A1 BmIAP
R I A F A B, FRATTHEN BmHSC70-4
e A ML ST B B, TR AR A M Lok
AU T30 P B RIS 2 3R A 2 1 B A AR
L e ke EE RS 5 52 ), (H BmHSC70-4 &40
fuf 3 BmNPV I #4555 i — 2P 5% .
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Gene Hsc70-4 promotes the replication and proliferation of
Bombyx mori nucleopolyhedrovirus
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Abstract: [Objective] Heat shock response is an important cellular defense strategy to environmental stresses.
Identification of the function of heat shock protein in the process of baculovirus infection and revealing the
molecular mechanism of its role will provide a theoretical basis for understanding the molecular basis of host-virus
interaction. [Methods] Bmhsc70-4 gene was cloned by molecular cloning, and multiple sequence alignment was
performed with BioEdit and GeneDoc. The Bmhsc70-4 gene was overexpressed by eukaryotic expression and
knocked out by CRISPR/Cas9 gene editing system. The expression of the corresponding genes was detected by
quantitative real-time PCR. The effect of Bmhsc70-4 gene on apoptosis was determined by detecting the activity of
Caspase-9 and Caspase-3/7. The co-localization of BmHSC70-4 and BmIAP was verified by immunofluorescence,
and their interaction was further verified by immunoprecipitation. [Results] The open reading frame of Bmhsc70-4
gene was 1950 bp, encoding 649 amino acids and it was highly conserved among insects. Bmhsc70-4 gene was
up-regulated during BmNPV infection. Overexpression of Bmhsc70-4 gene could promote the proliferation of
BmNPYV, and knockout of Bmhsc70-4 gene inhibited the proliferation of BmNPYV, indicating that the expression of
Bmhsc70-4 gene was conducive to the proliferation of BmNPV. We confirmed that Bmhsc70-4 gene can inhibit the
apoptosis of silkworm cells. Immunofluorescence assay showed that BmHSC70-4 and BmIAP were co-localized in
the cytoplasm and immunocoprecipitation showed that they could interact with each other. Bmhsc70-4 gene could
promote the expression of Bmiap gene during BmNPV infection. [Conclusion] Bmhsc70-4 gene had the function of
inhibiting apoptosis of silkworm cells, and it could interact with BmIAP and promote BmNPV replication and
proliferation during the process of BmNPYV infecting silkworm cells.
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