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Abstract: [Objective] Bombyx mori nucleopolyhedrovirus (BmNPV) is one of the most serious
pathogens in sericulture. BmNPV infection blocked the cell cycle at G2/M phase in BmN-SWUI1 cells.
CyclinB is an important cyclin that regulates the transition from G2 phase to M phase of cell cycle.
Therefore, studying the changes of CyclinB after BmNPV infection is of great significance to elucidate
the mechanism of viral regulation of cell cycle and meanwhile, exploring the viral proteins interacting
with CyclinB during this process can provide molecular targets for the construction of transgenic strains
of Bombyx mori. [Methods| Quantitative real-time polymerase chain reaction (QRT-PCR) was used to
detect the expression of BmCyclinB after BmNPV infection. The localization change of BmCyclinB
after viral infection was observed by immunofluorescence and verified by cytoplasmic and nuclear
protein separation experiment. Co-immunoprecipitation was employed to catch the viral proteins that
interacted with BmCyclinB. The proportion of BmCyclinB into the nucleus was observed by knocking
down BmNPV |AP1 after BmNPV infection. [Results] The transcription level of BmCyclinB was
down-regulated after BmNPV infection and BmCyclinB was mainly located in cytoplasm before BmNPV
infection and in nucleus after infection. BmNPV infection of BmN-SWUI1 cells promoted the nuclear
accumulation of BmCyclinB. A total of 7 viral proteins interacting with BmCyclinB were identified. The
interaction between BmNPV IAP1 and BmCyclinB was confirmed by co-immunoprecipitation and cell
co-localization. The amount of BmCyclinB entering the nucleus was significantly reduced after BmNPV
IAP1 was knocked out during BmNPV infection. [Conclusion] BmNPV IAP1 can promote the

accumulation of BmCyclinB in the nucleus by interacting with BmCyclinB.

Keywords: Bombyx mori; Bombyx mori nucleopolyhedrovirus; cell cycle; CyclinB; cellular inhibitor of
apoptosis protein 1 (clAP1)
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ps11180-sgBmNPV iapl-Cas9-Flag Z% {444 4
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RNA 1 ug, RNase Free ddH,O #M2 %] 10 pL;
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15 min, PBST {5 ¥, LA 200 uL 1% Triton X-100,
Z IR Fifi%& 15 min, PBST iH¥E. 1 250 pL &
M (3% BSA, 10%-FIiiE, 90% PBS) 37 °C
#HM 1 he MMA—PL, 37°CH#EF 2h, PBSTiH
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Wk, BTHEY A, Wirbsid, ¥R /N
BUR SR b, EVOERERMET
pUEZS

AN O

1.7 AR EBRARRERS S

I 44 M A% B 1155 20 R R )
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Fan R, W —F Ry B, HR T
MR B R A R R o s, BAAD BRI
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48 h J&, Kramme ey, VTiEH A 1 mL IP
SR, VK RSN RE 30 min J5 U H 100 pL
FEAAVE R B R ARES . THER 2 TR LA,
W pric, 4 mA 50 uL Protein A #5EE,
J1%2 b PBST ¥Ei% 3 ¥ JIA 300 uL PBST,
2 ANBELESBIIMA 3 uL B/ IgG A1 3 pL
Flag(HA) /e iif, B EIEE 2 he #1258
b EBR B, 2 DEOE RSN 450 pL
RESL, BIEEIL FUEE 2 h, PBST VE 3 Wk, B
J& 2 AELAE TS RMA 100 uL 1P 2R
25 pL Sx#EF R MR, WK 10 min,
Tk T3 B8 b 2 4 ) B R R R B A AR Y
BLET, —80 °C RAFEA .
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KPR 3R, FFIR 20 s; YR (BNBREL 0.2 g\
FI % 75 pl 47K 100 mL)YL (4, BE 60 F 30 min;
HEAEK PR 3 R, BIR 20 s; B TGKERM
TRlREN 6 g. MR 8 mL. I 50 pL. 4fi/k
92 mL)¥ A, FLEE 55 5 AT LS AL
I (FEE S0 mL, KR 12 mL, 47K 38 mL)
ZAL R, EARTHEBERGERM .
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(E 1),
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BmCyclinB ZE#% K1 £

T 5% BmNPV %} BmCyclinB & {17 it 5
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ARI(E 2A F1 2B), HHIFLEYLAM, 48 h )5
INFEREAT RO LSS . SR BN, FERIER YL
SR EERXTHEZH R, BmCyclinB & v T 40 )it 5 ,
YR B )5 BmCyclinB @10 & A, 40 i i
AR A, H 3B e FAiEe (& 20).
HE—2¥5 435 BmCyclinB 1) 21 fifd 442 4b T 20 fifd Jox
s T G T, SRR, ARG
iF, BmCyclinB &0 F 40 A2 (5 kb 34.96%, &
P12 h I 41.70%, YL 24 h (5 50.76%,
&L 48 h 5 Fb 88.92%, /& YLk 7% 5 BmCyclinB
SE N T A0 B AZ P9 1) H 25 R (& 2D) .
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Figure 1 Effect of BmNPV infection on expression
of BmCyclinB. A: ¢gRT-PCR analysis of the
transcriptional level change of BmCyclinB during
BmNPV infection. *: P<0.05; **. P<0.01; ***:
P<0.001; ****: P<0.000 1.
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Fik, (BFEAMAZE A P ARKIIE] BmCyclinB £
(& 2E); semmdirh, 7E =& hims s
BmCyclinB HJZ5ik(F 2F), LA 4551568 BmNPV
J&YL BmN-SWU1 4ilfigfk BmCyclinB TR,
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Figure 2 Effect of BmNPV infection on localization of BmCyclinB. A: schematic diagram of vector
construction for overexpression of BmCyclinB; B: detection of expression efficiency after overexpression of
BmCyclinB; C: immunofluorescence analysis of the distribution of BmCyclinB during BmNPV infection; D:
statistical analysis of nucleoplasmic ratio of BmCyclinB during BmNPV infection; E: Western blotting
analysis of the distribution of BmCyclinB before BmNPV infection; F: Western blotting analysis of the
distribution of BmCyclinB after BmNPV infection 48 h. w represents whole cell lysates; c indicates the
cytoplasmic proteins; n shows the nuclear proteins. *: P<0.05; **: P<0.01.
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2.3 BmCyclinB E{EEB 71

T 5% BmNPV &4 BmN-SWU1 4 ffl {2
it BmCyclinB #Z N ZHLH, FIHEL W
vBm-BmCyclinB™ ¢ YL 4N, WedE & A ki1
PEFLYTTE LI, AR S VT IgG 2541 Fil 1P 2kaly
PEAT S . RN, SXTHE 1gG M,
vBm-BmCyclinB™ ¢ 5 4 2 F47 (Kl 3A). i
SPRES G R NENF, ks
5 BmCyclinB I HAERR R E LA 71, 4
W A SEE 1(BV/ODV-C42) . %5 67 M

£ 1 Co-IP 5% BmCyclinB E{fRiZFSER

BB 2 HE (Bmé67) . B PE B W& Wi (alkaline
nuclease, AN). T #Iifi|5 H (BmNPV IAP1),
18 A ez 5% % H F-(global transactivator, Gta),
55128 AT {52 HE (Pe38) FIZR 89 /N Tl 15 3%
HE(He65)(F% 1)t — %} BmCyclinB 5 BmNPV
IAP1 #4717 @ Mg, 453 /R, BmCyclinB
5 BmNPV IAP1 5@ 7 Tz Mg, i
FEEN T AR (E 3B). HE LT fl s
E[5 40 #r 45 S 8. 7%, BmCyclinB 5 BmNPV
IAP1 A Z [AIAF7E— & M B AR F (Bl 3C).

Table 1 The candidate viral proteins interacting with BmCyclinB by Co-IP
Protein ID Size/kDa Protein name Matches Score Protein functions
NP _047502.1 41.6 BV/ODV-C42 9(8) 231 Encoding BV and ODV capsid proteins
NP_047484.1 27.0 Bmo67 5(3) 84 Nonstructural protein gene
NP 054163.1 48.5 AN 4(3) 73 5" to 3’ exonuclease and endonuclease activities
NP_047432.1 34.0 BmNPV IAP1 1(1) 48 Inhibition of apoptosis
NP 047448.1 59.2 Gta 3(2) 33 A kind of READ helicase superfamily
NP _047549.1 36.1 Pe38[Bm128] 2(1) 32 Activating DNA replication
NP 047506.1 34.3 He65[Bm89] 1(1) 14 Early transcriptional genes

120

100 Hoechst33342 BmNPV IVP1 BmCyclin B Merge

70

50

40

(©)

30 BmeyclinB-Flag & BmNPV IAP1-HA BmcyclinB-Flag & BmNPV [AP1-HA

Input

25

—— e

1 1'F

3 BmCyclinB BE{EREER S
Figure 3

IgG

- : <—Anti-Flag

Co-IP (HA) Input  IgG  Co-IP (Flag)

“ -*‘—Anti-l-‘iag

;I
- -

IB

Analysis of BmCyclinB interaction with virus proteins. A: Co-IP silver staining results of

BmCyclinB: the different bands were pointed out by the blue arrows; Marker (protein molecular weight
marker), Input (cell lysates), IgG (control), Co-IP (IP with anti-Flag antibody); B: Co-location analysis of
BmCyclinB and BmNPV IAP1 by immunofluorescence; C: Co-IP assays verifying the interaction of

BmCyclinB and BmNPV IAPI.
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2.4 &jif% BmNPV |AP1 % BmCyclinB E
A:uEA
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LA o A G L (] 4A) . X 3%3K BmCyclinB (14
it # BmCyclinB 4b 40 fo i i 4 A r & 1t
G WoR, WHIRZH F L 50%A9 BmCyclinB i
AR, Wif% BmNPV iapl J§ BmCyclinB
HE A A% 1 B 25 080 (K] 4B)
3 9tk

ARSCE ARG T BmNPV 5 BmCyclinB 2
B R BT RM, BmNPV Y 5 A& 4l
IR 210 B SR S BEL A E. G2/M 1BY, CyclinB 24
il G2 #Am M e AN SRS, 5
CDK1 JEJi CyclinB-CDK 1 &5, ###x G2
W M 93653 78 G2 B, CyclinB-CDK 1

BEY R ERTF AT ; £ G2 B,
CyclinB-CDK 1 & &y 2 18 T A,

(A)
DAPI BmCyclinB

BmNPV iagp/-KO

4 ®ifk BmNPV iapl X} BmCyclinB N 1% #9520

Merge

TEANARZ 2AR, W G2 Bk A M BB A mF
REERE/R, BmNPV YL T3 BmCyclinB ¥4
FAKE T4 ; BmCyclinB 25 158 7 & 4781k,
JERYL AT B E A TR, B E R AT
YHMIA% o T — 20 o A 5 A A B 1 43 5
UERH, BmNPV J&Y¢J5 BmCyclinB & 14 3
Ay IE NS PN, T HE 4 %) 20 e A 2 T 4
RAEINE] BmCyclinB 25 . 41 & 115k 18] 44
o3 2P B B, Forb ) o A R Y
RERGTBFIE], 43248 5 4R /AR 43, 4 HeLa
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Figure 4 Effect of BmCyclinB into the nucleus after knocking out BmNPV iapl during BmNPV infection.
A: immunofluorescence observed of the distribution of BmCyclinB after knocking down BmNPV iapl; B:
analysis of nuclear proportion of BmCyclinB after knocking down BmNPV iapl. *: P <0.05; **: P <0.01.
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KRIT 745 BmCyclinB EAERIREEE A, 2
W& BV/ODV-C42 ., Bm67., AN, BmNPV IAP1 .
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5%,
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BmNPV V45 41 8 8 0 2 7, A et — 2B e .

4 i
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