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Fig. 1. Restriction maps of plasmids pBES-cryIB, PBES-cryIB(c), pBES-crylA(b), and pBES-cytA.
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Frate wiRlel A Arargi.

EEESECE

crylB, crylB(w), crylA(b) B cytA +AAE E. coli$} Ba-
cillusl] FAZEA7)7] 93] Dower 53} Boned} Ellar®
9] Wg W¥E e Electro cell manipulator ECM 600
(BTX Inc, CA, USA)E A3} electroporation ¥} o 2
AAEA

BacillusS} E. coliZ w]g] 30°Cs} 37°C2 ZA ¥ L-broth
(PH 7.0, 1% bactotryptone, 0.5% bacto-yeast extract, 0.5%
NaClyell Z+2t 4% - sl FALE7} spectrophoto-
meter2] ODge©] 0.3-0.59] 0|23 Luj AA R (4°C, 4,000
tpm, S532)3}e] 8125150y,

344 Bacillus'= HG buffer(1 mM HEPES, pH 7.0, 10%
glyceroDZE A3 o} & FALEI} 10°~10" cells/m! 55
o] HX=Z HG buffer2 HEA|FA Lo B#As}lw, o] et
4 100 w/E 1.5 m/ microfuge tubeol] €73 DNA 1 pi(0.2
ngE H7HE The AolA 1087 Bad ¥ ulg 3
%A%t 0.2 cm gap electroporation cuvettedl] %731 pulseZ
7¥slAt). Pulsert By A% vla ggo] Qo] 1087 1.
T3k th-g 28l F=9) LB broth(1% glucose &%) 400 piS
cuvetteol] 7}3t1, ZAAGA FEAA 1.5mle] micro-
fuge tubedl] £7]3 30°CollA] 177 B¢t X vharsicist
0.24 pg/ml erythromycino] £ QI+ 28] %2 LB broth
(1% glucose T-7) 500 WE 7}3}1 THA] 305-Z ot ZEt u)
¥t o] wigd 150 WE FHEA 10 pg/mle] neo-
mycin#} 5 pug/mle] erythromycino] &-H-5 o] ¢l LB-agar
Whx)o] BA 30°Col A 24412 Hjeska, AAE colony 5
ZAbste] P2 7§ & & (transformation efficiency)g A

=

=2



Bacillus thuringiensis®] Cryls} CytA el ee} Sal ol tiat &5 9% 25

AH3EsA

348 E colic a2 A, AFatd 10%
glycerol2 HEA|A AR & AE d%rt 10~10°
cells/ m/ 0] HEE 10% glycerolZ HEA|A L-&9l
B#sla, o] dgd 50 wE vg AHAE 02cm gap
electroporation cuvetteo] 211 DNA 0.5 wi(0.2 pg/mhs 3
bt 183t Qo] BE T cuvetteo] pulseZ 718}
ZX] 0.95 ml2] 2p7}E- SOC(2% bacto-tryptone, 0.5% bac-
to-yeast extract, 10 mM NaCl, 2.5 mM KCIl, 10 mM MgClL,
10 mM MgSO,, 20 mM glucose) brothE 7}5k1 37°Coll A
1AZF F3F 200 ipm o= B F3FAT

o] wjeked 150 WS #3) 20 ug/mie] neomycin®] =
o} ¢l LB-agar vjX|o] X3 37°CollA] 3Hz+ v &atod
A colony & ZARSIY] A 588 AT

A5 2Y Rl 2e2|et FH|
¥ A489 BacillusE G-tris ¥)=2} MBS #i=]o] HF

ol
O

sepstel FAYD AT dRHY S8,
60%, 65%, 72%, 80% sucrose 5 o] fYAEZ] 9y
(4°C, 20,000 rpm, 2A17H 22 AASH 3, BHHEEH E
coli= LB-brothol] 24Xz} w3k & 428-3)11 lysis solu-
tion(0.01% lysozyme, 10 mM Tris, 1 mM EDTA, pH 8.0)
2 7behn 3024 2SHHE A 1A ARIH(x
1000002 cell lysis 13k A4 elsho} AT,

AlEM ZAX CHEEIO| SEf At
FAgeE 58 2zl ANl B st 94
A Bacilluse AX £ A4 S ef FE7t 4

o

3

£
[

A2 Er) 7 (x1000)0.2 ARE u), E. colix 24X30] A
#3S v 3]9=3}o] Bechtelo] WIE™ o2 H2]gh ¥ trans-
mission electron microscopy(TEM, EM10C, Carl Zeiss)i
AZst9 o). 819 scanning electron microscopy(SEM, JSM-
5410W, JEOL) #2& Alst FAAFd dFolA 22
AAS 254 2R BNAL gold coatingshe] TSI}

ASH AN cHiEO| Sl AL

AR A 24 gl &Ies 2] e
0.1M Na,CO;%} 0.1% 2-mercaptoethanol2 ¥ bufferE HCI
7} NaOHZ pH 6.0~12.57}x] 0.5 @14 pHE 243t
pH7} A 2 249 buffere}l FAE 454 44 o2
(15 mg/m! in HOYS 1:18 EF3t3 65°Co|4] 28 Fet
Ax)e)ste] proteaseE BEHABIA 7)1, 37CoHA 1AZHE
o} wjeksly 520l YAEEF bovine serum albuming
FFo A e Algslo] miaAgFTo R gaE GudS A
st

Electroporation0f| 2|5t SZIX =l

434 AR B 2

)

i

& electroporation ©.2 A

Table 1. Electro-transformation efficiency of host strains

Host strains crylB cryIB(o)' crylA(b) cytA
—logy, transformants/jig DNA—
E. coli GM48 8.45 7.81 851 4.09
E. coli DH5a. 8.29 7.38 8.18 3.55
E. coli IM83 7.87 7.12 7.82 3.63
E. coli IM103 8.57 8.45 8.03 4.39
B.t. kurstaki HD-1 cry®  4.97 4.62 3.70 1.16
B. thuringiensis 407 cry’  4.53 425 4.53 1.30
B. cereus 569 2.98 - 2.63 1.10
B. sphaericus 2362 1.88 - 1.70 -

*Truncated cryIB
bcry, crystal negative
“No transformant

o AAASE AP Table 194 BE Hlel o] vector
pBESE AL&3}o] crylB, crylB(0v), crylA(b) R cyA F3H7
2 E. coli, B. thuringiensis, B. cereus 2 B. sphaericus®] &
2 o)F&Fd wa, 44 EYAZE F UAIA AT
A AES 23t electroporation®] F-8AIS*PE 2 YF3)
T Qi) E8 electroporation®] FAAS E &L ALEH
DNA®| £59} %, &5 T/, ATLE, AX 2A
LR AP P79l S48 24 5o 2ol Hek 2
g WrEThE AR JEH A,
w35}t Bacillus?] AR} E. colid] 79 AAET
go] Zgron} e &£FdME DNAJ) weh & Xolrt
9lgitl. E. coli®] ¥AH2-&(10'~10° transformants/jig]
DNA)2 th2 A7dze} vssh, Bacilluse] 7392 &
we Holaly B 4 o 3| B. sphaericus o] &
22 A=l oL} B. sphaericus 2362004 cryIBS}t crylA(b)
SRR AST FAAS] N, ARFTEE AF

gl e N oft of

L al

3] wrorth. FAATE BE SFolA ExpEe] A A
oA A7t HAAS Tgo] /M 2 AL UE A7
AF YA T JeERL =Y, A &) DNA £
azgte 2 ARHE AL ohyete & BojFar it

FHAe FAAETL 3 electroporatiaon®] F LY
field strength®} resistance= E. coli®] 73-%- 11.0 kV/cm <}
129 ohms$d 12, Bacillus®] 73-%9-ol& 4.5kV/cm2} 48 ohm
oAt} E. coliv} Bacillus®] BAAE 2 &S UMV ¢
8 4= field strength ¢} resistance2 FUIAIZ L a7} 3l
R at, electroporation ¥ A E¢] AEEE AR 7
319 th(data P AA)).

37 HANFE E. coli®t Bacillus 555 Z4zHe] o
=)o) H% wjksle] SDSPAGES}H Western blot o2 £41%
A3 77 131 kDa(CryIB), 89 kDa[CryIB(cy], 131 kD
[CrylA(b)], = 27 kDa(CytA) @92 A3 9023
291 4 99ek(Fig 2).
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Fig. 2. SDS-PAGE(A) and Western blot(B) analysis of CryIB
protein produced by recombinant E. coli and Bacillus strains.
Lanes : M, standard protein maker; 1, E. coli GMA48; 2, E. coli
DHSo 3, E. coli IM83; 4, E. coli IM103; 5, B.t. kurstaki HD-1
cry; 6, B. thuringiensis 407; 7, B. cereus 569; 8, B. sphaericus
2362.

33h 40| A BHE vle} o] E. colidlA FAEHE 4FA 2
A GWNAEL Bacillusd| A FAHE gl wo 3=
Ak, meke 7o FHEE o)F1; 9grt. Shimizus}
Ohkawa®% B.t. aizawai®] 130kDa ©¥8AL E coli IM
103 A= A)A bipyramid Feje] A=A AR gl o]
AARE FAAFA

ig. 3. Transmission electron micrographs of CryIB(A),
ryIB(a)(B), CryIA(®)(C), and CytA(D) insecticidal crystal
roteins from transformed E. coli DH50. Bar represents 100
m (x40,000).

Fig. 4. Transmission electron micrographs of CryIB(A),
CryIB(a)(B), CryIA(b)(C), and CytA(D) insecticidal crystal
proteins from transformed E. coli JM103. Bar represents 100
nm (x40,000).

FAASDE E coli GMA8 FFo|A MAEE CrylB,
CryIB(ct), CryIA(b) F¥§2-& scanning electron microscopy
2 #F3 A Fig. 59+ o] bipyramid FEE o] FiL 3
AL, CytA @A e AA3A] 2 HAE FeE o)F 2
Q=] ol cytA - RE B. subtilis, B. megaterium, 2
B. thuringiensisoll AZ2FA)71 T AAE CytA gide] =
71 EARG EA ZAgka, 2 BT Feoldtte
B % AR Yt
&9 Fig. 6, 7, © 8ollA] HE ule} o] =3 B
thuringiensis, B. cereus 569, B. sphaericus 236204 A 5

A

Fig. 5. Scanning electron micrographs of CryIB(A), CryIB
(@)(B), CryIA(b)(C), and CytA(D) insecticidal crystal proteins
from transformed E. coli GM48. Bar represents 1 nm (x35,
000).
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Fig. 6. Transmission electron micrographs of CryIB(A),
CryIB(o)(B), CryIA(®)(C), and CytA(D) insecticidal crystal
proteins from transformed B.t. kurstaki HD-1 cry. Bar
represents 200 nm(x25,000).

| B

Yo

Fig. 7. Scanning electron micrographs of CryIB(A), CryIB
(0)(B), CrylA(b)(C), and CytA(D) insecticidal crystal proteins
from transformed B. thuringiensis 407 cry. Bar represents 1
nm(x15,000).

+ CrylB, CrylB(wv), CrylA(b) Z¥AE T5 bipyramid &
£ o] FaL AUNAAIRE, CytA S "2 ozt T2 Pt
oo MxlH AR AAZ B ol B. thuringiensisol| A

ARE = 234 274 did e 555 dINAS Fg4

o2& M3t GAAN, 2454 44 G A7) Ba-

cilluso) x| DA B} E. colio) X BAE = Ho| Agre

< ¢ AN

AEM Y clRlo] 315t EM

B. thuringiensis®] &4 A7 dwlzdol F34L s
Z%2] ) alkaline pHO A 71 Tl o] L3 wol 205
t}* & B. thuringiensiso| A A9 AA whulz 7199 A

R
F40] 9= AL pH 9.5-105 8919 SEgloly 2 &
S1SI 2, M54 AR SRAL pH 12 o] ol Atk 835

of
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Fig. 8. Scanning electron micrographs of CrylB(A), CryIA(b)
(B), and CytA(C) insecticidal crystal proteins from transform-
ed B. cereus 569, and CryIB(D) and CryIA(b)(E) insecticidal
crystal proteins from transfomed B. sphaericus 2362. Bar
represents 1 nm (x15,000).

= 3std §EAS vepdot weps FEHSE E colist
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BE FFA E coli®] 2§ ¥} Bacilluse] 7397} pH
9.5 ol Aol o] &3l e+ E53] ZArh(Fig. 9).
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Fig. 9. The solubility of CryIB(A), CryIB(c)(B), CryIA(b)(C) and CytA(D) insecticidal crystal proteins from transformed E. coli
and Bacillus strains. (3], native protein; it-i, E. coli GM48; A---A, E. coli DH50; @ -@, E. coli JM83; /-, E. coli IM103; I, B.
L kurstaki HD-1 cty; &—A, B. thuringiensis 407 cry; @—@, B. cereus 569; —\, B. sphaericus 2362.
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Effects of Host Cell on the Morpholegy and Solubility of Cryl and CytA Protein of Bacillus thurin-
giensis .

Byung-Koo Ahn and Moo-Key Kim (Department of Agricultural Chemistry, Chonbuk National University, Chonju
561-756, Korea)

Abstract : The crylB, truncated cryIB[crylB(0)], crylA(b), and cytA genes, encoding 135-, 89-, 131-, and 27-kDa
proteins, respectively, from Bacillus thuringiensis were cloned into a shuttle vector pBES and expressed in E. coli
and Bacillus species. The morphology and solubility in alkaline buffer of the insecticidal crystal proteins were in-
vestigated. Transformation of intact cells of E. coli and Bacillus species was achieved by electroporation. High
field strength of 11.0 kV/cm and resistance of 129 ohms were required for efficient transformation of E. coli strains
and 4.5 kV/cm and 48 ohms for Bacillus species. Strains of recombinant E. coli and Bacillus species produced the
insecticidal crystal proteins and accumulated as the same bipyramidal and irsegular structures as those of CryIB
and IA(b) and CytA of B. thuringiensis, respectively. The insecticidal crystal proteins accumulated in recombinant
E. coli were smaller in size than those in recombinant Bacillus species. The solubility in alkaline buffer of the in-
secticidal crystal proteins of recombinant E. coli increased gradually as the pH increased, wheteas in the case.of
Bacillus species the solubility increased gradually as the pH increased up to 9 and then the solubility increased
greatly up to two times higher than that of E. coli proteins.

Key words : Bacillus thuringiensis, E. coli, Insecticidal crystal protein, electroporation, solubility
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