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5’flanking region: 5’FR

Bm: Bombyx mori

Bmand: Bombyx mandarina

BmandHSC70-4: Bombyx mandarina heat shock
cognate 70-4 protein gene

BmandHSC70-4: Bombyx mandarina heat shock
cognate 70-4 protein

BmandLSP: Bombyx mandarina larval serum
protein gene

BmandLSP: Bombyx mandarina larval serum
protein

BmHSC70-4: Bombyx mori heat shock cognate
70-4 protein gene

BmHSC70-4: Bombyx mori heat shock cognate
70-4 protein

BmLSP: Bombyx mori larval serum protein gene
BmLSP: Bombyx mori larval serum protein
BmNPV  Bombyx mori nucleopolyhedrovirus

cpm: counts per minute

FBS: fetal bovine serum

hpt:  hours post transfection
hr3 homologous region-3
HSF: heat shock factor

HSP70: heat shock protein 70
ie-1: immediate-early gene-1
JH: juvenile hormone

JHA: juvenile hormone analogue
LUC: luciferase activity

luc: luciferase gene

MH: molting hormone

MTL: mariner-like element
PBS: phosphate buffered saline
PCR: polymerase chain reaction
Sf: Soodoptera frugiperda

B-gal B-galactosidase
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Abstract

The regulation promoter region of LSP and HSC70-4 are cloned from genomic DNA from B. mori
and B. mandarina. A series of luciferase reporter plasmids, driven by LSP and HSC70-4 promoters, are
constructed, respectively. Via the transient expression system in BmN cells or silkworm transfected by
lipofectin, the functional and characterestic analysis of the promoter are investigated. This will be
helpful to further elucidate the regulation mechanism of LSP and HSC70-4 expression and to apply of

the promoters in stable transformation cell system or transgenic silkworm.

1. The Cloned BmandL SP and BmL SP 5'FR and Functional analysis of BmLSP promoter

The Cloned BmandLSP and BmLSP 5'FR, consisting of the first intron, the first exon, the core
promoter region and 5'-upstream region, harbor the classic TATA box, sequences commonly found in
insect genes that were specifically transcribed in fat body and the deduced ERE. The 5'-upstream region
contains the homologous sequence with the first intron of Fib-L (S) and the inactive mariner like
element (MLE). Using PCR and restriction endonuclease methods, a series of luciferase reporter
plasmids, driven by different length of BmLSP promoters, are constructed. Via the transient expression
system in BmN cells, the effects of the regulation elements and foreign insect hormones on the BmLSP
promoter activity are investigated. The results show that the BmLSP promoter activity is enhanced by
the intron with 5.4-5.8 folds, and by S with 4.42 folds, suggesting that the intron and S harbor the
enhancer-like element. However, MLE in 5-upstream region presents a negative effect on promoter
activity. The effects of juvenile hormone analogue (JHA) on the BmLSP promoter activity appear the
typical dose-dependent manner, that is, low concentration treatments increase the BmLSP promoter
activity and high concentration treatments decrease it. Meanwhile, insect ecdysone (MH) treatment

present no significant effect

2. The Cloned BmandHSC70-4 and BmHSC70-4 5'FR, and Characterestic and functional analysis
of BmandHSC70-4 and BmHSC70-4 promoters

The Cloned BmandHSC70-4 and BmMHSC70-4 5'FR, consisting of the partial first exon, the central
promoter region and 5'-upstream region, harbor six GATAS, two CAATs and two HSFs, but no TATA
and GC box. Under normal condition, transcriptional activities of BmandHSC70-4 or BmHSC70-4
promoter are high in BmN, Sf21 cells and the 5" instar larvae. By heat-shock treatment at 37 for 2hr,
the enhancements of BmandHSC70-4 or BmHSC70-4 promoter activity are achieved in BmN cells, sf21
cells and 4" instar silkworm larvae, respectively. But heat-shock treatment for 5" instar silkworm larvae
lead to a drastically decrease of the promoters’ activity. In 5" instar silkworm larvae, JHA treatments
have no significant effect, and injection of low level of MH (1-3u g per 0s) can increase BmHSC70-4
promoter activity, while high level of MH (5u g per 0s) presents no effect. Transcriptional activity of
promoter is changed with the different developmental stages and reaches the highest level at the

wandering stage in 5" instar. From the above results obtained from in vitro and in vivo, we can deduce



that BmandHSC70-4 or BmHSC70-4 promoter is both constitutive and inducible promoter, suggesting
that its potential application in cell stable expression system or transgenic Bombyx mori.

3. BmNPV hr3 enhancing BmHSC70-4 and BmandH SC70-4 promoter transcriptional activity
BmNPV hr3, derived from B. mori Nucleopolyhedrovirus, functions as replication initiation site in
viradh DNA and enhancer for several promoters transcription. Here, hr3 also can increase the
transcriptiona activiy of the BmMHSC70-4 and BmandHSC70-4 promoter by 16-18 folds in BmN cells
and 190.57-242.19 folds in 5" instar larvae. The hr3-mediated enhancement is orientation-i ndependent.
In the 5" instar larvae, MH treatments enhance the transcriptional activity of the promoter
combination. The maximum stimulating effect, by 5ug MH per os treatment, is achieved about 17.54
times, compared with the control. And the JHA treatments have no significant effects on it. The
transcriptional activity of promoter combination is changed with the different developmental stages and
reached the highest level at the wandering stage. This pattern of promoter combination is consistent
with that of BmHSC70-4 promoter, suggesting that hr3 only enhances the promoter activity and can’t
change its character. From the above results, the promoter combinations of BmHSC70-4/hr3 and
BmandHSC70-4/hr3 are the ideal ones for transgenic silkworm or stable transformation cell system due
to their higher transcriptional activity. Moreover, it is changed with the development stages and
hormone titer. To get higher productivity of expressed gene in the transgenic silkworm by this promoter
combination in future, we can harvest the foreign gene product at wandering stage or administrate

certain dose ecdysone with larva before harvest.

Keywords.  Bombyx mori, Bombyx mandarina, Larval serum protein gene, Heat-shock-cognate 70-4

protein gene, BmNPVhr3, Functional and characteristic analysis of silkworm promoter
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Kutach et al, 2000 Inr Cherbas et al, 1993
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SvV40
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1-1000

(Arnosti, 2003)
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Horard et al, 1997
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Riddiford, 1985
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1.3.2
1.3.2.1
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DNA
DNA
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Kiguchi 1981 1986
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JH JH 1991
DNA
Yamamoto et al, 1988 Riddiford 1994 1996
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Jones et al, 1995
DH 1962
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1.3.2.2.1 Vitellogenin Vg
Vg Vg
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JH Vg mRNA

JH Vg
mRNA JH Vg
(Edwards et al, 1993) (Wyatt et al, 1996)
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MH Northern MH Vg mRNA
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JH24h Vg mRNA Agui et al, 1991
1.3.2.2.2 Storage Proteins, SP
SP
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SP SP
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EcRE DNA SV40
Sakurai et al, 1988 SP2 SV40
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7 TGATAA Fujiwara et al,
1992 JH Webb et al, 1988
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(Kumaran et al,1987) Lhp76
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Riddiford, 1990
MH JH
Riddiford, 1990;1994
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Hirumaetal 1991
Hiruma 1993 Dopa decarboxylase DDC
JH MH JH MH
MH JH
DDC
Latchman, 1995
HCCPI12 HCCP66
5 DNA Binger et al, 1994; Lamp et al, 1994
+20- +34bp EcRE
HCCP66 -74- -81bp
(Lamp et al, 1994)
Oct-1 Oct-2
Pit-1 DNA
( Ingraham, et al, 1988; Nelson, et al, 1988)
5 Pit-1 (Nakata et al, 1992)
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, DH SG , TRE mRNA
7 SG TRE mRNA 3 DH TRE mRNA
DH TRE TRE , ,
, (Su et al,1994; Ikeda et al,1993)
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Mita et al, 2003
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(Gage 1974; Mita et al, 2004) 2 2003
Whole genome shotgun 6 DNA
95.54% Silkworm genome work draft map
Annotation 16948 7285 2004 2004
K. Mita 3 DNA 75-86%
(Mita et al, 2004)
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1.4.1
25kDa 350kDa
Yamaguchi et al 1989 Fib-L  Fib-H 14 25
Kimura et al, 1985
Fib-H Tsujimoto 1979
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Fib-H

Fib-H (Nony et al, 1995)
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Tang et al 2003 MAR matrix
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1 6 6 Inoue et al
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Sakurai etal 1988



BmN
-44— +16

1995  Suzuki piggyBac Bmdsx™
SP1 mRNA 1.5
SP1 Bmdsx"
Suzuki etal 2003
SP2 SP2 5
SV40
~160- -238bp

1989
30KD
JH

Mori etal 1991a 1991b
30KD

BmLSP mRNA

LSP
1 1
TATA -73 ~-67 bp TGATAAA

~-144 bp ATTTTTCTT-27-ACGGCTGAT
7639 ~7933 bp
(Fujiwara et al, 1992; 2003)
1.4.5
ErA/ErB

300bp

HcA.12-HcB.12

HcA.12-HeB.12 272bp

EI TTTTGAAAT EII CAGAATTG

EI EN B -99- -133bp AB
AB

13

SP1
CAT BmN
Sakurai etal 1990 Mine et al

SP1 mRNA 10

Bmdsx"

TATA
GCCGTGGAAAG
TGTCC  Fujii et al

JH 2
6Gl 21Gl 19G1

TATA

Larval Serum Protein, LSP  BmLSP

BmLSP mRNA.
LSP 1
-30 ~24bp TATAAAA

-914~-1383 bp

200

o B Lecanidouetal 1986

HcA/HcB

-30bp -31bp TATA

A -53- -87bp

CAT P-element

A



B Skeily et
al 1993 HcA/B12
-56- -64bp -84--93bp BCFI  BCFII BCFI
BCFII
Spoerel etal 1991
HcA.12-HeB.12
He
HcA.12  HcB.12 mRNA
Iatrou 1990
B 3 6F6.1 6F6.2
6F6.3 a Lecanidou et al 1992 Kravariti etal 1995
6F6.2 Kravariti 2001 160bp 138bp
16bp LacZ
7 Grace 48h Hcl2
latrou Pathway
Swevers etal 2002
1.4.6
(Reisler, 1993)
4 2 Actinl  Actin2
Actin3  Actin4 Actin3
Actin4 Mounier
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TATA
CArG ActE1 Actin4
Actin4 mRNA Mangeetal 1996;1999
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14
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Mange etal 1997
Actin
Actin3 4
Fatyol et al, 1998; Imamura et al
1.5

ATCG

Fib-H Fib-L P25

-173- -128bp
-171- -128bp

-127- -97bp
SRE SRE

100000
RAs

2003

Fib-L Actin3
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4 2 3
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LMPCR

Actin3



2.1.

Lipophorin Vitellogenin Vg Storage protein SP 30K
Low molecular weight Lipoprotein LP  LP 15
, 1989 Kadono-Okuda et al, 1987 30K

Larval Serum Protein, LSP

BmLSP mRNA
BmLSP mRNA BmLSP
Fujiwaraetal 1990 1991 1992 Harshman
etal 1998 BmLSP Fujiwara et al
1992
BmLSP
BmLSP BmLSP
BmLSP
HSC70-4 HSP70

Beckmann, et al, 1990; Deshaies,
et al, 1988; Shei et al, 1992; Bercovich et al, 1997; Fink 1999

HSP70
HSC70-4
Craig, et al, 1983, Rybczynski, et al, 2000
HSC70-4 20 cAMP

PTTH JHA  4-
Hunt, et al.,1999 ; Rybczynski, et al., 2000; Rubenstein, et al. 2000 HSP70 HSC70-4
Craig, et al., 1983; Hung,
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et al., 1998; Hunt, et al., 1999 ; Rinehart, et al., 2000  Rybczynski, et al., 2000; Karouna-Renier, et al.,
2003

r06 HSC70-4 Lee etal 2003

HSC70-4 ?
hr3 HSC70-4 /hr3
HSC70-4 HSC70-4

2.2
2.2.1 LSP

1 PCR DNA LSP 5

2 DNAstar

3 NCBI Matlnspector

4 PCR BmLSP

5 Luc

6 BmN

7 MH JHA

8 Luc MH JHA BmLSP
2.2.2 70-4 HSC70-4

1 PCR DNA HSC70-4 5

2 DNAstar

3 NCBI Matlnspector

4 BmHSC70-4 BmandHSC70-4 luc

5 BmN sf21

6 MH JHA

7 Luc BmHSC70-4 BmandHSC70-4
2.2.3 hr3 BmHSC70-4 BmandHSC70-4

1 BmHSC70-4 BmandHSC70-4 luc hr3

2 BmN

3 MH JHA

4 hr3 BmHSC70-4 BmandHSC70-4 HSC70-4/hr3

5 HSC70-4/hr3
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3.1

3.1.1
Sf-21 Bm-N
X
3.1.2
20-4- (20-p-hydroxyecdysone)
ZR512
3.1.3
E. coli TGl JMI109 Bluescript-SK(M13) BmNPV-ZJ8
(homologous region)hr3 pSK-hr3 pUL220
pGEM-3Z Promega
3.1.4
T4 DNA Klenow Tag DNA
GIBCO-BRL RNaseA K Merck
Geneclean (E4030) Promega
3.1.5
TC-100 (FBS) Lipofectin GIBCO-BRL X-gal
Boehringer Mannheim Serva SDS BDH Tris
Sigma OXOID (EB) G250 R250
Fluka dNTPs 10 kD protein ladder =~ GIBCO-BRL
A DNA/HindIII N,N’-
Aldrich Sepharose 2B Phamarcia
DDAB DOPE Sigma
NaCl KOH NaHCO; GIBCO-BRL
3.1.6
LB

10g 5g 10g NaOH pH 7.0~7.5
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1 000 ml

LB LB 1.5
3.1.7
1) 1xTC-100
GIBCO-BRL
1 (1x1 L)TC-100
0.35 g NaHCO3 5N KOH pH 6.1~6.2
1.1 g NaCl
900 ml 0.22 pm
10 56 30 min ( 100 pg/ml)
( 100 U/ml)
2) 1xXTNM-FH
1 (1x1 L)Grace
33¢g 33¢g
pH6.1~6.2 900 ml 0.22 pm
10 56 30 min ( 100 pg/ml)
( 100 U/ml)
3.1.8
1) TE Buffer
pH7.4 10 mmol/L Tris-HCI(pH7.4) 1 mmol/L EDTA(pHS.0)
pH7.6 10 mmol/L Tris-HCI(pH7.6) 1 mmol/L EDTA(pHS.0)
pH8.0 10 mmol/L Tris-HCI(pH8.0) 1 mmol/L EDTA(pHS.0)
2)
I(Sol. I) 50 mmol/L 25 mmol/L Tris-HCI 10 mmol/L EDTA(pH&.0)
II(Sol. II) 0.2 mol/LNaOH 1 SDS
II(Sol. III) 3 mol/L NaAc pH4.8
3) PPt Buffer
22 1 5 mol/L 2
4) New Wash

20 mmol/L Tris-Cl pH7.4 1 mmol/L EDTA 100 mmol/L NaCl
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5) 6 mol/L Nal

0.75 g Na,SO;3 40 ml 45 g Nal Whatman
NC
6) (Glassmilk)
100 mg/ml  Silica(Sigma S-5631) 10 g Silica 100 ml 1xPBS 2h
2~3 20009 2 min 3mol/L  Nal 100 mg/ml

7) IxPBS(  Mg* Ca®)
137 mmol/L NaCl 2.7 mmol/L KCI 4.3 mmol/L Na,HPO, 1.4 mmol/L KH,PO, pH 7.3

8) 50x (TAE)

242 g Tris  57.1 ml 100 ml1 0.5 mol/L EDTA (pH&8.0) 1 000 ml
9) 10x (TBE)

1.0 mol/L Tris-HC1  0.83 mol/L 10 mmol/L EDTA (pH8.0)

10)

25 40 0.25 0.25 FF

11) DNA

A 0.25mol/L Sucrose, 10 mmol/L EDTA, 30mmol/L Tris, pH7.5
B 10mmol/L Tris, 10 mmol/L EDTA, 0.15mol/L NaCl, 1% Sarcosyl , pH7.5

12)
(BSA) 0.15 mol/L NaCl 0.5 mg/ml

13) BB buffer
0.2 mol/L Tris (use 1 mol/L stock, pH7.6 at 4 ) 0.2 mol/L NaCl 0.01 mol/L

2-mercaptoethanol 5% glycerol

14) Z buffer
0.06 mol/L Na2HPO4 0.04 mol/L NaH2PO4 0.01 mol/L KC1 0.001 mol/L MgSO4 0.05 mol/L
pB- pH 7.0

15) ONPG( -B-D- )
0.1 mol/L (pH7.5) 4 mg/ml ONPG
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16) 100xMg**
0.1 mol/L MgCI2 4.5 mol/L B-

17)
DDAB/DOPE(Sigma ) ( 1:2)
6.6 umol/L DDAB  13.4 pmol/L DOPE 1 ml
142 pl 858 ul 2 mg/ml
4 6
18 DNA
A
0.25 mol/L Sucrose
10 mmol/L EDTA
30 mmol/L Tris pH 7.5
B
10 mmol/L Tris
10 mmol/L EDTA pH 7.5
0.15 mol/L NaCl
1% Sarcosyl
4
3.1.9
SANYO Milli-Q (Millipore )
Olympus PTC-100" PCR (MIJ Research Inc., USA) Beckman L5-65B
Beckman LS-6000TA UV-260
Kodak
DC120 PC Gene
3.2
3.2.1
15 cm?
1:2~3 ( )
TC-100 3~4 ml
3.2.2

( 97~98 ) 15 ml
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30009 5~6 min TC-100

0.5~1.0x10" /ml ( 20
DMSO DMSO 10 ) (
1 ml) 20 2~3h
-80
3.2.3
37
5 15 cm’ (4
) TC-100 2 min 1h
27 2~3 h
Summers  Smith™
3.2.4
PBS
0.4 ml 0.1 ml 0.2 ) 2 min
(
)
3.2.5
0.5~1x10° 15 cm’
FBS 1 ml
100 pl lpg  DNA DDAB/DOPE  Lipofectin
27 15min  DNA
4h 3ml FBS
27
Lipofectin DNA
=3~5pul:1 pg
3.2.6
GIBCO-BRL
0.5~1x10° cells/ml 15 em® (1 ml /) 27
24 h
DNA  Lipofectin 27 15min  DNA
1 ml (
DNA) 4~6h

3ml 10 FBS TC-100
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3 ml JHA
Luc pUL220
3
27 48 h
10-20 ul - Sl
JHA
DNA 12h
DNA 12h JHA
3 ( 3 3
10000 g 5 min
3.2.7
0.5~1x10° cells/ml 15 em’ 27
100 pl (Lipofectin DNA=3~5pul:1 pg) 1ml
3 ml 27 7 h 37
2h ie-1 F-gal
3.2.8
24h 10 pl lug DNA
30h 37 2h 36 hpt
3.2.9
24h 20 pl DNA
37 2h 36 hpt
3.2.10
24h 20 pl DNA
-15 15 min 36 hpt
3.2.11 DNA
2g 10 mL A

23

1 ug DNA

24 h
4~6 h

30h
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1500g 4 3min
B 15 min
TE 1
10000g 7 min
1 10000g 7 min
2 DNA
75%
0.1x TE RNA RNA -20
3.2.12 DNA
DNA 260 nm 280 nm 260 nm
oD 50 pg/ml DNA 20 pg/ml
260 nm 280 nm (OD46¢/ODysg0) DNA
1.8 OD160/OD2go
3.2.13 DNA
ddH,0 DNA 32 pL 1.5-2.0p g
84 L 2 mol/L NaOH 10 min
7u L3M NaAc pH4.38 4 p L ddH,0
120p L 15 min
12000g 15 min DNA
70% 12000g 10 min DNA
10y LO.1x TE -20
3.2.14 PCR
1 PCR 50 p L
ddH,0 345 p L
10x PCR SML
Mg*" 25mM 3uL
dNTP 2.5Mm 4 pL
1/2 Iy L/1p L
1y L
Taq Iy L
50p L
2 PCR
94 15s 53 Imin30s 72 2min20s 30 72

24
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PCR Taq 94 2min 1 min 45 s
-40  1min Taq PCR
3.2.15 DNA
Amp  Kan(80 pg/ml) 3 mlLB 37
1.5 ml Eppendorf 50009 5 min
100 pl Sol I 5 min
200 pl Sol IT 150 pl 5 min
300 pl Sol III 5 min
120009 10 min 0.6 4 20 min
120009 10 min
250 ul TER( 20 pg/ml RnaseA  TE) 37 20 min
350 pl PPt Buffer 4 20 min
120009 10 min
70
40 ul 0.1xTE(pH8.0) -20
3.2.16 DNA
3mlLB 37
100 pl 100 ml LB ( 80 pug/mlAmp Kan) 37
50009 5 min
3 ml Sol I 10 min
6 ml Sol 11 800 pl 15 min
9 ml Sol 11 20 min
120009 10 min 0.6 4 20 min
12 000 g 10 min 1 ml TE( 20 pg/ml RnaseA)
37 15~30 min / (25:24:1)
Sepharose 2B DNA 260 nm
1/10 3 mol/L NaAc (pH6.5) 2 -20 DNA1h
120009 10 min 70
300~500 pl TE ODy50  ODag DNA
3.2.17
DNA 1~2 ug 1/10
2~4 U/ug DNA 20 pl ( 37 )

25
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3.2.18 DNA

1) DNA
DNA DNA
Eppendorf -70 30 min
37 10 min 1~3 12000 g 10 min -20
2) DNA
(3~5 V/em) DNA Eppendorf
3 TE 65 10 min 37
/ 1/10 3 mol/L NaAc(pH6.5) 2
DNA
3) DNA
DNA Eppendorf 3 (v/w)
6 mol/L Nal 37 10 pl DNA 5min 12000 g
S5s New Wash 3 50 ul TE DNA
DNA -20
3.2.19 DNA
1oul  15ul 2~3:1 5xT4 DNA
2 3l T4 DNA Lul 12~14 8h
2 ul T4 DNA 18~22
3.2.20 DNA
1)
-20 TG1 LB
3ml LB 37
100 pl 3mlLB 37 2~2.5h oD 0.6
50009 4 min 800 ul 75 mmol/L  CaCl, 30 min
50009 4 min
200 pul 75 mmol/L  CaCl, 4~24h
2) DNA
DNA 20~100 ng 5ul 200 ul
30 min
(42 2 min 37 5 min) 1~2 min 1 ml
37 LB
37 l1h 80 ug/mlAmp LB 37
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3.2.21

Y
(Beuken et al, 1998)
3ml 80 ug/mlAmp LB 37
500 pl Eppendorf 12 000 g 10
30 pl (6 0.1 ) 20 ul / (1:1)
120009 5 min
2)
DNA 3.2.15
DNA
3.2.22
DNA 48 h ( )
1.5 ml 4 12000 g 5 min
4 1xPBS
500 pl (Promega E4030)
3.2.23
100 pl 3.2.23
Tip
2~3 cpm 25 15s
(0.5 mg/ml)
3.2.24
96 1 1 2 2
G-250 50ul
20 ul 0.15M NaCl 20ul 0.5pg/ul
20 pl Tip 2-3
DG3022A 590nm
3.2.25 f-

E. coli
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1 100xMg** 3l 1xONPG( -3-D- ) 66 ul
( 3222)30pul 0.1 mol/L (pH7.5) 201 pl
2 37 30
3 500 pl 1 mol/L Na,COs; 420 nm
4
(ub) (ub)
100xMg 3 3
1XxONPG 66 66
yia (50 U/ml) 1 0
30 30
0.1 mol/L 201 201
iz 0.1 mol/L (pH7.5) 3000 U/ml
1 ul g 60 pl 0.1 mol/L 1 ul (50
U/ml) 1 F 37 1 umol ONPG

28



LSP 5"

LSP S5°
Riddiford
1994
Haunerland 1996
Lipophorin Vitellogenin Vg
Storage protein SP 30K Low molecular weight Lipoprotein
LP LP 15
, 1989
Kadono-Okuda et al, 1987 SP1 SP2 30kDa
( )
Harshman etal 1998 4~5
30KD larval
serum protein ~ Bombyx mori  BmLSP Fujiwara etal 1990 BmLSP
BmLSP mRNA
BmLSP mRNA BmLSP
BmLSP
Fujiwaraetal 1991 1992
LSP 1 1 1
30KD LP Fujiwara et al 1992 - X
DNA PCR 1.9 kb LSP k) The 5' flanking region of
Larval Serum Protein gene, Bombyx mandarina, BmandLSP5'FR - X . LSP
5' The 5' flanking region of Larval Serum Protein gene, Bombyx mori, BmLSP5'FR
SujuxMinghu
4.1
4.1.1
2002 8
x - pSK(+)(Amp") E.coli TG1
Xba  BamH  Hind  High fidelity Taq T4DNA
Gibco BRL
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LSP 5"

4.1.2
X - LSP 5 Fujiwara et al, 1992
Xba BamH
Forwards: 5'-ATT CTA GAG AAG GTA GTG AAG CCC CTT-3'
Reverse:  5'-TTG GAT CCC TGC AAT GCA ATA TAC GGA AA-3'

4.1.3 DNA
1.0g DNA DNA

, 2000

4.1.4 PCR . x LSP h)
X . DNA 94 2 min
94 15s 53 1min45s 72 2min30s 35 72 7 min
PCR glassmilk

4.1.5 . x - LSP h)

pSK PCR Xba /BamH T4 DNA
E. coli TGI pSK-BmandLSPS'FR  pSK-BmLSPS'FR  SujuxMinghu

Sambrook et al, 1989 DNA

DNASTAR BLAST  Matlnspector

4.2
4.2.1 : x - LSP 5
PCR 1% 4.1 1.9 kb DNA Fujiwara
etal, 1992
422 pSK-BmandLSP5'FR  pSK-BmMLSP5'FR  SujuxMinghu
X - BmLSP 5' Xba 344bp Hind
pSK-BmandLSP5'FR  pSK-BmLSP5'FR Xba /BamH Hind
4.2 PCR pSK Hind
BmandLSP5'FR  BmLSP5'FR DNA
423 X LSP 5! BmandLSP5'FR  BmLSP5'FR

SujuxMinghu
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LSP 5"

BMLSPS'FR  SujuxMinghu  BmandLSPS'FR T7 T3

1901bp 1886bp 4.3
Genebank AY367064 AY172027 AY172028
BmandLSP5'FR Fujiwara et al, 1992 BmLSP 96.4%
BmandLSP 5
5! 98.3%
22 91.6%
BmLSP5S'FR  SujuxMinghu Fujiwara et al, 1992 BmLSP
98.9% BmLSP 5'
5
100%
BmandLSP5'FR BmLSPS'FR  SujuxMinghu -30 ~-24 bp
TATAAAA TATA -73 ~-67 bp TGATAAA
X - Fujiwara et al, 1992 1 Sakurai
et al, 1988 - aryphorin-o. ~ Willott et al, 1989 Sarcophaga
peregrina Matsumoto et al, 1986 a-1 Delaney et al, 1986
1 1 TGATAAT
TGATAAA -70~-90bp a-1 -436 bp
-70 ~-144 bp ATTTTTCTT-27-ACGGCTGAT Fujiwara et al,
1992 BmLSP Mestril et al, 1986 2
BLAST BmandLSP5'FR  -304 ~-598 bp J139
7639 ~7933 bp 90.6% BmandLSPS'FR  -914~-1403 bp
Mariner-like Element MLE 914 ~-941 bp 28 MLE
BmLSP Inactive Bmmarl mariner-like
element Bombyx mori Mariner 1| Bmmarl
97.0% 94.7% 93.4% Fujiwara et al, 1992 Kumaresan et al, 2004 Robertson et al, 1996
BmMLSPS'FR  -303 ~-593 bp -909 ~-1398 bp MLE
4.3
x LSP h)
MLE MLE
D D34~37D R
Daniel et al, 1997
DNA MLE
MLE MLE

Allan et al, 2000 MLE Cedric
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LSP 5"

et al, 2002 5 MLE
MLE MLE Daniel et al,
1997
5'

Kusuda etal 1986 Martinezetal 2004

91.6% 98.3% X - -ox
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4.1 PCR
Figure 4. 1 Identifications of PCR products by gel electrophoresis

1. 2. =X 3. DNA Marker:A DNA/ Hind 23.1,9.41, 6.55,
4.36,2.32,2.0,0.56 kb
1.Bombyx mandarina 2. SujuxMinghu Bombyx mori 3. Marker:A DNA/ Hind , which bands represent 23.1, 9.41,

6.55,4.36,2.32, 2.0, 0.56 kb from above to downward, respectively

4.2 pSK-BmandL S FR  pSK-BmLSP5"FR - SujuxMinghu

Figure 4.2 Identifications of pSK- BmandLSP 5'FR and pSK-BmLSP5'FR  SujuxMinghu by digestion with

restriction endonucleases
1 2 pSK- BmandLSP 5'FR Xba /BamH Hind 4 5 pSK-BmLSPS'FR  SujuxMinghu
Xba /BamH Hind 6 pSK Hind 3 DNA Marker
3000 bp, 2000 bp, 1500 bp, 1031 bp, 900 bp, 800 bp, 700 bp, 600 bp 500 bp
pSK- BmandLSP 5'FR was digested by Xba /BamH (1) and Hind (2); and pSK-BmLSP5'FR  SujuxMinghu  was
digested by Xba /BamH  (4) and Hind  (5); pSK was digested by Hind (6); 3 is the Marker which bands represent
3000 bp, 2000 bp, 1500 bp, 1031 bp, 900 bp, 800 bp, 700bp, 600 bp and 500 bp from above to downward, respectively.
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LSP 5"

(A)
Gene Organism Position Sequence
LSP -73 TGATAAA
BmandLSP Bombyx mandarina,
, X . -73 TGATAAA
Bombyx mori,
N
LSP S Mmghu 73 TGATAAA
BmLSP S i
Bombyx mori,
Tokaix Asahi
=72 TGATAAT
B. mori
-88 TGATAAA
M. sexta
Storage Proteins -89 TGATAAA
S peregrina
-436 TGATAAA
D. melanogaster
®B)
Gene Organism Position
-114  ATTTTTCTT-27-ACGGCTGAT -70
BmandLSP Bombyx mandarina
, = X . -114  ATTTTTCTT-27-ACGGCTGAT -70
Bombyx mori
SujuxMinghu
BmLSP , - X - -114  ATTTTCCTT-27-ACGGCTGAT -70
Bombyx mori
Tokaix Asahi
23 -228  ATTTTCCAT-19-ATGGCAGAT -192
HSP23 D. melanogaster
4.1 . X . LSP 57

Table 4.1 Sequence comparisons of the 5'-flanking region of the BmandLSP gene and BmLSP
SujuxMinghu gene with the other insect genes.

A - X . LSP Fujiwara et

al, 1992 1 Sakurai et al, 1988 o- aryphorin-o.  Willott et al, 1989
Sarcophaga peregrina Matsumoto et al, 1986 a-1 Delaney et al,
1986 B <X - LSP Fujiwara et al, 1992 23 Mestril et

al, 1986

(A) Comparison with sequences commonly found in insect genes that were specifically transcribed in fat body. The
sequences cited above are BmLSP  Fujiwara et al, 1992 , storage protein 1 of B mori Sakurai et al, 1988 , aryphorin-a
of M. Sexta Willott et al, 1989 , storage protein of Sarcophaga peregrina Matsumoto et al, 1986  and LSP1-a of D.
melanogaster Delaney et al, 1986 . (B) Comparison with the deduced EREs of BmLSP gene Fujiwara et al, 1992 and the
heat-shock protein 23(HSP23) of D. melanogaster Mestril et al, 1986
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-1403
-1399
-1398

-1383
-1379
-1378

-1303
-1299
-1298

-1223
-1219
-1218

-1143
-1139
-1138

-1063
-1049
-1048

-983
-979
-978

-903
-899
-898

-823
-819
-818

- 743
-739
-738

-663
-659
- 658

-583
-579
-578

-503
-503
-502

-423

-343

-263

-183

-103

AACAACGCCC TGITCAATAA TCAAGAATGG TCCGTCCAGC

35

LSP

GAGAAGTAGT GAAGCCCCTT



+1

-23 GGCGATGTGT GTGAACAATA TTCATCAAAC ATACCTCGGG TGTCAGCTGC CTAGGTAAGC AATATTTATA CTACTAGACC

...................................................................... ST

...................................................................... T
+58 GTTCAATAAT TACAAATAAG AATTAGCATC GTTCCGATTC AATTTATTCT TTTTTACATC CTCATCATCA TCATCGTCAA

---------------------------------------- SGie s A A G

........................................ [ VP VN €
+138 CAGTCTATAG CAGTCCACTG CTGGACATAG GCCTCTCCAA TTGCTOGCCA CTGAGCACGA TCCTTGGTTT CTCTCATCCA
+138 B R R TG G e
+138 P T TG G e
+218 GCTCCTACTG ACCACTCTGC ACAGATCGTC TCTCCA- - - - =--------- ACTG- - - - - - -- GTTTGOCA ATTCGOGGTC
+215 e CA - Corvr e COGA GOCTGAGGGC « TG TGCATT AT: -« ovvve vovenvnss
+215 e CA - Covve e e CCGA GCCTGAGEGC - TC TGCATT AT- + + v v v v v eeeeeee e e
+276 TCCACTCAAG AACGCGCTTA CCOCAACGGT TAACGGTTGT CCGGCTAATA TGGCCAGCCC ATTGCCACTT CAGCTTGCTT
4295 e e Tov e e e e A i A A
4205 e o Ao A A
+356 AACCTCTGTG CTATGATGAT ATCTGATCAC CTOGCTCOGG ATTTGATCCT TCAGAAAACC CTCTOCATAG CTCTTTAAAC
+375 G e e e G A e e e
+375 G e e e e e G A e e
+436 TTGTAGACCA ACATACATAT TACATATTTC CGTATATTGC ATTGCAGGG
+455 e o To e e e
+455 e T- e e e

4.3 LSP 5" X LSP 5°
X . LSP
Fig 4.3 Nucleotide sequence of the BmandLSP5'FR , the BMLSPS5'FR (SujuxMinghu) and
their alignments with BmLSP5'FR Fujiwara et al, 1992
LSP TATA 23

ERE

J139
Dashes represent deletions. Dots represent the same nucleotide as the BmandLSP5'FR. The TATA box is underlined.
The wavy lines show the sequences homologous with the HSP23 ERE. The rectangle shows sequences commonly found
in several insect genes that were specifically transcribed in fat body. The shadow region shows exonl and the sequence
following it is the first intron. The bold-face is supposed to be the part of inactive Mariner-like element and the italics

indicate the sequences similarity to that of the J139 fibrion light-chain gene.
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BmnLSP

(BMLSP)
X DNA BmLSP
DNA RNA
DNA (Xieetal 2002; Bhattacharyya et
al 1999 ) Takiya  Martinez
Takiyaetal 1990 1997 Martinezetal 2004
Mita et al 2004 Zhou et al 2003
Bushman 2004
PCR luc
BmN BmLSP
BmLSP
JH MH BmLSP
BmN
JHA MH BmLSP
5.1
5.1.1
X pUL220  luc
1992
pSK(+)(AmpR) pGEM3Z(+)(AmpR) E.coli TG1 BmN
pSK-HSP70-4 -gal Zhouetal 2003
20-B- MH ZR512
JHA High fidelity Taq T4DNA
Lipofectin Invitrogen Promega
5.1.2 pSKBmMLSP | -luc

BmLSP DNA

37
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BmnLSP

Xbal luc pSKBmMLSP | -luc
5.1

BmLSP PCR

Forwards 1: 5-ATT CTA GAG AAG GTA GTG AAG CCC CTT-3'

Reverse 1:  5-TTG GAT CCC TGC AAT GCA ATA TAC GGA AA-3'
Forwards 2: 5-ATG TCT AGA CTA AGT ATA TTC ATA TGC ATG TAG-3'
Reverse 2:  5-TAG GAT CCT GAC ACC CGA GGT ATG TTT GAT-3'

pSK-BmLSP | Forwards 1 Reverse 2 BmLSP
pSK pSK-BmLSP DI
pSK-BmLSP | Forwards 2 Reverse 1 BmLSP
pSK pSK-BmLSP DM
3 EcoR 1
DNA
EcoR I/BamH 1 pSK-BmLSP | DNA
BmLSP DMS pGEM3Z p3Z-BmLSP DMS
EcoR I/BamH I pSK-BmLSP DI DNA
BmLSP- DIMS pGEM3Z
p3Z-BmLSP DIMS
53
pUL220 BamH 1 luc
Xba 1 luc
51 52
5.14 DNA
Sambrook et al 1989
5.1.5
Summers 1987 5%x 10° BmN 12 cm?
27 10% TC-100 TC-100
2 Iml TC-100 . 100p 1 Iy g DNAS5p 1
27 15min
TC-100 27 4-6 3ml  10% TC-100
0.5u g
pSK-HSP70-43 -gal pUL220-luc

3
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BmnLSP

5.1.6
48 hpt 1.5mL Eppendorf 4 10000x g 5 min
Iml I1x PBS 2 400uL 1x
Luc Idahl, etal 1986 B-galactosidase Jeffrey
1992 Moos M. 1995 Luc cpm
SAS SAS software 1990 Sigma Plot

EcoR 1(-326)
1-303 -i7 +1 +31 +50
======EWHmuuuuuﬁﬁﬁﬁ29L----J 1901bp

908 .59
Hmn

[98)

LoD

A T T X DR e v 1430bp
FTCCCCCTECTEOCT (e ) )| L0 ( 1410bp
LRI e e 828bp
LT T 354bp
[
1 BmLSP | 2 BmLSP DI 3 BmLSP DM 4 BmLSP DMS 5 BmLSP DIMS

53 BmLSP
Fig 5.3 Schematic diagram of structure of BmLSP promoter and its deletions
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BmnLSP

Xbal BamHI /AmpR -
L o | pBluescript T3
SK(M13-)
(2.96 kb)
PCR Products
1.BmLSP(1) | ‘
or 2. BmLSP(DI) KRnI Xr?ol CIiaI Eo‘oRV P‘st Ba:nHI X‘bal E‘agl S‘aCII

T T T T T T
Or 3. BmLSP(DM) Apal Sall Hindlll EcoRI smal Spel Notl BstXI Sacl

Xbal/BamHI

bal/BamHI

ligation

Sall

c Xbal

Amp

pUL220
(~4.49 kb)

AmpR LSP

PBMLSP(1)/(D1)/(DM), amHI

(~4.9/4.4/4.4 kb)

ligation

LSP

AmpR
pBmMLSP(1)/(D1)/(DM)-luc

Tt BamHI

(~6.7/6.2/6.2 kb) Xba

Luc

BamHI

5.1 pBmMLSP(1)/(DI1)/(DM)-luc
Fig 5.1 Diagrammatic representation of the functional constructions pBmLSP(1)/(D1)/(DM)-luc
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BmnLSP

EcoR 1 BamHI

AmpR
pGEM3Z

(2.74 kb)

EcoRI .Kpnl BamHI = . Sall Sphl
! | L] i i
T T T T T
Sacl Smal Xbal Pstl Hindlll
EcoR I/BamHI
EcoR I/BamHI
ligation

Sall

Amp®

pUL220
(~4.49 kb)

Luc

¢ EcoRI

AmpR LSP
pBMLSP (DMS)/(DIMS)

(~3.6/3.1 kb)

ligation

AmpR
pBmLSP (DMS)/(DIMS)-luc

(~5.4/4.9 kb)

Luc

>

Xba | BamHI

5.2 pBMLSP (DMS)/(DIMS)-luc
Fig 5.2 Diagrammatic representation of the functional constructions pBmLSP (DMS)/(DIMS)-luc
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BmnLSP

5.2
5.2.1
PCR
54 55
5.2.2 BmN BmLSP |
Lipofectin pSK-BmLSP | -luc BmN 48hpt
20 Luc 1083.05+ 205.07 cpm BmLSP
pUL220-luc Luc 16.63+ 5.20 cpm BmN BmLSP
5.2.3 BmLSP
pSK-BmLSP | -luc pSKBmLSP DI -luc p3Z-BmLSP DMS -luc p3Z-BmLSP
DIMS -luc BmN BmLSP
56 a pSK-BmLSP | -luc p3Z-BmLSP DMS
-luc  Luc pSK-BmLSP DI -luc p3Z-BmLSP

DIMS -luc 580+ 1.10 5.40%+ 1.09 (F Value=75.4 Pr>F=0.0001<0.01; F Value=64.67
Pr>F=0.0002<0.01 ) BmLSP

p3Z-BmLSP DIMS -luc Luc 64.06= 5.98cpm
BmLSP DIMS BmLSP
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5.4 pSK-BmLSP DI pSK-BmLSP | pSK-BmLSP DM  pSK-BmLSP DI -luc pSK-BmLSP
| -luc pSK-BmLSP DM -luc
Fig 5.4 Restriction analysis of the pSK- BmLSP DI pSK-BmLSP | pSK-BmLSP DM  pSK-BmLSP DI
-luc pSK-BmLSP | -lucand pSK-BmLSP DM -luc

1 8 13 BmLSP DI BmLSP | BmLSP DM PCR 2 9 14 pSK-BmLSP DI
pSK-BmMLSP | pSK-BmLSP DM Xbal/BamHI 35 pSK-BmLSP DI -luc BamHI
Xbal 4 6 pSK-BmLSP DI -luc BamHI  Xbal 10 11 pSK- BmLSP | -luc
BamHI Xbal 15 16 pSK-BmLSP DM  -luc BamHI Xbal 17 luc

7 12 DNA/Hind IIT Marker
1,8,13 was PCR fragment of BMLSP DI ,BmLSP | ,BmLSP DM | respectively; pSK- BmLSP DI (2), pSK-
BmLSP | (9)and pSK-BmMLSP DM (14) were digested by Xbal/BamHI; pSK- BmLSP DI -luc(cis) was digested
by BamHI (3) and Xbal (5); pSK- BmLSP DI -luc(reverse) was digested by BamHI (4) and Xbal (6); pSK- BmLSP |
-luc was digested by BamHI (10) and Xbal (11); pSK- BmLSP DM -luc was digested by BamHI (1) and Xbal (16);
DNA/Hind III Marker(7,12)

5.5 pSK-BmLSP DMS pSK-BmLSP DMIS pSK-BmLSP DI -luc pSK-BmLSP | -luc pSK-
BmLSP DM -luc
Fig 5.5 Restriction analysis of the pSK- BmLSP DMS pSK-BmLSP DMIS pSK-BmLSP DI -luc pSK- BmLSP
I -luc pSK-BmLSP DM -luc

12 pSK-BmLSP DI p3Z-BmLSP DMIS  EcoRI/BamH I 3 4 p3Z-BmLSP DMIS

-luc  BamHI Xbal 6 pGEM3Z BamHI 7 8 pSK-BmLSP | p3Z-BmLSP DMS

EcoR I/BamH I 9 10 p3Z-BmLSP DMS -luc BamHI Xbal 5 10 A DNA/Hind
IIT Marker

pSK-BmLSP DI (1) and p3Z-BmLSP DMIS (2) were digested by ECOR/BamHI; p3Z-BmLSP DMIS -luc was

digested by BamHI (3) and Xbal(4); pGEM3Z was digested by BamHI (6); pSK-BmLSP |  (7) and p3Z-BmLSP

DMS (8) were digested by EcoRI/BamHI; p3Z-BmLSP DMS -luc was digested by BamHI (9) and Xbal(10);
DNA/Hind IIT Marker(5,10)
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(a)

Stimulating Folds

1 2 3 4
1.8 4 (b)
1.6 1
8 14 T
LOL 1.2 4
2 10
£
> .8 1
£
a6
2 4
' 1 2
] T ()
E 7]
ﬁ [
1 2
5.6 BmLSP
Fig 5.6 Effects of the regulation region on the BmLSP promoter activity
(a). 1 23 4 pSK-BmLSP | -luc pSK-BmLSP DI -luc p3Z-BmLSP DMS -luc
p3Z-BmLSP DIMS -luc. (b). 1 2 pSK-BmLSP | -luc  pSK-BmLSP DM -luc. (c).
1 2 pSK-BmLSP DM -luc pSK-BmLSP DMS -luc.
B - pUL220-luc  Luc . 3
(a). The first intron: 1,2,3,4 were represented as pSK-BmLSP | -luc, pSKBmLSP DI -luc, p3Z-BmLSP DMS  -luc
and p3Z-BmLSP DIMS -luc, respectively. (b). The inactive MTE : 1,2 were represented as pSK-BmLSP | -luc,

pSK-BmLSP DM -luc, respectively. (c). The EHIF: 1,2 were represented as pSK-BmLSP DM -luc, pSK-BmLSP DMS
-luc, respectively. The data were normalized by the B -galactosidase activity of normalization plasmids, the luciferase
activity of pUL220-luc and the amount of protein. The data were from at least three separately experiments.
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5.2.4 BmLSP
BmLSP 5 -304 ~-593 bp
-908~-1399 bp PCR
BmLSP
pSK-BmLSP | -luc pSK-BmLSP DM -luc BmN
BmLSP 56 b
35.27% SAS (F
Value=42.50 Pr>F=0.0029<0.01) BmLSP
p3Z-BmLSP DMS -luc pSK-BmLSP DM -luc BmN
BmLSP
442+ 0.28 56 c¢
(F Value=349.87 Pr>F=0.0001<0.01)
BmLSP
5.2.5 BmLSP
BmLSP
BmN Luc 5.1 BmLSP |

100% BmLSP DI BmLS® DM BmLSP DMS BmLSP DIMS
18.07% 121.32% 31.24% 7.17%

5.1 BmN Luc

Table 5.1 Luciferase activity of the five reporter plasmids in BmN cells

pSK-BmMLSP | pSK-BmLSP pSK-BmLSP p3Z-BmLSP p3Z-BmLSP
-luc DI -luc DM  -luc DMS -luc DIMS -luc
1154.28+ 1400.35%
cpm 208.56x 45.69 360.59% 56.36 82.77+ 10.34
140.22 180.46
% 100+ 12.15 18.07+ 3.96 121.32+ 15.63 31.24+ 4.88 7.17 0.89
B - pUL220-luc  Luc 18.26% 6.9cpm

3
Note The data were normalized by the [ -galactosidase activity of normalization plasmids, the luciferase activity of

pUL220-luc (18.26% 6.9 cpm) and the amount of protein. The data were from at least three separately experiments.
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5.2.6 BmLSP
JH MH
1991 BmLSP
Fujiwaraetal 1991 JHA MH BmN
BmLSP DM
BmN JHA 01 2 4 6 8y g/ml 27 48h
1y g/ml JHA Luc 297+ 030 (F Value=84.12
Pr>F=0.0008<0.01) 2 4 6 P g/mlJHA Luc (F Value=2.03
Pr>F=0.1844>0.05) 8 g/ml JHA Luc 34.72% 16.87% (F
Value=25.92 Pr>F=0.007<0.01) JHA  BmLSP
57 a
BmN MH 0 1 2 4 6pgml 27 48h
MH BmLSP 5.7(b) SAS
MH BmLSP BmN (F Value=0.56

Pr>F=0.6958>0.05)
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26 ] (a)

Folds
s

o 1 2 4 6 8
JHA(ng/ml)

2.0 4 (b)

1.8
1.6

1.4

50 S S B S|

Folds

0.0

0 1 2 4 6
MH (ng/ml)

5.7 BmLSP
Fig 5.7 Effects of foreign insect hormones on the BmLSP promoter activity

(a) JHA (b)MH. pUL220-luc  Luc 0 pg/ml Luc 1

3
(a) JHA (b)MH. The data were normalized by the luciferase activity of the pUL220-luc and the amount of
protein. The data were from at least three separately experiments.
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5.3
Mine et al 1995 BmN
Sakurai 1990 BmN
Sakurai et al
1990 BmN BmLSP BmLSP BmN
DNA
1991; Riddiford 1994 JH
JH MH MH/JH
JHA MH 1991 BmLSP
Fujiwaraetal 1991 1P g/ml JHA BmLSP JH
JHA Luc JHA
BmLSP
MH BmN
MH
D D34~37D R
Daneil et al
1997 DNA
Allan et al
2000 Kumaresanetal 2004 Mitaetal 2004
Kumaresan et al 2004
Zhou et al 2003
Bushman 2004)
BmLSP
RNA DNA
DNA (Xie et al 2002; Bhattacharyya et al 1999 ) Takiya  Martinez
Takiyaetal 1990 1997 Martinez etal 2004 BmLSP BmLSP
5 BmLSP
Bhattacharyya et al 1999  BmLSP
BmLSP
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JH JH BmLSP
BmLSP
BmLSP
BmLSP  Fib-H
BmLSP Fib-L BmLSP
Fib-L BmLSP BmLSP
Zhou Fib-H 2000 Fib-L
Kikuchi et al 1992 Fib-L

BmLSP
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HSC70-45"

H3C70-4 5'
(Petersen et al,1985) heat shock protein gene
HSP
(Lindquist et al, 1988)
70kd HSP70  HSP70 HSP70
HSP70 HSP70s

HSC70s  (Lizabeth et al., 1990; Pelham, 1986; Karouna-Renier, et al, 2003)
HSP70s HSC70s
(Beckmann, et al, 1990; Deshaies, et al, 1988; Shei et al, 1992;
Bercovich et al, 1997; Fink, 1999)

HSC70-4 HSC70-4
Lindquist et al, 1988 Lee etal 2003 r06

HSC70-4 BmHSC70-4 1 2

649 HSC70-4 89% 96%  RT-PCR
BmMHSC70-4
BmN
ie-1 2
r06 BmHSC70-4 5' PCR
X - DNA BmandHSC70-4 5 The 5' flanking region
of Heat Shock Cognate 70-4 gene, Bombyx mandarina, BmandHSC70-45'FR - X

BmHSC70-4 5' The 5' flanking region of Heat Shock Cognate 70-4 gene, Bombyx mori,

BmMHSC70-45'FR  SujuxMinghu

6.1

6.1.1

4.1.1 3.1

6.1.2

r06 BmHSC70-4 GenBank Acession NO AB084923
EcoRI BamHI
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HSC70-45"

Forwards: 5'-AAG AAT TCC TGG GTT AGG CGC TCG TCG T-3'
Reverse:  5'-AAG GAT CCA GTC TTG TTA CTT GTT CTT AAA ACA-3'
6.1.3 DNA
3.2.12
6.1.4 PCR . X H3C70-4 5
X DNA 94 2 min
94 15s 53 1min45s 72 2min 35 72 7 min
PCR glassmilk
6.1.5 . X HSC70-4 5'
pGEM3Z PCR EcoR /BamH T4DNA
E. coli TG1 p3Z-BmandHSC70-4 pSK-BmHSC70-4 SujuxMinghu
Sambrook, et al,1989 DNA
6.1.6
DNASTAR BLAST  Matlnspector
6.2
6.2.1 . X HSC70-4 5'
PCR 1% 6.1 1.4 kb DNA Lee(2003)
pGEM3Z
6.2.2 . X HSC70-4 5!
BmandHSC70-45'FR  BmHSC70-4 SujuxMinghu 5'FR  sp6  T7
6.2 GenBank AY342387 AY339064
1469bp 1429bp 72.8% r06
HSC70-4 76.4% 97.5%
3 5 13 2lbp

HSC70-4
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HSC70-45"

Matlnspector
2  CAAT 2
TATA GC
GenBank
SujuxMinghu
6.3
HSC70-4
HSC70-4
97% 96% 89% 82%
2003 5!
20%
5' 72.8%
, 2003
etal 2004
TTATTG

HSF

5000

6 GATA
HSF 6.2

BmandHSC70-4 BmHSC70-4

5!
Papadimitriou, et al, 1998 BmHSC70-4
HSC70-4 HSC70-4 HSC70-1
HSC70 70-1 85% 82% Leeetal
Karouna-Renier, et al, 2003
HSC70-4
BmMLSP 5' 96.4%
, 1991 Martinez
HSC70-4 5'
1 GATA
X
r06 6.2
X - HSC70-4 5
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6.1 PCR
Figure 6. 1 Identifications of PCR products by gel electrophoresis

1. DNA Marker:A DNA/Hind 2. 3. - X

1. Marker:A DNA/ Hind ,2 .Bombyx mandarina 3. SujuxMinghu Bombyx mori

6.2 HSC70-4 5 M X HSC70-4 5 S
R0O6  HSC70-4 5 R
Figure 6.2 Nucleotide sequence of the BmandHSC70-45'FR M, the BmHSC70-45'FR (SujuxMinghu) S  and their
alignments with BmHSC70-45'FR  R07 R

) ) HSC70-45'FR

Dashes represent deletions. Dots represent the same nucleotide as the BmandHSC70-4P. The rectangle shows the
deduced cis-regulation elements.
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81
81
81

161
156
156

241
228
228

321
307
307

401
384
384

481
459
459

561
539
539

641
619
619

721
697
695

801
77
775

881
857
855

961
933
931

1041
996
994

1120
1076
1074

1200
1156
1154

1280
1235
1234

1360
1315
1314

1434
1389
1394

nxu=s nu=s (20> s =< nxu=s

nu=s (20> s =<

nao=

naou=

CCTGGGTTAG GCGCTCGTCG TTTTAATAAA TTCATGTTTC GTAATCTCTT AATCTCAAAC GATAGTGACT GACAGACAAC
.............................. s P .Y ¢ F

CAAT BOX
TTGCATCTGA CGAGGTCATG AATICCAATCC AATAGICTATT GTATAATTTG ATCACTCTGA TTGCGAGCAT GGCAAAAACA
................................................. N il
................................................. A weeeeeaea --A------- .

GATA.1
CAAAAAGTCT ATGGCATATG GTGTAGTGTT GTATATAATT TCAAACGATA AATAATTTAA TTTATTTTAC TTTCTTAGCT

GATA.l GATA 2 HSF 03

ceCrrrme e -T .................. ----T ..... ¢ J Ny

GATA.1

B T R
e e

CAAT BOX
ATATTGACGT AGTATTTCGT AATCCATAAT ACGGCAACAG CATTGACCAT CCAACCAATA GICCTTTCACT GCGTCGAGCT

GATA.1 HSF.04
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HSC70-4

HSC70-4
HSC70-4 70 HSP70 HSP70
HSC70-4
Craig, et al, 1983 Rybczynski, et al, 2000

Lee 2003 RT-PCR BmHSC70-4

BmN

el 2
HSC70-4 20
cAMP PTTH JHA  4-

Hunt, et al., 1999 ; Rybczynski, et al., 2000; Rubenstein, et al. 2000 HSC70
Craig, et al., 1983; Hung,
et al., 1998; Hunt, et al., 1999 ; Rinehart, et al., 2000  Rybczynski, et al., 2000; Karouna-Renier, et al.,
2003
luc BmHSC70-4

7.1.
7.1.1
3.1
pSK-iel-S -gal-hr3 ( ,2002)

7.1.2
7.1.2.1

pUL220-luc BamHI luc
pGEM3Z-BmHSC70-4 Xbal Luc

p3Z- BmHSC70-4-luc 7.1

7.1.2.2 DNA Sambrook et al
1989 Summers, et al.( 1987)

7.1.2.3

5% 10° 12 cm? 27 10% TC-100
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HSC70-4

TC-100 2 Iml TC-100 100p 1
Iy g DNA  5pl 27 15min
TC-100 27 4-6 hr
3ml 10% TC-100
7 hr 37 2 hr 27
0.5u g pSK-iel-fS -gal-hr3 DNA pUL220-luc
3
3
7.1.2.4
20u 1 Iy g DNA 5pl 27
15 min 5 20 ul DNA 3
3
36 hr MH JHA
12 hr DNA 48hpt
/ 24 hr 10/20 pl DNA
30 hpt 37 2hr 36 hpt
24 hr 20 pl DNA
30 hpt -15 15 min 36 hpt
7.1.2.5 Luc
1.5mL Eppendorf 4 10000g 5 min Iml 1x PBS
2 400uL 1% Luc Idahl,
etal 1986 B-galactosidase Jeffrey 1992 Moos
M. 1995 Luc cpm 5 1.5mL Eppendorf

Luc

SAS

Sigma Plot
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EcoR I
| * AmpF ]
pGEM3Z
BMHSC70-4/BmandHSC70-4 SPe
PCR fragments (2.74 kb)

EcoRI  Kpp Sall Sphl
1 [ I i i
T T T T
Smal Xbal Pstl Hindlll
EcoR I/BamHI

Sl

ligation
pUL220 ECORI
(~4.49 kb) %mpR H SC70-4

pBm/Bmand HSC70-4 4} BamH|

(~4.1kb)

ligation

‘Amp

pBm/Bmand HSC70-4-luc

(~5.9 kb)
Luc

BamHI

7.1 pBmvyBmand HSC70-4-luc
Fig 7.1 Diagrammatic representation of the functional constructions pBm/Bmand HSC70-4-luc
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7.2
7.2.1 p3Z-BmHSC70-4-luc
PCR p3Z-BmHSC70-4-luc
7.2
7.2 p3Z-BmHSC70-4-luc  p3Z-BmandHSC70-4-luc
Fig 7.2 Restriction analysis of the p3Z-BmHSC70-4-luc and p3Z-BmandHSC70-4-luc
1 6 DNA HSC70-4 PCR 2 p3Z-MandHSC70-4

EcoR I/BamH 1 3 4 p3Z-MandHSC70-4-luc  BamH1 Xbal 5 pGEM3Z BamH

1 7  p3Z-BmHSC70-4 EcoR1/BamH I 8 9 p3Z-BmHSC70-4-luc  BamHI Xbal

10 A DNA/Hind IIT Marker
Note: 1,6 was PCR fragment of BmandHSC70-4 and BmHSC70-4 promoter from Bombyx mandarina and Bombyx mori,,
respectively; p3Z-BmandHSC70-4 (2) and p3Z-BmHSC70-4 (7) were digested by EcoR I/BamHI;
p3Z-BmandHSC70-4-luc was digested by BamHI (3) and Xbal (4); p3Z-BmHSC70-4-luc was digested by BamHI (8) and
Xbal (9); pGEM3Z was digested by BamHI (5); A DNA/Hind IIT Marker(10)

7.2.2 BmHSC70-4
BmN 6hpt 12hpt 18hpt 24 hpt 36hpt 48 hpt 60 hpt
72 hpt p3Z-BmHSC70-4-luc 6 hpt Luc
48 hpt 60 hpt 72 hpt 48 hpt
7.3
sf21 12 hpt BmHSC70-4
Luc 80+ 18.18 cpm 24 hpt  1401.15+ 117.97 cpm 48 hpt
18367.57+ 1763.20 cpm BmN 437% 8.50% 10.77%
BmHSC70-4 sf21
48hr p3Z-BmHSC70-4-luc
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48 hpt 20 Luc 7298.63%
1005.76 cpm

2.5e+5
2.0e+5 -
1.5e+5 -
1.0e+5 -

5.0e+4

Luciferase Activity (CPM)

6 9 12 18 24 36 48 60 72

Hours posttransfection (hpt)

7.3 p3Z-BmHSC70-4-luc  BmN
Fig7.3 The profiles of luciferase activity in BmN cells transfected with p3Z-BmHSC70-4-luc.

Y Luc X hpt
pUL220-luc

The luciferase activity is indicated on the Y axis as the counts per minute (cpm). The investigating time is presented on X

axis as hour post-transfection (hpt). The 3 -gal normalizing system was introduced into each transfection. Each reaction

contained 1y g of the protein extracted from BmN cells. The cells, transfected with pUL220-luc DNA, served as the

blank control. The results represented average from three separate transfections.

7.2.3 BmH3C70-4 BmN Sf21
BmN 7hpt 37 2 hr 27 Ohr 3hr
9hr 15hr BmHSC70-4 BmN
3 BmHSC70-4 Ohr 3hr 422+ 1.08 4.40
* 0.57 9hr 15hr F value=0.06, Pr>F=0.8196>0.05 ( 7.4)
sf21 Ohr 3hr 9hr 15hr BmHSC70-4
3.90+ 0.14 5.05+ 0.06 11.08+ 0.57 3.90+ 1.18 ( 7.4)
24 hr DNA 30 hpt 37 2 hr
36 hpt BmHSC70-4
3.11% 0.88 BmHSC70-4 57.24
* 3.64%
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12 4 mmmm BmN CK
I /1 BmN Heat-shock
I Sf21 CK
1 Sf21 heat-shock

e}
1

Stimulating Folds

: i

9(0) 12(3) 18(9) 24(15)

7.4 BmN sf21 BmHSC70-4
Fig 7.4 Effects of heat shock treatment on the transcriptional activity of Bmhsc70-4 promoter in BmN
cells and Sf 21 cells

Y Luc 1.00 X hpt
pUL220-luc

The increments of luciferase activity is indicated on Y axis as stimulating folds by heat shock treatment over the cells
without treatment which was arbitrarily set at 1.00. The investigating time is presented on X axis as hour(s)
post-transfection (hpt) and hour(s) post-heat-shock in parentheses. The [ -gal normalizing system was introduced into
each transfection. The cells, transfected with pUL220-luc DNA, served as the blank control. Each reaction contained 1
g of the protein extracted from cells. The results represented the mean + S.D. (error bars) from triplicate samples in three
separate transfections.

7.2.4 BmHSC70-4

24hr 30 hpt -15 15 min
36 hpt Luc F value=0.25,
Pr>F=0.6449>0.05

7.2.5 BmHSC70-4

48hr 12 hpt 24 hpt 36 hpt 48 hpt 60 hpt 72 hpt 84 hpt
96 hpt 108 hpt 120 hpt 132 hpt 108 hpt 132 hpt
p3Z-BmHSC70-4-luc 7.5 12 hpt
Luc 48 hpt 20u g Luc
7298.63%= 1005.76cpm  48-72 hpt 72 hpt 96 hpt 16299.05+ 2755.68

60



HSC70-4

cpm 108 hpt , 37124.44% 6237.30 cpm ,132 hpt
7815.05% 762.28 cpm BmHSC70-4

50000

40000 -

30000 -

20000

10000 -+

Luciferase Activity (cpm)

T T T T T T T T T T T

0 12 24 36 48 60 72 84 96 108 120 132
(48) (60) (72) (84) (96) (108) (120) (132) (144) (156) (168) (180)

7.5 BmHSC70-4
Fig 7.5 The change pattern of the transcriptional activity of Bmhsc70-4 promoter during 5" instar stage
in silkworm larvae.
Y 20 Luc X hpt
108hpt pUL220-luc

The luciferase activity is indicated on the Y axis as the counts per minute (cpm). The investigating time is presented on X
axis as hour(s) post-transfection (hpt) and hour(s) after 5" instar ecdysis in parentheses. At 108 hpt, the larvae enter
wandering stage and start to spin silk. Three larval hemolymph were collected as a sample. The larva, transfected with
pUL220-luc DNA, served as the blank control. Each reaction contained 20u g of the protein extracted from larval
hemolymph cells. The results represented the mean * S.D. (error bars) from triplicate samples in three separate
transfections.

7.2.6 BmHSC70-4

36hr 50mg/kg 100mg/kg 150mg/kg JHA
JHA 12hr DNA
48 hpt SAS JHA Luc F

61



HSC70-4

value=0.22, Pr>F=0.8796>0.05 7.1
0 1 3 5y gMH 12hr 48 hpt
7.6 1 3y gMH 2.68+ 0.43
2.05+ 0.52 5u gMH SAS (F value=0.01,
Pr>F=0.9608>0.05)
JHA Concentrations
Mock(0 50 100 150
(mg/Kg) ©
Luciferase activity 15566.14+ 15654.36+ 15510.64+ 16716.75%
(cpm) 1996.36 2428.79 1813.58 2169.13
7.1 JHA BmMHSC70-4

Table 7.1 Effects of different dose of JHA on the transcriptional activity of Bmhsc70-4 promoter in 5™
instar silkworm larvae

20 Luc 48hpt pUL220-luc

Luciferase activity is indicated as counts per minute (cpm). Three larval hemolymph were collected as a sample at 48 hpt.
Each reaction contained 20p g of the protein extracted from larval hemolymph cells. The larva, transfected with pUL220
DNA, served as the blank control. The results represented the mean * S.D. from triplicate samples in three separate
transfections.

Stimulating Folds

0 1 3 5
ug MH per os
7.6 MH BmHSC70-4

Fig 7.6 Effects of different dose of MH on the transcriptional activity of BmHSC70-4 promoter in 5"
instar silkworm larvae

Y MH 20 Luc 1.00 pUL220-luc
The increase of luciferase activity is indicated on Y axis as stimulating folds by MH treatment over the larvae without
treatment, which was arbitrarily set at 1.00. Each reaction contained 20y g of the protein extracted from larval

hemolymph cells. The larva, transfected with pUL220-luc DNA, served as the blank control. The results represented
average from three separate transfections.
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7.3

HSC70-4

Craig, et al, 1983, Rybczynski, et al, 2000 BmHSC70-4

Craig, et al, 1983; Hung, et al, 1998; Hunt, et al,1999 ;
Rybczynski, et al, 2000; Karouna-Renier, et al, 2003 BmHSC70-4
BmHSC70-4
1991 BmHSC70-4
BmHSC70-4
MH
MH 1-3p g/
DNA Luc
120 hr 36 hr DNA
Luc
HSC70-4
Rybczynski et al, 2000 BmN Lee(2003)
RT-PCR 37 42 BmHSC70-4 Luc
BmN
34
1991
HSC70-4 Papadimitriou et al, 1998 sf21
BmHSC70-4 BmHSC70-4 sf21
BmN sf21
sf21
HSC70-4 Rinehart et al, 2000
-15 15min BmHSC70-4
HSC70-4
MH HSC70-4 Rybczynski et al, 2000
MH 1-3p g/ MH
MH 3y gf BmHSC70-4 MH

36 hr JH MH
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1y g JHA 24 ¢ MH , 1991
1 3p gMH BmMHSC70-4
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HSC70-4

HSC70-4
HSC70-4
72.8% 3 5 13 21bp
HSC70-4
5000 Lu, 1991
Luc BmandHSC70-4
lipofectin
8.1
8.1.1
7.1.1

8.1.2
8.1.2.1

pUL220 BamHI luc
p3Z-BmandHSC70-4 Xbal luc p3Z-
BmHSC70-4-luc 7.1
8.1.2.2 7.1.2
8.2.
8.2.1 p3Z-BmandHSC70-4-luc

PCR p3Z-BmandHSC70-4-luc

7.2

8.2.2 BmandHSC70-4

p3Z-BmandHSC70-4-luc 48 hpt BmN sf21 Luc

186524.7+ 28365.2 cpm  17772.47+ 2089.5 cpm BmandHSC70-4
BmN sf21 10 BmHSC70-4 Luc
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HSC70-4

48 hr p3Z-BmandHSC70-4-luc
48 hpt ,20u g Luc 8797.31% 2436.0 cpm
8.2.3 BmandHSC70-4 BmN Sf21
BmN 7hr 37 2 hr 27 Ohr 3hr
9hr 15 hr BmandHSC70-4 BmN
8.1 BmandHSC70-4 0 hr 3 hr 3.89
+ 0.73 3.24+ 0.37 9hr 15hr
sf21 Ohr 3hr 9hr 15hr BmandHSC70-4
4.09+ 0.25 1577+ 1.79 10.52+ 241 5.47+ 247 8.1
BmHSC70-4
24 hr 30 hpt 37 2 hr
36 hpt BmandHSC70-4
2.01%+ 0.23 BmandHSC70-4
63.74% 14.85%
8.3
HSC70-4
6
6 GATA 2  CAAT 2 HSF
GATA HSC70-4
GATA 5
GATA GATA GATA
Ludwigetal 1998 2000
Arnosti 2003
5 1991
HSC70-4

(Beckmann, et al,

1990; Deshaies, et al, 1988; Shei et al, 1992; Bercovich et al, 1997; Fink, 1999)
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18 — I BN CK
I 1 BmN Heat
16 - I Sf21 CK
1 Sf21 Heat
0 14 o
S
(=) 12 o
g |
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E 61
0p] 4
2 -
. [TH | [Tl |
9(0) 12(3) 18(9) 24(15)
8.1 BmN sf21 BmandHSC70-4

Fig 8.1 Effects of heat shock treatment on the transcriptional activity of BmandHSC70-4 promoter in
BmN cells and Sf 21 cells

Y Luc 1.00 X hpt
pUL220-luc

The increments of luciferase activity is indicated on Y axis as stimulating folds over the cells without heat shock which
was arbitrarily set at 1.00. The investigating time is presented on X axis as hour(s) post-transfection (hpt) and hour(s)
post-heat-shock in parentheses. The (3 -gal normalizing system was introduced into each transfection. The cells,
transfected with pUL220 DNA, served as the blank control. Each reaction contained 1y g of the protein extracted from
cells. The results represented the mean + S.D. (error bars) from triplicate samples in three separate transfections.
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BmNPV hr3  BmyBmand HSC70-4

BmNPV hr3 HSC70-4

homologous regions hr
70bp EcoR 1 30 bp
20bp AcMNPV
BmNPV Choristoneura fumiferana multiple NPV
CfIMNPV Lymantria dispar multiple NPV LdAMNPV
OpMNPV hr DNA
39K p35 ie—N Actin
(Guarino et al, 1986; Lu et al, 1997, 1998 Gomi et al, 1999; Lo
at al, 2002; Felipe et al, 2002;Viswanathan et al, 2003)
1995 BmNPV ZJ8 DNA PstI-K hr3
hr3 3 T72bp
EcoR I 30 bp 2~3bp
EcoR 1 8
13 bp TTTGAAAAACAAA
A+T  70%
AcNPV  BmNPV ie-l helicase gp64
HSP70 2002 Zhou et al, 2002,2003  Xiao et al, 2001;
Chen et al, 2004
BmMHSC70-4 BmandHSC70-4

BmN BmHSC70-4
iel 2 (Lee et al, 2003)
BmHSC70-4 BmandHSC70-4
BmNPVhr3
BmNPVhr3 BmHSC70-4 BmandHSC70-4

BmHSC70-4/hr3 BmandHSC70-4/hr3 /
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BmNPV hr3  BmyBmand HSC70-4

9.1

9.1.1

3.1
9.1.2
9.1.2.1

pSK-hr3 Pst 1 hr3 p3Z-BmHSC70-4-luc
p3Z-BmandHSC70-4-luc luc hr3 EcoR 1 Hind III
hr3 p3Z-BmHSC70-4-luc-hr3 cis / reverse
p3Z-BmandHSC70-4-luc-hr3 cis / reverse 9.1

9.1.2.2 DNA Sambrook 1989

Summers, et al.( 1987)

9.123
7.1.2.3

9.1.24
7.1.2.4

9.1.2.5 Luc

7.1.2.5
SAS Sigma Plot
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BmNPV hr3  BmyBmand HSC70-4

hsc70-4
AmpR

pBm/Bmand hsc70-4-luc

pSK-hr3 hr3

(~3.56 kb)
(~5.9 kb)

Luc

pBm/Bmand hsc70-4-Luc-hr3
(~6.5 kb)

Luc

hr3

Hind 111
Pst1 BamHI
Pst1
9.1 pBmyBmand HSC70-4-luc-hr3

Fig 7.1 Diagrammatic representation of the functional constructions pBnvVBmand HSC70-4-luc-hr3

9.2.

9.2.1
hr3

p3Z-Bm/Bmand HSC70-4-luc-hr3 Pst1
Hind 1II hr3

650bp hr3 EcoR 1

272bp

272bp
p3Z-BmandHSC70-4-luc-hr3 cis / reverse

p3Z-BmHSC70-4-luc-hr3 cis / reverse
9.2
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BmNPV hr3  BnvBmand HSC70-4

9.2 p3Z-BmHSC70-4-luc-hr3  p3Z-BmandHSC70-4-luc-hr3
Fig 7.2 Restriction analysis of the p3Z-BmHSC70-4-luc-hr3 and p3Z-BmandHSC70-4-luc-hr3

2 p3Z-BmHSC70-4-luc Pst 1 3 4 p3Z-BmHSC70-4-luc-hr3 cis Pst1 EcoR I/Hind TII
5 6 p3Z-BmHSC70-4-luc-hr3  reverse Pst I EcoR I/Hind III 8

p3Z-BmandHSC70-4-luc Pst T 9 10 p3Z-BmandHSC70-4-luc-hr3 cis Pst1 EcoR I/Hind

111 11 12 p3Z-BmandHSC70-4-luc-hr3  reverse Pst I EcoR I/Hind 1IT 1 7

A DNA/Hind TIT Marker
p3Z-BmHSC70-4-luc (2) and p3Z-BmandHSC70-4-luc (8) were digested by Pst I; p3Z-BmHSC70-4-luc-hr3(cis) was
digested by Pst I (3) and EcoR I/Hind III (4); p3Z-BmHSC70-4-luc-hr3(reverse) was digested by Pst I (5) and ECOR
I/Hind TII (6); p3Z-BmandHSC70-4-luc-hr3(cis) was digested by Pst 1T (9) and EcoR I/Hind TII (10);
p3Z-BmandHSC70-4-luc-hr3(reverse) was digested by Pst I (11) and EcoR I/Hind TII (12); A DNA/Hind III
Marker(1,7).

922 BmN hr3 BmHSC70-4 BmandHSC70-4

p3Z-BmHSC70-4-luc  p3Z-BmHSC70-4-luc-hr3(cis) (reverse)

p3Z-BmandHSC70-4-luc  p3Z-BmandHSC70-4-luc-hr3 (cis) (reverse) BmN

24 hpt Luc 9.3 hr3 BmHSC70-4
BmandHSC70-4 16.37+ 2.00, 17.17+ 0.75

17.06+ 1.49, 16.69+ 2.36 hr3
9.2.3 hr3 BmHSC70-4 BmandHSC70-4

24 hr 20p L 48 hpt
9.3 hr3 BmHSC70-4 BmandHSC70-4
190.57+ 111.36, 242.19+ 68.75 BmN
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BmNPV hr3  BmyBmand HSC70-4

350 A

300
250
200

150

N
o

Stimulating Folds

[
o
1

0 = = == |

T T T T T T T

1 2 3 4 5 6 1 2 4 5

BmN Cell 5th instar Larvae

9.3 hr3 BmHSC70-4 BmandHSC70-4
Fig 9.3 hr3 enhancing the BmMHSC70-4 and BmandHSC70-4 promoter activity in vivo and in vitro

Y hr3 Luc hr3 1.00 X 1,
pBMHSC70-4p-luc; 2, pBmHSC70-4-luc-hr3 cis ; 3, pBmHSC70-4-luc-hr3 reverse ; 4, pBmandHSC70-4-luc; 5,
pBmandHSC70-4-luc-hr3 cis ;6, pBmandHSC70-4-luc-hr3 reverse pUL220-luc
5
The increase of luciferase activity is indicated on Y axis as stimulating folds by hr3 over the cells/larva transfected with
pBMHSC70-4-luc or pBmandHSC70-4-luc, which was arbitrarily set at 1.00. The number is presented on X axis as follow:
1, pBmHSC70-4p-luc; 2, pBmHSC70-4-luc-hr3 cis ; 3, pPBmHSC70-4-luc-hr3 reverse ; 4, pBmandHSC70-4-luc; 5,
pBmandHSC70-4-luc-hr3 cis ;6, pBmandHSC70-4-luc-hr3 reverse  The B -gal normalizing system was introduced
into each BmN transfection. The larva, transfected with pUL220-luc DNA, served as the blank control.Each reaction
contained 1y g of the protein extracted from BmN cells or hemolymph. The results represented average from five

separate transfections.

924 BmHSC70-4/hr3
BmMHSC70-4/hr3
24 hr 20 p L 12 24 36 48 72 84 96
108 120 132 144 156 hpt 94 12hptly g Luc
3110+ 613.71 cpm Luc 36 hpt 35613.33+ 3541.16
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BmNPV hr3  BmyBmand HSC70-4

cpm Luc 132 hpt 71793.33
+ 23838.13 cpm 144 hpt Luc 534604+ 258578
cpm Luc 192 hpt Luc 98.67

* 29.48 cpm hr3 pBmMHSC70-4-luc
hr3 HSC70-4

8e+5

6e+5

1

4e+5
le+5
9e+4
8e+4
7e+4
6e+4
S5e+4
de+4
3e+4
2e+4 A
le+4

0 T T T T T T T T T T T T T T T

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192

LUC ACtiVity(CPM/ug extraction protein)

1

Hours Post Transfection

9.4 BmHSC70-4/hr3

Fig 9.4 The change pattern of the transcriptional activity of BmHSC70-4/hr3 promoter combination
during 5" instar stage in silkworm larvae.
Y Luc X hpt 144hpt
pUL220-luc
The luciferase activity is indicated on the Y axis as the counts per minute (cpm). The investigating time is presented on X
axis as hour post-transfection (hpt). At 144 hpt, the larvae enter wandering stage and start to spin silk. Each reaction
contained 1y g of the protein extracted from larval hemolymph cells. The larva, transfected with pUL220-luc DNA,

served as the blank control. The results represented average from three separate samples.

9.2.5 BmMHSC70-4/hr3

924 8 9 BmHSC70-4
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BmNPV hr3  BmyBmand HSC70-4

BmandHSC70-4 MH
BmHSC70-4/hr3
36 0 50 mg/kg 100 mg/kg 150 mg/kg JHA
1 3 5 7ugMH 12hr 20 p 1 48 hpt
9.5 1-74 g MH BmHSC70-4/hr3
SHug Luc 17.54 7.2.6.2
MH JHA

hr3  BmHSC70-4

20 -
|
16 A l
14 A
[2)
S
L 124
(o))
£ 104
o
=}
IS
N
6 .
4 .
=
0 ,ﬁ T T T T ,Til ,ﬁ ,ﬁ ,ﬁ 1
CK 1 3 5 7 CK 50 100 150
Ecdysone dose (ug per 0s) JHA concentration (mg/Kg)
9.5 BmHSC70-4/hr3

Fig 9.5 The effects of insect hormones on the transcriptional activity of BmHSC70-/hr3 promter
combination in 5" instar larva

Y MH JHA Luc 1.00 X
MH JHA pUL220-Iuc

The increase of luciferase activity is indicated on Y axis as stimulating folds by MH/JHA treatment over the control
which was arbitrarily set at 1.00. The dose of ecdysone is presented on X axis as injection per larva. The dose of JHA is
presented on X axis as JHA concentration solution spreading the dorsal back of the larva. The larva, transfected with
pUL220-luc DNA, served as the blank control. Each reaction contained 1y g of the protein extracted from larval
hemolymph cells. The results represented average from three separate samples

9.3
hr3
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BmNPV hr3  BmyBmand HSC70-4

Chen etal 2004; Lo, et al, 2002; Felipe et al,2002; Viswanathan et

al, 2003 hr3 HSC70-4
hr3 luc helicase
hr3 2001 luc
hr3
HSC70-4
ie-1l 2 Leeetal 2003
MH
hr3 BmMHSC70-4 BmandHSC70-4
200 /

BmHSC70-4/hr3
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X - DNA LSP HSC70-4
luc BmLSP Bm/Bmand HSC70-4
Bm/Bmand HSC70-4 /BmNPV hr3

10.1 Bm/Bmand LSP5'FR BmLSP
10.1.1 Bm/Bmand LSP5'FR

Bm Bmand LSP5'FR 1901bp 1886bp .o
LSP 98.9% 96.4%
LSP 5
x - LSP BmandLSP5'FR
22 91.6%  BmMLSP5'FR
100%

Bm/Bmand LSP5'FR 30~-24bp TATAAAA TATA  -73
~-67 bp TGATAAA -70 ~-144 bp
ATTTTTCTT-27-ACGGCTGAT

BLAST BnvBmand LSP5'FR 7139

7639 ~7933 bp

10.1.2 BmLSP
BmLSP PCR BmLSP DI
BmLSP DM 3
EcoR I EcoR I/BamH 1 pSK-BmLSP | DNA
BmLSP DMS EcoR 1/BamH 1 pSK-BmLSP
DI DNA
BmLSP DIMS
pUL220 BamH I luc
Xba I luc
10.1.3 BmN BmLSP |
Lipofectin pSK-BmLSP | -luc BmN 48 hpt
20 Luc 1083.05+ 205.07 cpm BmLSP
pUL220-luc Luc 16.63+ 5.20 cpm BmN BmLSP
BmN

Sakurai etal 1990
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10.1.4 BmLSP

pSK-BmLSP | -luc pSKBmLSP DI -luc p3Z-BmLSP DMS -luc p3Z-BmLSP
DIMS -luc BmN BmLSP
pSK-BmLSP | -luc p3Z-BmLSP DMS -luc LUC

pSK-BmLSP DI -luc p3Z-BmLSP DIMS -luc
5.80+ 1.10 5.40+ 1.09 (F Value=75.4 Pr>F=0.0001<0.01; F Value=64.67 Pr>F=0.0002<0.01)

BmLSP
10.1.5 BmLSP
pSK-BmLSP | -luc pSK-BmLSP DM -luc BmN
BmLSP
35.27% SAS (F Value=42.50
Pr>F=0.0029<0.01) BmLSP
p3Z-BmLSP DMS -luc pSK-BmLSP DM -luc BmN
BmLSP
442+ 0.28 (F
Value=349.87 Pr>F=0.0001<0.01)
BmLSP
10.1.6 JHA  BmLSP
1Y g/ml JTHA Luc 297+ 0.30 (F Value=84.12 Pr>F=0.0008<0.01)
2 4 6 p g/mlJHA Luc (F Value=2.03 Pr>F=0.1844>0.05)
8y g/ml JHA Luc 34.72+ 16.87% (F Value=25.92
Pr>F=0.007<0.01) JHA BmLSP
10.1.7 MH BmLSP
0 1 2 4 6pg/mMH MH BmLSP
SAS MH  BmLSP BmN
(F Value=0.56 Pr>F=0.6958>0.05).
10.2 Bm/Bmand HSC70-45'FR
10.2.1 BnVBmand HSC70-45'FR
BmandHSC70-4 BmMHSC70-45'FR 1469bp 1429bp
72.8% 106 HSC70-4
76.4% 97.5% 3 5 13 2lbp
HSC70-4
MatlInspector 5'FR 6 GATA

2 CAAT 2 HSF TATA GC
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1  GATA

GenBank BmandHSC70-4 BmHSC70-4
10.2.2 BmH3C70-4
BmN 6hpt 12hpt 18hpt 24 hpt 36 hpt 48 hpt 60 hpt
72 hpt 6 hpt Luc
48 hpt 60 hpt 72hpt 48 hpt
sf21 12hpt BmH3C70-4
Luc 80+ 18.18 cpm 24 hpt  1401.15% 117.97 cpm 48 hpt
18367.57+ 1763.20 cpm BmN 437% 8.50% 10.77%
BmHSC70-4 sf21 BmN
48hr p3Z-BmHSC70-4-luc
48 hpt 20 Luc 7298.63%
1005.76 cpm
10.2.3 BmN Sf21 BmH3C70-4
BmN 7hpt 37 2 hr 27 Ohr 3
hr 9hr 15hr BmHSC70-4 BmN
BmHSC70-4 Ohr 3hr 4.22+ 1.08 4.40% 0.57
9hr 15hr F value=0.06, Pr>F=0.8196>0.05
sf21 Ohr 3hr 9hr 15hr BmHSC70-4
3.90% 0.14 5.05% 0.06 11.08+ 0.57  3.90% 1.18
24 hr DNA 30 hpt 37 2hr
36hpt BmHSC70-4
3.11+ 0.88 BmHSC70-4 57.24+
3.64%
10.2.4 BmH3C70-4
24hr 30 hpt -15 15 min
36 hpt Luc F value=0.25,
Pr>F=0.6449>0.05
10.2.5 BmH3C70-4
12 hpt Luc 48 hpt 20U g
Luc 7298.63+ 1005.76cpm 48-72 hpt 72 hpt 96 hpt 16299.05

*+ 2755.688 cpm 108 hpt 37124.44+ 6237.30 cpm,
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132 hpt 7815.05+ 762.28cpm BmHSC70-4

10.2.6 BmHSC70-4

36 hr 50mg/kg 100mg/kg 150mg/kg JHA

0 1 3 5ugMH 12hr
DNA 48 hpt SAS
JHA Luc F value=0.22, Pr>F=0.8796>0.05 1
3pu g MH 2.68+ 0.43 2.05+ 0.52 Sp g MH
(F value=0.01, Pr>F=0.9608>0.05)
10.2.7 BmandHSC70-4
p3Z-BmandHSC70-4-luc 48hpt BmN sf21 Luc
186524.7+ 28365.2 cpm  17772.47+ 2089.5 cpm BmandHSC70-4
BmN sf21 10 BmHSC70-4 Luc
48 hr p3Z-BmandHSC70-4-luc
48 hpt ,20U g Luc 8797.31% 2436.0 cpm
10.2.8 BmN Sf21 BmandHSC70-4
BmN 7 hpt 37 2hr 27 Ohr 3hr
Shr 15hr BmandHSC70-4 BmN
8.1 BmandHSC70-4 Ohr 3hr 3.89+ 0.73
3.24+ 0.37 Shr 15hr
sf21 Ohr 3hr 9hr 15hr BmandHSC70-4
4.09+ 0.25 1577 1.79 10.52+ 241 547+ 247
BmHSC70-4
24 hr 30 hpt 37 2hr
36 hpt BmandHSC70-4
2.01+ 0.23 BmandHSC70-4
63.74x 14.85%
BmHSC70-4 BmandHSC70-4 72.8%
10.3 BmNPVhr3 BnvBmand HSC70-4

10.3.1 BmN hr3 Bm/BmandHSC70-4
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p3Z-BmHSC70-4-luc  p3Z-BmHSC70-4-luc-hr3(cis) (reverse)

p3Z-BmandHSC70-4-luc  p3Z-BmandHSC70-4-luc-hr3 (cis) (reverse) BmN
24 hpt Luc hr3 BmHSC70-4 BmandHSC70-4
16.37+ 2.00,17.17% 0.75 17.06+ 1.49,16.69% 2.36
hr3
10.3.2 hr3 Bm/BmandHSC70-4
24 hr 20p L 48hpt
hr3 BmMHSC70-4 BmandHSC70-4 190.57
+ 111.36,242.19+ 68.75 BmN
10.3.3 BmHSC70-4/hr3
24 hr 20p L 12 24 36 48
72 84 96 108 120 132 144 156 hpt 12 hpt 1P g Luc
3110+ 613.71 cpm Luc 36 hpt 35613.33% 3541.16
cpm Luc 132 hpt 71793.33
+ 23838.13 cpm 144 hpt Luc 534604+ 258578 cpm
Luc 192 hpt Luc 98.67+ 29.48 cpm
BmMHSC70-4 hr3
HSC70-4
10.3.4 BmHSC70-4/hr3
36 hr 0 50 mg/kg 100 mg/kg 150 mg/kg JHA
1 3 5 7JugMH 12 hr 200 1 48 hpt
1-74 g MH BmHSC70-4/hr3 5
g Luc 17.54 JHA

hr3  BmHSC70-4

BmHSC70-4/hr3 BmandHSC70-4/hr3
BmHSC70-4/hr3
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Fig7 Nucleotide sequence alignment of the 5'-flanking region of BmHSC70-4 gene-1
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9 BmandHSC70-4 5’ -1
Fig 9 Nucleotide sequence alignment of the 5'-flanking region of BmandHSC70-4 gene-1
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10 BmandHSC70-4 5’ -2
Fig 10 Nucleotide sequence alignment of the 5'-flanking region of BmandHSC70-4 gene-2
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