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RN P RtE A USRS R e S TR N SR T
ST SR

(PHWL AL SR SEE, M 310020, 2 #FTE T RFEAWLEIT, WM 310018,
DU RS R 0, M 310020, O REREREMILE SHEBEMENFE, £ 200031)

HE MWEEENLE AMRREEILG (Bombyx mori nuclear polyhedrosis virus Zhenjiang strain, BmNPV-ZJ) FEFEH
DNA FREREAEN (BmVUBY EF. FASITEREET, BmVUB BERFEK 234 bp, HE77 25, BmvVUB
HEEBFIAE—H HIH F7, BEEASRTHFH LRLRGG, SEBEEA-EABESARRMN 4 MR
HBF A (Lys-29. Cys48. Cys-63. Gly-76) RRTFH Gly-Gly-X (X BE/KEEEREE) EOBUESHEAN, &
BHEEORTN Cly-Cly EEEH— 2 EBE R EWIE. REZESFRIARE BnVUB TEL EH R TA,
FEBESSFEANS0% UL, AbiiRAZEORES 1.03 ~2.46 ¢/L, HIEPE, A3 2x107° 0 H
MEAEAETHAMEBAEASE LS ARENEAHITERBTEEASRRESE G, EREAK
VAPHHAYAPMRT Xt 4 Ml 858 A FE B IR REER, EMREEETARER, RIREERIMBIARN £
KeR FEERIEEAMAER BEEA WEERE £8K

ERART (076

WWIEEE Cubiquitin. UB) A 76 MEER
HRE . HH B R ST f)ar TR S AR
W 7E = B B &8 & E Cubiquitin-preteasome
pathway, UPP) EHAICAREZY. FEEILE
M hEA R BEECET S SR
ERELE, RATEARNTE. RELERS. 2
S5ZMEERRAMZEEAIRETY. Rtz
fh WEERE S DNA B85, WEAHRE. &
SES. BEERSFARNEATEIRERR I
FERFRAI, BAEEBESIANRZERNY . 27
WAEMEM. MERN, MERERKT. WE. M
ZRmERE (WHeEKREKFE . ERNEITRXH
FFEFREFEUSEERLAEINRE .

CANR AR S M AE P ERDBEED
HBEEEFEENER, KENBEEHSEE
EHFEEA, AR TE P EXEAE
YL BRI EY, FRRARREYE
FEARA® (Autographa californica multicapsid nuclear
polyhedrosis virus, AcMNPV) #Bi%HE) UB fEH & —
MARBREH, SR SRR S-1EE 100
HAEHA RS, BRI B RTREFBEEA
Wi A2, RFAERLHEILE. BRTRAS
REOMNBTEHESABEIBEEE-EABHASE
ZERMEXFREASTANER, T BoNPY HUBTE
B A TE A B A B AR P TR A FR F IR R A
KARTE. ASCAf T REREZ AR EEEES

MRZFREY (BmVUB>, MEEEEIE D
iak, MESERANENE. DURESRRESUT.

L RS 7k

1.1 #H

FaEZNEZ RS ELHK (BmNPV-Z]) .
FIRE AR pET28 (a). HEH (TGL. BI21) &HiHlf
L TREAMNEWT TR, e R+ ZIE
{Ph. D. -12™ Phage Display peptide library, 1.5 x
107 pfu/ml> R &, ZAAE ER2738. WMF 5145
(96gP M: CCCTCATAGTTAGCGTAACGY ¥ H
NEW ENLAND BIOLAB 2w, ¥ M13 BRE{F IgG
Tifk (1:2 5000 THE Sigma 27, EfiR A
ELEMELMTEGRAA. FHZXRER
(2.5 kg, M) THBWNTREEZER LS.
1.2 Hik
1.2.1 BmNPV-Z] $EEF 41 DNA FJRT. FE.
Srhr B FRIE: BmNPV-Z) BREE K40 DNA FI3RHL,
ok [9] HiktRiE. S AcMNPV 1 BmNPV-
T3 £ UB EF (NCBD RN FH, #i—%t5]
#, P1, 5' CGGGATCCAT GCAAATATTC ATCAAA
3 CTYEAN BamH 1 BEE VI 7 B0, P2, 5
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GCGAATTCTT AATACCCTCC TCGTAA 37 (R4
7 EcoR 1 BEVIRL 23, PCR P4 E. 440, T-A
k. EAfmEESEIm (0] #BiE HE
SRR pGEMT BmVUB [ L6 2 7 7 £ 5.
1.2.2 BTEEEESNEE: BmVUB ZEE ) PCR
i P4 F BamH 1« EcoR 1 BBV G, S5# 4%
pET28 (o) BTl KR BRI, ¥ ib. B,
PCR ¥EFREHITHE S RE, EAFfdGEN
pETBmVUB. 15% {1 SDS-ZE A 4% Bt fz &t B2 = ik
(SDS-PAGE) FUREHFHEEN E MEANFRER.
1.2.3 REFYMNMGUAEE: BFRELENE
AEW EIE b His SEMEHEERE, DR IRe s,
Ba B A &E %MK EN 30 mmol/L,
100 mmel/L. 200 mmol/L FIVE DI HEVEAE, Y&V
WA E A RA s %5 Hm s Wz gl
BmVUB )& &.

1.2.4 PuikfEl&, dtbhEE:. AEUNmeE
H (His),- BmVUB 500 pg SEEMM BT LE
FFeriRs), REMBZRAAR. | AEHARER
FIRL-& IR E B A EAIE B KA 2R nm e
1% iR AnsaeE 1k, a4k %4
WHRIER 10 K, Hshfkim sl KB
MFEDFAFAT -20C. AUMEAFEMLL10 peF
TLENRE A4S ARAL, 174 ELISA 2421 BmVUB
RN, WEDBEAREBEILES,
Sephadex G-25 Bk HERLE:, EIWIER - 20C R
fFeH. B 5 B W) a5 A 4 iR AL R R
iy

1.2.5 WEEE 12 IRENRE: o FWER. 4
Zif6 A BmVUB FJ 0. 1 mol/L pH 8. 6 £ NaHCO, ¥
LR 100 mg/L, AR IIFFIL, 3%BSA =
B, TBST (TBS +0.1% Tween-20) HIREPEIES IR,
EEMINFAREEE1 ml (4% 2.0 x 10"PFUD,
EREEMER1 b, TBST ¥EH 10 1R, HEMREE
(ISR, SR 5 &P 1 ml 0.2 mol/L pH 2.2
¥ Gly-HCl i LB & & 1 E R, JBmA
1 mol/L pH 9. 1 f Tris-HCl 283 150 pl A, H
EVRRR, BRI VERLRINE TR, I R A
B, WEBEA AR e, e
S5, ENT Rk JLHAT 3 #IFE, 2. 3
B BmVUB IRE 7 524 50 mg/L. 10 mg/L,
TBST ' Tween-20 FIRE R 0.5%. b, MRE{REE
W, AT 10 FHEERE, o5
190 pl % ¥ HA 81 ER2738 B E 4. 37°C M E

10 min, J03)3 ml TRARKMTUEHEF. WIEES.
BITET AT LB/IPTG/ X-gal AR I, 37°CHIEH
FER. HERHFIIEEAEEE (U, H
pfu/ml TR). e I B 4R ssDNA fitl . 5 25
Fllorar. FAMPREUE = 5007 ik O0R B i 35 5 20 /-,
PEG/NaCl {ZF2 ML T /K ssDNA,  FEIRAGI FoAl 2,
MFEH SMS. BLAST. Clustal W 1.8 Z43 T B
HATFEZIH. d BB E S E (ELISA
#). F ELISA BrocEk [12] e, 45
WIRAKEE . ER2738 Hill. LXRILE L ZF [ X E;
FEME| ELISA, Jrik[RIR.O ELISA, KR 7EEF
ZREINEALEE R (1:800 FF) 5 BmVUB
(5 mg/L> REEAWE: $hERFME ELISA, ik
[0 ELISA,  FU7e =T G s B f i f0 4R ol
f& C1: 800, 1:400. 1:200. 1:100) 5 BmVUB
(5 mg/L) FRAEW.

1.2.6 FRMELAERSHBELHEZR: HEK
RARG Y BmN A5 A 96 FLAMREE P, 15
FF2 K. W o6 FLANIEFRRPHEFR, %8
FL20 pl. 40 pl. 80 pl. 160 pwl M9EH ( TEEAT
T, 22022 pm BEIESIEE A BE) MEMA
EE . BMRBEEER 4 L. BRI
ERRRE300 ul, EfEFHEPEFLE H
MTT A2 40 B B0 AR kA, DL B AR 3 A 35
$1 Crelative cell growth index, GID FFRYHHL AL
KHEIERE. 6I= [ (ERAA,, - EWHA,) /
(RPREAR A,,-XHERA A0 ] x100%. GIEKNT
1009% AR B A, 6T &/ T 100% A3 21
HAEK.

2 & R

2.1 PCR REHTIEEE
PCR F=H1 45 5 240 bp, 5T Kb —H
CE 1. WFIERR TSRS R E TR 2 EFR.

1 M

Fig.1 The PCR product of BmVUB
I: PCR band of BmVUB; M: DNA marker (DI2000).
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2.2 JFHINGE R

WP Earinas REM, BmVUB EE A 234 4
EBAM. ®iB77AEER YTHEEAN
8.6 ku. RIEHBZFRITFIENNAER TS
KIM: BmVUB WA —Z UTH jT5), BEECR
¥ FYIIRLRGG . 5B EER-ERBEE & FE

1 M QI FIKTLT®KTTITATETE
1 geatccATGCAAATATTCATCAAAACATTGACGGGCAAAACCATTACCGCCGAAACGGAA
1I9p A E TV A DL KK I ADIKETG GV PV
61 CCCGCAGAGACGGTGGCCGATCTCAAGCAARAAATTGCCGATAAAGAAGGTGTGCOCGTA
39b Q@ @ RLIFAGKQLETDSTETMATD
121 GATCAACAAAGACTTATCTTTGCGGGCAAACAATTGGAAGATTCCAAAACTATGGCCGAT
89Y N I @ KESTLHMNMNY L RL R &8Y *
181 TACAATATTCAAAAGGAATCTACTCTTCACATGGTGTTACGATTACCAGGAGGGTATTAA

Fig.2 BmVUB DNA sequence and deduced amine acid
sequence of BmNPV-Z] strain
Shadow part: Helix-turn-helix DNA-binding motifs ( HTH ); Italic:
BmVUB conservative sequence; Bold letters: Possible protein kinase C

phosphorylation site.

BaNPY 7]
BuNPY

FEY 4 AMREF IR A (Lys-29. Cys48. Cys-
63, Gly-76) FARF () Gly-Gly-X (X RHKEE
BT HEOEYEES, TRITEEART N Gl-
Gly FEHA— M EERMARMLHIL (E2).

%} BmNPV-Z]. BmNPV. S M EE =
Cbhovine viral diarrhea virus, BVDV ). Bombyx mori
(UBI2) N Bombyx mori (UBL) FIBEEBEREE
A AT REX ELHES), RIA TR T VITFE 3
METF R ETF Cmotif), motif 1 B{R ST T 5 A
KTIT X} E X} E X}LT {X}LK {X} KI {X}
(XHHERHEEE®BD, motif 2 MR TIFF A
DKEG {X} P {X}1LQOQRLIFAGKQLED (X MK
WEEM), motif 3 BRTFHH: XHLT XL
DYNIQKESTIH {X} VL RLR (X HE KR E
B, Hh motif 2 FIRST MR, BETESERT
BEOEEPEXEERAN K EER, motif 3
RS, HhATEBEE QT EPRER
ERR KR &R (E3).

BYDV MELFSNELLYKTYKQKPAGIVEPVYDINGCPLFGESSGIHPQSTLELPHQRKKWLALYQQ

Bombyy mori (UBI2)
Bombyy mori (UBI}

Prim. cons. MELFSNELLYKTYEQKPAGIVEPYYD INGCPLEGESSGTHPQST LKL PHORKEWLAL YOG
motif 1
BuNPY 7T MQIFIKTLTG KTITAETEPAETYVAD
BnNFY MAIFIKTLTG KTITAETEPAETVAD
BYDY RLIFAGKQLEDGRTLSDYNIQKESTLHLYLRLRGGMUIFVETLTG KTITLEVEPSDTIEN

Bombyy mori (UBI2)
Bombyx mori (UBT)

MQIFVETLTG KTITLEVEPSDTIEN
MQIFVKTLTG KTITLEVEASDTIEN
Fkdkk RRRRE Rk kL ok, R

RLIFAGKQLEDGRTLSDYNIQKESTLHLYLRLRGGMQIFVETLTG KTITLEYEPSDTIEN

Prim. cons.

motif 2 motif 3
BmNPY ZT LEQKTA DKEGVPVDQURLIFAGKQLED SKTMADYNIQKESTLHMYLRLR GGY
BmNFV LEQKTA DEEGVPYDQORLIFAGKQLED SKTWMADYNIGKESTLHMYLRLE GGY
BVDY VKAKIQ DKEGIPPDQURLIFAGKOLED GRTLSDYNIGKESTLHLYLRLR GGGP

Bombyx mori(UBI2} VKAKIQ DKEGIPPNOURLIFAGKOLED GRTLSDYNIGKESTLHLVLRLR GGAKKRKKENY
Pombyx mori(UBI} VKAKIQ DKEGIPPDQQRLIFAGKGLED GRTLSDYNIGQKESTLHLYLRLR GGTI

sk okd kkddck
Prim. cons.
BmNFY ZT
BmNFY
VDY AVCKKITN HEKCHVSIM

L ok ek A dRE Ak

VKAKIQ DKEGIPPDQURLIFAGKQLED GRTLSDYMNIGKESTLHLVLRLR GGY3KREKENY

DELTAFFGIMPRGTTPRAPYRFPTALLKVRRGLETGWA

Bombyx mori(UBI2} STPKKIKHKKKKYKLAYLRFYKYDENGKIHRLRRECTGEQCGAGYFMAVMEDRHYCGKCHSTMYFKDDDE

FPombyx mori(UBI} EPSLRILAMKYNCEKMICR
Prim. cons.

KCYARLHPRATNCRETECGHTNNLRPKKKIKD
333KKI332K3KC3 33T 3RFYKYD223333RL3PR3T33R333333TA3L33R3333322 2TMVFKDDDE

Fig.3 Comparison of deduced amino acid sequences of BmVUB

Red: Completely conserved amino acid; Green: Largely coserved amino acid; Black: Variably conserved amino acid.

2.3 EAREFRMMME. BRRERMNK
BORELREN, B ERBRES TR

EA9 ku H—RIET, TS T RERD

—H. 2kEAmsERERBS2EERN

S0% A b HFEHEEEE, RIKER IR FIATT
W 90% 1F7E T LIE®, WP pETBmVUB FiA7 4
FEPAE N A TS, BmVUB 4405 Ik &5 R
HE—4&H (E4). Bradford 015 4544 BmVUB
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FIME N 1.03 ~2. 46 ¢/L.

Fig. 4 The SDS-PAGE existing-state and the purified
protein of pETBmVUB expressed in E. coli
M: Low molecular mass protein marker; [: BL21 control; 2: E. coli
BL21/pET BmVUR induced by IPTG: 3: Precipitate after centrifugation
of broken E. coli BI21/pET BmVUB:; #4: Supernatant fraction after
centrifugation of broken E. cofi BL21/pETBmVUB; 5: Purified BmVUB

protein.
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2.4 PrikHE. dithREsE
IR INGE G 10 RIFEM, ELISA 2
BIIME A SMIER 3.2 x10 °. Western blotting
SR, Ak A0iniE (1010 000 BB 585
FIAMK (His),-BmVUB HisRM RN, M5 E®
B L5 TC R
2.5 fHiEFEENR

ME Ve R R A/ L, &
FRHMAE IR E IS, FeR SR RS
WA ¥, E=fIhE A5 EE1 000 fF.
2.6 E. ELISA B#igs =

FIEiA6E) BmVUB AL, oI i ik S 44 B4
SeaE. SR E, BTEUERD 20 - REE R TR
A5 BVUB $F R & & (4, > 10, A%,
FEHETRBRAGES BmVUB RS (4,
<1> CE5). hiRgiiseny, #5173 ®iFiE.
MR TARMES

2 13 141516 17 18 19 20 21 22 23 24

Fig. 5 Sandwich ELISA of phage peptide
1 ~26: phage clone; 2[: E. coli ER2738 host strain; 22: 12-mer peptide library; 23: unrelated antigen control: 24: blank control.

2.7 35 ELISA 45

BT BTIE W RO S, DAE R Y
BmVUB bR, 251 1: 800 FBE A FH
BRI AR A SRR F RS, BT R E
THAMIEIEL. SRR 20 M RBREET AR
FERE M H % B A ELISA R, HiM#esh s
IEEAREEEM: (E6.

2.8  SEEVEEE TR E Kot
FRALER 10 45 & 08 B4R 50 P2 B ssDNA AT
F. 120 13. 15, 17. 18 SHBEAHENZERF

FlFe4A0F (fr4 R ubj-1), 21. 22 2 F5|H 48
B (fy2 K ubj2). 11. 14. 30 5 HFFIE A
A (o Rler4 R ubji3. 4. 50 (F1). H
FDARSNTVLVGA (ubj-1) HITH =& E, A2
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Fig. 6 Competitive inhibition ELISA of selected phage clone
(a) Competitive inhibition ELISA of selected phage clome. (b)) Grads competitive inhibition ELISA of selected phage clome. 7 ~20: Phage clome;
21: 12-mer peptide library; 22: Blank contrel. [: 1:100:08: 1:200; [J: 1:400; [0 1:800; M: Nonmhibation.

2 3 4 6 7 8 9 10 II I213 14 I5 16 I7 18 19 20 21 22

Table1 The sequence of amino acid deduced from DNA

sequence

Number of phage clone

Sequence of aming acid

ubj-1 (12, 13, 15, 17, 18D FDARSNTVLVGA
ubj2 (21, 223 TSMHENPTRYDR
ubj-3 (112 NWHMOQNTRTLLY
ubj4 (142 VAPHHAYAPMRT
ubj5 (300 ASTIHPNLRPTT

SRIAXLEEBFFHAT BLASTH#E, &
MEBERAZHE., BEE5F., SHBAERENESE
BREEBFY| P8 ESIKFT.

2.9 FRESEINERERMRER

HattRERRET B EEEN BoN 4l
36 h f5. MTT Bl Eor: S5EME. ER2738 &
REAEAA, 14 SPHIEREE EENH RS
{EF BT A B ERERRRTE, BRI B B S fe

30

11 14 1% 21 12-mer ER2738

Fig. 7 MTT assay of BmN cell after exposing to various
concentrations of phase for 36 h
11, 14, 18, 21, 30: phage clone: 12:mer: Ph. D.-12™ phage
display peptide lbrary: ER2738: E, coli ER2738 host strain. [O:
1:20;0: 1:40; [J: 1:80: [ 1:160.
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Ak, EWRERIIRERAR, EREEE (P<
0.05); 18 SEXNBArHEHRELSMAR, et
BOMSFE; 21. 30 STEGHE I B 7T {4 4 B A i<,
SR LN LKA T T, ERRERS
H, ZERAEE: 11 SENBATKRENLR
EMER, MERKRENNEREE, RN AHRI
PEmB R (E 7.

3 it w

WIEECEMRFENFERESN - MEHE
H. SERENrgamuEcemasaERNA
B b M T EE P BE S B BN B SR EC B SR
BHX, s EHERE LW R AERLE
AR A (B S FFR A E M polyhedrin. pl0.
ep37 HEFE ML, X HEBEE RNV R
Eit, BFUREBRTEOEE. 4WATIG, X7
s, BB RESEIZRNERNOMEE
1B, MAERRRIBIE TR, MIEpSEmIHe
W, FRERLYARA, WERYRRRERGE
FHAEEZEMNE XL

AEH AT R R A B T R E R R TR
WSy THAT A gk, B PR S EE RN
“ERT. WRKBRE T WL AR A SR
Zid 3 ReliikE, 53 IFBEELE 1 IR
1000 5 WEAFREESE BEEO
FELISA. 75 ELISA. $hE TS ELISA i iE &%
SERFEM, 5 3 FRTHRER 20 AW G 4R b B TE
B HARBNG SR, IEMEITIRIL RN k2
RBEEON RS, L ET
Flarir KM ubj-1 JFRISEAE (A RED
E/‘] E uﬁ QEH E@ fl% iﬁ ﬁ% % ﬁg ( macrophage scavenger
receptor) N i 23 ~31 {U M H 88% KRR 1
5#4% o8 integrin alpha-8) H 72% §1[RIE M
Ubj2 5 — L84 4 1) B & A BE . retinoblastoma-
binding protein 1-like 1 C§.> & F & 10 RIUE 14
ubj-3 5 activated p21cded42Hs kinase { AD. protein-
tyrosine kinase (A ZFEEERY C iE 77% B FIR
T ubj-3 5 AT22221p. CG2910-PB (AY (R,
ORF48 ( [ B ORZHE) AREME: w4 55
IEBEED C W (Bh5) . CGa467-PA CHBED 17 80%
FIFEM. XERYW, BEEA R R REE IR
RGP 31 56 & R AR R F 7 E B A

£, Z25E0ROEM. e kAELE, 3
T 322 0 B ) ) R 2 Th e

WETENRIER B RIS 251, R, R
RIE TS ERNTI RS T EEBiTR
T SEHGRI AR —IEY. RS R E i
ERFEEOBEEES AL MBEER AT
AP OB R R I RS R LA R ER
BEIRANSEFR N IR S AR AFRIE S IR EA M
TR, Br18 SANERE BN AR R T R
M{ELER A2 ME. ENEERERNRRE, 7]
FEEBTEE L BE RN GRS &N
HEERAAFAE R TS RATE N P52 [5E 1%
NERAREEANBT S, N RS R B T R EE
B,
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Study on Bombyx mori Nuclear Polyhedrosis Virus (BmNPV )
Ubiquitin and Its Binding Peptides

ZHANG Wen-Bo''>, LIN Rong™ , ZHANG Yao-Zhou™ *, WU Xiang-Fu®
(Y College of Life Sciencess Zhejiang Universitys Hangzhou 310029, China;
 Instiute of Biochemisiry, Zhejiang University of Sciences, Hangzhou 310018, China;
3 College of Animal Science, Zhiiang University, Hangzhou 310029, China;
) Instivute of Biochemistry and Cell Biology, Shanghai Institute for Life Science, The Chinese Academy of Sciences, Shanghai 200031, China)

Abstract The ubiquitin (UB> gene of Bombyx mori nuclear polyhedrosis virus Zhenjiang strain ( BmNPV-Z] >
was cloned and sequenced. Sequencing analysis shows that the BmVUB gene, which contains 234 nucleotides
encoding 77 amino acids. contains a conservative HTH . a conservative LRLRGG and four conservative functional
sites: Lys-29. Cys48, Cys-63. Gly-76 which play important roles in ubiquitin-proteasome complex formation . It
also shows that the (-terminal amine acid was redundant which locate at the downstream of conservative Gly-Gly
proteinase cleavage signal sequence which characterizes as Gly-Gly-X (X was hydrophobic amino acid>. The
BmVUB gene was induced and highly expressed in E. coli BL21. The results of gel scanning and Bradford protein
assay show that the BmVUB protein was about 9 ku and the yield consists of 50 percent of total bacterial protein.
The concentration of purified BmVUB protein was 1. 03 ~2.46 g/L. The high titer antibody was obtained from
rabbits immunized with the (His),- BmVUB fusion protein and ELISA shows that the titer of antibody was over 3.2
%10 °. Peptides binding ubiquitin were obtained from phage displayed peptide library using BmNPV-Z] ubiquitin
purified with His-affinity chromatography as a ligand. Five short peptides were identified which displayed ohvious
biological activity. Peptide VAPHHAYAPMRT could regulate the cell proliferation and further more this function
which depends on the concentration variation, namely low concentration could promote the cell proliferation,

whereas high concentration will inhibit the proliferation.

Key words BmNPV. ubiquitin. phage display peptide library, binding peptide
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