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Expression in Escherichia coli of a Cloned Bacillus thuringiensis subsp. kurstaki HD1 In-
secticidal Protein Gene. Hwang, Sung-Hei, Soung-Chul Cha, Kwan-Hee Yoo', and Hyung-Hoan
Lee*. Department of Biology and Research Institute Genetic Engineering, Kon-kuk University,
Seoul 143-701, Korea, 'Department of Biology, Sangg! University, Wonju 220-702, Korea - The
expression in Escherichia coli of a cloned insecticidal protein (ICP) gene from Bacillus thuringiensis
var. kurstaki HD1 in pHLN1-80 (+) and pHLN2-80(-) plasmids was investigated through deletions in
promoters, transcription start point, and termination region. Six recombinant plasmids were constructed
in an attempt to analyze the overexpression of the ICP in relations to its gene structure. The amounts
of ICP produced from the recombinants were measured by SDS-PAGE and confirmed by Western blot
analysis. One clone was not overexpressed which having only -80 bp (contained Btl promoter) part of
the ICP gene promoter (without Plac promoter), the right-oriented ICP gene and the termination region.
Removal of 350 bp from upstream region of the Plac of the clone pHLN2-80 (-) resulted in overex-
pression of the ICP. One clone was not overexpressed in which the clone consisted of -72 bp part of
the ICP promoter without the transcription start point and the transcriptional termination region, and
having the right-oriented ICP gene sequence. One clone consisting of the inverted ICP gene sequence,
the -72bp ICP gene promoter, and without the termination region caused overexpression. One clone
which consisted of the inverted ICP gene, the -72 bp ICP gene promoter and the termination sequence
was overexpressed. These results indicated that the Plac promoter, transcription termination region, the
inverted ICP gene insertion, and the -80 bp or -72bp part of the ICP gene promoters were concerned
in the overexpression of the ICP gene in the recombinant plasmid, and also the overexpression mechan-
ism might result from the disruption of the transcription-supressing regions in the promoter regions.
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Bacillus thuringiensis subsp. kurstakic 158332
ZHgo g olxE Y o AN ZAAR A 8-
YE=2E ARS8, #A)gko] oF 130 kDagl P 2
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ICP f31xte] &g drsisel. dia-Fel4 pHLN2-
80(-) F&2 HLNl 80(+) F-2xx} ICP "y gko] w
T":J::ﬂ,"% o_}:gouH ]/\]—_(_)i lr_o 7-].9_ o]u] h-h
T3k eH9). pHLN2 80(-) EE2 ICP #AA}F A1 go]
F2 WEee] Plac TR YE (promoter)2] ZAjabakst
vl 2 Abelo] Eo] 9lt}. & Plac T2 RE Sl ICP
AR Aabdwt Ao} dAH e glvk a¥elx B
33z ICP Ak A& YA v B} v]-$- o=t
FAle] girt. pHLN1-80(+) E&dll= ICP 734 Z&
2E9 dral -80 bpE 71452 glek. Hwang S[9]9]
R & Schnepf £[23]¢] AA%¥ ICP {&AF 47144
& o}8-3}o] pHLN1-80(+) S8 244 zﬂﬂm
3.8 kb Ndel DNA wtHe] fAzel F25 ¥4, AA
ICP #*=} st& 44 (open reading frame) 3,531 bp7}
ZA3h, JCP 594 T2 RE|e] 9%l -80bp TER
B7F EA5l1, C-Eaolle si5EZ2 43 TAG[23], 3t
Foll 245 bp 29} DNAE 7IX 2 )t ICP f-31}2
22 el 83 Bild Btlle] ¥ Y T2REE
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VA 3 g)eH 23, 27]. 12l3L E. coli®h B. thuringiensisll
A9 A A" GZF sEAAT ATG F3ellA -77
71l altH 23, 27]. -80 bp T2 Rl ICP 44 A
ANAIA G 3" Fell A F-E] A|AFsl Btl Z2 RE{ RS
ZHAZ 3, AAPRAAEGE At 5 FellA] Alxbehe
Btll T2 2El7} 28 27], =8 -80 bp T2 2E] <]
£ 1 29 Dral QA1F-919} 149} -4 2714 Apelell
Shine-Dalgarno(S.D.) Alde] 3#kal=|eic}[23, 27]. B.
thuringiensis®] 27 AxbAA ] A4k o} X5 FA 3=
A F olE FAR) Ao I HAA Fof

E44A A dao] AAbE 7] ool ICP #4AF =
2uEE o2 A S5 2olr) gk o)=d A3}
Z 272 ICP fAALY] of et =2 wEjel 4599
F7)4 2] Hols} ICP fAA}e] Wl wlx+ JFE
At FopEd Jzks 9l $83 AR B
o] Hlojx & ATE sgith.

B oAFelAe A7]9] pHLN2-80(-) S22 Hias
FAsH= 4eS YE] fste ARSI AICP)9]
olu| Al A g2 W3tE|R] o= W9l WellA] pHLNI1-
80(+) 24 2l pBluescript SK(+)¢} Plac 22 ¥]
2} ICP fr4Al =2 2 E]9] U3l -80 bp ZZRE|S &
714 2) Welet ANl B FA5-91¢] Wel7t ICP
Azte] o) WX 33k zAbsI T

M= g gy

A8t Z2F R EC2DI=E

Escherichia coli DH1/pKK232-8[4] & Escherichia coli
XL1-blue/pBluescript SK(+)[25], Escherichia coli XL1-
blue/pHLN1-803} Escherichia coli XL1-blue/pHLN2-
80[9] 52 AH&-3td et

EZ0IA0|= DNAC| 2212t ZAH|

E. colid] 9l= S=Avie DNAE <] Fag(2,
18]3} CsCl-ethidium bromide RE7]27] Z4AE2]
H[18]e2 Elsldrt. 500 mie] A|E wjekel-g 5,000
xg2 A Egslo] A AEE 10 ml® GET &=
£-4(50 mM glucose, 25 mM Tris-HC], pH 8.0, 10
mM EDTA)¢l| &3 % 0.2 N NaOH®} 1.0% SDS9]
E3E 20 mlE Hrlste] g Eegez s
t}. DNAE %<4 AAZ 87 ¢4 CsCl-ethidium
bromide Wx7]-&7] ZHA Y-S AM-3lsich ol &
213}ted CsCl 8 g 10 mg/ml2] ethidium bromide £
0.4 ml DNA$-¢] Hr}ste] 160,000x g 3587 5
ot =A1 82 (Kontron Hermle Centrikon, T-1045)
g ¥ X% DNA =g FAP|E 3|3t Ethi-
dium bromide= HF42 %315 u-butanol® A| A3}

A3, CsCl TE 3-8 HellA FA st #7352
A A gt DNAE TESZE o Basle] Aol A-E-3}
stk

R 22

44 2 AdEAGH DNAS F24-3 Maniatis
(18] ¥ Hwang S[9]19] 8 & <7t #3438 vh-g3
o] Saalgirh. ARSI DNA 15 pi(0.2 pg), 44
DNA 20 nl(0.1 pg), 5mM ATP 5 ul, 10X T4 DNA lig-
ase &34 5 ul, T4 DNA ligase 2 pl(1.8 units/ul),
a3 25 3 e 38 F 50 ul& 14THlA 184
7¢ Fot whg-A171 3 whg- 898 1.0% agarose gel 217]
d%(5, 8122 #qlslsict. E. coli competent cell¥} 33
A48 Mandel 5[17]¢] ¥ E& AH8-3kgit.
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Zalav]l= DNA 2 A3kE4 DNAYE S-S agarose
714591515 ol 83t Arfste] AAsksdc). A
Z% F20] y4sl= 130 kDagl ICPE #4}sl7] 94
Z2o] AJA1gk AL {3 AAAZLE 289 X
2 st 9], T Aol EA) 3= A-S Bollag 5
o] ub[3]& AHg-s8le] SDS-polyacrylamide gel A7]%
5 (SDS-PAGE)& 33td #4345t Az2d 285
o] &34k wioke] 25 mle- 5,000X g2 3087t A E
slo] 12 ME HAEL 75 1.0 miz} 2X glycerol
2A2291(30% glycerol, 10% B-mercaptoethanol, 4%
SDS, pH 6.8, 0.1% bromophenol blue, 125 mM Tris-
HCD 1.0 ml2 d5a F 2331 A2|3te] Fad &4
< #e EolA 1087 vhAIZ. Ab2olA A8 &
15,000 xgZ 1087t A4l Eeiste] d& A5dE A5
2 ARgsigdn) A7 whde] Bxleke gEEAlEF o
ul ) (Bio-Rad Laboratories, Richmond, Calif.)¢] ¥4}
gkl vl wsle] et AN Ed AL 1417 Fat
o A-8-99(0.1% Coomassie blue R-250, 45% methanol,
10% glacial acetic acid)ol4] d¥sld 31, 2417 E4k &
-2-99(10% methanol, 10% glacial acetic acid) 4] &4
g & A 7A=%71(Korea Manhattan Co. Seoul, Korea)
2 60T, 30 ¥7F AxAA Baslc)
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pHLNK-80 229| MZ pHLN2-80(-)<l4] ICP 4
2] of el EA3= F 7 LR RE|(Fig. 1) Fell
A] 5'-gehe) EA8= -80 bp T2 RE|(Bt] T2 XE E
Fslel sl RS A3 8 AA ZeRE
5 7MAl o= pKK232-8 WE|[4]5 o]&3tdct.
pHLN1-80% Xnol®Z 3.8kb DNA =& Hdgt o}
S0l Klenow DNA 3848 Az|3sle] of ddS



Hdto 2 wEN, BamHIE AHelsle] 3'-dwde] £4
2-%)o| BamHIZ=He- =& 3.8 kb DNA 234 4ic}.
pKK232-8HE| S Hindlllo2 AL F g
Klenow DNA F384E A3t FPuohs w57,
BamHI& 2|8l 5'-g5t &9 Hindlll ¥-9& A3t
o] BamHIgsto] A7) pKK232-8& Al Z31gch. A7)
3.8 kb=t H 9] BamHIF-$19} g wtehs we]e] 212 A
FE o] 27 T4 DNA AR AR A% ] A=
&2 pHLNK-802 A23}si o (Fig. 3A).

pHLNF1-80 89| MZEX S2pHLN1-80°14 ICPH-
Az}e] 5" -wetel] 923 Plac T2 RE] AL =
Asl7] $lsi4 pHLNF1-80 F&& Alxstdch(Fig.
3A). pHLN1-80 €& DNAS BawHI Agixz Aot
4 3l 38kb DNARHE Hsdle] W tho
Klenow DNA S3&E 45 Aelsle] Fgdohs whE7,
Xnol 45 Aejste] TAF9 el Xnol Bh& 2= -80
bp-ZE22E7} 9lE 3.8kb DNA 3-8 Felsgict.
pBluescript SK(+)HE{[25]158 Smals} Xwlo 2 o]F
Agtsle] Plac Z22E]7} 9l 2.9 kb DNADH S H-2
g Fol| A7]¢] 3.8 kb DNA 282 Smals 32517
2] Zb7t AARAE o83l SRS 3l XY F
2% wHEglen], o]E pHLNF1-80 E&olzt w43}
(Fig. 3A). pHLN1-80€29] -80bp A¥ FlA ICP
frAzle] AAREYNE  BamHI-Smal/Ndel(--
GGATCC-CCC/TATG--)& =Ho slt. A7
pHLNF1-80 Z&& Smal/BamHI(--CCC/GATCC--)
Az W7ol %tk HAE ¥4 mutE BAFCH
A712] BamHI Ax#-$17} Klenow fAxz]2 <
o] Ho] Smal ¥-919] FH DIz o] Heix A7)
2913l Ao}, -80 bpZ 2 RE]e)| TEFA o] AR Wo]
= A zZA o)t

pHLND2-80 229} HIx Z& pHLN2-80(-) ICP
Azke] Fepiad gato] ICP 44218 5' 2wdal -80
bp Z = %E]$} pBluescript SK(+)&} Plac Z22E] A
do] Ao dojut AR FelstwAat Y}, pHLN2-
80(-) DNA®NA] ICP §-4=}¢] 5'-gwt=} A= e] gl=
pBluescript SK(+) PlacZ2 28] #F% 5'-drto
e ¢F 350 971 48 AA% pHLND2-80 E&% A=
8lath(Fig. 3A). & pHLN1-80 & DNAE BamHI
AgEA2 Aokg & oS Klenow DNA $3}iE4E
Aalste] FYPLRAE WHET, Potl ARALE A3}
ZARYES Aksle] Pyl 9] 2HE 3.8kb DNA
1S 22lslgd). pBluescript SK(+)E Nael3} Pstl
o2 o] Akl t}do A9 38kb DNA wH-&
Pstl 399t Fgidy|e] AZEAE o] 43l 2y
3 Zo) AZx3 Z2tAvl=E pHLND2-802F B sks]
t}(Fig. 3A).
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pHLD1-729} pHLD2-720| X xjz% Z& pHLN
2-801141 ICP -4k Fjcpatd dAabel digk AAl A4
F-2leb £AUZT R IS odolrr] A o2
E9HolE FE 3}t pHLN1-80 224+ F 709 Dral
At 7247} siok. v -80 bp 2 RS} AAPNAIA
vt2 FHeoll ol3, thE sy $AUE TGAY] vlE H
o 2lcH23]. DralE M&lshd ICP 21212 AANAIA
3} 24827} AA=R}. F2 pHLN1-80(+) DNAZS
Dral AREALZ AHvdsle] FPueks 2h= 3.6 kb DNA
8- AdlA 3 sldvt. FA]d pBluescript SK(+)
E Smal 22 Axrs sly, CIPE A28t o}l Smal
HLel X719 3.6 kb Dral FHE F24E 3lgon,
247) WEle] Plac= 2 2e| 2] Hautaal dx=A A
= 71 pHLD1-72, vtk e 2 49 712 pHLD2-
72813 78k ch(Fig. 5A).

PHLN2-720| [IZX ICP A2k AAEE 99 o
& 7A38b7] a4 pHLN2-80 && DNAE Sade
2 Addsle] HAEAEH7) e 2.4 kb HHE Held
att. g9 pHLD2-72 28 DNAE Sacdo 2 Hws 3}
o] pBluescript SK(+)9] Plac T2 % &2} -80 bp T &
2E7} Eoi7} U 4.4 kb HHE B & o5 CIPE
A2)ska Ab719) 2.4 kb & Sacl FHol F2L 3}
o} ICP #A4AHY 3'-dedel] AAEH F9& A 92
A1Z1 pHLN2-72& A 23} h(Fig. 5A).

ICP St2I0] Z=H]|

B. thuringiensis subsp. kurstaki HD-1& 100 ml®]
GYSHA[20]0 A 72A7F wiFAIA H32F dn)Fos
FAe} E52Z4AAS T F 10,000x g2 30 £7F
AAlE2]g ohS NaBr WE7]8r] 94l #e(16]e2

E42AAANE AASI FHo2 AREsch Wk
52 3 AHE AE JAHES 0.01% Triton X-
100 Z33F 1 M NaCl 6 mlel] @93 3 200 Woll A
30% 7422 53] 259 Ae)sisith. 3 mle] T A&
30~70% NaBr Dx7ulol] @37 20,000XgZ 2417+ 4
ARzl 3kt A 2 =g YAakA dejgew 3
2 F 5224 A g gaEz Fyo R 343
I FdFR 33 AHSt NaBr AlAsIc}h. SDS-
urea &EEN(1% SDS, 2% P-mercaptoethanol, 6 M
urea, 100 mM NaH,PO,/Na,HPO,, pH 7.2) 10 mll
AES I3tz 30TeAM 147 vkgAgdh 1 N
NaOHZ pH 122 ZA3 ¥ 28T ellA 5417 w3 o}
< pH 7.5 ZAsl3 4Col4 PBS 2+5-8-94(140 mM
NaCl, 2.7mM KC}, 8.1 mM Na,HPO,, 1.5 mM KH,
PO,, pH 7.4)2.2 147 FA315c} FAH-2 &2 At
7} & di7kx] WF AZAAA 4Tl BAPHA AR
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ICP &HHIe] Z=H|

AbZzAd chalalelel shAle] Alse= Oh 52119 uvld
< o]83}e] Balb/c A@F o UL FAB8l A2E
stk "I F o Aol ¥ S I Foll EAHE
F2]3lx, Immunoglobulin GZ DEAE-Affi-Gel blue
(Bio-Rad Laboratory, Richmond, California) column
chromatography 2 % 4|3k ch.

Western blot analysis

ANZZ F2o] ICPE Y= A5} 2+ F25
o] v A £ vlw &3]3} Y8 Western blot ¥4
< Bollag 51318 wPH & AAST AR -2
SDS-PAGE Aol A= AA AxetBdE5S TG 43
£-4(15.6 mM Tris-base, pH 8.3, 120 mM glycine)el
A 50 V& 2417 5t 792 Z7]7} 0.45 um< nitro-

cellulose o3 3#] (Millipore, Bedford, MA)e}| "o} A7

o} A A AlEztzlZo] A3 nitrocellulose o 73 2]
EE g de A2 gdoiFr] sl 3% bovine
serum albumin(BSA)S -3 TN £52-4(10 mM
Tris-HCI, pH 7.5, 150 mM NaCDell4] 1~24]3F E<F
100 rpmo.2 WHHAA F ok TN 458-Ho2 3
A Hstdet 0.5% BSAS AA el gt eAE
37} TN k3§04 16417F F9F 100 rpm o2 I
ulgh 3 TN sh3foo 2 3 Aot ICP 347}
%% nitrocellulose *3#A|E horse radish perox-
idase® EA)¥ 23 A9} 0.5% BSAS 71 TN ¢+
Fgqoll4] 16417 F4F 100 rpm o2 wHksl o B
ozt 23 A= TN Hgd oz AlYsigrt. A4
% nitrocellulose S#HA5 UA-8-4(30 mg chlorona-
phthol in 1 ml methanol, 10 ml methanol, 39 ml TN
buffer, 30 ul 30% H,0,)ell Totb A-2ellA AHs] unk
A WA Z I HAe] A EX] SRR $A
15 FAI A At

A= ZAL

A 23 F2E5-2 50 ml9] 3okl R] (nutrient broth)el]
ampicillin(50 pg/mb)-& A7}ske] 37°CollA 32RF wljof
staich 5000xg® 30%7F LA mlofd 5 mlo
AR EE 0.85% NaCl &A= detato] QUM LS
g+ %ol 1.0 mM EDTA®} 1.0 mM dithiothreitol £-<4 5
mlE =38 F 200 WE 30% 71408 287 289
A2 st} s Aol 5.2x 10" Al 27} EA st} 4
FHE vl FAd 3o Al Alr] e 10, 100,
1000l 2 3] 4J3le] Hwang S[9]9] oz AEHA
£ 3y}, E coli XL1-blue/pBluescript SK(+)E 5

pHLN1-80

Smai/Nde Ndel/Smal

Plac Pr ATG  |CPgene (3.531kb) A6
5 3

pB ~ T.T. pB
AT
Btll [Ec o ——Bt]

TATGTIITAAATTGTAGTAATGAAAAACAGTATTATATCATAATGAATTG

Drat -35
GTATCTTAATAAAAGAGATGGAGGTAACTT
S.D.
pHLN2-80
Smal/ Ndel Ndel/Smal
Plac TAG ICP gene

s' 3

7B T 80 B
Fig. 1. Physical and functional maps of pHLN1-80(+) and
pHLN2-80(-) clones.

ICP gene was cloned into the Smal and Ndel sites in pBlues-
cript SK(+) vector and named pHLN1-80(+) and pHLN2-80(-)
clones. Abbreviations: Plac, pBluescript SK(+) promoter; -80 bp
pr, 80 base-pairs part of the ICP gene promoter of B. thurin-
giensis HD1; ATG, translation start codon of the ICP gene; Ec,
transcription start point; pB, pBluescript; SD, Shine-Dalgarno se-
quence; Btl, RNA 1 type synthesis; Btll, RNA II type synthesis
T.T., transcription termination region of the ICP gene; -35 re-
gion of promoter; two enzymes Smal/Ndel ligated site. A is the
clones, and B is the gene maps of the clones.

A A3t A dE2Fo R AT F2

o] st Qg A|7E PR 24A17F Bk ZAbsech.
a4 o

IZ=2H £210] Y017t ICP |SEA &8igl OIXl=
st

Bacillus thuringiensis subsp. kurstaki HD1 434
WAy FARE F24ste] wE F719 pHLN1-80(+)
Z& 9 pHLN2-80(-) E2[9]8] #3417} A =g 4%
°] Fig. 1o AA1= 1, A7l S22 thiadelA

& AR 43} ICP 132 F 922 A= pHLN2
-80(-) Z&82 pHLN1-80(+) Z& 8t} ICP wha ko)
A3 S7HI9lsH= As #lslch(Fig. 2). pHLN1-
80(+)F2olli= 3,856 bp Ndel whslo] Alalgle] <lm
[23], ICP fA4=}2] ICP A4 k& d-2 3,531 bpelsd
31[23], -80 bpell= ICP §-31%} Btl =2 X9} -35 #
A7y 2t ow[27] FH Rl 245 bp7t &
A3t cH 23], B ATl e 4719 pHLN2-80(+) &
29 ) aske A Yl ] f1ske
ICP #4718 d7]Ade] WslsA] o= HY el
pHLN1-80(+) S&9l 31+ pBluescript SK(+)9] Plac
Z2weiel ICP F+4xke] -80 bp T2 RE|S] FriMg
o] Wole} AAL ARAIHT FAFA G ZARBE
Hsled AAS A1A AAFS AP

pHLN1-80(+)ellA] ICP frd#}e] <f ddel] EAl8}=
T 712 222 E] & pBluescript SK(+) Plac ZZ 2 ¥

H

nE oy,

e



kDa A

116 —
Q7 — e
66— s

Fig. 2. SDS-PAGE analysis of the insecticidal proteins from
lysate of the clones pHL.N1-80(+) and pHLN2-80(-).

Lanes A: Standard molecular weight markers, B:solubilized cry-
stal protein, C: lysate of E. coli with pHLN1-80, D: lysate of E.
coli with pHLN2-80, and E: lysate of the E. coli XI1-blue with
pBluescript SK(+).

9} ICP fAx1e] =2 we]| d¥<l -80 bp-ZERE] Fof
A 5'-2gtel] EA)s}= -80 bp TEZRE|Y FAuES &
A317] $13) pKK232-8 #WE][4]E AMS-8le] ICP 4=}
o] Weg AR Aol ANxY Fekxn= pHLNK-80
ZFE(8.9 kb)el¥ (Fig. 3A), Fig. 3B+ A4S 2 F 4]
g §A2F A =o|r}, o] 7§-oll 130 kDa ICP A f
% *z23}4(Fig. 4, lane 2) Plac T2 2E7} $lol+= 3
thido] qtbEl= A o2 el

( A) 80 |
0

Ap

(B)

TT
pHLNK-8 pHLNF1-80
8.9kb 6.8kb
\ T.T. \ -80
CAT — Plac £
I
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Az =2 wEe] F2FAE el A7l Ze] pHLNF1-
80F2(6.8 kb)olth(Fig. 3A) (M7 = ubHolA 7]&).
Fig. 3B& AAdAtez FAIG 744 v F=xo]t}. o]
F2-5 UAFlA g A7]o] SDS-PAGES} West-
ern blot2 2 ¥4-& g+ A3} Fig. 4A-B, lane 30 A
Al=)gle}. 130 kDa ICPAAF-S pHLNK-80H = 2F
7F =9k o), pHLN2-80(-) Brle -8 & 5 Usich

Z2 pHLN2-80(-)9ll41] ICP #-3=} sprhitsd &4t
o] ICP s+4x}9] 5'-kel -80 437143} pBluescript
SK(+) %2} A7 o] nhir] 13 7} T2 HE]
wldo] Ao ot 7q1#] gHelskua} Yt pHLN2
-80(-)oll A ICP 3 A9 5'-2=3} A== pBlues-
cript SK(+) %] <F 350 971%-& A A3t A|=23 &
Zo] pHLND2-80°1w(Fig. 3A) Aoz fxz}1e
wjd-& FAF Ao Fig. 3Bolt}. o] F2& whialbgolA
wHel & XA SDS-PAGES}F Western blot.2 2 #4123k
Z=} 130 kDa ICP AJAkeke vil-$- A spobitdo] =4l
o, 7 ¢ke 2 pHLN2-80(-)) AArET} ok7k o
ol Aabe] =lo] Fopdd == AS HAIH(Fig.
4AB, lane 4).

TADHAI R SERY
A= S

A z23F 22 pHLN2-80(-)ol| 42l ICP 44} Fcpt
& &Aboll Aigt ICP AR AAVNAI G # AAEA -

12| 8017t ICP KA £&40 O

-80 £

pHLND2-80
6.4kb
Plac T.T.

Ap

pHLN2-80

No Plac

PHLNK-80 =%

pHLNF1-80

Plac

pB

-
— ATG T.T.
~350bp defetion

Plac ICP gene -80bp Pr
“ S—— Wmm
pB ATG T.T. TA ATG

pB
ICP gene

Fig. 3. Three clones concerning promoter region mutations (A) and functional gene maps of the clones(B).
pHLNK-80 clone without Plac promoter of the pHLN1-80(+). pHLNF1-80(change of the BamHI-Smal sequences into Smal/BamHI se-
quence (mut) in the -80 bp promoter). pHLND2-80 clone (deletion of 350 bp region at the 5'-end of the Plac promoter of the pHLN1-

80(+). pK: pKK232-8 plasmid frame.
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icP

Fig. 4. Detection of the ICP productions in E. coli with the
recombipant clones.

Lanes A1, A2, A3, and A4, ICP bands produced by pHLN2-
80(-), pHLNK-80, pHLNF1-80, and pHLND2-80 clones, respec-
tively. B plate is the Western blot of the gel A. ICP is the in-
secticidal protein produced by the clones, and different density
shown.

e G5 gojrr] 84 pHLDL-72, pHLD2-72,
aej® pHLN2-72% A|z23tgrh(Fig. 5A). pHLN1-80
(+)2 2 DNAS AZEL Dralo B Aedstod-72hp Z
2RHE B4 3438 3.6 Kb DNA 3-8 pBlues-
cript SK(-+)¥] Smal 3#-9]ell 343te] HEY] Plac T2
el vtk dx A7l F2o] pHLD1-72¢] %, vt
ubsko 2 AAE ZA& pHLDZ-723201cH(Fig. 5A).
Dral 3.6 Kb DNA 59| 5'-2hetoll -72 bp ICP #4
A e vE 29Ut st 54 ATG 432
F8 -77 bpell 3l AAF MAAHLS AASAD, 3L
ol ICP F4xke] 5FAGZ7EA T do} gl v
2 AAEE ¥4 AAse Adok(Fig. 5A-B). Fig.
5BE 29 fAmdS Jehd Zlojrh =3 ICP

Axpe] AAREA 5919 I3-& A7) $is)4] pHLD2
-729] ICP -4A1e] 3" detef] HALEA K45 oA o
ZAAF] Z2o] pHLN2-720]13(Fig. 54), A4S R =
Algh 7o] Fig. 5Belt}, o] F&£& iAol W& A
# SDS-PAGE®} Western blot 4-& skdch A= &
£ pHLD1-72% M=% 22 pHLN2-80(-)7} A4kgh
ICP oF34 w)s=sbA) 22)3 pHLN1-80(+)(Fig. 2 lane C)
o] Ak} f-AkskA) AJ4kshed (Fig. 6A°B, lane 2) #rth
w4 28-S o & A A=Y FE pHLD2-
725 MZF 22 pHLN2-80(-)7} AR ICPeFR ) A
Al A4HFig. 6A-B, lane 3)¥ %2 pHLN1-80(+)7} A4k
g ICPSK(Fig. 2, lane C) Brhe Fcpdd =Hgich Az
3 88 pHLN2-72% 2-8-2<] pHLN2-80(-) B} <7t
22 ICP B e-S Xtk (Fig, 6A-B, lane 4). ¥ 23+
ZAR7 ICP kel Fodshe 7B vebgdy, A
3 do2 AgIE FAAe] Aateke] Wk

KHZE SE0| ALt ICPO| &iEd

Hoptd & s &3 S8 pHLN2-72% Al
A FA8)e] spael-g- vHE Fol Bombyx mori 3% %
off ik AAEH S Jalsksdch. F-& pHLN1-80(+) 4]
N2 1A% wol) 58 XA gk, 3417 doll=
oF 15%% XAHS vebdch aEhv pHLN2-7288
A e 1A 7 Wl 90%, 3417 wol] 100%2] A
& Veliol A o 90m) Ale] o] A& M odth(Fig. 7).
)8-0) 108) 3413 pHLN2-722-2 2} shaj % gosy =}

( A) KHLDVEP
*f pHLD1-72
6.6kb
A
€
T €
CX0B
(B)
pHLN2-80
pHLD1-72
pHLD2-72 ~ st "
Plac -72bp Pr
PHLNZ-72 B Wie TL. TAG ATG oB

Fig. 5. Three clones deleted in the transcription initiation and termination regions (A) and gene maps of the clones(B).
pHLD1-72 clone consisted of -72 bp promoter in right-orientation (deleted in the transcription initiation point “G”) and no the termina-
tion region. pHLD2-72 consisted of the inverted insert of the pHLD1-72. pHLN2-72 consisted of the termination region and the in-

verted sequence ICP gene with the -72 bp promoter.
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Fig. 6. Detection of the ICP productions in E. coli with the
recombinant clones.

Lanes Al, A2, A3, and A4, ICP bands produced by clones
pHLN2-80, pHLD1-72, pHLD2-72, and pHLN2-72, respectively.
B plate is the Western blot of the gel A. The ICP proteins were
produced by the clones and showed different densities.

Mortality(%)

-
[=]

o

0 5 18

3 ] . 9 12 1
Exposure Time (hours)

Fig. 7. Insecticidal activity of the clones pHILN1-80(+) and
pHLN2-72.

Symbols: (@), pHLN1-80(+) lysate; (@), pHLN2-72 lysate; (H),
10 fold diluted lysate of the pHLN2-72; (O), 100 fold diluted
lysate of the pHLN2-72.

0]9] x| Ah&-& vebc). SDS-PAGES} B shd 244
A AZEF 22 pHLN2-72& AZxF Z& pHLN2-
80(-) R} oF7k W ko] ICP A 2-E B4t (Fig. 6).
o] AFeAE FFEold ICPHAALY] AHEo] XA}
$o] ¥ el

n &

Bacillus thuringiensis subsp. kurstaki~= 135439
AF o2 A ol E PAY wd SNELE A4S 3
o, Ex}eko] 2F 130 kDagl &A= FAH g,
Z9 55 ArFIE TS 7 L, 6, 131

FaARZAE 59 5] AFHE s 59 FF
AA oe]Ad pHE Qlsle] @A Esasrt 43t
5o} Atz e] A (ICP)E A3te] FHo] &L 24}
Al71= BAL6, 1310] 9}, £ dF-ellA+= Hwang 519]
o] o)u| B ¥ B. thuringiensis subsp. kurstaki HD1 At
24 i §-A-27) 9l Ndel &8 3.8 kbE F24

BT InsecTicioaL PrOTEIN ExPRESSION IN E. cout 503

3to] 223 pHLN1-80(+) F2 % pHLN2-80(-) &
o] thAHFollAl pHLN2-80(-)F&2 pHLN1-80(+)&&
B} ICP Hd ko] AA3 Flske A& F9skuAt
t}. Schnepf $[23]e] AT ICP F-3AF A7 D<= o]
43lo] pHLN1-80(+) F-2d S22 AFEA 3.8
kb Ndel DNA w#9] §-44<q 72§ B4, AA ICP
A2 434 Y 3,531 bp7t A3, ICP 734 =2
2E9] d¥el -80 bp T2 RE7} EA)3}7, C-Hdell=
MNE5Z4¢E TAGI23], 3H5ol 245 bp =9 2] DNAS
72 it} ICP f31Ate] T2 REjoe 83 Btlg
BtII®] 5 7] =2 R & 7FX| 3 9lvh23, 27]. 2=]5
E. coli$t B. thuringiensis 412} A} RA1AH <l G7} &)
=/A ATG 3 ollA -77447]el 2lcH 23, 27]. -80 bp
zz el ICP F32F AAMIAIA G2 3' FollA+-
B] AzFs= Btl Z2RE|THS 7R 2 93, AANAIA
G AF 5' Fella] AlFFsk= Btll 2227} &A%}
[27]. =3} -80 bp ZERE o= -149} -4 D74 E Alo]
o 16s rRNA®} Aglsl= ¥-$1(23, 27]14] Shine-Dalgarno
(S.D.) A¥e] &al= Ut B. thuringiensis®] <94 2
A AL olEE YAk FA Tl okE FAAL
ALy o w3y A Foll YESLAAA chiialo] A
AHE)7] W&ol ICP 34} T2 RE = & A 53
= Zte]7} gtk Throne 5[261 S=4% ICP +34}
2 e AFE A AZS o gzl 1CPY
AAatepo] Zrlehe= AL ¥ arsledvh. =3k Schnepf S(24]
< ICP §412Fe] AANAI A ol 4] -2587} -879714Fe]9] <
714 EE AA NS o FopidsEe AL By, -
879717 AA AFE& o 3 Aite] I} EA
H9-8-2 B 3lgdrth. =3 Reznikoff ${22]8 T2 2|9
-35 97|39 25E] AR 150014 145 97132 AFRA
o] AL AAp) 3taE s 20 Byt

B Aol 4719 fA31APE o2 ARjlE pHLN2
-80(-) S2[9]2) HdzS =4slE Yalg 1)
$8ted ICP AR E2 wislslA] ¢ Plac T2 RE
9} -80471% =2 RE| 97|AA(Btl Z2RE])S] He|
o} AL AMAHD AT AAL S ARSI
o}, B Ao Ex1-E ICP fAx Z2REee] d¥ -80
bp & -72bp T2 2E|(Btl Z2RE Z3)E /Al F2
A HHE AR ARl Zlo] B30 shigd
t}. pHLN2-80(+)oll & ICP #3212 oF 2tte] F 7}
X2 9E & Plac ¥22E9} -80 bp ICP 732 =28
E17} AeH(Fig. 1AB). ©] oA PlacZ 225 |73}
3, -80 bp ZERE]TE Zh= pHLNK-80 8% A|X
3le ICP AAHE 23158 o Plac 22 2E glole -
80 bp-Z 2 RE]o] 2§ ICP A4te] )¢ A=s}sich
(Fig. 4, lane 2). ®ZF pHLN2-80(-) Z-29l4 Plac =
ZrEle] ks ZAREZ] $siA pHLN1-80(+) -80
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pHLN2-80(-) B.ch= gk o}, pHLN1-80(+) (Fig. 2,
lane O)F= Al FHohdd =5A] Wgith. £
pHLN2-80(-)ell412] ICP 42 FHcpda dAte] ICP
fA2ke] 5'-dwtel -80 bpet pBluescript SK(+) %2
Gr)xde] wha] $-o33] AH3 T2 rE wjde] A
o] ot A1} #elstaa} 3+ pHLN2-80(-)FE
2] ICP §AAFe] 5'-#ed= dZ=+= pBluescript SK
(+) &9 oF 350 A71%S AlAst] Axzgd FEo
pHLND2-80°]th(Fig. 3A). o] E&2 dizdelA 130
kDa ICP AjAteko] o~ A schitedo] Hlom, o
& wFE<ql pHLN2-80(-)9 AAtrc} ozt =gich
(Fig. 4AB, lane 4). °] 7-%ol= ICP A= Ho=
A= Adelelt}. 4719 A= Plac Z2RE7F §lol=
oty 52 ok 7L vlEi, Plac T2 RE|S] 4
F &2 epirdel ¥ J3e] g, 9A] ICP 42}
Aulsko g ZF2ydo] ¥ 7A-$ol FHopitd =k A}
NA A Zell AAF Abgle] Fohids fEdivh=
Throne $[26]9} Schnepf 5(24]9] Z 3ol Aube
Azjolw, o] 52 ICP FAA7} AWk 2 4ksl Hels
74-ut AFE 7 Apo] S Holi .

22 pHLN2-80(-)ol A1) ICP 34}t Icpidd 4
of gk HAPNAIA I} A -9 9&-E dolrr]
A AAA "] AAR -72bp ZERE|S} EAR
$1& A|A% pHLD1-72¢} pHLD2-72& A Z3F3 1, L
2|3 pHLN2-72%= F45-919 43& B7] Hste oA
ZARNE AZE AAA A=sFcH(Fig. 5). WA T
A BEg 348 slele wo] &2 pHLD1-72& F8
pHLN1-80(+)o] A4kg+ ICP <¥(Fig. 2, lane C)3} A}
gk ool ICPS A4kslsd o} (Fig. 6, lane 2) rb#al o
2 & = o F8 pHLD2-72& & pHLN2-80
(-)o] A Frr) A2 ICPS Wd sl 2}, pHLNI-
80(+)o] A4k} ofrr} Fepdd = dch(Fig. 5, lane
3). 2% pHLN2-72&= ®F%<¢l pHLN2-80(-)®t}%x
k7t A o}t W E = [ICP A e Bolch(Fig. 6A-
B, lane 4). o]Are] Aal= oo & 4Alkgle] = ICP #4114}
Z2A7} Fohtelo] Hylw, FAF L] o] wHale
Z7M71 Ao A=A, AL AARHe A
ICP #-A4A}e] 3o Hoj3lr] e o2 Ad), -
80 bp T2 RE| R} HAF WA G[24)7F AAR -72
bp Z2RE7} ICP Hcpdd S 3t 7oz Aulsc)
w3t Schnepf (2412 At &AL AAAAA -
2583} -87%4712ke] 2] H71MG-E AAE A H-& fol] 7
g s AS Rousldn, -87971 7 ZAS AF
< ol §3HE ICP whA Aile] Huw &= A

< Rusigh ey B A3 AFele -72bp T
2REE 2= Aol Jals]e] AF AcpidE= A
A& vYep 2 loh. =3 Schnepf %
[24] AAEA T 9] gl s AFE T 22
7} gtk o]3 T Fptd AL olulE FAA 2 TR
REIRS Y HAME AAshs ¥ wE o g dojy
= 2.2 Schnepf $[24]2 ¥4% 3l1 ¢t}
=F o] &8} AFEIS 2ARILAL el 3% %
o] A2)g AFellA F2 pHLN2-72 T2 Bombyx
mori 3% ol tid A3 Al 22 pHLNI-
80(+) R} 90l A =0 A& HHch(Fig. 7). & 2
= pHLN2-80(-) Z-#o] F& pHLN1-80(+) X} <F
90-100u) 2] Ah2-g w el Ax}e} FASITHI].
oAl ZAFE qoksid ICP fAzte] Fcpitd o
Plac Z22E|9} FAF-7} vt=A] HQ83sbs, -72 bp
ICP #+A42} 22 2E)7} -80 bp ICP TR 2E{Ht} o}
" Bo] wotow], ICP §-XAE HEEA] Ploc 25 E
o] A} wpgko]] Aulgko 2 AMQ) Eojof oty =H=
Aoz vehgrt, e o Jabksie] Aol by
o] H&x] o} wdslr] ojeew Yo F TS A+
£ Al&3lodol & a2 Foleirh.

2 o

Bacillus thuringiensis subsp. kurstaki HD1 454 =
w12 [CP 5427} Q)& Ndel 3 3.856 kbs Z=249 3}
o] Az pHLN2-80(-) &°] pHLN1-80(-)ll #]s}
A Al ICPEEEe] S s dAS 14
staA) 3lE ek 2 ATl A= A7]2] pHLN2-80(+) &
2o weks 2 AdS 3] $lske] ICPe]
o}m| At A g2 W3slEA] o= Wl W4 pHLNI-
80(+) F2o) o) Plac T2 RE|9} ICP{AA} 220
Bl d¥al -80 bp ZE2RES] A7]M Y, A} AMAAH T
Z75-919] o7} ICP §3APEE ] Pl S =
Apstet, pHLN1-80(+)ol 5'-dedel] &x3h= -80 bp
X2 9Evhs B43 pHLNK-80 S22 ICP A4 vf
2 A zslach Plac =229} -80 bp T2 RE]S] X
FAL d¥ #Ho] Azl pHLNF1-80 222 ICP AAta
2 pHLN2-80(-)7} AJAHat o Brh= dolr] opihsdo]
t=Eleh. Plac Z22E] AFE oF 350 hps Al713H
ntE £2 pHLND2-808] ICP A4tk wZgEql
pHLN2-80(-) 2.t} wi-$- A chida =gic). ICP +#
Hzke] bk datol] oiglk b AT AAREAE
1219 & dopry| el -72 bp ICP 42 22
2EE Z+= F8 pHLD1-72+ Ax¥ & pHLN2-
80(-)7}F QA3 ofw} AL k] ICPE QA sk, &
£ pHLD2-72& Ax3 8 pHLN2-80(-)Br} A&



ICPE #33le] Fo} ads gl e, 28 pHLN2-72=
®Z2¢] pHLN2-80(-) R} 27k =& ICP A4S B
o FeptA=E et F2 pHLN2-72f“ ZA3k] T
< = Foll Bombyx mori 3ol ¥ AEE 7 A}l A
2 pHLN2-720] 43k ICP+ pHLN1-80(+)e] A4k
g ICPXRo} oF 90ml9] AbE3S r vt SDS-PAGE®}
Western blot ¥4l & pHLN2-72+= AMEE &
£ pHLN2-80(-)®r} <7t %';7711 ICP7} Aol Hdsirt.

o]} A= Ik o] PlacZ 2 2E|9} 43917}
wte Al Bshy, -72bp ICP Z2RE7} -80 bp T2
Blich Fopidge] Egkon, ICP A Hk=A
Plac T2 R E]2] A} whekel] dulsfo Ahglo] wojof
3= ALZ et

#Alel 2
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