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Abstract

We studied the characters of ubi promoter, the effect of IE1 and /473 on late ubi and very late polh
promoter activity, viral factors involved in late ubi gene expression as well as the expression of
thermostable fS-glucosidase from Pyrococcus furiosus.

This paper mainly includes following parts:

(1) Structure and functional element of AcMNPV and BmNPV wubr gene promoter

Sequence analysis of cloned ubi promoter showed that it was 99.5 and 98.9  identity to
AcMNPV C6 and BmNPV T3 strain, respectively, and 92.8  of each other. Both of the promoter
region have baculovirus late transcriptional initiation site, TAAG motif. They also have promoter
conservative motif, CAAT and TATA box, respectively. Northern blot analysis testified that ubi gene is a
late expression gene, it start its expression at about 12 hours post infection (h.p.i.) or earlier, and has two
or three transcriptional product.

Deletion analysis of ubi gene promoter region showed that cis-acting elements were mainly present
within -595 to -382 bp upstream ATG of Acubi gene promoter and -382 to -124 bp upstream ATG of
Bmubi gene promoters. Interestingly, the region between -383 to -187 bp upstream ATG, which
containing the distal TAAG, CAAT motif and TATA box, also can drive the reporter gene expression.

Site mutation of TAAG, CAAT motif and TATA box showed that in the present of virus factors, both
of the promoters were reduced obviously by TATA box and TAAG mutations, and increased remarkably

by CAAT mutations.

(2) Function of IE-1 /Ar3 on the late and very late gene promoters of

baculovirus

About ubi promoter, in the presence of BmNPYV, /73 could significantly enhance the activity of ubi
promoter activity about 62- and 1.4-fold in cis- or in trans-, respectively. Co-transfected ie-/ and
reporter plasmid, 473 could enhance ubi promoter transcription about 210- in cis- or 9-fold in trans-.
Co-transfected ie-/ and a series of deletion plasmid of ubi promoter. Transient expression result showed
that cis-acting elements to IE-1 were mainly present above —595 to —382 bp of ATG in the promoter
region.

Toward very late polh promoter, in BmNPV-infected cells, 473 could increase the expression of
report gene about 283- in cis- and 1.8-fold in trans-. When co-transfected ie-/ and reporter plasmid, /473

could increase polh promoter transcription about 621-fold in cis-, and 4.2-fold in trans-, respectively.
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Hr3 also could enhanced ubi or polh promoter transcription in the presence of ie-/ or BmNPV when

transfected Bombyx mori larvae.

(3) Study of virus factors which involving in the expression of baculovirus

late gene wbi

In this study, we developed a method to identify baculovirus genes required for late gene expression
that is based on accession of clones from a BmNPV genome DNA library. The results showed that some
early genes, ie0, ie2, and pe38, et al. didn’t activate the ubi promoter. A low level of luciferase activity
was observed in cells when pBmubi595luc co-transfected with plE-1 plasmid only, implied there are
other viral factors also participate in the transcription of ubi with the ie-1. Using pBmubi595luc, pIE-1
and BmNPV genome library co-transfected Bm cell lines in transient expression assay, and detected the
reporter gene expression. Based on the result, nucleotide sequence of these plasmids, which can
trans-activated the transcription of ubiquitin promoter, was determined, several repeated gene in these
fragments were subcloned to pGEM-3Z, then co-transfected with pBm595ubiluc and pIE-1. Subsequent
subcloning and luciferase assays indicated that, in the present of IE-1, late expression factors LEF-6,
LEF-11, HE65, P35 and other gene fragments, gp118-gp119 and gp104 to gp107, were required for the

activation of baculovirus late ubi gene promoter.

(4) Expression and purification of thermostable B-glucosidase in silkworm

using baculovirus expression vector system

In this study, we cloned thermostable B-glucosidase from Pyrococcus furiosus, and obtained the
recombinant virus containing celB gene. The recombinant thermostable B -glucosidase was purified to
above 80% homogeneity in a single heat-treatment step. The optimal activity of the expressed B
-glucosidase was obtained at pH 5.0 and about 105 , divalent cations and high ionic strength did not
affect on the activity remarkably. The enzymatic characteristics of recombinant B-glucosidase were
similar to the native counterpart. The expressed -glucosidase accounted for more than 10% of silkworm
total haemolymph proteins according to the protein quantification and densimeter scanning. The
expression level reached to 10 199.5 U per ml haemolymph and 19 797.4 U per silkworm larva, and the

specific activity of the one-step purified crude enzyme was 885 U per mg.

Key words: baculovirus; promoter; viral factors; gene expression
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ubiquitin polyhedrin

2.1
2004
1975  Goldstein [Goldstein, et al., 1975]
ubiquitin  [Varshavsky. 1991]
76 8.3kD
polyubiquitin
C-
[Genschik, et al., 1992]
ubiquitin extension gene C-

52 76-81 ubiquitin carboxyl

extension protein, UCEP 80S
[Courtney, et al., 1994]
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ubiquitin proteasome pathway, UPP “ " UPP
8.6 kD E1 ubiquitin-activating enzyme C-



ubiquitin-conjugating enzyme E3 ubiquitin ligase

C- a- € - - 48
€ - 26 S
[Hershko and Ciecdhanover. 1998]
El E2 E3 E2 E3
E2 E3 E3 E3
2.1 [Wojcik. 2001] —E4

[Koegl, et al., 1999]
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(Ubiquitin-conjugating / I \
enzymes (UBCs) or E2b
Ubiquitin-carrier proteins

fUhiquiﬁn-proteill J E3a [E3h] [ESQ] [E3ﬂ] [ ESE] [E3f]
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2.1 -

Fig. 2.1 hierarchical structure of the ubiquitin conjugating machinery
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nucleopolyhedrovirus, NPV

Granulovirus, GV

Guarino ACMNPV
(budded virus, BV) , ,
[Guarino, et al., 1995]
C
[van Strien, et al., 1996] 60-100
[Li, et al., 2003]
Guarino
8h 14-18 h[Guarino. 1990]
[Wettern, et al., 1990]
E3 p53
E3
[Kemp and Latchman. 1988]
ubi cDNA
Duniganet tobacco mosaic virus

stripe mosaic virus) (brome mosaic virus)

(satellite panicum mosaic virus)

(barley
(cowpeamosaic virus)

[Hazelwood and

Zaitlin, 1990] Aletta (cauliflower mosaic virus)
[Karsies, et al., 2001]
Adenovirus [Richard, et al., 2002]
E3
(Retrovirus) Filovirus Rabdovirus [Ronald,
et al., 2001] (plant homeodomain  PHD)
[Laurent and Don. 2003] E6 100 kD
p53 [Kuhne and Banks. 1998]

RING finger, HECT, U-box

1995 Fraser
AcMNPV

[Fraser, et al., 1995]

AcCMNPV

IFP2
IFP2



1996  Reilly

Vubi-FS

AcCMNPV

[Reilly and Guarino. 1996]

polh pl0 egt

2.2

221

RNA

DNA

[Hoopes and Rohrmann.

1991]

(silencer)

TATA

150 bp

ACMNPV

(basal promoter element)

El

(modulator promoter element)

TATA box

RNA

DNA

DNA
RNA

RNA

RNA



A+T A+T

42 CAGT

CGTGC ACMNPV  helicase [Lu and Carstens. 1992]
TAAG [Blissard and Rohrmann. 1990]
TAAG AcCMNPV  cg30 ATTAG [Thiem
and Miller. 1989] p47 GTAAAAC [Carstens, et al., 1993]

222

2221 iel
IE-1(Immediately early stage-1)
[Kovacs, et al., 1992]

RNA

[Chisholm and Henner. 1988; Guarino and Summers. 1987]

el A+T

2.2.2.2 helicase
helicase
ATG GTGC
[Lu and Carstens. 1992]
15 IE-1  PE38
ATG -98 bp
[Xiao, et al., 2002]

2.2.2.3 gp64
GP64
gp64
AcCMNPV  BmNPV gp64
TIATAAG
ATAGA
ATG -16

2003]

G+C

ATG
TATA box RNA

DNA

TATA box
hr
[Lu and Carstens. 1993]
ATG -410 -309 bp

BV
CAGT
BmNPV -73 ATAAG AcCMNPV
-8 Kozak
TATA [Blissard, et al., 1991; Zhou, €t al .,

CAGT



2224 polh plo
polh  pl0
AIT [Ooai, et al., 1989] polh ATG -20 -70bp
TATAbox CCAAT
ATG AATAAG [Gross and
Rohrmann. 1993] p10 polh
TAAG 5
12 nt ATG 101 bp TATA
box [Weyer and Possee. 1993]

2.2.3

(5'untrandlated region, 5’ UTR)
5UTR

[Ciechanover, et al.,
2000]

2.3

DNA
80-180 kb [Blissard and Rohrmann. 1990; Kool and Viak. 1993] DNA
rod-shaped nucleocapsid

10



al., 2004]

DNA

DNA

[Garcia-Maruniak, et al., 2004; Lauzon, et

AcMNPV  BmNPV
DNA

2.1 DNA

gene organization

21

Table 2.1 functional gene of baculovirus

expression factors, LEFs

DNA dna-pol lef-1 lef-2 lef-7 p35 pl4a3 pe38
dna-pol iel ie2 lef-1-ef-11 p35 pl43
p47 p39 pk-1 wif-1
p35 iap-1 iap-2
egt
lef-1 lef-7 pl43 gp64
6-12 h [Friesen. 1997] “ "
RNA
TAAG [Morris and Miller. 1994]
LEFs DNA
DNA p35
DNA 2.2 [Hefferon. 2004]
22

Table 2.2 confirmed late expression factor gene

late

(kD) (R) M
LEF-1 30.8 early R primase
LEF-2 239 late R primase-binding protein
LEF-3 445 early R SSBP

11



LEF-4 53.9 early T CAP-binding protein; RNA polymerase comples
LEF-5 31.0 T transcription initiation factor
LEF-6 20.4 early, late T unknown
LEF-7 26.6 early R possible SSBP
LEF-8 101.8 early T RNA polymerase complex
LEF-9 59.3 T RNA polymerase complex
LEF-10 8.7 early T unknown
LEF-11 13.1 T/R unknown
LEF-12 21.0 T unknown
IE-1 66.9 early, late R Transactivatior; hr-binding protein
IE-2 47.0 early R Transactivatior; Cell-cycle control
P143 143.2 early, late R helicase
DNApol 114.3 early R DNA polymerase
P35 34.8 early, late R inhibitor of apoptosis
P47 475 early T RNA polymerase complex
39K 313 early, late T unknown
2.3.1 DNA LEFs
AcCMNPV 19 LEFs 10 DNA
lef-1 lef-3 lef-7 pld3 DNApol iel ie2 p35 lef-11 DNA
lef-1 lef-3 pl43 DNApol iel DNA [Kodl, et al., 1994; Lu and
Miller. 1995] lef-7 ie2 p35 DNA [Rapp, et al., 1998]
lef-1 lef-2
lef-1 30.8kD C- NTP [Passarelli and
Miller. 1993] lef-2 23.9kD
C- lef-2 [Sriram and Gopinathan. 1998]
Merrington lef-2 DNA
[Merrington, et al., 1996] GST Evans Rohrmann
lef-1  lef-2 lef-2  20-60 LEF-2 LEF1
[Evans, et al., 1997]
lef-3  pl143
lef-3 DNA single-strand binding protein, SSBP 445 kD
N DNA [Li, et al., 1993 DNA
[Mikhailov, et al., 2005] P143
P143 7 NTP DNA DNA [Lu
and Carstens. 1991] LEF-3 P143 [Evans, et al., 1999;

12



Wu and Carstens. 1998]

ie<l DNApoal
iel
[Choi and Guarino. 1995]
[Kovacs, et al., 1992] DNApol 114.3kD

DNApol
[Hang and Guarino. 1999; Todd, et al., 1996]

Lef-7 ie2 p35

DNA lef-7
DNA C LEF7
[Chen and Thiem. 1997; Morris, et al.,
1994] ie2 C- E-1
IE2
[Prikhod' ko, et al., 1999; Yoo and Guarino. 1994a; Yoo and Guarino. 1994b] p35
[Clem, et al., 1991; Clem and Miller. 1994] P35
DNA [LaCount and Friesen. 1997]
2.3.2 DNA LEFs
RNA [Grula,
et al., 1981] DNA LEFs
LEFs RNA 9 LEFs [Todd, et al., 1995]
RNA Polymerase
RNA
RNA
RNA
LEF-4 8 9 P47[Guarino, et al., 1998] N-
LEF-9 P47 55 kD
LEF-4 LEF-8 Western blot
LEF-8 LEF9 RNA [lorio, et al., 1998; Titterington, et al., 2003]
LEF-8 LEF-9 [Acharya and Gopinathan. 2002] LEF-4
RNA [Okano, et al., 2006] Guarino
AcCMNPV DNA RNA TAAG

13



[Guarino, et al., 1998] RNA poly(A)
mRNAs 3 RNA
RNA T- [Jin and Guarino. 2000]
lef-4~lef-6
LEF-4 RNA RNA 5 RNA
ATPase [Gross and Shuman. 1998; Jin, et al., 1998]
LEF-4 [Durantel, et al., 1998] lef-5
ACMNPV [Passarelli and Miller. 1993] LEF-5
LEF-5 C- RNApol
RNA [Harwood, et al., 1998]
Guarino LEF-5 [Guarino, et al., 2002a] LEF-6
RNA [Passarelli, et al., 1994] LEF-6 9
[Lin and Blissard. 2002g]
lef-11  lef-12
LEF-11 [Lin, et al., 2001] LEF-11
DNA [Linand Blissard. 2002b] LEF-12
[Rapp, et al., 1998] LEF-12 DNA
[Guarino, et al., 2002b]
2.33 LEFs
LEFs [Luand
Miller. 1994; Todd, et al., 1996] P39 lef-10
BmNPV 18 lef AcMNPV
LEF 73-98 % lef lacz 3% ie2
lef7  p35 14  lef BmNPV
lef7 p35 ie2 DNA DNA
39k 39k
DNA [Gomi, et al., 1997]
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24

DNA
DNA DNA
[Krumm,
et al., 1993] RNA 5
DNA
DNA
polh pl0 egt
cis-acting
5UTR

[Ciechanover, et al., 2000a; Ciechanover, et al., 2000b]
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Bm
and Smith. 1987]

311

TC-100

10
-20

3.1.2

25 cm?
FBS 100 pg/mL
2-3h

50 pg /mL

BmNPV

[Sambrook, et al., 1992]

Sf21 Summers [Summers
15 mL 1000 g 10 min
0.5-1.0x 10’ /mL
20 DMSO DMSO
1mL
1h -80
37
5 (4 ) TC-100 10
1lh 27
1.2-3
12 TC-100
AcMNPV Bm 21
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1 1x TC-100 Gibco BRL 1 1x 1L TC-100

ddw 0.35 g NaHCOg3 5 mol/L NaOH pH 622
1L 0.22 ym
2 1x TC-100 1x TC-100 FBS FBS -20
56 30 min 10 1x TC-100
100 pg /mL 50 pg /mL
3.2PCR
3.21
150l eppendorf 0.2 mol/L NaOH 150 pL

5min 8 mol/L NH AC 20 pL 5min 5000
rpm 5min 1/10 5 mol/L NaAc (pH
6.5 2 2h 75% 40 pL  0.1x

TEBuffer  PCR 1L

3.2.2
DNA DNA PCR DNA
20 ng
3.2.3 PCR
100 pL 10 x Tag  Pfubuffer 100 uL 10 mM dNTP 2 pL DNA
DNA 20 ng DNA 500ng 20 pm 15U Taq 2U Pfu
ddw 100 pL

18



3.2.4 PCR

95 5min 94 1min 55 1min ™m
72 1min 30 72 10 min
3.2.5 PCR
PCR pfu DNA
PCR
3.3
DNA 1-2 pg /10 10x
2-4 U/ug DNA 20 pL 37
1-2h 1.0%
34 DNA
DNA Eppendorf 3 viw
6 mol/L Nal 37 10 pL DNA 5min
5s New Wash 30pL 0.1
x TE Buf DNA DNA -20
1 6 mol/L Nal 0.75 g N&SO3 40 mL ddw 45 g Nal
Whatman NC
2 Glassmilk 10g 100mg/ mL SigmaS-5631 Silica 100 mL PBS
2h 2-3 2000 g 2min 3 mol/L Nal
100mg/mL 4
3 New Wash Tris-Cl (pH 7.4) 20 mmol/L EDTA 1 mmol/L  NaCl 100 mmol/L

19



3.5DNA

10 pL
T4 DNA luL 14-16
DNA 18-22
3.6
Genbank
DNA
pGEM-3Z
p595ubi p595ubi
PCR pGEM-3Z
3.7
3.7.1
-70 DH10B LB
Amp 37 100 pL
37 2-3h O.D. 0.6 3800 r/min
pL 75 mmol/L CaCl,
mmol/L CaCl,

30min 3800 r/min 5min

20

2-3:1 10x T4 DNA 1L
8h 2uL T4
AcMNPV  BmNPV
PCR BamH /EcoR
10:1
BamH luciferase
Xba
2-3mm 3mLLB
3mL LB
5min 800

200 L 75
2h



3.7.2

-70 DH10B LB 2-3mm 3mLLB
Amp 37 7h 1 mL 1% LB
37 2-3h 3800 r/min4 5min
20-30 mL 75 mmol/L CaCl, 30min 3800 r/min 5 min
10 mL 10% 75 mmol/L CaCl,
2h -70
3.7.3
DNA 0.5-1 ng 5 pL 100 pL
30 min 42 2min 37 5min 1.5min 1
mL 37 LB 37 225 rpm 1lh
100 pg/mL Amp LB 37
3.8 DNA
381
Amp 100 pg/mL 3mLLB 37
1.5mL Eppendorf 5000 r/min 5min 150 uL Sol
5min 300 pL Sol 150 pL 5min
450 uL Sol 15min 12000 r/min 10 min 0.6
4 20 min 12 000 r/m 10 min 250 UL TER (20 pg/mL
RNaseA TE) 37 20 min 350 pL PPt Buffer 4 20 min 12 000 r/min
6 min 70 100 pL 0.1x TE Buffer (pH 8.0)

-20

21



3.8.2

3mL LB 37 0.1 100 mL

LB Amp 100 pg/mL 37

5000 r/min 5min 3 mL Sol 20 min 6 mL Sol

500 pL 15 min 9mL Sal 20 min

12 000 r/min 10 min 0.6 4 20 min

12 000 r/min 10 min ImLTER( 20pg/mL RnaseA  TE) 37 15-30
min / 25:24:1

1/3 8 M NHsAc 0.6 20 min 12 000 r/min
10 min DNA 5%
0.7 mL 1x TE buf 1.6 M NaCl 13% PEG
20 min 12 000 r/min 10 min DNA 75%
0.45 mL 1x TE buf 1/10 3M NaAc (pH 6.5) 2
-20 DNA2h 12 000 r/min 10 min 75
1x TE buf 0.D.260 0.D.280 DNA

1 | (Sol ) 50 mmol/L  TrissHCI 25 mmol/L  EDTA (pH 8.0) 10 mmol/L

2 (Sol ) NaOHO0.2mol/L SDS1

3 (Sol ) 5mol/mL KAc 80 mL 12mL ddw 8 mL

4 TER RNAse RNAseA 10 mM TrissCl 15mM  NaCl 10 mg/mL

-20 1x TE buf 20 pg/mL 4

5 PPt Buffer 22mL  5mol/mL KAc1mL ddw 2 mL

6 PEG NaCl 16M PEG

13%
3.9
3.9.1 DNA

5000 r/min 10 min
25000 rpm 1lh 1mL

22



K 50 pg/mL 50 2h 35 Sarkorsyl
1 50 2h 11
5000 rpm 5min 1/10 3mol/L NaCl pH 6.5 2
-20
3.9.2 DNA
Sau3A Sau3A PUC19 Sl
5kb DNA
/ 200 uL TE 5kb
3.9.3
DNA Sal puUC19
LB 4
LB DNA TE buffer -20
3.10 DNA
0.5-1x 10° cellg/ml 15 cm® 27
15mL 15mL
lipofectin 1lug 0.5ug
ddw 50 pL 5uL 15 min
3h (MOI =0.5) 1lh
3ml 27 48 h
1ug ddw 50 pL 8 uL
pRL-CMV LacZ pSK-hsp70-LacZ
lipofectin DDAB  DOPE Sigma Lipofectin Reagent  Gibco BRL
6.6 yM DDAB 134puM DOPE 1:2 1mL 142 pL
858 L 2mg/mL 4
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311

3111

48 1.5mL EP
5min 1x PBS1mL 4 9000 rpm 5min
buf -20 2h 4 9000 rpm

3.11.2 Luciferase

pRL-CMV LAR

luciferase  cpm

luciferase
25 15s
3.11.3
(0.5 mg/ml)
1 1 2 2
G-250 50 pL 20uL 0.15M  NaCl
0.5 pg/uL 20 pL
2-3 590 nm
B - 1mL 30 pL
66 UL 4mg/ mL  ONPG 201 pL 0.1 mol/L (pH 7.5)
0.5mL 1 M N&CO3 420 nm
1 100x Mg* 0.1 mol/L MgCl, 4.5mol/L B -

24

4 9000 rpm
200 L 1x lysis
5 min

Stop& Glo reagent

luciferase cpm

luciferase cpm

96

20 pL
Tip

3L 100x Mg**
28 10 min

0.1 mol/L



2 0.1mol/L 41 mL0.2 mol/L NapHPO,- 2H,O 9 mL 0.2 mol/L NaH,PO,- 2H,0
50 mL ddw

3.12 RNA
0.5 mL Solution D 50 uL 2 M NaAc (pH 4.0) 0.5 mL
(pH7.0) 0.1mL / (49:1) 15min 4 100004g 20 min
(~05mL) 0.5mL -20 1h 4  12000g
15 min RNA 100 pL solution D 10 uL NaAc (pH4.0) 300 pL
-20 1h 4 12 000g 15min RNA 70% ImL 4
12 000g 3 min 30 uL DEPC ddw (
Northern blot 0.5% SDS buf) -20 -70
1 Solution D 10 g guanidinium thiocyanate ( ) 0.106 g sarcosy! (
) 0.7mLO0.75M pH7.0 11.72mL ddw 65 4
3 ImL 7 uL 2-mercaptorthanol  2-
2 2M NaAc (pH4.0) 2 M NaAc pH 4.0
3 pH 7.0
4 DEPC ddw 1 mL DEPC 1L ddw 37 4h
DEPC
3.13 ( Takara )
50 ng PCR 2 uL ddw
14 yL 10 min 5min dNTP(-C)
10x Klenow Buf ~ 25pL  5pL [a -2P]dCTP(10 uCi/pL) 1 pL Exo-free Klenow Fragment 37
20 min 7 uL yeast tRNA (10 mg/mL) 20 uL 10 M NH4AC, 48 uL ddw 300 pL
-20 1h 4 120009 15min 70% 82uL TE
2L >10° cpm/pL -20
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3.14 Northern blot

3.14.1
1x MOPS 100V 20 pL buf 30 ug
RNA 65 15 min 5min 2L buf 1pL200pg/mL  EB
40-50V 1h 80V 2/3 15
RNA 300 mL ddw
15 min 0.05 M NaOH
Hybond* Pharmacia
100 g 6
0.05 M NaOH 20 min 2x SSC 4
3.14.2
5mL 42 4h
( p ) 42 16
2x SSC/ 0.1% SDS  0.2x SSC/ 0.1%SDS

0.2x SSC/0.1% SDS 42 65 X
-70 24

1 DNA DNA Sigma 0.1 M NaCl
10 s 20 s 20 /
TE 10 mg/mL

2 6x SSC, 1 mM EDTA, 50% (v/v) , 5% Denhart, 0.1% SDS, 100 pg/mL
DNA

3 5% MOPS 0.1 M MORPS, 0.025 M NaAc, 0.005 EDTA

4 buf (20 uL) 2 pL 5x MOPS, 3.5 UL , 10 uL , 4.5 uL ddw

5 buf 50% , 0.1 mg/mL , 0.001 EDTA

6 50 mL, 1.2% 0.6 g agarose 31 mL ddw 60

9mL 10 mL 5x MOPS
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AcMNPV BmNPV ubiquitin

AcMNPV BmNPV ubiquitin

AcMNPV  BmNPV Northern blot
12h
5’ ATG 187-383 bp
TAAG CAAT  TATA box TAAG CAAT
TATA box AcMNPV  BmNPV
TATA box TAAG CAAT
DNA
AcMNPV  BmNPV
70% 90%
[Gomi, et al., 1999] DNA
RNA
RNA AcMNPV ~ BmNPV
T7% AcMNPV Grarino
[Guarino, et al., 1995]
DNA El

[Ghosh, et al., 2003; Haas, €t al., 1996]
AcMNPV  BmNPV

TATAbox CAAT TAAG

(luciferase) Bm
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AcMNPV BmNPV ubiquitin

4.1
4.1.1
pUL220 AcMNPV  BmNPV Bm &
DDAB/DOPE T4 DNA DNA
Gibco-BRL  TAKARA Geneclean Promega
4.1.2
4121
4122
AcMNPV  BmNPV PCR

59
4.1

4.1

Table. 4.1 Name and sequence of primers used in the experiment

(A) primers used in promoter deletion analysis

the BamH and ECOR sites were italic and underlined.

name Sequence (from 5" to 3) purpose
Pubi F1 TGGAATTCGATCGGATAGCGA Used for 595, 383 and
Pubi F2 CGGAATTCGTGTAACAAAGTCG 124 bp  promoter
Pubi F3 TGGAATTCAATTGCCGTTGAAGGGAAAT fragment
Pubi R TTTGGATCCTTACACTATTACTTATAAATGACAACGG
Pubi-2™ F CGGAATTCGTGTAACAAAGTCGACAGCG Used for 196 bp
Pubi-2" R GATGGATCCAAACGACTTAATATAACACC promoter fragment
Pcore F AATTCTTATAAGTAATAGTGTAAAAG Used for 26 bp
Pcore R GATCCTTTTACACTATTACTTATAAG promoter fragment
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AcMNPV BmNPV ubiquitin

(B) primers used in promoter mutation analysis

the mutation sites were italic and underlined.

name Sequence (from 5' to 3') pur pose
17M R TTTGGATCCTTACACTATTACTCGTAAATGACAACGG
Used for two TAAG
195M F GTGGCCCGGTGTTATCGGTCGTTTGAAAGC tati
m! 0on
195M R GCTTTCAAACGACCGATAACACCGGGCCAC Hiato
19M R TTTGGATCCTTACACTATTACTTACGAATGACAACGG
Used for two TATA
269M F CGTCAGCCTCCGTAATCTCGG .
box mutation
269M R CCGAGATTACGGAGGCTGACG
T7IMF CGCCTGTTGCACGGTTCCACCAGCGGTG
71 MR CACCGCTGGTGGAACCGTGCAACAGGCG Used for two CAAT
35OM F GACAGCGAAACGGTTTATCGTTTTC mutation
359M R GAAAACGATAAACCGTTTCGCTGTC
4123 PCR
AcMNPV  BmNPV ZJ8 DNA PCR
DNA
PCR
4124
Geneclean PCR pGEM-3Z T7  SP6
4.1.25
PCR pGEM-3Z pUL220 DNA
BamH luciferase
4.1.2.6
4.1.2.7
48 h
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AcMNPV BmNPV ubiquitin

4.2
4.2.1 ubi
Genbank BmNPV  AcMNPV ubi 5
BmNPV
AcMNPV DNA PCR 600 bp
pGEM-3Z BamH /EcoR E. coli DH10B
595 bp pBmubis95  pAcubiS95 4.1

4.1

Fig.4.1 Deletion analysis of Ac and Bm ubi gene promoter by BamH and ECOR digested.

1 to 4: different length ubi gene promoter fragments from AcNPV that is pAcubi595, pAcubi382, pAcubil24 and

pAcubil96; 5: X DNA/ HindIII; 6 to 9: different length ubi gene promoter fragments from BmNPV that is pBmubi595,
pBmubi382, pBmubil24 and pBmubil96.

DNA Star BmNPV ZJ8 ubi BmNPV T3
98.9 % AcNPV ubi AcMNPV C6
99.5 % 92.8 % Matlnspector AcMNPV
BmNPV ubi

TAAG -17 -14nt -195 -192nt TATAbox -19 -15nt -269 -265nt CAAT -71

30
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-68nt  -125
-473

Acubi 1

Bmubi 1

Acubi 61

Bmubi 61

Acubi 121
Bmubi 121
Acubi 181
Bmubi 181
Acubi 241
Bmubi 241
Acubi 301
Bmubi 301
Acubi 361
Bmubi 361
Acubi 421
Bmubi 421
Acubi 481
Bmubi 481
Acubi 541
Bmubi 541

Fig. 4.2

-122nt  -359 -356nt Ac ubi
-470nt -501 -498nt -573 -570nt 4.2

GATCGGATAGCGATTCAAATTTTGTAAGCGTTTGTAGCGCACGTTTGGCATCTTGTTTAA

LLLERRLEEEnt Bl e e L EEr et Ll
GATCGGATAGCGACTCGAAGTTTGTGAGCGTTTGCAGCGCAAGTTTGGCATCTTGTTTAA

AATTACACGACGACAGACAGTAAAAATATTCCTCGATAAGCATGACTACACCCATATCAC

CLLEREELL LU LR LR R R LR UL LEL LR ]
AATTACACGACGACAGACAGTAAAAGTATTCTTCGACAAGCATGACTACACCCATATCAC

TGTTTAAGTGCTCGACGTAGTTGTTGCATGTTATGTCGCGTGTGCCGCGATACGCGTGAT

LLLLEEE DOLLLEERRERER e LR el LEng |
TGTTTAAATGCTCGACGTAGTTGTTGCATGCTATGTCGCGTGTGCCCCGATACGCGTGGT

TTCGGTGAAAATCACACCACAACCAGTCGGCGTGCGTGTAACAAAGTCGACAGCGAAACA

LL LERERRE Rt Aer ERRRRRER LR i ittt
TTCTGTGAAAATCACACCACAGCCAATCGGCGTGCGTGTAACAAAG TCGACAGCGAAACA

ATTTATCGTTTTCCAAAAAATTTAAATACTCGACAGTTTTGCAGCTTAGATTCCGCGTTT

CERELERL LERRREE e e R in i A fiiiitl
ATTTATCGGTTTCCAAAAAATTCAAATATTCGACAGTTTTGCAGCTGAGATTGCGCGTTT

GATTCACCTTAAAATCGTCGTCAGCCTCTATAATCTCGGGCGACAGCTCGCCTTGTTGCC

LLLEEEL TELLE LR EER e LR L i L L L]
GATTCACTTTAAAATCGTCGTCAGCTTCTATAATTTCTGGCAACAGTTTGCCTTGTTGCC

CCATCGTATCGATCACCTCCCCCAAGTGGCCCGGTGTTATATTAAGITCGTTTAAAATCAT

LLLE L LELL LR REEE R R e LR eeee 111 111
CCATTGCATCGATCACCTCGCCCAAGTGGCCCGGTGTTATATITAAGTCGTTTGAAAGCAT

TTATTGCTTCCTGCACGTCGGCCTGGTAATTTTTGACCACGGGCGTGGAAATCAATTGCC

L DL DULERRERREEREy DL L L]
CTATCGCTTCTTGCACGTCGGCCTGATAATTTTTGATTACGGGCGTGGAAATCAATTGCC

GTTGAAGGGAAATAATTCGTGGTGTGGGTATCGGCCGCCTGTTGCACAATTCCACCAGCG
LLLEREEL L L LEEE I LR R R LRl |1
GTTGAAGGGAAATAATTCGCGGTGTGGGTATCGGCCGCCTGTTGCACAATTCCACCATCG

GTGGAGGCAAGGGCGCATTCACAGTAACCGTTGTCATTTATAAGTAATAGTGTAA 595

COLEREEERRELE CRRRE L LLEELRELELLTl LLLLLLET
GTGGAGGCAAGGGCACATTCACAGCAACCGTTGTCATTTATAAGTAATAGTGTAA 595

4.2 ACMNPV ~ BmNPV  ubi

TAAG

60

60

120
120
180
180
240
240
300
300
360
360
420
420
480
480
540
540

Nucleotide sequence alignment of cloned wub# gene promoter from AcMNPV and BmNPV.

The late RNA initiation sites, TAAG motif, were marked by rectangle; CAAT motifs were shaded and TATA boxes

were underlined.

4.2.2 Northern blot
0.5-1x 10° 15 cm?
BmNPV  AcMNPV (MOI = 0.5) Bm 21
8 12 24 48 72 RNA RNA
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AcMNPV BmNPV ubiquitin

blot ubituitin
BmNPV ubiquitin 12 h AcMNPYV ubiquitin
43A,B

A RNA

B Northern blot

4.3 AcMNPV  BmNPV ubi Northern blot

Fig.4.3 Northern blot analysis of wbi gene of ACMNPV or BmNPV.

(A) Electrophoresis of ubi RNA from AcNPV or BmNPV infected & or Bm cells at different stages.

(B) Northern blot analysis of ubi gene from AcNPV or BmNPV.

Left photos are ACMNPV ubi and right are BmNPV ubi. No.1 is the control cell RNA that no virus infected; No. 2 to No.
9 figured the time after infected, that is 2, 4, 8, 12, 24, 48 and 72 h.

423 ubi

4231

ubi luciferase pBmubi595  pAcubis95s
BamH ubi pBmubi595luc  pAcubi595luc

4.2.3.2 ubugitin
1x 10° Bm SR21 15 cm? 1 pg DNA  5uL
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AcMNPV BmNPV ubiquitin

3h 48 h pUL220
4.2
48 h 10ug luciferase 16 20
BmNPV  AcMNPV 10pg
Bm BmNPV ubi 13378.7 AcMNPV ubi 21
27588
4.2 ubi

Table. 4.2 Luciferase activity of constructs plasmid pAcubi595-luc and pBmubi595-luc in S221 or Bm cells.

plasmid name Céll lines Viral infection CPM
. - 16+16
pAcubi595-luc St-21
+ 27588+664.87
. - 20+£17.88
pBmubi595-luc Bm-N
+ 13378.7+481.63

Using pUL220 transfected or mock transfected cells as control. Each reaction contained 10 pg of protein from Bmor S21

cells extract. 1pg of plasmid DNA was used in each transfection. The results represented averages from three separate

transfections.
4.23.3 ubi
ubi 5’
ATG 595 bp ATG  -382bp -124bp
PCR ATG 26 bp
TAAG  TATA box ATG -383 bp -187 bp
TAAG 196 bp
pGEM-3Z luciferase
Bm S21 44 A Luciferase
595 bp 10pg Bm
S 17180 32148 5 382 bp
AcMNPV 6.7 124 bp
0.7% BmNPV
382 bp 595 bp 79%
124 bp 11%
0.4 26 bp luciferase
hr3 10 pg 104 ATG
TAAG AcMNPV  BmNPV ubi 8.0 31% 10
ug 2574 5244 ubi
AcMNPV  BmNPV AcMNPV ATG
-595 -382 bp BmNPV ATG -382 -124 bp
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AcMNPV BmNPV ubiquitin

ubi TAAG TATAbox 26bp
|:I] P196ubi-luc OBm
HAc A

) pasubiotc
: P124ubi-luc

. BHH 79
P382ubi-luc %]
I | L) 100

R = B[
-595 -382 -124 26 +1 \ \ \

0 50 100 150
relative activity %

p—
p_—
-~ -~

500 ¢ B
BEAc Zo:
400

300

200

relative activity %

100

4.4

Table. 4.4 relative activity of luciferase controlled by the deletion or mutation wbi promoter

Bm or & cells were transfected with 1 pg of each plasmid DNA and transient expression assays were performed 48 h
post-transfection. Series 1 and 2 denoted relative luciferase activity controlled by ubi of AcMNPV or BmNPV,
respectively.

(A) Schematic representation of the inserts used in the deletion analysis of the ubi promoter. Five plasmids were
constructed by inserting the appropriate PCR product in Pgem-3Z. The BmNPV genome DNA used as matrix in the PCR.
The inserts of these plasmids are shown as boxes (regions upstream from the initial ATG of ubi). The plasmid name, the
length of the inserts fragments and the mortality associated with the plasmid in the transient expression assays are shown
on the right of each insert. The presence of the TAAG motif in the promoter region of the inserts is marked with a black
box.

(B) The effect of conserved elements on the promoter activity. The sequence of the pubi595-luc plasmid was modified
by a series of point mutation in the conserved motifs upstream of the ATG, respectively. The plasmid containing the TAAG

mutations was named as pl7Mluc or p195Mluc, p19Mluc and p269Mluc containing the TATA box mutations, and
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AcMNPV BmNPV ubiquitin

p71Mluc, p359Mluc containing the CAAT mutations.

4234
ubi
TATAbox CAAT TAAG pAcubi595 pBmubi595 DNA
PCR TATAA CGTAA CAAT
CGGT TAAG CGAG Bm S21
4.4(B) TATA box
-19 -15bp  TATA box Acubi  Bmubi 10.7% 16.4%
-269 -265bp  TATA box 12.3% 14.2% ATG TAAG
20ug & Bm
10.3 14.7% ATG -71 -68 nt  -359 -356 nt CAAT CGGT
ATG CAAT 20 ug & Bm
4 2.6 -359 -356nt  CAAT 20 ug  Acubi  Bmubi
3
43
DNA
DNA
RNA
(A/G/T) TAAG RNA [Huh and Weaver. 1990;
Rohrmann. 1986] TAAG
TAAG RNA [Morris and Miller.
1994; Todd, et al., 1995]
[Ghosh M, et al., 2003; Reilly and
Guarino. 1996]
AcMNPV  BmNPV 595 bp ubi
ubi
Northern blot ubi 12 h
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RNA
ubi 5
ATG 382 bp 595 bp AcMNPV
BmNPV 93.3 21
ATG
383-187 bp ubi TATA box
5’
RNA
RNA RNA
A/G/T TAAG
AcMNPV  BmNPV ubi CAAT TAAG TATA box
TAAG
TAAG RNA TATA box
TATA box
TATA box CAAT box
CAAT
3-4 ubi CAAT CAAT

[Eisen. 2002; Eisenberg, et al., 2000]

[AlY’
a, et al., 2001; Herniou, et al., 2001; Lin and Gerstein. 2000; Snel, et al., 2002]
[Harrison and Bonning. 2003; Woolhouse, et al., 2002] BmNPV
66.7% 74% ubi
BmNPV ubi ATG 5’ -314bp -412bp
RNA
DNA
RNA
RNA
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AcMNPV BmNPV ubiquitin

RNA
[Majumdar and Adhya. 1984]

Promoter Analysis of Ubiquitin Gene from AcMNPV and

BmNPV

Abstract Baculoviruses Autographa californica multicapsid nucleopolyhedrovirus (AcMNPV) and
Bombyx mori nucleopolyhedrovirus (BmNPV) encode ubiquitin protein, which may involved in the
virus infection. Promoter activity and Northern blot analysis indicate that ubi gene was expressed in the
late phase of viral infection. In the present of viral factors, transient expression assay demonstrated that
the cis-acting elements responsive to viral factors are mainly located within the 5 region upstream of
ATG, and a 196 bp fragment, containing additional promoter elements, i.e. TATA box, CAAT and TAAG
motif, upstream -383 bp to -187 bp from the initial ATG, can also stimulated the expression of reporter
gene. Functional promoter elements in the 5’ untranslated region of the ubi gene in the AcMNPV and
BmNPV have been defined by transcriptional analysis of site-directed mutations. The results showed
that the mutations of TATA box or TAAG in both AcMNPV and BmNPV ubi promoter region,
remarkable reduced the promoter activity, while the CAAT mutations increased the reporter gene
expression about 3 times. It may because, in the long-term co-evolution, baculovirus recombined
beneficial gene or nuclide acids fragment from its host, and altered some nuclide acids to escape the

control of host transcription and make it more compatible for virus itself.

K ey wor ds: baculovirus; ubi promoter; transient expression; promoter analysis
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hr3
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BmNPV hr3

1.4
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RNA
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hr3 iel

DNA DNA

ubi polh

5.1

5.1.1

ppolhluc  pBmubiluc-hr3  ppolhluc-hr3

5.1.2 1E-1 uwbiquitin

pBm595ubiluc pBm382ubiluc pBml124ubiluc
Bm 48 h

ie-l

5.1.3 ie-1 hr3 ubi

pBm595ubiluc  pBm595ubiluc-hr3 pBm595ubiluc  pSK-hr3

BmNPV
BmNPV
5.1.4 r1e-1 hr3 polh
ppolhluc  ppolhluc-hr3 ie-1l Bm ppolhluc
Bm BmNPV el
72 84 96 108h luciferase

3
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BmNPV hr

pBm26ubiluc
ubiquitin

Bm
el

hr3 iel
24 36 48

ie-1l
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hr3 iel

5.1.5
24-25
DNA 15 min 1ug DNA
5 48h
3 10
52
5.2.1
ie-l hr3
ubi polh
pBm595ubiluc  ppolhluc BamH
BmNPV hr3
pBmu595biluc-hr3  ppolhluc-hr3
5.2.2 1e-1 hr3 ubi
ieel hr3 pBm595ubiluc
pBm595ubiluc-hr3 ie-l pBm595ubiluc
pBm595ubiluc-hr3 Bm BmNPV hr3
48 Beckman cpm 15
0.5 mg/ml
51 A
ie-1 hr3 ubi 210
hr3  ubi 9
ie-l hr3 ubi 62
hr3 14 hr3
ie-l hr3  ubi ie-l
DNA lug DNA 5
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hr3 iel

48 h 51 B
hr3 ubi
250000 - 8000 -
206444 A ey B
L 7000 T
200000 - T
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2 2
=2 150000 = 5000 |
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3 67516 5 3000 P
== |
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1212
16 324 2904 3658 4956 1000 £ 404
0 I | 1 e | 12 60 16
O | 1
1 2 3 4 5 6 7
1 2 3 4 5 6 7

5.1 ie-1 hr3 ubi

Fig. 5.1 (A) ie-1 hr3 affected on the wbi gene promoter activity in vitro and in vivo analysis

(A) Each reaction contained 10 pg of protein for the analysis in the present of ie-1 and used 1 pg of protein from
BmNPV-infected Bm cell extract.

(B) Using 1 pg total DNA to transfect fifth silkworm, each reaction contained 10 pg of protein from Bombyx mori
larva haemolymph.

The full-length promoter was arbitrarily set as 1. The effects of cis- or trans- hr3 on the ubiquitin promoter activity
were detected as shown in 2 to 4 in the presence of ie-1. And the effects of cis- or trans- hr3 on ubiquitin promter activity
in BmNPV- infected Bm cells were shown as 5 to 7. Transfections were conducted in triplicate.

1: pBm595ubi-luc; 2: pBm595ubi-luctie-1; 3: pBm595ubi-luc-hr3+ie-1; 4: pPBm595ubi-luctie-1+hr3;

5: pBm595ubi-luc+BmNPV; 6: pBm595ubi-luc-hr3+BmNPV; 7: pBm595ubi-luc+hr3+BmNPV.

5.2.3 ubiquitin re-1
BmNPV ubi
5 ieel  ubi
iel Bm

ie-l 5.2 ATG
382 bp ATG
26 bp TATA box TAAG 4157 cpm

ubi ie-l ATG 595 382bp ATG 26 bp
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hr3 iel

el
150 .
° 100
(=)
> I
£ 100 | l
g
]
= 50 |- 32.5
L T
e T
1 1.8
0
\\\\}’ \00 '\'\oo \\00
S S S
@@0 @qy @w &r&
o m' & &
& & &
5.2 ubi je-1

Fig. 5.2 Deletion analysis of the wbi gene promoter co-transfected with 7je-I

In the presence of ie-1, the effect of the 5" deletion on luciferase activity in Bm cells were shown as the
fold-stimulation relative to the full-length promoter fragment which was arbitrarily set as 100.

Transfections were conducted in triplicate.

5.2.4 r1e-1 hr3 polh
ieel hr3 polh ie-l hr3  polh Bm
iel hr3
ppolhluc el Bm ppolhluc Bm BmNPV
53 el hr3
621 4.2
283 18
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hr3 iel

3000 r 2047.7

|
|

2000 r

1000

relative activity %

5.3 ie-1 hr3  polh

Fig. 5.3 Ar3affected on the polf gene promoter activity in the present of 7e-7or BmNPV in vitro analysis

The full-length promoter was arbitrarily set as 1. In the present of ie-1, the effects of cis- or trans- hr3 on the polh
promoter activity were detected using 1 pg of protein from Bm cell extract. And the effects of cis- or trans- hr3 on polh
promter activity in BmNPV- infected Bm cells were detected using 0.1ug of protein from Bm cell extract. Transfections

were conducted in triplicate.

24h 36h 48h 60h 72h 84h 96h
54 48 h ie-1l
iel 24h
hr3 10 ug 71308.01+ 1069.62 cpm
200 24h 10 pg hr3
luciferase 2320+ 193.26 ie-1
ie-1 hr3
el hr3
300 | 4000
opolhiuc+iel ppolhluc+BmN
3000 |
200 |
2000 |
100 |-
1000 |-
0 0le
24
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hr3 iel

40 - 900
ppolhluchr3+iel ppolhluchr3+BmNPV
750
30 +
600
20 | 450
300
10 - 4
150 +
0 0 o—eo——L
24 36 48 60 72 84 96 24 36 48 60 72 84 9
3000 -
ppolhluc+hr3+BmNPV
2000 +
1000 +
0 L L L L L
24 3 48 60 72 8 9% MDY
5.4 hr3  polh

Fig. 5.4 cis- or trans- hr3 affected on the polh gene promoter activity

at different stages of transfection

Bm cells were co-transfected T-IE-1 with ppolhluc, ppolhluchr3, ppolhluc+pSK-hr3, respectively, shown at left; or
transfected by ppolhluc, ppolhluchr3, ppolhluc+pSK-hr3, respectively, and infected with BmNPV, shown at right. After
transfected 24 h, 36 h, 48 h, 60 h, 72 h, 84 h and 96 h, cells were harvested and the luciferase activity was detected. X axes
denoted the time after transfection and Y axes denoted the relative activity of luciferase, the cpm value a 24 h.p.t.

arbitrarily set asa1.0.

Bm 5 48 h
55 hr3
572 hr3 10 iel
hr3 95 hr3 21
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hr3 iel

3000 r

2116.6
2000 | il

1000 r

relative activity %

1.0 1.0 94.620.7 3.7 38.3
Y s | |

5.5 ie-1 hr3 polh

Fig. 5.5 fe-1 hr3 affected on the polh gene promoter activity in vivo analysis

The full-length promoter was arbitrarily set as 1, using 1 pg total DNA to transfect fifth silkworm, earh reaction

contained 10 pg of protein from Bombyx mori larva haemolymph. Transfections were conducted in triplicate

5.3
DNA
[Carson,
eta., 1988 BmNPV
BmNPV
BmNPV
el BmNPV
ie-1l pBm595ubiluc el Bm
ie-l ATG -382 bp
32% ie-l
ATG -595~-382bp
ubi
DNA
TAAG RNA
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RNA [Beniya, et al., 1996] ubi  polh
Luciferase
RNA LEF4 LEF8 LEF9 P47
[Guarino, et al., 1998] ie-1l
ubi  polh RNA
ie-l RNA
IE-1 polh
(very late
factor, vif) polh [McLachlin and Miller. 1994; Vanarsdall, et al., 2006]
DNA
DNA
[Dobos and Cochran. 1980]
aphidicolin 24 h Northern blot MRNA[Rice and Miller. 1986]
DNA
ppolhluc ie-1l Bm ie-1l
polh hr3
hr3
ieel hr3 DNA
hr TATA box
hr
[Lu and Carstens, 1993] hr
DNA DNA
hr3 hr3
pBm595ubiluc  ppolhluc  luciferase Bm
hr Bm
BmNPV hr3
hr3
el Bm hr3
ieel hr3
hr hr hr
[Lu, et a., 1997] pBm595ubiluc  ppolhluc hr3 Bm
hr3
BmNPV hr3
iel Bm
ieel hr3 ubiquitin polh
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hr3 iel

hr3

/IE-1 hr3 activating the late and very late gene promoter

of BmNPV

Abstract Baculovirus homologous regions (hrs) act as viral DNA replication initiation sites, which also
have been shown to enhance the expression of some baculovirus genesin vitro. Baculovirus immediately
early gene product, 1E-1, can transactivate the expression of genes, which expressed after it. In this study,
BmMNPV hr3 was cloned into downstream of pBm595ubiluc or ppolhluc, which containing late ubi gene
promoter or very late polh promoter, respectively, to study the effect of hr3 and ie-1 on late and very late
gene promoter activity. The results showed that in BmNPV-infected cells, hr3 could significantly
enhance the activity of ubiquitin promoter, not only in cis-, but also in trans-. The promoter activity was
increased by 62- and 1.4-fold, respectively, in cis- and in trans-. According to polh promoter, hr3 could
increase the expression of report gene about 283- in cis- and 1.8-fold in trans-. When co-transfected ie-1
and reporter plasmid, hr3 could increase ubi and polh promoter transcription about 210-and 621-fold in
cis, and 9-, 4.2-fold in trans-, respectively. At the early stage of transfection, report gene expression
increased rapidly in the present of ie-1 than BmNPV, and reversed at the late stage of transfection. When
transfected Bombyx mori larvae, hr3 also could enhance the expression of report gene at the present of
ie-1 only or BmNPV infected. In the presence of ie-1, deletion between -595 to -382 bp relative to ATG
could reduce transcription of ubiquitin promoter remarkably. With continue deletion, the expression level
of luciferase was reducted, but still could be detected. The results suggested that cis-acting elements
responsive to ie-1 was mainly present within -595 to -382 bp upstream of ATG and 26 bp promoter

fragment was the core promoter region.

Key words promoter; enhancer; trans-activator

47



DNA
ubi
pBmubi595luc
iel
IE-1 ubi
ubi iel
DNA
el Bm
HE65 P35 ubi
gp118-gp119 ubi
IE-1
RNA

[Huh and weaver. 1990]
DNA

PE-38 CG-30 ME-53

1993(]. IE-1
|E-1

Bm
DNA Bm
PCR
IE-1 LEF-6 LEF-11
BmNPV gp104-gp107
RAN
IE-O IE-1 IE-N

[Passarelli and Miller.
[Guarino and Summers. 19864]
[Guarino and Summers. 1988],

[Guarino and Summers. 1986b]

ieel BmMNPV DNA Bm
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6.1

6.1.1
DNA
6.1.2 BmNPV
6.1.3 DNA
iel DNA 24 Bm 48 h
luciferase Bm
iel Bm
6.1.4
ubi PCR
ie-1l TIA pGEM-T-easy DNA
puC19 ubi DNA pGEM-3Z
pGEM-T-easy lef-6 BamH /Pst lef-11 Hind /Xba he65 Hind /Xba
gpl05-gp107 Hind /BamH pGEM-3Z p35 gpl04 gpll8-gpli9
PCR T/IA pGEM-T-easy gpl18 only  gpl19 only gpl19 gpli8
DAN pGEM-T-easy PCR
6.1
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6.1

Table 6.1 Primers used in viral factors amplification

used in the experiment

Used for p35 gene amplification

Used for gp104 gene amplification

Used for gpl118 and gpl119 gene
amplification
Used for only gpl119 gene

amplification

Used for gpl118 gene amplification

name of primers sequence
p35-F GACTCGTTGAAACGTGTTCGTC
p35-R CTCAAATCTTGCGTTACGTGTAG
gpl04-F CCGTGTCATACGATACCACATTG
gpl04-R CTCGTTATGATTTCATCATTTGATAGTG
ogp118-F GTGCGTACTGTAACGATTTTAGCTC
gp119-R ATCGTTGTTCTTGCGCGTAACGC
gpl18M-F CAAAAATTCAAATGTTGCAAAG
gp118M-R CTTTGCAACATTTGAATTTTTG
gpl19M-F CGGACATATTTTATATACACGAG
gp119M-R CTCGTGTATATAAAATATGTCCG
6.2

6.2.1 BmNPV DNA  ubi

iel Bm
ubi BmNPV DNA
DNA ieel  pBmubi595luc DNA 24
Bm 48 h iel 16
6.2 ie0 ie2 cg30 me53

pe38
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ubi

DNA

Table 6.2 BmNPV genomic libraries DNA that can stimulate the wbi promoter transcription

Lib plasmid BmNPV sequence ORFsin common CPM
Lib7* 93222-97237 160400+1459.64
gpl04-107
Lib13* 91058-95532 118352.1+1372.88
Lib60" 22831-27575 43740.03+835.43
gp026-034
Lib107* 22394-27216 8736+373.9
(lef-11)
Lib506" 21358-27575 12912+454.50
X Lib76" 122482-127733 gpl38-142 14400.01+479.52
U—CJ,_ Lib361* 123964-128397 (bro-d bro-e) 4700+£274.01
+
S Lib13g* 16087-22712 249960+199.68
3 gp020-023
o) Lib194* 18422-22712 578216.1+3064.55
ol (Ief-6)
= Lib 426" 17788-23765 19440.01+557.93
s}
o Lib141* 101136-107264 317200.2+2252.12
gpl18-120
Lib224* 105105-111534 290848.4+2152.28
(P35)
Lib366" 105420-109796 51776.67+828.43
Lib259* 81720-88603 gp091-093 77534.3+938.17
Lib459* 78463-86789 (heB5) 229208.6+1627.38
Lib470* 115898-123016 4268+262.05

Using BmNPV genomic library DNA, ie-1 and report plasmid, pBmubi595-luc, co-transfected Bm cells to screening the

DNA plasmid, which can stimulate the transcription of ubi promoter at the present of ie-1, then the library DNA was

sequenced and analyzed. Mock cells,report plasmid,

6.2.2 ubi
ubi
cy?'  cy13” gp104-107 cy60”
cy361” gp138-142 bro-d bro-e
cy141”  cy224” cy366" gpl18-120 p35 cy259°
lef-6  lef-11

p35 3

PCR
pBmubi595luc Bm

gp118 gp119

he65 |ef6

cy138”

p35
bro

Genbank
cy107"  cy506"
cy194"  cy426"

cy459"

p35

ATG
d e

ie-1 and pBmubi595-luc co-transfected cells as different control.

BmNPV
gp026-031 lef-11  cy76”

gp020-025  |ef-6

gp091-093 he65 cy470”

he65
gp104-107

ie-1

gpl04~107 gpl18~119



ubi 6.3

6.3 ubi

Table 6.3 Luciferase activities that controlled by wbi promoter, in the present of viral factors

Name of plasmid CPM
pBmubi595-luc 16+16
960+123.94
pLEF-6 4464+267.39
pLEF-11 5336+£292.41
) pHEGS 25040+£578.42
PEMUDISSS-Iue pP35 5708+301.95
’ pGP104 7776+£353.03
plE-1
pGP105~GP107 836+32.02
’ pGP104+pGP105~GP107 12044+438.40
pGP118-GP119 11820+434.98
pGP118 only 6788+329.22
pGP119 only 6046.67+284.19

Co-transfecte Bm cells with cloned repeat gene plasmid, ie-1 and pBmubi595-luc, the expressed luciferase activity were

detected. Using pBmubi595-luc transfect Bm cells or co-transfect with ie-1 as control.

6.2.3
4 gpl04~107
gp118~119 gp105~107
pGEM-3Z ie-1l
PCR gplo4 ubi
gpl05~107 PCR
gp118~119
gpl18  gpl19  ubi
gpl18  gpl19 ubi
6.3
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6.3

DNA ubi
BmNPV DNA
ubi he65 lef6 lefll p35
gpl04~gpl107 gpl18 gpl19 ubi
RNA
[Wu, et al., 1993]
DNA [Erlandson, et al., 1985] ubi
Northern blot 12 h
BmNPV DNA
ubi IE-1
LEF-6 LEF-11 P35 he65 ubi
ubi ubi
IE-1  LEF6 LEF-11 BmNPV
ubi
ubi
polyhedrin  p10 ubi
ubi
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Viral Factors Involved in the Transcription of Ubi Gene

from BmNPV

Abstract In this study, we developed a method to identify baculovirus genes required for late ubi gene
expression that is based on co-transfection BmNPV genomic library DNA, reporter plasmid and
immediately early gene, ie-1, in transient expression assay. A plasmid, pBmubi595luc, containing the
luciferase gene under the control of BmNPV late ubi gene promoter was constructed. Transient
expression assays indicated that the late promoter was active in Bm cells co-transfected with ie-1 and
some BmNPV DNA but not when pBmubi595luc was transfected alone. Low levels of luciferase activity
were observed in cells co-transfected with ie-1 and reporter plasmid. That is to say, ie-1 was necessary
but not sufficient for transcription of the ubi promoter, it need some other genes to co-regulate the
transcription of ubi promoter effectively. Using this assay, we found that four genes, |ef-6, lef-11, he65
and p35, located in BmNPV genome were involved in transcription of the late ubi gene promoter, in the
present of ie-1 DNA. However, another genes identified in the BmNPV genome were specificaly

required for expression from the ubi promoter. These were gp104 to gp107, gp118 and gp119.

Key words baculoviral factors; transient expression; ie-1; ubi gene promoter
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-BmNPV

[Possee. 1997]
0.1-1 80-90
7.1
20 80 , Summers [Smith, et al., 1983] Meada[Maeda, et al., 1985]
ACMNPV/ BmNPV/
7.1.1
polh  p10

pcna ieQ0 el

[Chen, et al., 2004; Gray, et al., 2004; Olson, et al., 2002]
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polh  p10

[Merrington. 1999; Weyer and Possee. 1991]

7.1.2
BEVS
95
[Kitts and Possee. 1993]
Patel
10-12d [Patel, et al., 1992]
7-10 d [Leusch, et al., 1995;
Luckow, et al., 1993 polh
Godeau [
ie-1 [Godeau, et al., 1992]
7.1.3
(1)
[Kool, et al., 1995] 2
polh  p10
[DiFalco, et al.,
1997] (3) 5 3 3-400 bp Kozak
[Kozak. 1986] (4) 5

[Sriram, et al., 1997] (5)
Petricevich
, [Petricevich, et al., 2001] (6)
S21
[Saito, et al., 2002] (7) Oleinik
[Olginik, et al., 2003]
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7.1.4

7.1.4.1

7.1.4.2

HIV

7.1.4.3

7.1.4.4

Hofmann

ACMNPV

90

BEVS

NPV

egt

[Ghosh, et al., 2002; Kost and Condreay. 2002]
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[Akihiro. 2001]

20

[Ohura. 2000]

[Inceoglu, et al., 2001]

ACMNPV

1995

80



1995]
Condreay

[Hofmann, et al.,

[Condreay, et al., 1999]

2000; Breitbach and Jarvis. 2001; Tomiya, et al., 2004] Jarvis
[Jarvis, et al., 2001] Hollister

S9 S
[Hollister and Jarivis. 2001]

[Lynn. 2003]

[Hu, et al., 2003]
7.2 B -
B - B -glucosidase
B -
B (1.4 B (1.4 B -

58

[Ailor, et al.,
AcMNPV

B - B -D-



B - [Falk and Rask. 1995;
Gonzalez-Candelas, et al., 1990; Grabnitz, et al., 1991; Misawa and Nakamura. 1998; Xu and
Grabowski. 1998]

B - B

7.2.1 B -

7.2.1.1

70

[Goldberg and Tewari. 1989;
Rosado, et al., 1987]

7.2.1.2
B -
B - -
B -
B -
7.2.1.3 B -
Pichia pastoris 120 g/L
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Pichia pastoris

8.62x 10'U/g

7.2.1.4

Alzheimer

HIV
cD*

B -

UR5-UR1

HIV

B_
B_

AOXI

1g/Lh

20

60

gp70
COS

HIV



B - B -D-
Pyrococcus furiosus B - celB
BmBacPAK6 DNA Bm
celB 5 SDS-PAGE
10% 10,199.5 U
19,797.4U B - 885U
81% B -
105 pH 5.0
B -
B- Pyrococcus furiosus
[Stetter. 1992] 90 80-110 [Stetter,
et al., 1990] [Huber, et
al., 2000] [Adams, €t al., 1995; Niehaus, et al.,
1999] Pyrococcus furiosus 100
P. furiosus [Fischer, et al., 1996; Hansson, et al.,
2001; Splechtna, et al., 2002] B -
B -
B -
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8.1

8.1.1 (Pyrococcus furiosus) DNA
P. furiosus (strain JCM8422) [Kengen, et al., 1993].
DNA [Laderman, et al., 1993] 98 P. furiosus
0.5 ml 25 0.05 M Tris-HC1 (pH 8.0) 100 uL 5 mg/mL
20 1h SET 4mL 5 SDS 500 puL 10 mg/mL K 100 uL.
37 lh / 2% DNA -20 lh
80 DNA TE -20
SET 150 mM NaCl 1 mM EDTA 20 mM Tris-HC1 (pH 8.0)
8.1.2
Genbank P. furiosus £ -glucosidase (celB) (Genbank accession No. AF013169)
P. furiosus DNA PCR

forward 5°- GAGGGATCCAATATGAAGTTCCCAAAAAACTTCATGT -3°
reverse  5’- AAAGAATTCTGGCTACTTTCTTGTAACAAATTTGAG -3’

5 3 BamH  EcoR PCR
94 5 min 94 ,1min 55 ,1lmin 72
3 min 30 72 10 min PCR 10 uL
70 pEGM-3Z
BamH /EcoR pVL1393 pVL-celB
8.1.3 Bm-BacPAK6 DNA
Bm-BacPAK6 5 000 r/min 10 min
25 000 rpm 1h 1 mL
K 50 pg/mL 50 2 h 35
Sarkorsel 1 50 2h 1:1
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5 000 rpm 5 min 1/10 3 mol/L NaCl

pH65 2 -20 2h DNA 5 000 rpm 10 min
70 TE DNA 4
8.1.4 Bm-BacPAK6 DNA
30 uL DNA 20 puL. 1-2 pg  Bsu36 2 ulL 10x
3uL ddwS5puL 37 3-4h 65 10 min
4
8.1.5
0.5-1x 10° Bm 15 cm? 80%
FBS 1 ml 50 pL
Bm-BacPAK6 DNA 1 pg DNA?2 pug 5uL
27 15 min 27 4-6 h
4.5 ml 500 pL FBS 10%
27 4-5d
8.1.6
80 35 mm dish 27 16 h
10°-10° I mL
27 lh 2 60 40 40
2x TC-100 20  FBS X-gal 150 pg/mL
dish Parafilm 27 4-7d
Tip 400 puL TC-100 4 4h
100 uL 24 27 3d 150 uL
DNA PCR
100 puL
Bm-5 5d 4
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8.1.7 PCR

150 pL 0.5 M NaOH 20 uL 8 M
NH4Ac 20 pL TE buf DNA
ATG 40 bp
polh-F 5" -ACTGTTTTCGTAACAGTTTTGTAA-3’
DNA 1 puL polh-F/ CelB-R PCR
94 Smin 94 I min 51 I min 72 2min 30 72 10 min
1ouL  PCR
8.1.8
1x 10° pfu 5 120 h
-20 90 15 min 4 10 000
rpm 10 min SDS-PAGE
8.1.9 B -glucosidase
50 1x 10° pfu 5
24h 48h 60h 72h 84h 96h 108h 120h -20
8.1.10 SDS-PAGE
5% 10% PBS 90
15 min SDS-PAGE 3 min
15 uL 35 45
SDS-PAGE 1 cm
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8.1.11 celB

0.028 g pNP 1 mL 0.IMpHS5.0 100 mL
2 mM pNP 0.1M 1 M Na,COs3 2mL 405
nm
1 2 3 4 5 6 7
2 mM pNP (uL) 0 50 100 150 200 250 300
0.1 M buf(mL) 2 1.95 1.9 1.85 1.8 1.75 1.7
1 M Na,CO3 (mL) 2 2 2 2 2 2 2
pNP (nM) 0 100 200 300 400 500 600
0.D 405 0 0.440  0.879 1.306 1.731 2.084 2360
405 nm pNP
U=(231.04X-1.2797)x5xN/10/1000
X: 405 nm
5 200 1 ml
N
10 10 min

1000 nmol  umol

CelB

y = 231.04x - 1.2797
R? = 0.9999

nmol
w
o
o

%100
50
0#
0.000 0.500 1.000 1.500 2.000
0D.405
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8.1.12 B -glucosidase
8.1.12.1
[Kengen, et al., 1993] I mMpNPG 0.1 M
- (pH 5.0) 1.8 ml 90 200 pL 90 10 min
2 ml 1 M Na,COs 405 nm
90 pNPG 0.5
1 U 1 pmol pNp
8.1.12.2 pH
pH 0.1 M pH 5.0 - buf
70-100 100-140 90 pH 2.5-8.0
pH pH3.5 4.0 45 50 55 0.1M -
pH7.0 7.5 8.0 0.1M0.1M - pH2.5-3.0
0.1M - 0.1M - pH6.0 6.5 0.1 M
- 0.1M -
0.1 MpHS5.0 -
10 min 30 min
8.1.12.3
B -glucosidase
ImM CaCl, CoCl, CuCl, MgCl, MnCl, ZnSO, NaWO,
0.1-1.7M  NaCl
8.2
8.2.1 cels
Genbank celB P. furiosus
DNA celB ORF pEGM-3Z BamH /EcoR
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P. furiosus celB PCR

celB pVL1393
pVL-celB
8.2.2
2 ug pVL-celB DNA 1 pg DNA Bm
35mm dish
24
8.2.3
120
100
o\\° 80
g 60
2 40 -
20 4
0 ro—e—o ‘ ‘ ‘
0 20 40 60 80 100 120 140
time (h)

8.1 B- glucosidase

Fig. 8.1 The time courses of B-glucosidase expressed in silkworm

Larval haemolymph was collected on ice every 12 h from 24 h post-infection. Using pNPG as substrate to determine

the B-glucosidase activity. The amount of expressed B-glucosidase was represented by the relative activity at

corresponding time.

5 12 24 36 48 60 72 84 96 108

120 h B -glucosidase 60 h
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120 h 8.1
120 1 mL 10199.5U0 197974 U
90 15 min SDS-PAGE
55 kD 8.2
10 82

8.2 B-glucosidase SDS-PAGE

Fig. 8.2 SDS-PAGE analysis of the B-glucosidase expressed by recombinant BEVS

Lane 1 and 4: 10 kDa standard protein ladder; Lane 2: Silkworm haemolymph with expressed B-glucosidase; Lane 3:
Heat-treated silkworm haemolymph with expressed B-glucosidase; Lane 5: Haemolymph of silkworm infected with
BmBacPAKG6. The arrows indicated a 50 kD protein ladder and the CelB band.

8.2.4
8241
0.1 MpHS5.0 70-100 100-140 10 min
405 nm pNP 83 105

90 -120 80
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120

100 4

Relative activity/%

0 T T T T
60 80 100 120 140 160

Temperature/

8.3 B-glucosidase

Fig. 8.3 The temperature profile of the expressed B-glucosidase

The enzymatic activity of f-glucosidase expressed in silkworm was measured at pH 5.0 and a temperature range from 70
to 140 in water or oil bath using pNPG as substrate. The optimal temperature for enzymatic reaction was 105

The B-glucosidase activity at the optimal temperature was arbitrarily set as 100%.

8.2.4.2 pH

100 ~

Relative activity/%

8.4 B-glucosidase pH

Fig. 8.4 The pH profile of the BEVS-derived p-glucosidase

The enzymatic reactions were carried out at 90 and different pH values from 2.5 to 8.0 using pNPG as substrate. The

optimal pH for enzymatic reaction was 5.0. The B-glucosidase activity at the optimal temperature was arbitrarily set as

100%.



90  pH 2.5-8.0

8.4 pHS5.0
pH 6-6.5

8.243

120 h

10199.5U0 197974U

8244

0.1 MpHS5.0
min
130 80

Relative activity/%

120

100 -

80

60

40 -

20 4

10 min pH
pH 4-6.5 40 pH 4-4.5
105 pH 5.0
mL
10 min 30
8.5 90 100 110 120
140
CK 90 100 110 120 130 140
Temperature/

8.5 B-glucosidase

Fig. 8.5 Thermostability analysis of the expressed B-glucosidase

Samples were incubated for 10 min at temperatures ranging over 90-140

in oil bath. The enzyme samples were

allowed to renature for 30 min at room temperature then placed the tubes on ice until standard activity assays were

performed. Samples without heat treatment were carried out as control (CK).
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8.245

0.1 M pH 5.0 1 mM
8.6
NaCl 0.1 MpHS5.0
140
120 4
100
; 80 A
E
40
20 4
0l
R0oCEENESSINIT
aaAan Q@ =B 17 — L O W AN
F282028%zz=zzzzx
8.6 B-glucosidase

Fig. 8.6 The modulation effects of various ions or NaCl on the activity of the BEVS-derived B-glucosidase
The ions effect on the B-glucosidase activity was determined by method as described priviouly using pNPG as substrate at

pH 5.0 and 90 . All ions were at a concentration of 1 mM, between 0.1 mM and 1.7 mM indicated the concentration of

NaCl. Enzymatic activity of the non-additive samples was performed as control.

8.3

90 80-110

[Adams, et al., 1995; Niehaus,
etal., 1999] Pyrococcus furiosus 100

[Woese, et al., 1990] P. furiosus

B -glucosidase P. furiosus B
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[Fischer et al., 1996; Hansson
etal., 2001; Splechtna et al., 2002]
[Lebbink et al., 2001] B -glucosidase
[Smith and Robinson, 2002 ]

5-6
70% [Ryu, et al., 1997]
-BmNPV
BmNPV
B -glucosidase
SDS-PAGE B -glucosidase 10,199.5U
mL 19,7974 U 50-80 mg ( 13,000-20,800 U)
-BmNPV B -glucosidase
90 15 min 80
glucosidase

B -glucosidase
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Expression, Analysis and Purified of hyperthermophilic
B-Glucosidase from Pyrococcus furiosus wusing a
Baculovirus Expression Vector System in Silkworm,

Bombyx mori

Abstract B-Glucosidase is a member of the glycosyl hydrolases that specifically catalyze the hydrolysis
of terminal nonreducing B-D-glucose residues from the end of various oligosaccharides with the release
of B-D-glucose. celB gene, encoding the thermostable B-glucosidase, was amplified from the Pyrococcus
furiosus genome and then cloned into the baculoviral transfer vector under the control of the polh gene
promoter. After co-transfection with genetically modified parental BmNPV, the recombinant virus
containing celB gene was used to express -glucosidase in silkworm. The recombinant B-glucosidase
was purified to about 81% homogeneity in a single heat-treatment step. The optimal activity of the
expressed B-glucosidase was obtained at pH 5.0 and about 105 , divalent cations and high ionic
strength did not affect on the activity remarkably. It suggested that the enzymatic characteristics of
recombinant 3 -glucosidase were similar to the native counterpart. The expressed B-glucosidase
accounted for more than 10% of silkworm total haemolymph proteins according to the protein
quantification and densimeter scanning. The expression level reached to 10,199.5 U per ml haemolymph
and 19,797.4 U per silkworm larva, and the specific activity of the one-step purified crude enzyme was
885 U per mg. It was demonstrated to be an attractive approach for mass production of thermostable

B-glucosidase using this system.

Key words B-Glucosidase; Pyrococcus furiosus; baculovirus expression vector system; characteristic

analysis
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AcMNPV  BmNPV DNA luciferase
ubi
polh
IE-1 hr3 -
B -glucosidase
9.1 ubr
AcCMNPV  BmNPV ubi 595 bp 92.8
Matlnspector -17 -14nt -195 -192nt
TAAG -19 -15nt -269 -265nt  TATA box -68nt -125 -122
nt -359 -356nt CAAT
595 bp PCR
luciferase
AcCMNPV ubi -595 -382 bp BmNPV ubi
-382 -124bp ATG TAAG TATA box
TAAG TATA box
hr3
595 bp PCR
TATA box TAAG CAAT
3 ubi TATAbox TAAG
CAAT
9.2 IE-1 A/r3 ubr
Northern blot ubi
el iel ubi
ieel ubi Bm
ie-l -595~-382 bp
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ubi ATG 26 bp
ie-1l luciferase
hr3 BmNPV ie-1l Bm
hr3 ubi
9.3 IE-1 hr3 polh
ieel hr3 polh ie-l hr3  polh Bm
ie-1l hr3
ie-1l hr3
polh hr3 24h
hr3 147 hr3 621
BmNPV ie-1l
ie-1 hr3
ie-1l
9.4 ubr
IE-1  ubi
BmNPV DNA DNA
ubi ie-l Bm ubi
LEF6 LEF11 HE65 P35 GP104-GP107 GP118-GP119 ie-l GP104
ubi GP104 GP105-GP107
GP104 gpll8 gpl19
GP118 GP119 ubi
9.5 B -glucosidase
PCR B -glucosidase
105
pH 5.0
pH
90 15
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Progress in Baculovirus Surface Display System

Lin Xuai'? Chen Yin'? Zhang zZhifang'? HeJiadu® Shen Guifang®
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Abstract: Baculovirus surface diplay system is a new eukaryotic digplay technology developed in recent years,
which can be used for reconstructing and screening the interested active polypeptide or protein, through fused to a second
oopy of the entire coat protein of baculovirus, gp64 or dternatively to the membrane anchor domain of gp64 , S multaneous
expresson of the fuson construct and the native gp64 envelope protein resultsin packaging of both proteinsinto the vird
ooat and itspresence on the surface of baculovirusinfected insect cdls and/ or budded virions. Epecidly in the usof dis
playing complex eukaryotic proteins requiring post-trandational process ng incduding glycosylation and eficient folding for
functiona activity. In thispaper we mainly described the bagsof this technology , its deveopment , its gpplications and
pergective. Therefore, the development of baculovirus surface digplay technology will bring profound influence on life sci-
ence and related suljects.
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fGhucsidase s a meniber of the ghyoosyl ydrednses that specifically cotalyee the bydroly-
sis. of lerminal nonredecing S ooglucose resifues froom the end of varioos n;lligq':ﬁu arsdcs
with the release of fhpeglucose, Call pene, encoding the thermosiable ,Ii-glun:-u,w,id;j_-iu:_ Wi
ammiplifiea Trom the Pyrococous furmoars genome and then eloned invo the bacuboviral transler
verlor umber the control of the podvbedrin pene promoler. Afler co-tramsfection with the
penctically modilied parental Bowiln mioed |tu|.1u-.||'-.ﬂ?h|:dru-.-iru.u {BmMN PV, the recomnbi-
ikank virus eontokning cel® pene was used w0 cxpress F-glucosidase i silkworm, The recombi-
iwant f-glucosidase wos purilfied v oboan 31 % hoosegeneily in o single beal-trealment step,
The optimal sctivity of he expressed @-glucosidase was oblained at pH 5.0 and about 105 °C;
divalent cations sd high 1onic atrength did not affect the activity remarknbly. This Lllﬂﬁtl.!d
thal the enzyvmalic charactenstics of recombinant @ gluecosidase were similar to the native
coumerpart. The expressed faghucosidese accounted for maore than T of silkworm 1oal
haemolymph prateins pccording 1o the prodein guontification and densimeter scanning. The
expressaon level repched HEI9S LD per mil heemolymiph and 19,7974 L per silkwonmn larva,
and the specific activiny of the one-step purified crude enevime wos B85 U per g 10 was
demonstrated fo be an atteactive approsch for mass prodection of thermesiable Felusosidase

iaing Lis system,

Key wandy [HOluoosidaese, Prrococoey furiosis, Booulovims Expressson Vecior Sysiem

Introduction

A variety of hyperthermusphilic archaca and
bacterin hawve been isolated (rom many coosys-
tems, mainly from witer-containing terrestrial and
marine high lemperature arcas (Stetier, 19925, Hy-
perthermophilic microorganisms have their opli-
mal growth lemperature al about 90 °C, and grow
fast ulb lemperatures betweesn #80"C god 1050
(Stewer ef al, 19901), Due to the metabolic Mexibil-
ity amd their culstanding hest resistance, they are
ool great value for basic research as well as [or bio-
technological applications (Huber er ol 20000
M discovery of hvperthermophilic microorgin-
s led to the isolalion of eneymes thal could
function optimally ol lemperatures excecding their
host growth (Adams of o, 1995 Michaus e o,
19y, Purecorcos ferfosis, sodated Trom o shallow
muring hydrothermal vent. with an oplimal growth
lempersture ot above 100°C, is one of the most
well studivd  hyperthermophilie  microsrganisms
{Woese of wl. IWHI) P ferdosey forms complex

foind wiehs, which use complex peptidoe mixtures or
sugars as carbon and encrpgy sources, eg starch,
glycogen, maltose and coellshiose, so il must sc-
erefe varous relevant ensymes o assimilate these
compaounds (Laderman e ol 1995 Dong e wl.
19T ) These cneymes are a wselul extension of the
engyme applicition in indusiry for their extrems
philic propertics (like temperature, pH and pres-
sure), Hyperthermophilic f-glucosidase has o van-
ety of applications and i widely used in numerous
lelds, such as food, medicine, dairy products, enw-
ronment prolection and organic chemical indus-
iries (Fischer er ol 1990 Hansson eof of, 2000
Splechina er al., 2002), f-Glucosidase is one of the
kl_'l'g,' LHAYITIES al 2 _,I'iirf.l.l'm.\' mveslviedd in g:rl::wﬁll in
A-linked sugars. This eneyme serves as o mdsdel
system for studving (he mdecular mechunisms
that are employed by hvperthermophilic organ-
isms to oplimiee enevme stability aod calalysis
(Lebbink et al., 2001 ), J-Cilucosidase parificd rom
P feiriosiny 15 composcd of fowr identical subunits,
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