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Abstract
velopment and metabolism, showing extensive physiological functions. Using Bac-to-Bac expression system of Bombyx

Human growth hormone (hGH) secreted by adenohypophysis plays an important role in human growth, de-

mori nuclepolyhedrovirus (BmNPV) , a hgh gene was cloned into a baculovirus transfer vector pFastBacHTb which was
used to transform BmDH10Bac to prepare recombinant shuttle vector Bacmid-hgh through bacterial transposition. The re-
combinant plasmid Bacmid-hgh was used to transfect BmN cells to obtain the recombinant baculovirus containing human
growth gene hgh. The recombinant baculovirus was used to infect BmN cells and the recombinant virus was collected
and used to inoculate newly exuviated Bombyx morilarvae of the 5th instar. After 3 d, the larvae showed symptom of in-
fection by baculovirus. SDS-PAGE and Western blotting detected target protein with molecular weight of approximately 20
kD in hemolymph of the larvae, indicating that human growth hormone had been successfully expressed in Bombyx mori
larvae through Bac-to-Bac system.
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BRZH R AG B R R DT R i R G AR B R
G, BL ALV RS R e A A
AR B AR SRS B IR R D Re U 1 R A
JH, IR NARERZ hGH il 257 R AR AR AE S 3 1 2H 21
wrEEAIIRe R, TEfEE AR KL F LR
e, NAE R G 2 2 A R A o (ORI B ZR AR A
KPR 198 At 2 B N A 4 B A L R
B UTA A, IR A AR AR L A,
A 22 3 AT AR 3 O T AR 48 A Ll A
Az, AR T IR T ABRGE 1 e i o 3 W AR A 2L
I WUN 2248 S5 5RO AT BRI T o NAE KRR LENL
PR G 2E Z2 G0 Hh R F 1 B AR TR TE 3 1 S A K
AR R AR 0 A o 3 2 I
PRI hGH H BB AR TR rh 4 5, R IR 53 A R
HAHs &5, IR SR TR Y 7 ik Rk AR 7
HNAEKRAIREF AR

R I R TR AU 4 KRk R G2 ———
KIGFFREERIL ARG A EHANERKER (hGH) 2
Z T IGIR AR R A R G A - B H AN AR
RIENGRRLH P28 5 S e K e
25 A TR AT B R S R R IR S 2R3k T
AL T NAERKR . WA WL Zh Y4k
KRR IE N R A", (H 2 0k 5l
%, A= A 1 o T R R R IR R G L,
FEAR I B2 6 A 344 & 5t (baculovirus expression vec-
tor system , BEVS) [ 334 7= W) HLA B 41 (1) KRR A=Y
TPk, 1993 4F Luckow % gl 1 — s ik L e
14 B ORI 7 R 38 R 8 ( Bac-to-Bac R4¢) , ffi &
HARIKF] 100% , HEAE ] B[R] i AN 3547 25 B4l
16, AT 7 ~10 d Hay A4 adt 8 2 7 . ASWE R
UEAEATT R I R AT 2 F A0 35 ( BmNPV ) Bac-to-
Bac Tk AL IR A MGG ERIEANAKE, HA
FHZFGR R G BERIAE 7 NAE R R B LAl

1 #MREI=*

L1 kR =2

NAE K ZEEN Chgh) T IR K2 F SO 2 2
%, BmNPV Bac-to-Bac ik & 4t h il K¢ 2 =~
M2 F2 B pUC-hgh kL iy AS 52 36 %5 4 2, &
BmNPV Bacmid ) K i #F # BmDHI10Bac , pFast-
BacHTb JFiki Lk B2 52 78 BmN 21 Jifi Hy 7% 52 56 28 {577
FikE ERBAF R PSO, AL SR AE

FRH 4 N V) B BamH 1T Fll EcoR T . DNA Poly-
merase T, DNA % 22 iff . DNA marker ., ¢ [B] 45 32 5]
£ \Trizol M-MLV RTase cDNA Synthesis Kit 5515l
H AW TR (KRGE) A BRA A 5 8 B AR 7 15
it marker S FYLHE 1 marker I { A T A9 T
FEH AR 55 A PR 7] ; Western blotting fit 444, I
B = RAEYWEARGFE T, Hb—$31 4 His-tag $iT
T ZHON B A AL Y R AR C 1L AT/ B TgG (H
+ L) ; B Ho 40 fifg 15 77 B TC-100  Jifi 4= 1fiL ¥ ( FBS) |
Cellfectin #4457 &34 H Invitrogen /7] ; PCR 5|
Yyt b e T AR TR AR 5547 BRZA 75 ks
B  E orpr Al
1.2 FE
1.2.1  FEHH B pFastBacHTb-hgh {44 £ A1
%E BamH 1 Fll EcoR 1 XUf§Y]) pUC-hgh ik,
TGRS LUK (T T 8 e B, o G 8 3 R ) e 0 1
kL pFastBacHTh ¥4 , 4R J5 # 4k E. coli DHI0B
JRAZ 254 B, 7 30 B 7 R 4H J5 7 pFastBacHTb-hgh,
I BamH 1 F1 EcoR 1 X 5 414 7% AR XUV , 465 01F
hgh JE P A pFastBacHTh JRL Y IE# 14, 7= 1 28
19 5 A B e v ik AGz N
1.2.2 HHFKAAT IR R FOAL Bacmid-hgh 914
ALY E $RECE 4 kL pFastBacHTb-hgh & 54 1k,
K GHFFE BmDH10Bac (& BmNPV [ Bacmid F1%t B
Joohn) B2 S A, T A T8 RIREE R (50 pg/mL) (1
AR (10 pg/mL) (JKKREZR (7 ng/mL) [IPTG (40
pg/mL) X-gal (100 pg/mL) 9 LB B b $k
YO T v, P ol 2 e vk 2 MO 2 PR i B Bk
Bacmid-hgh , B (8 18 V& 1 S BIPE X IR, 32 By JBokL
JH 0. 5% S BECAE 25 V BT HLUK 12 h A
M MI3 b s ( LiiEs 9 M13 forward: 5'-
GTTTTCCCAGTCACGAC-3" ; Fii#54) M13 reverse:
5'-CAGGAAACAGCTATGAC-3") \M13 {5 5| ¥ #n
hgh F: K8 5 T 51 ¥ (hgh reverse: 5'-GCCA-
CAGCTGCCCTCCAC-3") \hgh 3} [H ( GenBank % 3%
5 :NM_000515. 3) %55 351 4 (hegh forward ;5'-
TCTATTCCGACACCCTCCAACA-3") #1 M13 F i 5|
Yooy AT PCR 41, 45 4 AP 91 4 K/ LA 8
FA T LA AT R Bacmid, PCR 43§ 4 {4 :93 Cilg

AR 3 min;94 CARME 45 5,55 CiE k45 5,72 C
FEAf 4 min,25 PMEF ;72 CHEff 7 min, PCR ;=¥
28 1% BRNEWEBE S r vk I
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1.2.3 HEHFREFIRGEEE BB Bacmid-hgh #4JL5%
# BmN 4iiff]  $RHCEH R BRI EE SR Bacmid-
hgh DNA , # ## Invitrogen 23] i 5T 44 G it B 5.4
Y78 TE B 1) H 20 R A TR0 B UKL Bacmid-hgh %%
¢ BmN 40f1,27 CHiFE 3 ~4 d, 7E9O0HE B IEE
RS AR RS . TR DLBF A Y Bacmid A Y
() BmN 41 g L K TC 55 B¢ B YL 1) BmN 41 g /X E
WA B IR U AL - 3E T 4 CORAF . TITVES 500
g B0 5 min, B R QMM AIIE R, SRASE 1 AR
B P14 P1 g BE PR 4 I AR A5 = T B2 () L4
TEREWL o R UL G R REE " I 5 5 5 WO B, K i
SRR R IEAT 10 5 R FRE (1 x107" ~1 x
107°) SR FARR R 05 BRI LRI AN, A A IR R 42
6 L, Bl 50 wL, F3oh—425 PR IR, 2N EER
B 1 h SRR R, A 100 wl TC-100 155736 &
T27 CHEFE 5 ~7 do ARYEAAE A T2
BEMY 50% 2H B 5 40 Mo B 5] 2t ( TCID, R

1.2.4 FHARWFEEEAZEERSH™ % & E
Pkl K EHATREE BT 10 WL {3 HEFR S
WA, 2 A REZH 439 1 S Al 52 20 99 35 A TC-100
Figedk 25 CIEW MR, IWNREWRIE 3 KIF
RSN, — 70 CLRAFE. F Trizol 15 42 B I 7
(1) RNA, [ 5% ¢DNA, JHT H B9 5L R 1 5 | ) 3
1 PCR ¥ 3460, 31 L)L BmActin3 FE[R (P34 5| 4 7
5. FEB1 4 5'-CCCCATCGAACACG-3"; FiiEn| ¥
5'-CGCTCGGCAGTGGTAGTGAA-3") /£ 1 = ME.
50 wL IR RE S BUIMA 200 pl 1 x PBS, FEHIA S x
B RGN 62.5 WL, FE4HE AT WK 5 min,
12 000 r/min 25 Y 850 5 min J5HL 20 L b3 ik
7 10% SDS-PAGE L) K Western blotting 43 7 6 1l
HrYEH MRS,

2 HRE5SH
2.1 4 AR pFastBacHTb-hgh A9 #4 2 F0

hgh £ K 1) K /MRy 456 bp, pUC-hgh & BamH

[ /EcoR 1 XU VIALHEf5 , Hi 3k W B B 457 408
460 bp, 5 hgh 3 H B R/INEFF. ALK B pFast-
BacHTb (¥ /N fy 4.8 kb, #4 4 1) 5 41 i ki pFast-

BacHTb-hgh % BamH 1 /EcoR 1 X 5 , B Uk
AN R/NGY 460 bp (19 2577, 5 TIU A4 25 SR AR A (1]
1) IERTE 25 #8244 pFastBacHTh-hgh #42 i{ 2
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M. DI1.2000 DNA 43FFgrid
1.2. T4 ki pFastBacHTh-hgh 34 ( BamH T /EcoR T )
M. DI1.2000 DNA molecular marker
1,2. Recombinant plasmid pFastBacHTb-hgh digested
with BamH | and EcoR |

B 1 F4A RN pFastBacHTb-hgh 1 WESY 4 E
Fig. 1  Verification of recombinant plasmid pFastBacHTb-hgh

by dual enzymatic digestion

2.2 EHRFEFIRF R Bacmid-hgh ) PCR %

2z

JE

FHw L fifp v 1 U 4 A BR i B 5RE Bacmid.-
hgh, 1 0. 5% B AR HEGERCAE 25 V LR N HLUK, H L
RN 130 kb By470F , 4553 s 2R R & H
)35 A Y 2 AR B SOk . DA B ZH AR 2 B0k
Bacmid-hgh 4, 5|9 %F M13 forward/M13 re-
verse ,M13 forward/hgh reverse , hgh forward/M13 re-
verse 73l #5417 PCR 9734, H 19 3L K hgh 1 K/
456 bp , PRI AT |9 M13 forward/M13 reverse
HOFRAR ) S5 A/ N K 2 886 bp  LAB |4 M13 forward/
heh reverse 4 B3RS A 2577 K/ R 2 198 bp L1 5|
Y hgh forward/M13 reverse 3 15 i 4547 0 K /NNy
1 250 bp,PCR ¥ 88 57 i) /N 5 T LA AR A, 45
LW heh FERE ZH N (K 2) .
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M. 250 bp DNA molecular marker 1. M13 forward/M13 reverse
2. M13 forward/hgh reverse 3. hgh forward/M13 reverse
2 EAFIRE S AL Bacmid-hgh f PCR £ 7E
Fig.2 PCR product of recombinant baculovirus
plasmid Bacmid-hgh
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2.3 NAEKERTE BmN 4 f i % 3Rk S i 41 52 1Y
TR P

A4 5558 1Y H 2H AT R 99 B UKL Bacmid-hgh DNA
YRR ) BmN 20, 7E 29G5BT 0
LR 72 h JE AL A AR, R R M B RS
[, L A0 AR 1 SR I8, A AT R, SRR A i N
AN B, 0 B BE R . R SR S R
o 24 L 0 % A 98 B VA TR AT

FA RS BmN i 72 h S5, 20 4
7R o AR L AR R TE WA R LI L I I, T
B9 TCID, , BEH 50% 41 FL H BRI A8 1) 976 25
BEEETE 1 x 1072 ~1 x 10 7 22 |i], % Reed-Muerch 2>
A, BEfH 50% 20 M -FL A A5 0 75 1 25 i 6 2 oy
1077 H TCID,, Ky 1077,
2.4 NAERKREZRAS A0 HE KA

W EAR TR & 5 1R ,3 d 5T IR
WS B 5 A i IR, A 5 20 90 2 4 Ah 1 % BRZH K
AW B AR IR , T 5 3% 5 BE 0 B AR % K
A TR IRREAR o

W72 1 I % # B RNA | 38 i3 Reverse Tran-
sciptase M-MLV [ 5538158 cDNA , Fi-LLiZ ¢cDNA Hy
B, ] hgh LR W T0 B5EI . 251 s,
T H 2R R Y E A D, B BRI hgh A W

()

TR 5 T 2 AR IR AR TC R SR L R A (181 3) o [
IS L 3R 4T SDS-PAGE 1 Western blotting 43
B, 25 A F 4 B B A S A I, B S mT L H
MEE IR R R R/ Nl 20 kD, S5 T4
—E R NAERZEREERNGES TRIL(E4),

1 2 3 M

b
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hah 500
250

100

M. DL2000 73 F4Ric 1. IEH K%
2. AR EAMFFRY RS 3. BANTFRYP MK AR
M. DI12000 DNA molecular marker 1. Normal Bombyx mori larvae

2. Bombyx mori larvae infected by non-recombinant virus

3. Bombyx mori larvae infected by recombinant virus
3 EARBREARES RYHRMKP
HEJEEH RT-PCR il
Fig.3 RT-PCR product of target gene in hemolymph of
the 5th instar Bombyx mori larvae infected by

recombinant virus
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M. 2 BT B b/ T E ) marker 1.2, dE AT REBRF A MM 3 4. LR R R & MK

M. Protein molecular mass standard/pre-stained protein marker 1,2. Hemolymph of Bombyx mori larvae infected by non-recombinant virus

3,4. Hemolymph of Bombyx mori larvae infected by recombinant virus

4 BEAFRESBRFES B4 RMNEHBENEAR SDS-PAGE(A)F1 Western blotting(B) 43 #f
Fig.1 SDS-PAGE (A) and Western blotting (B) analyses of target protein in hemolymph of the 5th instar

Bombyx mori larvae infected by recombinant virus
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SEPEUF AR ST £ 32 W, Bac-to-Bac FFIR G #E PR
HF IR R G KK 6T AL 5 A A T R IR
I HA b E . ASEE R BmNPV Bac-to-Bac #F
PIGHEFIRIR R, LUK % BmN 40 A0 S {400 bt
B I FRIE T NAERKER, R HBEA KRN N
20 kD, PR H M AR WA 6 4 His 40 IKAE I br
2 AR ' TEV B A5, X 0 5 220 B A 2l
LRy Rept s Bt T fE

A e W 1E — 25 P A 3R 3k 1A R e 0 2R A AL
Wi MR B A KBS A A e R 1 ) o B
FERSR A BT ILE FE R 2 @ N K B R BT
PRIRFE RIS RGN R IBHOR, J il e H T I ARG
ST NAE R R AR S
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