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Abstract — The solubilization and proteolytic process of d-endotoxin was analysed to compare the
biochemical property of the toxin isolated from B. thuringiensis subsp. sotto. The purified crystals
were dissolved in 50 mM carbonate buffer containing 10 mM dithiothreitol at pH 10 for various
times. The electrophoretic pattern showed that a rapid disappearance of 138 kDa protein band.
This disappearance of protein with high molecular weight was accompanied by the appearance
of new protein fragment with 104 kDa, 60 kDa, and 25 kDa. For proteolytic processing, the soluble
crystals were digested with trypsin for various times. The soluble crystal protein of 104 kDa
was completely disappeared. However, the protein fragment of 60 kDa and 25 kDa still remained
after complete proteolysis. The comparative immunoblot analysis showed that the antiserum against
intact crystals showed strong immunoreactivity to the homologous inclusion protein of 138 kDa,
104 kDa, and 25 kDa, and to the intact spores of 221 kDa and 138 kDa, but not to the vegetative
cell homogenate. The sera against crystals and spores had no immunoreactivity to the vegetative

cell homogenate.

Bacillus thuringiensis+ 324 ALE 7}x 18
FA HRFeR, ol A A|7]d §-WFAiEe A
Al e AARgcK(, 2). s whEle I
%ol B4 vehiinl, o)9} & AL o}E Baci-
sy 78 A= B. thuringiensis®) 54 0)th3). &

3 B. thuringiensis= ¥ 3HE, AHd 2 /79 7474"-
23s3tr] g oz BH F AAAANCR A A
Al w]AE AFAelH, olujgt u|AE AFA7t
HEAQ 38t A AT 7 9lE AR X
ot} B. thurz'ngiensis-t: Ad Ag dB v E
&z}l Ishiwata”} WE “Fol2HE Helslelon,
Fol EdA] Berlmerﬂ- Turingen A]H}ell] Ana-
5o 28E & ¥elste] Ba-
cillus thuringiensisz}xl A2 W9 tH4-6). De
Barjac®} Franchon(7)2 ¥kl 4 K-2lgt B thuri-
ngiensis-S A3t3tx Azt HE FUAMH-FD o

&

‘l’:
o

gaster kuehniella 2]

Key words: Bacillus thuringiensis, crystals, spores, tr-
ypsin, in vitro activation
*Corresponding author

730

2} 23 serovar. 2 Y7512, Norris(8)+
7] <45 Heed o} 50572 obFEs EHI
t}. #Zo| Hoftes} Whitely(9= &% f-5o g
E4 ghilalo) Abg Adaddw) Fap e A
fZ 5 AAE A Askdck
N ALe- B, thuringiensisol| whel xjo]7}
& Wk ohuel wha] z el whe} ch2v(10, 1),
—T’—’“ol #41317] Aol & 134~140 kDas) % 2(pro-
toxin) AYEl B &a)s}R]u T30 @A] 3} o= Za)
W] 7F obzke] el A f‘-ﬁﬂﬂ <
aof o)sf] Ex}eFo] oF 60kDa Hefql
appe] T FAL A x2S J}ﬂ]
2] AFA1Z1EH(12). Stahly 2(13)& A
frAzA7E ZFepar]= DNA e A4A
Aoz Bugh ol Fiel weh thA EL
shile] EelRlelol=o ols W54} vbE
Aol a2 A =Hlrk14-16). 3ol
o} §-3tod A AulAl Rl EAg *;}‘*‘*
Ay $-917} EAPgohs Zleo] wE A en1y, 18). o]

esterases 2]
[]

(3

Foll £
Z

r”-_%



Vol. 23, No. 6

gt WE -84 S3HA7E Abel Al Eepe] 288
Ea g o)dd HolH]l S M3l H=
AlE7F A =Hel19).

B Aol M W &4 gk ale] S5 1x]a) ol 4
el Aol o3 &4} 712hg in vt Aol A A
gated, 7+ Hsl Ao FF AHES A7) Qo=
A Rokel, tEJV Bacillus thuringiensis subsp. soffo
o] AAAL WHEA, ol B gl E Ale|o) 3y

2% Y ix

£71 w59l Bacillus thuringiensis subsp. sotfo=
A dekm 028 dPel waE AL A
2.3tk B. thuringtensis wWerS 213k 713 a8
Nutrient Broth(Difco Co.)2} Nutrient Agar(Difco
Co.) ¥iA) & AR&-8lelL, o} ¥ WS4 ohiid A
A WA FEF 98] Glucose Yeast Salt{GYS) ul %]
(20)5 A sted A}E3F9d et 100 mi 2] Nutrient Broth
of o] 28Col A 1847 F]F vt ¥, 9] 57}
1X10° cell/miell o] 21 W 250 m/2] GYS 2]
wl oFell 5 mi-S- A 3ted 28C ol 4] <F 38~724]7) 3] A
Alel wjeFstdvth o B W Ea AAAY YA F

T Nutrient Agarell X3+ 2 #F3¥ o}

OFE % AEH HFa ddHe Fa

GYSul z]el| 4] 72X]7F vl ofF o} H &4
Aof AAde] gal = F, wffd-g 2087 YA
(1,000 X g, 4C)steich AHEL HFE g4
folo g 33 A Mt B thuringiensis?} A
el chlal Bal &2 z)Askgdc) ol =l
= AR A 2] B-elE 98] 50~80%2] Sucrose A
UL el A3, el A 3mliE $Hol Fxr
4Tl 2] 28,000 X g®. 247 AR sheich 914
e e WEL vkl dAA S5 siadHE
FHolal oz F4Ete] )izt dHe|AHow HAAT &
FA3 ST 53] ol AiHskdcth 92} Fe] E
2)gF W54 AAAE ~70Ce 4 544 %(Labconco
Co, USAAAH Hx=z A83ly] 7tr] —20Ce
R #sleic)

CHHA Mt
W52 gl 2l o] A eko BCA protein assay kit(Bi-
cinchoninic acid  Pierce, Rockford, IIl., USA)Z

731
AHg-8tglct,

L=a CHEEol Bollel oA B F40] 23t
%

+ei " F5as AAAEG mg/m)S 10mM di-
thiothreitol/50 mM carbonate buffer(pH 10) 4 iz
37Col M zH7} 108, 208, 308, 147} 1A%} 30%-
2417h, 3417 Eab Bl A ke AAEe
HA el AAR 71T LalE 54 Als
el Ra] §49l trypsin(0.25 mg/ml 5 Sigma, St
Louis, USA)e g2 7rzlh 108, 208, 308, 1A17H 2
AlZE, 3AIZE Fo) 37CH A vgA1F . Ef Al 9]
& olsh P& WEA wAe) 43} whes W
7] $8] 4 Laemmli sample buffer[60 mM Tris/HCI
bufier, 2%(w/v) Sodium dodecyl sulfate, 25%(v/v)
glycerol, 144 mM 2-mercaptoethanol, 0.1% bromo-
phenol blue, pH 6.8]5 A 7}8lgdch o] A8 SDS-
PAGE=. FA3}t7] 7= —207Cq &34 shgich

SDS-PAGE

SDS-PAGE= Laemmli(21) uvbge] &3} Beold
ez B A|AElS o]&3leic), 7} vzl ARE
< Laemmh sample buffer| 60 mM Tris/HCI buffer,
2%(w/v) Sodium dodecyl sulfate, 25%(v/v) glvce-
rol, 14.4 mM 2-mercaptoethanol, 0.1% bromophenol
blue, pH6.8] ol Y1 oF 6271 100CoA &9
%, ohA] ok 1§ EsF A F=j(10,000X gysled Ad
=4& SDS-PAGEE ¥ Al52 A3t} gel2
10% separating gel®} 5% stacking gel-s- A}£-3}9) 37
7] d-Fo] ¥Fvt¥ Coomassie brilliant blue R-250
-8 1g of Coomassie brilliant blue R-250(Sigma,
St Louis, U.S.A), 450 m/ of methanol, 100 m/ of gla-
cial acetic acid, 450 m/ of distilled water]el] <F 40
M7F 3% & el 8-98(10% methanol, 10% gla-
cial acetic acid in distilled water)2.2 <F 1847}
gastolct 7 b Al A|ge] FAS 2S94
gtod AH8-3h dF AN F34H 8 o A (Bio-rad, US.
A)& t}&-7} 2} | myosin(200 kDa), B-galactosidase
(116 kDa), rabbit muscle phosphorylase B(97.4 kDa),
bovine serum albumin(66 kDa}, hen egg white oval-
bumin(45 kDa), bovine carbonic anhydrase(31 kDa),
soybean trypsin inhibitor(21.5 kDa), hen egg white
lysozyme(14 .4 kDa), bovine pancreases apotinin(6.5

kDa).

HE 3=



732

o HeE A% B AT otha Yeaw
dofst QTAel4 Bk W& 65 T <7 Balb/e
ol gag AMssiT.

e TH| W MY e

0.3% formalin®. 2 2|8t B. thuringiensis subsp.
sottos AF &b S0 2 FAAIF] F(1X10° cells
/ml) 0.5miE 65% <t Balb/c =F9-Zof B
TARE ghodcth 373 05 mi9 3 3o w B7)
Hel| 22} F=A}skesdc)

=I5 AAA L obE (77} 100 pg) 0.25 miE
2+zk Zekel Complete Freund's Adjuvant(Gibco Inc

Balb/c v}-%- 5:01] %7&' A}ﬁ‘}ﬁﬁ}. 375 f/]-f"‘] %*""’é@}
+1(400 pg/mf) 0.25 mi-5 Incomplete Freund's Ad-
juvant(Gibco Inc.,, Grand Island, N.Y. US.A)e} =
E3H21A4 655 g7l Balb/c vhg-e 22} B7F F
Ap3tedth,

e Fo

22} WA 2 2] F sHA| 2} A7y} 71AF =L 10U A H
= i vhAae] S A FHshe] (A Ee(1,000X g,
2047-7H3eq A4S A8 Felskgicl. olziglt g AL
ImmunoblotS $18F A2 o837 g3l —20C)
X #sloic)

Immunocblotol] 2|3t @l 24

Immunoblotel] 2Jgt k8l R.8- 9sf, 94 2t
AEE5E& SDS-PAGE<] ol&) H-2{=gdc) 2% AL
transfer buffer(pH 8.3 : 15.6 mM Trizma base and
120 mM glycine)2 150 mAel 4] 147} E9} nitro-
cellulose paper(Pharmacia)elf Ho]A]Z ) Standard
marker?} #e]= nitrocellulose paperZ amido black
A4 H4(0.1% Amido black/25% isopropanol/10% ace-
tic acid)2.= 2F-7F oJ A 3he] whwlal Holg Fhels)
gt #Heol® nitrocellulose paper® 3% BSA/TBS
8-a8(3% BSA in Tris buffered saline ; 10 mM Tri-
zma base, 150 mM NaCl, pH 7.5)el] o] 37Col 4]
E5HA 18417 Fat ‘f”f '''' -4l 715L TBSE 33] )3
spoick ahfl-sbA whe-S 98 dEAHS 11000
2 34 sted 37CH A 12)7F 30%7F *ﬂ&%f»l 714, ©hA]
TBSEZ 33] Al&sleict 0.5% BSA/TBSe| 1 : 4000
o8 3|M3F} goat anti-mouse IgG+IgM conjugated
horse radish peroxidase(Jackson Immuno-Research
Lab. US.A)E 37Cel A 1A)7F 3027 =5H2-4]7] &
TBSE 33| A3t 24 2930 mg/m/ of chloro-

Kor. | Appl. Microbiol Biotechnol

naphtol, 10 m/ of methanol, 30 W/ of 30% H0, in
50m/ of TBS)S ~7Isiich whAe] s F F5
Sz At 1ee Wik

Aot 9 o

OfZ AU WHEA CHYFE ZAF | 22

B. thuringiensis subsp. sotfooll A E-2]3 W54
il AA A o) F mejw|mE e, olx o] el
e}ls moko|glckFig. 1). Sucrose A1AF w e w4t
off 2] YE2A AAAE 65%2t 70%(w/v) Ako]el
Mer) FAREg]on, o}l F= 75%t 80%(w/v) Ale]
o 3= deNFig. 1).

SDS-PAGEY| 2j3t M7| d&5 &4

=4 ZExe] 72| 88 SDS-PAGE ZH#,

B. thuringiensis subsp. sotte®] WS4 whwlal A3
Ay B-2pgko] oF 138 kDa, 75kDa, 45kDa, 40 kDa
R 37kDa®] W=%& 3A43bqiciFig 2). 138kDa wt
w7 9)9) ohe g WS WEa A el A
thuringiensis subsp. softe Well &3tz v =t
“?“3. w3l Aol zEo g qldl A7l FaE AHEE
BeolrKFig 2). & Mol B thuringiensis subsp.
sotto?] W54 vhillde] 27} a4 2H8-& el o
ol2gt 2hE-2 whmlal K3 &t 2k Flozg W
ol =3 AH7|edF Al SDSe] R =80z als)
MAEl 7o x B 4 oli=d|, o] Yasunori N. &
(22)0] o]Foll ®3&F n} lch Yasunori N. £(22)&
HEA e »|EE) S4a el 2ge] SDSe)
g2y dofd  Qloky shelck WS4 AA
HE d7te] %% Solofl Q)] 104-0] ¥ A] Fo}r]
o 104 kDa H=2| whal Wlsr} g4 gion, 138
kDa¥] r:wﬂﬂ W= o}z ebAE] &alH A 2o
el = ol lslcKFig. 2, Lane C). ©|¢} 7242 104
kDa_,] 1:]-1113 ;n.‘l uﬂt: L LHEA ﬂ:z];xﬂ 7|f ?’Hw, A(Proto-
xin) Aeloll A o] FAY eote] o g HAE
21 A = Ax(activated toxin) . W slshe 33 £
of A== T AEE B 5 Urh odrle] skE
gl o2 147 Zof ul-x]7] Axl o]ze] 138 kDa
A vl ev) 2k 3] AbepR]an A 2o] 60 kDa} 25
kDae] W=7} A 2 AL ¥ 5 9lckFig 2, Lane
G). ole} & 60kDa2} 25kDa2] vzl ujr= 3

o

A 7bell ZAF S8 AT Bz ow AL
wtol i‘-::,l?d!:’r(Flg 2). 1e]a ] oA PR G uwice
88 2 4 glgltHFig 2). Yduld ez =4
el s A2 ALk arbe] 9k folg]



Vol. 23, No. 6

Fig. 1. (A) Separation of 5-endotoxins and spores pro-
duced from B. thuringiensis subsp. sorto by 50~80%
discontinuous sucrose density gradient centrifugation.
C indicates crystal and S indicates spore. Phase-cont-
rast photographs (X 1000) of the crystals (B) and spo-
res ((7) isolated by sucrose density gradient centrifuga-
tion.
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Fig. 2. SDS-PAGE was used for observing the effect
of solubilization (pH 10) against intact crystal solution.
At the time indicated, samples were withdrawn and sub-
sequently mixed with Laemmli sample buffer. SDS-
PAGE was carried out in 10% separating gel and 5%
stacking gel, using a micro slab gel electrophoresis sys-
tem. The gel was stained with Coomassie blue R-250
for 40 min. and then destained for 18 hours.

Lanes: A, standard molecular markers (in kilodaltons):
B, intact crystalline toxin; C, the crystals solubilized
for 10 min.: D, 20 min.; E, 30 mmn,; F, 1 hour; G,
1 hour 30 min.; H, 2 hours; I, 3 hours
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Fig. 3. Effect of trypsin on polypeptide components of
the solubilized crystal proteins. Crystal proteins were
digested with trypsin at pH 10 for a various times. At
the times indicated, trypsin-treated crystals were withd-
rawn and then added to Laemmli sample buffer to stop
the reaction. The trypsin-digested crystal proteins were
examined by 10% SDS-polyacrylamide slab gel electro-
phoresis. The gel was stained with Coomassie blue R-
250 for 40 min. and then destained for I8 hours.
Lanes: A, standard molecular markers (in kilodaltons);
B, intact crystalline toxin; C, the crystals solubilized
for 1 hour; D, the trypsin-digested crystals for 10 min.;
E, 20 min; F, 30 min; G, 1 hour; H, 2 hours; I, 3
hours
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Fig. 4. Western blot analysis of B. thuringiensis subsp.
sotto antigens using antisera against intact crystals. Se-
veral samples were separated in 10% SDS-polyacryla-
mide gels and transferred electrophoretically to nitroce-
llulose membrane. After blocked in 3% BSA/TBS solu-
tion, the nitrocellulose membrane incubated with anti-
sera against intact crystals. Antigen-antibody reactions
were detected by a horseradish peroxidase development
method. Visualization was performed with chloronaph-
tol as the color substrate.

Lanes: A, standard molecular markers (in kilodaltons):
B, intact crystals; C, the solubilized crystals; D, trypsin-
digested crystals; E, GYS-harvested lysates; F, the ve-
getative cell homogenate; G, intact spores; H, the solu-
bilized spores; I, trypsin-digested spores
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Fig. 5. Western blot analysis of B. thuringiensis subsp,
softo antigens using antisera against intact spores. Seve-
ral samples were separated in 10% SDS-polyacrylamide
gels and transferred electrophoretically to nitrocellulose
membrane. After blocked in 3% BSA/TBS solution, the
nitrocellulose membrane incubated with antisera against
intact spores. Antigen-antibody reactions were detected
by a horseradish peroxidase development method. Vi-
sualization was performed with chloronaphtol as the
color substrate.

Lanes: A, standard molecular markers (in kilodaltons);
B, intact crystals; C, the solubihized crystals; D, trypsin-
digested crystals; E, the vegetative cell homogenate:
F, GYS-harvested lysates; (, intact spores; H, the solu-
bilized spores; I, trypsin-digested spores
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Fig. 6. Reaction of antisera with B. thuringiensis subsp.
sotto antigens separated by 10% gel electrophoresis. Af-
ter SDS-PAGE, the proteins were transferred electro-
phoretically to nitrocellulose membrane. After blocked
in 3% BSA/TBS solution, the nitrocellulose membrane
incubated with antisera against the vegetative cell ho-
mogenate. Antigen-antibody reactions were detected by
a horseradish peroxidase development method. Visuali-
zation was performed with chloronaphtol as the color
substrate.

[anes: A, standard molecular markers (in kilodaltons);
B, intact crystals; C, solubihized crystais; D, trypsin-di-
gested crystals; E, the vegetative cell homogenate; F,
GYS-harvested lysates; (G, intact spores; H, solubilized
spores; 1, trypsin-digested spores.
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