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Cloning and Expression of Bacillus thuringiensis crylAal Type Gene. Lee, Hyung Hoan*, Sung-Hei
Hwang, Hyuk Han Kwon, Joon Ho Ahn, Hye Yun Kim, Seong Kyu Ahn, and Sooil Park. Department of
Biological Sciences, Konkuk University, Seoul 143-701, Korea — The over-expression in E. coli of the pHLN1-
80(+) and pHLN2-80(—) plasmids cloned an insecticidal crystal protein (ICP) gene (crylA4al type) from Bacil-
lus thuringiensis var. kurstaki HD1 was investigated through in part, the deletion of -80 bp promoter and an
alternative change of cloning vector system. Two recombinant plasmids were constructed in an attempt to ana-
lyze the over-expression of the ICP in relations to its gene structure possessing only -14 bp [Shine-Dalgarno
(SD) sequence of -80 bp promoter]. Also, anther two recombinant plasmids similarly cloned the icp gene in a
different vector system. The amounts of ICP produced from the recombinants were measured by SDS-PAGE
and confirmed by Western blot analysis. One clone, pHLRBS1-14 clone in which only the SD sequence in the
inverted orientation icp gene appeared, was more evident than the pHLRBS2-14 clone in which only the -14
bp SD sequence of the right orientated icp gene was shown to exist. The pHLN2-80(-) clone produced more
ICP proteins than the pHLRBS1-14 clone. In the two clones, pHLNUC1-80 right-oriented icp gene and the
pHLNUC?2-80 clone inverted-orientation icp gene in a new different vector, the pHLNUC2-80 produced more
ICP proteins in E. coli system. These results indicate that the P/ac promoter, the inverted icp gene insertion
and -80 bp promoter (-66 bp part of the icp gene promoters), were concerned with the expression of the icp
gene in the recombinant plasmids. In addition, the expression mechanism might result from the disruption of
the transcription-supressing regions in the promoter regions.

Key words: B. thuringiensis, over-expression, insecticidal protein gene, endotoxin crystal

Bacillus thuringiensis'= °}E2 AT o] whfjzlA] 4
A Z 3 §-endotoxin(insecticidal crystal protein; ICP)Z
AALS spod, B}kl oF 130 kDagl WA FHo| Ho]
A, FF] FFE ARHTIE $HE 7RI L, 5,
12]. WEAZAA = 259 5ol AFE 3hd T4 &
7] pH3jlA Al Fall el ofs) FAshE]olM =
5 AT BA(5, 1215 ol83iA rlAEARRAIR o
-5 33 QUTHS, 9, 11, 13]. WEAAAA HA ipiad
A Eoka| = EAlshE Aol B Hglew[4, 6, 11],
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Y% pHLN1-80(+) SE2H5c} ICP Wz} A5Alo] ¥4
viebReH8]. pHLN1-80(+) 8ol icp FAAF Z2 R E]9]
¥l 80 bp TR RE|S 7|3 9lo}. 3} 80 bp &
EEelle 1329] Dral QIAF-519} -149} -4 9714 Apol]
Shine-Dalgarno(SD) A& e] Z&TH20, 21, 24]. B.
thuringiensis®] A hfale] YAk ol F 5 AJsl= 3}
A Foll olE AP} &Aooz o] HuA Fol W
S4AARA o] AALE] Wl ipFiAA} T2 RE
o AT Aozt dda B olE3t AdE
7= pHLN1-80(+) EE] icpf-A A+ -80 bp T2 R ¥
o] SDMY A9 d7IMde] AAle] iAol icpfA
22} Wadol| w|X|= 938k}, pBluescript SK(+) o] ]9 t}-&
229 M HAR7} gueke s E2 o] H9
< wol WAl el vjAe FFHE FARSIH.
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Escherichia coli XL1-blue/pBluescript SK(+)[24], E.
coli XI.1-blue/pHLN1-803%} E. coli XL1-blue/pHLN2-80(8],
E. coli XL1-blue/pUCI8, E. coli XL1-blue/pUCI9 F&



Table 1. Primers used to modify the insecticidal protein gene.
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Primer Polarity Seguences (5' — 3') Objectives
A + 5-GATGGAGGTAACTTATGG-3' Shin-Dalgano sequence
B - 5'-TACAGTCCTAAAGCTTCC-3' HindlIll site
C + 5'-AATTGGATACATATGGACAACAACCCGAAC-3 Ndel site
D - 5'-CCCCCTCGAGCTAGTTAATATGATAATCCG-3' Xhol site/UAG stop codon
A3l F 3 e E33 F 50 pi 14°CelA 18A417HE<t kS

Oligonucleotides % PCR

B Aol AREEF oligonucleotide:™= Table 191 A A=
t}. SDME7HA 8] Z2RE] ¥-9E 7= ASA v
AR} ZERE] F97F 2F A A" 24 54 vy §-
AAE E2437) 93 PCREE o)-8-31si25]. SDA Y
78] L2 RE FUE 7 A A RAE &
29317] A8 3 DNARE= ASA] ohild §xxpr) &
ukAle] whenlelst dA=A Q49 Axg E2r)= DNA
£ TE7) $13te] primer-A¢} B(Table 1)E AF£-3} ).
primer-A% SDAMEHE FE2RFAA} Fo229 20 97]0]2,
primer-BE AFA A 32 W] HindIl Q1A H-9]
£ E@3) 20 G777 HEF AxET.

E2la0|= DNA2| £zjet HA|

E. col®l] Q)%= Z'kAn|= DNAE oe] Zsii[2, 16]
F} CsCl-ethidium bromide R57]&7] 24l Eeyer B
23t THS]. 500 mie] AlE wjokl-& 5,000xgE YAl 2
3l A HEE 10 ml® GET ¢4 (50 mM glucose,
25 mM Tris-HCl, pH 8.0, 10 mM EDTA)el| &3t &
0.2 N NaOH$} 1.0% SDSY E3hE 20 mi&- H7}she] o
72 oz Relslgitt. DNAS &5 AAE 317 ¢
8|4 CsCl-ethidium bromide WE7]-87] 241 Ee )L A}
43l o] E $1sle] CsCl 8 g9} 10 mg/ml®] ethidium
bromide %) 0.4 mlS DNASY ]| H7Fsled 160,000xg2
35A1 7 Bt =Y A 22| (Kontron Hermle Centrikon, T-
1045, Germany)3t ¥ A" DNA WE=E FA|2 343}
9=}, Ethidium bromide:= @42 ¥:319 n-butanolZ A
7313, CsCR:- TE $H5-89(8, 16]014 FAI5led A|73)
em, AAIEE DNAT TESH84[8, 1610 X3sl] A3
of] AHg-3Fdct.

U 229

A7} 9 AlgkEswkd DNAS] 22432 Maniatis 514,
16] ¥ Hwang 58] #HS oFt A3k o33} 3ol
w38k}, AFdE DNA 15 pl(0.2 pg), 44 DNA 20
ul (0.1 pg), 5 mM ATP 5 pl, 10X T4 DNA ligase $+3
£ 5 ul, T4 DNA ligase 2 pl (1.8 units/ul), L8]

A7)l F ukg fHS 1.0% agarose gel H7]ed502 Fal
T4, 7). E. coli competent cell} &A% 32 Mandel
(151 W& AREsksic

Agarose % SDS-polyacrylamide gel electrophoresis

Zg}An)= DNA ¥ AI3EE4 DNATH S-S agarose A
719959 [1415 ol-43le] Z7lsle] AABII. 223 £
Eo] AAFSI= 130 kDa®l ICPE ZAFSE] S8 S8 A
AbgE i A-S RA3F AAMEE 255 A2l2 skl
oH8]. Aol &3 A S Bollag 59 W [31E
ARE-3le] SDS-polyacrylamide gel #17]°3-(SDS-PAGE) S
FePste] B A2 S22 12417 wieke 25
mig 5,000xg2. 3087t GAlEEIste] A2 ME AAEL
g7 1.0 miF 2X glycerol $H2-8-4(30% glycerol, 10%
[-mercaptoethanol, 4% SDS, pH 6.8, 0.1% bromophenol
blue, 125 mM Tris-HC) 1.0 ml2 ehsl F L3} 3z
sto] wh3r S8 B Sl 1087 X2]skeic) Ae
ol A3 F 15,000xg2 1087 Al EEste] & A
H-g A8 ARSI A8 e Rk REEAt
2k b 2 (Bio-Rad Laboratories; Richmond, California,
USA)S] At vlasled F3hgdet. A0z Bt A2 1
Al 7Hgel 4 -8-99(0.1% Coomassie blue R-250, 45%
methanol, 10% glacial acetic acid)ellA A}, 24]7¢
T2t =P840 (10% methanol, 10% glacial acetic acid)l]*]
g8t F A 7 %7)(Model OPR-TDU-8612, Kyunggido,
Korea)2 60°CollA 30 &7t ZAZEAIA Hsiodet,

ICP &tale| FH|

B. thuringiensis subsp. kurstaki HD-1-& 100 ml®] GYS
WA (18114 72417 WA A $14A) vl ez Aol f
E=4ARAE HE3 F 10,000xg2 3087 YA RS o
+ NaBr 45=7]87] dAEeges W5LAAAE A
3l gelo® ARgaldnt. WzbE W= 33 AA A
X JAEL 0.01% Triton X-1002 F33 1 M NaCl 6
miol] kgt F 200 WellH 303 HF 22 53] 283} X
2lalaic}. 3 mie] T8 30~70% NaBr WETuljel @1
20,000xg= 2A|17F AAlEelslsdv). A" 4 =S $4
A @7 FES F JELAAA =S FaE2 3
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Boz 343ala BE5E 33 AlHste] NaBrg #7151
o}. SDS-urea 4584 (1% SDS, 2% B-mercaptoethanol, 6
M urea, 100 mM NaH,PO4/Na,HPO,4, pH 7.2) 10 mlel] 3
AL degshi 30°Cel A 1417F ¥HE-AIFTE 1 N NaOH
2 pH 128 2438 F 28°Co| A 5417t wh§-3 vh5 pH
752 ZAs}3 4°ColA PBS €584 (140 mM NaCl, 2.7
mM KCL 8.1 mM Na,HPO,, 1.5 mM KH,PO,, pH 7.4)
231Uz T A B vt W7kx]
% 7%7|[Model OPR-FDU-8612, Operon Co., Kyunggido,
Korea]2 AZE A|AA 4°Coll BaspaM Abgsiict.

ICP &xje| |

A4 gl gAle) Alzs Oh F{191) Wl o
#5197 Balble AR7S] FUE FAlaled A2S ek =
Q7] F2] AAelM ADE T Foll FAE F=BN,
immunoglobulin GE& DEAE-Affi-Gel blue(Bio-Rad Laboratory,
Richmond, California, USA) column chromatography=- #
B3],

Western blot analysis

ANz FFo] ICPE Lalsh=x]e] 52t 7 SEE2
e AEE vl £A87] 98] Western blot 4
Bollag 5[3]2] vhdS Akl AAsKe. A W2
SDS-PAGE Aol AME A4 NZAES TG 458
(15.6 mM Tris-base, pH 8.3, 120 mM glycine)o] A 50 V
2 247k 9 792 =717} 045 pmel nitrocellulose o
=] (Millipore, Bedford, MAYI He| Az, HA A Exh
ALo) AYH nitrocellulose A2 ZE Fg wH-S ThY
A7 PolF7) 98] 3% bovine serum albumin(BSAYS &
%3 TN 93$9(10 mM Tris-HCI, pH 7.5, 150 mM
NaCDell A4 1~2A17F B<t 100 pm o2 FHkAA F o+
TN 3-8 02 3 AHsisct 0.5% BSA9 AFA =
WA et FAS Hr1e TN ggloA 16717 52t
100 rpm&2 FHFE F TN 9802 3 AH 315
ICP 3}A7} A&E nitrocellulose o33 X]E- horse radish
peroxidase® EA1E 23} A 9} 0.5% BSAE A7k TN
PEgdloA] 16217F BF 100 rpmO2 sl o B
23t 27 A= TN gFEA 02 yHsget AAE
nitrocellulose ¢]3}A] 5 ¥ 8-90(30 mg chloronaphthol 11
ml methanol, 39 ml TN buffer, 30 pl 30% H,Op)°ll =}
Al o)A A3 abepHA] HEEAIZAT W o] SHd ™
ZA) F2HER 4 RS FAABH.

pHLN1-80(+)2} pHLN2-80(-) clones2| 54
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Fig. 1. Physical and functional maps of pHLN1-80(+) and
pHLN2-80(-) clones. icp gene was cloned into the Smal and Ndel
sites in pBluescript SK(+) vector and named pHLN1-80(+) and
pHLN2-80(~) clones. A is the clones, and B is the gene maps of
the clones. Abbreviations: Plac, pBluescript SK(+) promoter; -30
bp pr, 80 base-pairs part of the icp gene promoter of B. thuringien-
sis HD1; ATG, translation start codon of the icp gene; Ex, tran-
scription start point; pB, pBluescript; SD, Shine-Dalgarno
sequence; Btl, RNA T type synthesis; Btll, RNA I type synthesis
TT., transcription termination region of the icp gene; -35 region of
promoter; two enzymes Smal/Ndel ligated site.

A WA jepiAA N (eryldal typeyS E2Eld e &
£ pHLN1-80(+) @ pHLN2-80(-)%) A7 A=F FA3
73] Fig. 1ol AAETHE]. AT 2 2295 A
Z3 fAxte] Wy ATZ Bl icpiAiate] ME
& A7slaa} sigiet. pHLN1-80(+) FE<lXME iep izt
AAPRA RS 7} Ao g F2o] H, igprAdA Z2
FEY J¥ql -80 bp ZREEE 7}A 2 913, pHLN2-
80(-) T2 icp AL AAPNAIRH7T sk 24
o] EchFig. 1). A7) F ST el L@ A}
& A iepi A7) J22 AIE pHIN2-80(-) FEZ
pHLN1-80(+) Z-2X.c} ICP Lalzke] T3] F7lshe 7
< golslAcH8](Fig. 2).

pHLN1-80(+) Z&el] 32135 3.8 kb Ndel DNA T2
A2l FEE Schnepf 20, 211°] ZA &t B. thuringiensis
subsp. kurstaki®) icptRAA 71N G vlasle B, AR
icpRAA} 9tEX 4 (open reading frame) 3,531 bp7h S}
o, icpidAl Z2wE9] dial -80 bp ZERE7F EAfs}
93, C-Uholl= = 243 TAG[20, 21, 24], 3}l
245 bp ] DNAS 7K Q. igpfiAlAe] L2 RE



Fig. 2. SDS-PAGE analysis of the insecticidal proteins from the
lysates of the clones pHLN1-80(+) and pHLN2-80(-). Lanes A:
Standard molecular weight markers, B: solubilized crystal protein,
C: lysate of E. coli with pHLN1-80, D: lysate of E. coli with
pHLN2-80, and E: lysate of the E. coli XL1-blue with pBluescript
SK(+). Arrow indicates insecticidal crystal proteins (ICP) pro-
duced by clones.

ol F29 Bt 3 Bt ¥ /N9l Z2REE 7R Q18]
oH21, 24]. e T E. coli®} B. thuringiensise| X1 2] Ak
MAAER G} SEANA] ATG BEAA -77%9710 21,
24]. 23712 -80 bp ZERE = icpT AL AL AR G
9] 3 Zo| A EE] A= Bt T2 XEHS 7RI 9L,
HAL AAA GO AR 5 Foll A Al Bill Z2REP}
ZAgheH24]. =3 -80 bp ZERE{ = 138 Dral A
3919} 149} 4 G471 Aelel] SDADe] EAFT 21,
24). icpSAATT Z2R pHLN2-80(-) Fehaw| =of A2
-80 bp ZEFEHIQIE SDMA7AG #4115 sk, 1 oAt
o] AFHES AAG AT ® T ipiAAte] b
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& syo] QoluheA] m Aolgt SHHAIS AHEBIIE o
S| 0 Babo] LR R=A|E ofhe} Zo] AT slaich.

80 bp promoterdfl U= Shine-DalgamoMed 77
£ ZAIst pHLRBS1-142t pHLRBS2-14 2E2| M=

B. thuringiensis subsp. kurstaki HD19] icpfrd A7} S=
35 pHLN2-80(-) ZetAr|=el| 2] 80 bp Z2RE]
SDAMY(-14 bp sequencesy7HAI Rt F-2 8 3k, 1 o]
ARBIE AAS AFle| % FUZ ipfrAlAte] i
8 #Ato] dojuh=r] Al sl icpHAATE HukaEe.
22999 pHLRBSI-14%} icp AR Auteko s 22
2 pHLRBS2-145 | 23}31ch(Fig. 3A, B).
Shine-Dalgarno(SD) 1€ (-14 bp) 2A-S A<e 4= U
HAg A EA QA7) glom 2 PCRe 23] o] F
79 71= DNA @8 dgict. & primer-A2t B(Table
1) 28]2 pHLN1-80(+)& 73] DNAZ ARg-3le] whyel|A]
9} 7ro] PCRE AlA15}e] 1.7 Kb DNA ©H#-S dgict. o
98-S Klenowa8 &A% Hindlll®) 22 =gt 1.7 Kb
DNA <8-S 353l Smaldt HindllIZ o] FAH w3t
pBluescript SK(+)¢} AZAIZ 21 o]& CloneR Ee}AP|E
2} wasloirhole] A=), CloneRE BamHIF} HindlI=
o] ZAtt ¥ KlenowZEZEAZ H]3le] & 1.7 Kb
DNA %318 pBluescript SK(-1)2] Smal Q1A15-9]ol] ZAFHA|
Ak, AAPIAES7L RAukske® @49 21 CloneR1, A
APR-97) gutske 2 A4 R 7S CloneR28l ™8t

ol H g Lo
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Fig. 3. Constructions of two clones with -14 bp Shine-Dalgarno (SD) sequence in the -80 bp promoter region (A) and functional
gene maps of the clones (B). pHLRBS1-14 clone with the -14 bp SD sequence removed upstream SD sequence area (-66 bases) of the
pHLN2-80(=). pHLRBS2-14 clone with the -14 bp SD sequence removed upstream SD sequence area (-66 bases) of the pHLN1-80(+).
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(Aolel ). CloneR1S Sacl2& Autsfe] A2 15 Kb
DNA ©# 3} pHLN1-80 Ze20| =% Sacl?} CIPE A3
sl @& 53 Kb DNA ©HS dZFUL °lE
pHLRBS1-14(6.8 kb)z} =™ 3t oH(Fig. 3A). CloneR2E
Saclz} CIPZ A2)sle) 9 4.4 Kb DNA ©H%} pHLN2-
80(-) ZetAu| =S SacleE Hrtsie] ¢S 2.4 Kb DNA
e AAs Il o] S pHLRBS2-14(6.8 kb) Aj=3HE=}
Av) =@ 1w 3ol ohFig. 3A). Fig. 3BY pHLRB1-14%}
pHLRB2-14 22| 248 mdlejr}.

pHLNUC1-802} pHLNUC2-802&¢2] M=

pBluescript SK(+)& S24 2HIE A3l Alzx3t A
Z3 S8 pHLN2-80(-) Z)2r|ZoA] dold A4 &
WA fRiAke) epad @itel o pUCI8H pUCI9 &
29 M= Yojuf=A] 47} 918 pHLN1-80(+)3}
pHLN2-80(-) Zetan|Eo)rg} ToUdt F27) H=5 A5
A g GRS pUCISH pUCTHS ERfAmER 7242 &
2438 pHLNUCI1-807+ pHLNUC2-80 AZgrEepan| =2
A Z3ledekFig. 5A). pUC18 E=kan]|=F EcoRl, Klenow
Z8F 4, 123 Smal®] ¢2&2 Helste] F3t 2.7 Kb
DNA ©8& 27} d2A AL oS CloneAzt W3k}
@ elEl A=F). pHLN1-80(+) Z8k27) =% BamHI, Klenow
F8E 4 a3 psa] £28 xe]dle] 353 38 Kb
DNA 998 Xpal, Klenow Z8EA:, I8]3 PsAd} £.28
&3} CloneAst SAAZ 2™ o] A& pHLNUCI-80 A=
FZetan|=elel wWudslgdcl(Fig. Sy@lelel A3%). pHLNI-
80(+)Z BamHl, Klenow & &, 12|31 PsAE A2}
32 3|53 3.8 Kb DNA =& Smal} PsASE ol Agt
3t pUC19 Zejan=e} JAs1% 3 o] & pHLNUC2-80 A

(A)

(B)

pHLNUC1-80

PHLNUC2-80 i,
plC18 1.1 'YAG

Fig. 4. Detection of the ICP productions in £. coli with the
recombinant clones. Lanes Al, ICP bands produced by
pHLRBS1-14 clone; A2, ICP produced by pHLRBS2-14 clone;
A3, ICP produced by pHLN2-80 clone. B plate is the Western blot
of the gel A. Arrows indicate ICP produced by clones.

BN

FEetan| =t rslv(Fig. 5A).

80 bp promoter®] Shine-Dalgarmo MY &FF¢2
Z4AID 2ptxlel xjo|2} waio) Djxj= HE

B. thuringiensis %A ARA A ipHiAAE F2
w38} pHLN1-80(+H)2} pHLN2-80(0FE-< WAlIM Ld
£ 3] 2252 SDS-PAGES} Western blots 3ked 2
A% Fig. 2o A Ao} pHLN2-80(—)F E(Fig. 2 lane
D)°] pHLN1-80(+)ZE(Fig. 2 lane C) Xr} ICP AAkekol
]43] T AL & 7t AT iop FAATE APl
o2 ARIE pHLN2-80(-) Eehaw|=r} ICP Ak A
A AR HA2 B} gol AAkshe 7S 2AEE] 218t
o] -80 bp promoter?] MolE 3] A¢3IHH

pHLN1-80(+) &2} =29] -80 bp ZEEE]A SDA A
(-14 bp sequences)o] AHF2F FABAA AR 2A
o] Holgle AERFZE] ipiaty] Fohdd Bl o
g oJu]dl AAFS FEeAE A st A2FSE

ICP gene

-80bp Pr

ATG RIS

Fig. 5. (A) Constructions of two clones, pHLNUC1-80 and pHLNUC2-80 and (B) linear gene maps of the two clones. The
pHLNUC1-80 clone consisted of right-orientation icp gene sequence with -80 bp promoter. pHLNUC2-80 clone consisted of the inverted
icp gene sequence with -80 bp promoter.



pHLRBS1-14% pHLRBS2-14 A Z3F &2 A 23}t
(Fig. 3 lanes A, B). 2}23} Z-& pHLRBSI-147} pHLRBS2-
14228 WATlA 888 A2l Fol Fiisle] SDS-PAGE
2} Western blot®] moJshx] BA-g 31 vk(Fig. 4). ME2E
Z 2 pHLRBSI1-14(Fig. 14 lanes A2, B2)= AN Z¥F=
pHLRBS2-14(Fig. 4 lanes Al, BI)X v} w2 ko] ICPE
A AVsle] 31, pHLRBS1-14% pHLN2-80(-) (Fig. 4 lanes
A3, B3)ET} 27| [CPASA AS AAskdw. o=t
s AR 80 bp promotere] ZAIE AFFH-|71 W
A GE FI vk As Huldie

pHLN2-80(-) E-Fol X Lol icpFdALe] Frpirade)
pBluescript SK(+) ©]<]9] the F2 FHHAN 5= et
2] <47] $13] pHLNUCI-803 pHLNUC2-803 #5315
o} (Fig. 5). icp AL pUCIS Eefar|Eof| Aulgfo g
A3 pHLNUC1-80-% S -galactosidase -4 =}2} 434
A iR FE2EEE QAR Aol A
ARA PN jepfd A AueReE 7% pHLNUCI-80
(Fig. 6 lanes Al, Bl)o] ousko g S2d% pHLNUC2-
80 S-2(Fig. 6 lanes A2, B2)Hc}t AA A3A chilAl(1CP)
9] WS fabsigdet. o] A= A7) EEel iprAt
thirde] 53 F2y -pHbAelul FgkEe] Yol Ao
opm fAixle} =g wE] 7he] 2 widel o] doird
A& AR

Schnepf 522} A4 2l fdale) T2 REE o
AR o2 Aelslil o] 5-S B-galactosidase?} oxidase®] T2
AR} AR 27 dAsigl e oju) AAEE A4l &
e 2Asle] Aoty 7F T2 RE S 84S A8
ol EZ AFA HA fAA] HFNA ATG EelA
-164537 171419} Z2RE] &4 7797 VAe) Z2RE &
Auc} o gujel Ao Bsldc) o] Axjel| ARA
WA Rl T2 RE] 919 152 7)%e] 80 971 Ex:
o] 7}3t T e A4S JRee S & 5 sdeh

AEHoZ Wspd o|Ake] AE QokstH pHLN2-80(-)
N icpAIALe] o6l Plac T2 RE S} FAX- 7}
HkEA] F 235p[8], ip AR WHEA] Plac ZERE|S] A

Fig. 6. Detection of the ICP productions in E. coli with the
recombinant clones pHLNUC1-80 and pHLNUC2-80 by SDS-
PAGE (A) and Western blot analysis (B). Lanes Al, 1CP pro-
duced by clone pHLNUC1-80; A2, ICP produced by clone
pHLNUC2-80; and A3, £. coli XL-blue/pUC18.
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A} dpekel ulsko 7 Alsle] Eojof T} dEe] Hy A
o2 vephgter], =3 icpfiilale] -80 bp promoter®] SD
A7INGE o) ddle) oFA oJekE T AN, Aol
& $HEA S o] 8381918 el I} o] Yot 3i%)
o}, Z2v 2uHA9) promoter?} B. thuringiensis icpil
22 promoterZ} ME A% 2402 Fe} whsle] A7) At
Z2%Ee)| 9l transcription-supressing regions®| W]
oA dofih= Aoz yeidct a2t o HAPAF-7}
Atsle) 739l Fepiale] HiA| ofx HAdE}r] i
S G2 B oS A5 ALsteol T HAR ol

(=] ot
4. =

B. thuringiensis subsp. kurstaki HD1 AAZA] AR <
WA icpfAE F2935N] Fle] &8 pHLNI-80(+) X
pHLN2-80(-) A &3} 20, pHLN1-80(+) F-&l = icp
FdAke) AANAI 7} AupeRe R S8l HUAL, iptr
Az} T2 RE Q] ol -80 bpE 7HA AL 91T, pHLN2-
80(-) FE2 icpTAIAS] HAPRAINS7} ke S
Yol Haleh A7) F 25 Al #HE 2Ak 2
I oip AR doez AFE pHLN2-80(-) FE22
pHLN1-80(+) 22X} ICP W& gko] 8743 F7lsl= 7
2 gholsloitl. pHLN2-80(-) S=}Au|Zel|4]9] -80 bp =
2R el A SDME(-14 bp sequences) AFH-H=S A8
F 593 AA AAA A ipirAze] Aepdd 8
Aro] dofip=xr] ALl $l8) icpfAdAt ke s &
29¢ pHLRBS1-14%} icpHAA7L Auske s 2494
pHLRBS2-14 Z-&& A|z3livt. wal Aolgt S22 w1t
Ao ME 2o} o] dejul A5 B7)$3}e] pHLNI-
80(+) pHLN2-80(-) Eeham| =i Mo} FUg 727} 5
EZ jopfAAE pUCISTH pUCI9EE AR =0 Zh E2
d&}te] pHLNUC1-803 pHLNUC2-80 S22 Alxsigdd).
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71 3ol =}4)5le] SDS-PAGES} Western blot2. 2 HA8-
g} Az} 2 pHLRBSI1-14= &2 pHLRBS2-1458¢} &
2 oke] ICPE AAFSI L, pHLRBS1-14% pHLN2-80(-)
& Hope A ICPE AR ojdt Hd ¥
-80 bp promoterol| Al AAE SDM I} AFF-$I7F HE el
A g F s AL 29| 3 pHLNUCI-
800) Julskew Z2v% pHLNUC2-80 2R} A4 ICP
o] WG slgint. o] Aups A7) FE] ipHHA Hebi
o] B S22 Mot F3lEe] dofips Ao} oy
o Azl Z2RE] 7ke] T2 wide] 2Eiv =2
Eloll 9J3= transcription-supressing regionse] TetEe]A
ot AL AlAkgt aEht o) AAPEZIA 7T At
7ol Fepdao] Hixn] ofxE wdly] o9 o
2 oS AFE AEsledeot 3 T2 Felsiet
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