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been demonstrated to function as transcriptional enhancers and initiation sites of DNA replication.
This study aimed to elucidate the protein-binding characteristics of 4rs in the BmNPV genome and
their regulatory mechanisms in viral infection. Using DNA pull-down coupled with LC-MS/MS,
we systematically analyzed four highly interactive hrs (hri, hr2L, hr3, and hr5), successfully
identifying 215-612 specific binding proteins for each region. Our findings revealed that these Ars
not only bind to with numerous host proteins but also with multiple viral proteins. Notably,
15 proteins exhibited binding affinity to all four Ars, which suggested that these core interacting
proteins may play pivotal roles in Ars-mediated regulation. Further analysis demonstrated that
67.3% of the binding proteins possessed multivalent binding properties, indicating that srs may
coordinate viral genome regulation through shared protein interaction networks. These results
provide significant insights into the crucial regulatory functions of 4rs in BmNPV infection, offer
potential targets for developing antiviral strategies in silkworms, and contribute to a deeper
understanding of baculovirus-host interactions at the molecular level.
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BRI EE LN 5 L E EAFFE EcoR 14
NfE, BmNPV BEHNAMT 74 FEELEX, 1
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DNA pull-down kit PR#ER Ju a7 &1 5 X
DT R B TREABR AR, X AT oY
B REIT AR/, Universal DNA 4fifk [n]
WO & H R AR AR AR (A ) A BR A H]
BmNPV 4} A= B 55 35 F1 5 A N 5L 240 il (Bombyx
mori N, BmN) ARSI 2= 17
1.2 {BREIETT MRS RS

BmN 4l 77 3% 5 4R 13 (Gibeo 28 F) Y
SF900 Il SFM (Gibco 2~ F)}EFRIEH, BT 27 °C
Bige o AR I BmN 4, DURGL R
K (multiplicity of infection, MOI) =10 4% Ff
BmNPV R, HiFR 2GS 72 h, AN
T IREes5 .
1.3 BEBAER

FHU¥ /9 PBS Uk %% 2 4 J5 /Y BmN 4 fiEg
2, AT PRI mmol/L 4% H i
fit % (phenylmethylsulfonyl fluoride, PMSF)]., 1x
W MR A H R . 1 mmolL . B A M EE
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Table 1 Primers used in this study

(dithiothreitol, DTT)1Y24fi# ik , vK b %4f# 20 min,
B RLESS, 4 °C. 12 000 r/min 20> 10 min,
WCAE 13 B R S R ER Y . I SR R S
X ¥R 14T SDS-PAGE 738, ZJnfdiH% 5
Wik R BEAH.
1.4 hrl. hr2L. hr3. he5 FHII 185
RETHIE

DIFREL A L5602 A7 1 DH10B KM AT 3 Y
FERCNASAR S 34 P SR A, A T R brid
() o S PEAR BT R 5 BB RN 57 S s I A ) &R
TCMERER R SCIRA, 5IPBETHnER 1 fis.

fifi F_ LRS54 PCR 9748, RS0 4 41
AR FRIC AT A YR IC K DNA $REFHL™= 4,
LR PHEERC IR T, (1 DNA glifb [t
& E R B, UG T B R W B M R Y Ok
BHAEAiE 5 K/NGE, B T-20 °CH& .
1.5 DNA pull-down

i /i DNA pull-down kit i# 1T DNA pull-
down 56 . 7256 2H A6 FRZH EP 45 b3 Sl
A 30 pL BERE MR BEEE, H 500 puL Nucleic
Dilution Buffer %% 3 . SEgngHH A 200 pmol
AEYIZEARICH) DNA B85, 72X IRZ rPon A 55 &
Jo W R brad W 3E G PE R EF . T Nucleic

Primer name Primer sequence (5'—3") Modification
hrl-biotin F ATGATATTATAATTTAAAATAACAAT 5'-biotin
hri-cold F ATGATATTATAATTTAAAATAACAAT None
hrl R TTTACACGTGCTTTCAATCTTAT None
hr2L-biotin F TGTCATCGCTTTAACTCGCTTTACGAGTA 5'-biotin
hr2L-cold F TGTCATCGCTTTAACTCGCTTTACGAGTA None
hr2L R GACGAATTTTAATTCCCCATAGCAAAG None
hr3-biotin F ACATTTTATGTCGAAAACAAATGA 5'-biotin
hr3-cold F ACATTTTATGTCGAAAACAAATGA None
hr3 R AATGTTGTATAAAATAACACTACA None
hr5-biotin F ACATTTTATGTCGAAAACAAATGA 5'-biotin
hr5-cold F ATGTTAAAATTTATTGCCTAATATTATT None
hr5 R AACGTCCGTTCGATTCAA None
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Dilution Buffer % 500 uL, Z/EBEHE 2 h, ffi
A 500 pL Nucleic Dilution Buffer 3£ 3 X .
A~ EP B HIILA 450 L %8 ER Y, AL T
B 100 uL 2 f# W /F & Input 41 . H Protein
Dilution Buffer 0% 1 mL, 4 °Cif %M & 16 h,
f#iFH] 1 mL Protein Dilution Buffer f2#&/E74 5 K-
e X 2 &Y TN, A 100 puL Elution
Buffer, /K7 10 min, HC [ Bk pull down
PR, AR GRS B RS 2 . A3 oin A
20 pL 6xLoading Buffer, /KA M . K 11 B4
i) Input 21 Jill A 20 uL Loading buffer, ¥ 7K i
10 min. FFSCE4H . X REZH AN Input 4HFE 5 & T
—20 °CIRAF
1.6 HEREEEHEIE-BEKFIEXES
BERHITERE

B 10 pL 36 5 7= 4 2 47 SDS-PAGE HLk ,
UK S BRI R B 0T T A B ok ik, RS
PEAT [ E AL B, A E W AR 5 30 min
FEBEEWE, HESTFKER2RK, BiK
5 min, FRIMAZBEIEIRZ A 30 min, 58 EL
S FOOH R B KSR 2 K, I G 0 kY
PR Yt 20 min, AT A, SEPUE KR
20, ARG ERRE 2 B A SRE AT
UL, i, TR R ER, 1K
DNA pull-down 52562 5 % B 2H (%) & e 74
3 E ARG, TR (B - R K B (liquid
chromatography-tandem mass spectrometry, LC-
MS/MS) 4 5 (I 4 Fm 4B W) TR A IR H),
DA e S s A B B
1.7 hrs HEEBAMK TR

i F =5 B (https://bioinformatics. psb. ugent.
be/webtools/Venn/) tb A AN [A] Ars X3k 45 & 85 1Y
H S M . DNA # H it & {E (DNA-protein
interaction, DPI) [ £% 43 #7 >K F Cytoscape %X 4
(v3.9.D) AT AL
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2 HER50HT
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FH PCR i A3 54 38 4 4 I E W R bRic iy
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22 hrs FEEEBNEE
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marker (JKiE 1)1 Input Xf I (JKIE 4) LA P25
SEIRAIEENE,

¥ hrl . hr2L. hr3. hrS X 4 S 2H A
H82H DNA pull-down PR TR IMHE I T LC-
MS/MS 4 #r, & 1T 48 7 FilE 1 40 B 1
MaxQuant J5t 3% 7 A S F 58 0, R R M R
UniProt H i) ZX %% (bombyx mori) . BmNPV 5 H
JRECHE I o AR i T AR B ) A R P
Ph2 A28 KB 35 % (sequence coverage) K
T 10% FISE 520 -5 5% B8 40 /9 26 1 08 i 25 0%
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Bl i EIRET A TR RS PE £ AT R Ik o AT
hr3F01 hr3-biotinfi%t; D: hr5H1 hr5-biotintR 4T .
Figure 1

bp
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A: hrlFl hrl-biotin®®%F; B: hr2LFl hr2L-biotints%t; C:

Agarose gel electrophoresis analysis of the purified probes. A: Arl and Ari-biotin probes; B: hr2L and

hr2L-biotin probes; C: 4r3 and hr3-biotin probes; D: Ar5 and hr5-biotin probes.
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A: hrlFFAVESEEN B h2LIFSE G E N C: 3FHI455E N D:

hrSIP NG . UKIE 1 o8 8E A marker, VKIE 2 SHXTRAZL, VKiE 3 SHSEEG4, UKIE 4 O Input 2.

Figure 2  Silver staining of Ars-binding proteins. A: Proteins binding to 4r/ sequence; B: Proteins binding to

hr2L sequence; C: Proteins binding to /73 sequence; D: Proteins binding to Ar5 sequence. Lane 1: Protein

molecular weight marker; Lane 2: Control group; Lane 3: Experimental group; Lane 4: Input group.

HHE 3B, 3C). B hrs G551 FE A
BEZTWRERN, R FEA T REHE LS
B EE DNA TR TTAE hrs DT 52 WA 005 25 5%
SRR

MRAEA R FBE, KT 44 hrs JE[E4LSE
AES ANEA, B2 AR EEAM 13 M E
FHEA, EAMKE. NCBI IS . 4. &
FRRNE 2 PR, 6 EEATH 6 R
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Figure 3

Identification of Ars-binding proteins. A: Venn diagram of proteins binding to Ars; B: Number of host

and viral proteins binding to Ars; C: DPI (DNA-protein interaction) network.
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R2 hsHREEEEBMER

Table 2 Information on proteins co-binding to Ars

Primer origin NCBI accession Protein Molecular weight

number (kDa)

Host H9J281 Deoxyribodipyrimidine photo-lyase 58.93
Host HOJP43 Ahal_N domain-containing protein 39.30
Host H9J6V7 OBG-type G domain-containing protein 26.79
Host H9J5X2 DNA-directed RNA polymerases I and I1I subunit RPAC1 38.18
Host HIITYO MSP domain-containing protein 27.82
Host Q5UAL3 40S ribosomal protein S29 6.65
Host H9J4Y3 Small nuclear ribonucleoprotein G 8.50
Host HI9IXE6 Uncharactered protein 77.48
Host H9J524 Uncharactered protein 60.38
Host H9J7P3 Uncharactered protein 13.80
Host H9J565 Uncharactered protein 228.06
Host HI9JFX9 Uncharactered protein 43.37
Host H91S77 Uncharactered protein 68.19
Virus 092390 Orf 14 77.95
Virus 092507 Bro-d 40.05

3C), I LA 44 hrs WAZO B ESEEH, H
rh R 10T A 53 AR i L5 SRR T B A [0
o3 A B AT DAL £ s b i 4 A5 553
WK AA hrs, EANTEA & 53053 A 1E LA
b7 1 9 Y I 2 o I 228 57 A D 2 B R R K
540 s WRERESAN 154 EA, [
SRS 1A e 55 R 2-3 > hrs 45
AWME ARG, EREENE, &
SNERET 762 1NEES 2-3 4 hes S5 AR,
AR 67.3%, X—ERERIFLZMEERRIZE
TEM 4 1 2 . XSS R E A,
524 hrs 255 WA AT REN T hrs —RAKKY T
BEPMA], 15 34 hrs B A EANTTEES 5T
BRI LS

3 W5 E#®

DITERYBFSE & B, BmNPV i i 575 3 #4%
BT XS A AR AT, HIES T X 2 XN fE
TP BRI 1Y SRS AR T, (R R R A
PR 20 N S A A B A H (cis-interaction),
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P27 HA BR A T P B A 1Y — 4 5L R A 254 Ay
IR EE N KRB S E 6 AR E
DNA pull-down Z5 & i R ZGE L& T
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AT REVE M TR A3 hres X3RRI B S RE P A]
IR B AT DRI B = 2 35 IR 2 &5 #4174 8 45 3
REFR AL OCHIERE 5
AWFTREERFRI, XL hrs IXIKRENSFE 1
i KamEAREEEA, HihE EEaaE
WEZ TSN, RN FEO BTN
A E D RHEESEN, X453 5500
KT BmNPV Fyf¢im £ 5 kAL n9 55 45 SR AH
A W R 1S A RERSIRIAT 45 & 4 A hrs 1
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o, A 2 MBS H(Orf_14 il Bro-d)
M3 AMEEENE. A 6 ME EEE MR E
iaE, XK AR AT RER LB B .
EOCHYIReME EEAT, EERZANMS5X
B R E AR T, ARSI DNA
JEAEE R RNA RA ML) . & 15 Bl 40S
KRR SR 11 S29) LA S & 1 B4 & 4% (Ahal &
F)EFEZEIEEN ., XEEAWEEERY,
BmNPV 1] Gl i Eh 451 B THLE . B
PER G 5> AR 48 S5 R O AN L], RS2
FRH LR ik | LR 25 i R 2 T 21 26 4%
KEE TG . HaK, %231 Bro-d &EAER
BRO KM L 2 —, HATC A DNA 454
TEPER, BGUE TS g 4 A AT FEME 1 Orf 14
H A DNA 5| & B R, X5 hes 1B R
DNA & il i S5 DI EAH AT . it DPT M 45 43
MrRs, 67.3% MG E AR FEZ S 2-3 4>
hrs, WM AH. XP) T Z N X E
FRAESRIR hrs DX RRT 638 0 L 52 25 A 26 P R B
o 7 R 4 A R B T BE

AT LAERE TR SR TF
GATA6), AT R R HAZ: T BmNPV hrs
IR E AT EAERITE, 2R T hrs G E AN
MR, MR 15 AL EAE
13 N EE EEA)ITRENF T hrs B4 ]
WS, AR ESR E—2L B # BmNPV hrs [X 3
JA¥E BmNPV 355 FHLHI R AL T HER &K
R & B X se LRl 25 A, ] g i [A)
HHER T2 hrs XK EMEG B2 LR 1) 235
B RORMFFT A LA XX SR A A,
FE R DI RE A A 16 £ R/ AT EIRA MY 6E
BGUE, LA AR B K T 309 hrs HAELERG
AR A R B E R

& STk FH

VR 7Bt SRR PRSI, Bk
It TR SRR G KRBT SRR
P, WfHEEBY; /NE: WWEHES . FfHEE.
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