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HE Z A5 iR I PCRAY 77 ik L 45 3] R B HOK & & 704 B (Bombyx mori hsp70)495 ] 2
#9 P AN JZ 5% 4538 bpA305 bp#d A7 hsp70-538F2hsp70-305. A 415 B4 R AP X AR S
7| L TATAF 5] 6 £ 75 A PR 5 649 #0% 7UHFHSE (heat shock element) CTnGAANnTTCnAG. K 3L
R AARE LB AR5 R X S 5] £ BmN2m i o AR I RogE v, AR K& L IEeA
hsp70-30548 R &R F 4 LA #gE M, TRAHAA X AA R B hspT0Rs B 3h T 4514

KHEia

A )13 LD fie AR J7 T 4 328 5
BAET ARMEET. AEUERMEET. 5
T A B 1 AE SR E 1)) BB AL A DR R
T, T DA R R B i 5 DR PR B s KT, AR 1
705K (hsp70)JE 8o 53 )R B FAE A HAT 1 o
T VLR T BRI BRI A S5 0, IR ST
ISR BT, R AEE O E 3 TR
HEAT ORI, 2 B LIS (heat shock element,
HSE)CTnGAAnnTTCnAGT#5E 1, Hfhsp70)5
B 7 oS M dom, A )iz . AR BT
2 1) 10) &5 A 5 TR P 3 08 KA 1B 7E — 58 K, R
W34 F13(Bombyx mori actin 3, A3)JH 5l 1. ZHZH
R S 28 JE ) R 4 R D] A R R S ) i Y A 2
PEFIK, FEAEAE R R & W IR, iRk A&
Z BB (fibroin light chain, FibL) 3 3h 1.

K2 PO Fhsp19.9(GenBank: FJ447563). h
-sp20.4 (GenBank: EU350579) l hsp23.7(GenBank:
FJ374261)1) )3 81 A AH A 7o, IF7E K eBmNA
JLR 5% A 20 AR B B0 AE T ) Bh G T, (H A AR
H R TR Ahsp70)i 8 TR IE . AW S A4 3]
— AN HLAT S PE I K Aehsp 708 81, LA A
ZJE BT AER AR N BT 5 S M R IE I R e A2 7 b
J5EE 1 B A

1 HR57%

1.1 #F8Y

1.1.1 X&s: KA P50, 10,
1.1.2 8ARR L Ae m AR BmN4H it k1 X%

hsp70Ji 31 A BmNAI Y, 2K 4

J6 i RipA3RLuc-FLuc k) A S 56 % - /7. piggyBac
B - R pB[3 X P3EGFP]-3 VR 4 4k 44 Ja& i 1) 41t B
JEORL AR AL AR
113 EZ3K A Pyrobest Taqliff. Sal 1. Sac 1.
T4 ;. pMDI19-T. DNase | FlPrimeScript™ RT
Reagent Kitd3) ) H K IE F £ A A, PCR™ )35 i
B 2% e BRI  JRE 4 HOR 7)  F
AN AR T, ok i 4RI Lipofectin 2000
FIRNAH 42 i 71 Trizol}¥ H Invitrogen/ w](Carlsbad,
CA, USA).
1.2 7%
12.1 PCRA=RT-PCR MR LA A1 () Bombyx
mori Bmhsp70 mRNA¥]/741(GenBank: AB035326.1),
7EKAIKObase | 4% < 75 21| 3 [K 41 J7> 41 (Scaffold ID:
Bm_scaf128), § #4 5L P g i HE AL 117 7 S (K15 | M e vt
DL % % R ¥ (Transposase) [FIPCR 5| 4 % 11 W1 (F
RI4: 93 2 o Sal TRISac TREHIAT 1)

RNA I 152 I8 Trizolif 71356 W -1, [ 5%
2 A A Uk B 45, PCRI Y R 794 °C 5 min; 94 °C
30 s, iBk30 s, 72 °C 45 s, 30 cycles; %572 °CHiEfH
10 min. BKIEEE: hsp70-538 Flhsp70-305 4 55 °C,
Transposase 453 °C.

DL 25 P5042 JIEDNA A b, W H i f) EPy-
robest Taq/ 38 H 1 B, & vk 4 )5, [ H 1

WA H138: 2010-03-30 52 10: 2010-10-18
[ 5 o A R 5T % 1l (N0.2005CB121003) 5 A SR Bl

FEIRITE FH (N0.30972142) R A4 B /T (N0.2009C32070) %% W 33 F
*HIEH . Tel/Fax: 0571-86971302, E-mail: bxzhong@zju.edu.cn
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Table 1 PCR primers
B 519
Fragments Primers
hsp70-538 Forward: 5’-GAG CTC AGAAAG TTG TTG C-3°
Reverse: 5’-GTC GAC GAA TAT TAATCA CTG-3’
hsp70-305 Forward: 5’-GAG CTC CAT ATT TTT TTG TTG-3’
Reverse: 5’-GTC GAC AAA TAA ATC GTC G-3°
Transposase  Forward: 5’-TAT TCT GGT AAT GAC AGC AGT
GAG-3’
Reverse: 5°-TTT ATA TGA GAC GAG AGT AAG
GGG-3’

RN AR R B A2 B UIAY . hsp70-5385 | W4 Hihsp70-538 ) B
hsp70-30551 ¥ 4 Hihsp70-305 1 Bt Transposaselt 514 F -+ 5L
A P JE R IK I RT-PCRA M«

Note: the underscores were the sites for restriction digest; primers
of hsp70-538 for amplifying hsp70-538; primers of hsp70-305 for
amplifying hsp70-305; primers of Transposase for RT-PCR assay.

B & pMD19 THAAAE A U B AT TA e B, 405
b ik . B 7 5 HEBUR R T-hsp70-538, T-hsp70-305

[JDNA, HEAT oYk BEY). WP4EE.

122 EAREFAGHE. HBLBRLEL X
9¢ V6 5 U RipA3RLuc-FLuctd & A W ANk R & 1k
HE, — A2 A3 JE 3l 7~ ¥a il R I 1 58 6 25 Wi (renilla
luciferase, RLuc)JE K] (1) 5¢ 2R IAHE, 55 —ANE T 8)
FHEHIERIA B K 28 G Z il (firefly luciferase, FLuc)
SRR RIAHE, v LA T B 3 i v

¥ pA3RLuc-FLuc Al T-hsp70-538+ T-hsp70-305
B A ] Sal TR Sac THEAT XUV, [n1W 264k pA3RLuc-
FLuc# /& i BRI AL IR B, R T4E FE i 42, 19
FI ) 7= 4 B W9 6 JFRipA3R Luc-hsp70-538FLuc
FpA3RLuc-hsp70-305FLuc(¥1A).

B 5L DN iR pB[3XP3EGFP]-3 (1) #) 2 J ¥ WL 3¢
BRE. SR 5 pB[3*P3EGFP]-34:Sal 1R1Sac T 1) &,
4li Ahsp70-305)5 3l 1, 43 2| (1) FURL 11 £4:Sac THIHind
MDY 5, 4 ApiggyBacfI Transposase i A, 45 A3
# T pB3xP3EGFP-hsp70-305Transposase STk (K 1B).

JIAT R A R V) S IERf S ERAE R — DS H

Bl RBFEEERSREEERNRNEHEE
A: pA3RLuc-hsp70-538FLucHIpA3RLuc-hsp70-305FLue(# ki £5#4; B: pB3xP3EGFP-hsp70-305 transposase ) Jii KL 4514 .
Fig.1 Schematic structure of the plasmids for cell transfection and transformant
A: pA3RLuc-hsp70-538FLuc or pA3RLuc-hsp70-305FLuc; B: pB3xP3EGFP-hsp70-305 transposase.



FE22 5548 X AhspT0 JA 8l 1 () se e e DD REWFT

505

123 mfeds 3 Fe 52 040 1% M Invitrogen /A
AP Lipofectin 200011 5% 42D B, T 75 FLAR %
Bl pgB AR TORL. B R G, SN A AL 3 )
R, 20 _EIE W H Promega /s 7] 4L H¢HG
R W 0] A 00 0 0 2 K ER O 2 R O =
Mt PRI 1k o

124 EBREHFHLRRQHL LA SR )
RV 58 KT ST Pk A A (1) 75 208 D7 1k 2 IR R T o e e ot
o7 -5 7 B i TR (P9 BE LE A 1 0.5, BEAN IR IR K293
WF15~20 nlff)ik & 5ok, DNAKE 40.3 pug/ul.

2 7R

2.1 Rezhsp70EE LiFHIHSETH 2

2.1.1 R &hsp70_ L7 ki B89 7 7 5 HT TLRERT
FII[K) F Bthsp70-538 Flhsp70-305. 1] (1 7> 41 I AH X A7 2
wE2HT7R, SNCBLE LA ) Bombyx mori Bmhsp70
mRNA(GenBank: AB035326.1)] 47 41 #H LL 45 i1 0t

o7 T #E SO AR 15, tta aat an] BE L TATA S, )74
AHEEHE, hsp70-538LLhsp-3052 £ 57193 bp(-438~-246)[1]
AEHESR 751 F140 bp(59~98) K1 HE S AH ARG 7471 o
212 R 5 ZTRHSEAM ) thig 7E F 0
FERAL P LRI T 5 hsp703E [H], X SEHE R 4 bt 4
Pr AT — BEK350 bplI R SF T A T HIG R
76 B 5 1705 40 P 5 7 A0 40 4, iy 59 40 a0
B i e R LA PR . 11X 350 bl 7413k T
THIBRSEEG, KIALI70 bp A4 i CV-1R1COS-711)
RIS H AN ]/ (R 1T 7 Amin SRR SR 41
IS, B T 70 bpdb, 38 0520 $5(-90~-68)1% —[X.
)74 . ZEParkerflI Topol (1 B 40 BT+ # H, RNA
AT TAAHA B 5 (-90~-40) 2 A {117 41 45 A1, A1
Z AV PR AR EL PR 1), BIBRATART— N o fili i o
W10/ L EDO, e ST T IR A BAT s BRI RE )
HUihsp70 5 ) 1 a5 e 1)U o114,

Pelhamik — 22 %f b6 7 A 0 [¥hsp83. hsp70.

E2  hsp70_LiiF A5 BHHE

Fig.2 The characteristics of two hsp70 upstream sequences

Note: the underscores indicate the HSE, arrow indicates the transcription initiate start site, box indicates the TATA box.
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hsp68. hsp27 « hsp26. hsp23. hsp22f¥]Ja 87741,
RIAT—A14 bp IR SCFF 41, L 10 bp o e B2 A
ST, HF 41 5 CTnGAANNTTCnAG, FK JHSE(heat
shock element)JG {1, ‘& G % UEAT IO %, O #
Pelham/[F] SEYGUF S, Q1S A RC X 485N IS, 71
A PGEOEPE, 182N R T A AR A, WA
Fi S AL 2 AR LT U, HSEH 77 4 HSF 1 (heat-
shock factor 1)!', CHBF(constitutive HSE-binding
factor)!', Kulkl 1S5 [ 25 & A7 f, X 77 /£ HSE
J751) R S I A 1 1) JL AL

FAT T v B 15 21 1 Bombyx mori hsp70_F3iF F B
51X AN BJHSE 104 R 57 B B UEAT EU AR, R A
Z WA O SL[H AL, 1 Bombyx mori hsp19.9 )1 51
161, hsp20.4)3 5 74384, hsp23.7)i 5 T 101
(K2)o IXLLIAT IR - H1A0 O o R 455 AL

A PR BATTTT AME T /E SR SR A B R AN
R 2 h #A7 HA AL S5 b i) e IR, e tis
B 5 IX 5 AR

2.2 R¥Ehsp70EE Lz BERIRBIESES
221 F&Rhsp703 B L3} B ABMN L 6 #
&z Y] PR R A B TR TR 3T
BT T 82 40 W b A A7, AR L5 1 A R
BF, BT TARKFRILRE, A 92 A
s AR A AE e A 2 g0 BATTE L nglft
PA3RLuc-hsp70-305Fluc)ii i F A £IBmN4H i 1, 15
F¥48 WG /il & T =M EEE 27 'C 37 °CL 42 °C
R E2 h, A EARES, KRG E T IE R IR
JE27 CWRIE2 h, feJ 5 40 M 1R 8056 't 2R g
0 st & SRR WA (EI3), £E27 CIRIE R, BT
hsp70-305 J B4 il 2 I8 U F Luc il v PR A1, Bl 5

%2 HSETHFHYELER
Table 2 Comparison of the HSE

st il (el LS TATA i % SR FPAI I IE KL
Strain Consensus CTnGAAnnTTCnAG Bases from TATA Bases matching consensus
Drosophila melanogaste hsp83 CTAGAAGTTTCTAG 26 10

Drosophila melanogaste hsp70 CTCGAATGTTCGCG 15

Bombyx mori hsp70 CTAGAATATTCGAT 66

Bombyx mori hsp20.4 TTAGAATTTTCAAT 302

Bombyx mori hsp23.7 CTAGAATCTTCCAG 36 10

Bombyx mori hspl9.9 TTAGAAACTAAGCG 95 6

T P RILFOR ISR A

Note: the heat shock consensus sequences are indicated by underscores.

E3 hsp305FLuc 1 A3RLuc?E BmNZH i H 89 By = [
RLU: #6561 H G 7/607b); B4 HRIHCT- S48 £ FrUE2E(LSD test,
P<0.05; a, b, c: hsp70-305FLuc; A, B, C: A3Rluc).

Fig.3 Heat-shock expression of hsp305FLuc and A3RLuc
in BmN cells
RLU: relative light units (photos per 60 s); The values are represented
as mean+SD (letters indicate results of LSD test, P<0.05; a, b and c:
hsp70-305FLuc; A, B and C: A3Rluc).

FE T i M I T N, =P 2 TR R ik 2 ik
B KT(P<0.05), 4642 CHIIF T HAT B2 A%
BN, EEANRI(2T °C) s PR = 184, REMHZN R
WS R K FE R IAFLuclHly, PRI T FA38A 3 7 1
A3EF T REENNE A3 T, 8T
A 31, 0010 25 A BE PR (1) 2k KAk b Y i 4e
BV MAMR KI A3J5 51127 CHE
PEAR =, 0B I B SR i, vE M RN R, =
Tolu ek B 2 T f 2 0k 22 S Ak 1) 3 2% /K F-(P<0.05) o
A3JH B[R X MR A A BRATAE A T I A =
222 REhsp70RA R LR BRAOREERSE K
1 pglfipA3RLuc-hsp70-305FLuc)iki 4 YeBmNAl iy, 15
7748 hJm, 142 CRAIM 0 h. Thy 2hy 3h. 4h,
A (RS A 4 he 3 hy 2hy 1 hy 0h, KA
FE427 C |, 3~4IRE S, 5 i e 40 B X5 22



FE25 5548 X Thsp70 JA 8l 1 [ se e Sl DD REWFT

507

TR A SIS IR (B 4) R B, FAAh B I AR,
FLuclif ) Fik sl 2, 72 mik 2 B /K F-(P<0.05). 1F
hsp70-305FLucib P2 hfG A T2 2%, ALBE3 h
Ab34 hf AR hi N b

Lhsp70-305FLucl] & ik 1% ML AH &, A3)3 8T
25 ) % 35 IR Luchf 5, 5 #GHUK IS ] B S B, =
AT 8] 2 7] (1) 3 72 e 33938 3] Wil 2 7K ~F-(P<0.05) o
TERIIFAT T, A3JA 87K hsp70)3 8 7 L HAH
S IRVRAE, (A FRAT LRI I AT 5
223 KERRE# E#REZEGERE K
1 pgFkipA3RLuc-hsp70-305FLuc fllpA3RLuc-hsp70-
538Flucs) Jill % «BmN4i fig, ¥57%48 hfi5, 142 CXf
S M7 540 hy 1 he 2 he 3 he 4 h, FNKIKE
INFA] 4 he 3 hy 2 hy 1 h#I0 h, PRE IR E 427 C,
3~4IRE S, B Ja T A A EE . 45 EoR
(EI5)7E S B B 1) 244 h, 7 Bthsp70-538 11 KA
PEZhsp70-305 K IATEPEM 1~36% . BLHIHCE 41538 bp
1) L3 Fr B HE305 bp Fr BORA SRR IR
2.3 KERE /YR Ehsp70_LiF A B < 8] BYHSE
TCHF ELER

hsp70-538Fhsp70-3053X 5 A~ Fr B AH L6 %L, hsp70-
5384 T 4 & A IHSEA, 81534 7] GETHSE TG
PE(E2), H AL T AR SR IX N, — AN T4 slE

E4 hsp70-305FLuc 1 ASRLucZRik £ 7E42 ‘CRIFK BFNRA
1: 7542 CHBL b, 7627 ‘CYE3 hy 2: 1642 CHIH2 h, 7627 ‘CIKE2 b
3: 7542 CHB h, 7127 CWEL h; 4: 1542 CHIH4 h; RLU: AHADEG
THALOL T H/6015)

Fig.4 The accumulative effect of heat shock on the expres-

sion of hsp70-305FLuc and A3RLuc at 42°C

1: heat-shocked for 1 h at 42 ‘C and maintained at 27 ‘C for 3 h; 2: heat-
shocked for 2 h and maintained at 27 ‘C for 2 h; 3: heat-shocked for 3 h
and maintained at 27 “C for 1 h; 4: heat-shocked for 4 h; RLU: relative
light units (photos per 60 s); The values are represented as mean+SD;

Letters indicate results of LSD test.

&5 hsp70-538 Shsp70-305 7£42 °CHtAYHE AT HGEE 1 ELE
0: KN RHELL h, 7527 CHREFA hy 1 RoRAEA2C R h, 7727 CH
3 hy 20 FORTEA2 THI2 h, E27°CIRE2 by 3: FoRTE42 THIS h,
1627 CWAEL by 40 LoRTE42 CHIM4 hy AR VD FLuc ARG
FHURLuc AT 6+ 5L

Fig.5 The comparison of the relative activity between
hsp70-538 and hsp70-305 at 42 °C
0: maintained at 27 C for 4 h; 1: heat-shocked for 1 h and maintained
at 27 ‘C for 3 h; 2: heat-shocked for 2 h and maintained at 27 “C for 2 h;
3: heat-shocked for 3 h and maintained at 27 ‘C for 1 h; 4: heat-shocked
for 4 h; relative activity was calculated by RLU of FLuc/RLU of RLuc.

BB BEAh, BTSSR A Bl R R A,
HARTATIIE A AN 2, (H AR P A2 R
PR I 2 RIS Vit I R Rk B i 11 JU R AT v
JPHAS DL, 5 T A] BE X AN AN R B 1R 3
& HSE TG F R P4 25, ST mE S
RNAZ G 454 56 AN, BUTH: AP AR 55
5 T AT 8 A2 P AN AS A B2 [ mRNAs B B RCR A7
225, AR ARR R AT T A A TR IR IA
IS, T 2N S50 B R e,
2.4 REHEERREREMEFhsp70-30589
M

i 35 IR OB pB3 X P3EGFP-hsp70-305 Transposase
 JE AR B TR [ A K A 22 100 AR R, s 1)
Al 5 A A 221080 A48, GUIRIEAT 2 ekl . %
FEIN 5256 (G BH M3l 15.7%h383), FH S 2
IR IMZRIR (El6AS), K2 BERIBHPEAMAAEA2 “C oyl
W1 hy 2 WRI3 by RAASFAG ) BH P 5K 2 oo JE (Pl et
[5£22 °C), X 5 FIRT-PCR (1) 77 V2460 Ml 28 #48 [#) Trans-
posase mRNA, &5 LG 1) 5 DR X A 31444680 bplh 3™
4 1 BR(KI6B), 5 T4 H b b BLAr - RAHSE, 1 HL
I 5 SRS 1] (1) 386 1, Transposase mRNAXS W [
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Table 3 Results of G, transgenesis
A e A A EGFPRH LI 51 P&l L R
Strain Injected eggs Fertile moths Broods with EGFP- Ratio of Gy transformed moths in fertile moths
positive larvae
Lan 10 2 100 51 15.7%

T BRI I Gof Qe ke B A5 7] T 7R 40 s P R DA B R e e DRl 5 2 PR el i H

Note: the number of G, transformed moths equals to that of broods with enhanced green fluorescent protein (EGFP)-positive larvae.

Eo HEHRERRZHIHAHRER
Ac BRI BAE K A AR, TRI3 2 FOBARI, 2F1428 S (0 96k
B, VRN 25 1% B: RT-PCRES AN HT, KA 1. 213535 4
WL 2R3N RS B 122 C ol TRl B, o A A e BE R B Pk K
g 25 (5 (CK), M: DNA marker FIDNA 7 Bt (4 500 bp. 3 000 bp-
2000 bp. 1200 bp. 800 bp. 500 bp. 200bp)ZH -
Fig.6 Transgenic analysis of the heat shock fragment in
silkworm

A expression patters in transgenic silkworm, 1 and 3 were in bright field
in moth, 2 and 4 were screened for green fluorescence; 1 and 2 were
controls; B: the result of RT-PCR analysis, the transgenic silkworms
were heat shocked for 1 h, 2 h and 3 h at 42 °C, respectively, and then
maintained at the 22 °C; the transgenic silkworm being not heat-shocked
was used as the control(CK); M: DNA marker (4 500 bp. 3 000 bp. 2
000 bp. 1200 bp. 800 bp. 500 bp. 200bp).

B0, X BN PRB BE M X A A  H BE,
WThsp70-3057F 28 2 (A 3 -t HAT #B0s F

XA A PE PR AR S BT,
AT LhpiggyBac Ay AR 1) i ik [R] 5% e S v 485 77

BAF IS EEE A o

B RSB KR A 4 5 3R
AR FTO85F & $RAAR X I B 4G H B,
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Identification of Bombyx mori hsp70 Promoter and Its Function

Lan-Fang Zhuang', Hao Wei', Jian-Rong Lin’, Bo-Xiong Zhong '*
("College of Animal Sciences, Zhejiang University, Hangzhou 310029, China; *College of Animal Sciences, South China of Agricultural
University, Guangzhou 510642, China)

Abstract We have got two fragments located in the upstream of Bombyx mori hsp70 gene, one was hsp70-
538 (538bp in length), and the other was hsp70-305 (305bp) through the PCR amplification. By comparing analysis,
these two fragments possess of the consensus sequence of HSE (heat shock element) associated with the heat shock
genes of Drosophila: CTnGAAnnTTCnAG. Applying the technology of dual-luciferase vector, these two fragments
can confer heat inducement in BmN cells. And the hsp70-538 fragment can induce more activity than hsp70-305
fragment. We also informed it by transgenic analysis in silkworm. Its activity was increased with the elevated tem-
perature. The more exposure to 42 °C, the more amount of target gene expression we got. So these two fragments
can be considered as heat shock promoters.

Key words hsp70 promoter; heat induce; BmN cell; transgenic silkworm
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