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Abstract

Dissolution and degradation of the parasporal crystal proteins produced from B. thuringiensis
var. kurstaki, B. thuringiensis, var. dendrolimus and B. thuringiensis var. aizawai were investiga-
ted. SDS-polyacrylamide gel electrophoresis analysis showed that the crystals contained major
protein with molecular weight of approximately 134 kDa for B. thuringiensis var. aizawai,
143 kDa for B. thuringiensis var. kurstaki and 149 kKDa for B. thuringiensis var. dendrolimus,
respectively. Crystals of three other strains were incubated alkali solutions at various pH
or gut juice of Silkworm Bombyx mori, Fall webworm Hyphantria cunea, and Common Cab-
bage worm Pieris rapae. When crystals of these strains were solubilized by alkali solutions,
no major differences among strains B. rhuringiensis could be detected. Among the strains stu-
died, crystal proteins (130~66 kDa) consist of protease resistant polypeptides in the 45~66
kDa size range when treated with gut juice of three insect species.

Keywords

#

w

Bacillus thuringiensisoll 2)sto] AAar® W5t
) 2l (parasporal crystal proteins)& JAE FFo]
Atz =Ao] vleldtiHannay, 1953).

W)= 2 b A(protein © 120~ 150 kDa)-2- 54 4ol

o]

He aduA oo e duey 4o mE P

9] s3lalel 4] proteine] sl #l 4 60~70 kDa2]
ga £ chaladoe] @A E) HAlo] vehis A
o=z ¥ 787 ¢glcHLecadet and Martouret, 1967;

IO KA TH A A O prpe
FERh Ik E oll o8 e 712}l QRg

41

Bombyx mori, B. thuringiensis, crystal proteins

Yamanoto and Laughim, 1981). Lecadet % Dedon-

der(1966)-2- &3 A3}eol ojste] W54} Balse
A elFstdrh. Wl Faust $(1967)e obze]
o Folld el e nasidch wE ols}

%ol B. thuringiensis®] W5k 2l o] o 77] o)
P°1 e glev EEA }°ﬂ°ﬂ*1 Aot &
ik el B e T = P VR o s
LH%—E" AFAER HEoshl g obabe] &
nto g e obzhy] ol A Aok Hvlaled
Alg-slodr}. €9 Locadet % Dedonder(1967)2 B
thuringiensis var. thuringiensis®] W5 AghulAlo)

Pieris brassicae 2] 13N o|| 2sto] L%l uf oF

ol

Ao



42 SXF - £NE - EE

1004709 =9 band7} Vel Aew Mowslg)
t}.

olz|gt HAHoA B dTE AAE i 73l
5435 ebll= B thuringiensis var. aizawai, var.
dendrolimus 1|3l var. kurstaki S 37432 A
dte] W=kl alo] obate] Abefslola] o™ W
steo] FherkE Alglslglonm, =k 3o A3l
oA dejvhs w3 AelE Fasly] 9ste} Eos
F-l e\ (Pieris rapae) 2 BE I Hyphant-
ria cunea)®] A3} N 2} 38 )%l Foll(Bombyx mort)
9] azto @ ARA Eichwide] Banas zat
A 8le] Horglc),

7H R ik

1. &F 9 BAE

APl AVS-& B thuringiensis var. aizawai,
B. thuringiensis var. dendrolimus, B. thuringiensis
var. kurstaki®] 55 v %A Faust L
HE FoFukgict

TR A 2 diE 2539t dFAlolA] A
WA F9) AR MW Hyphantria cunea)ZF Yol (Bo-
mbyx mori) B FUg7L] wFakel A HA g wj
Hiul(Pieris rapae) 5 3t B#e AHg-stech

2. HERe Fa| 9 Azl 3

dFRFEH W ELuAle) Bele 71odE 5(1991)
o] Eug We] sl Fslick 55 GYS.
vl =7} Zoil 500 m/ Erlenmeyer flaskel] #] %3}
3L 30T, 96217 wlekste] ¢labxtEul Aoz Exate}
WH5429] autolysis& 2Halat F- $14]14-2](10,000 g, 20
st} 1M NaClZ AFseicth. 2t A1#539 )
Hawhade] o] Renograffin® & o]-&35hed Ay
of Bigk b ez Ralslglc)
TORNH Ao Fele PR 147 F
ti 24 Zoll 4 Chloroforme 2 x]2)s}e]
A filter paperZ oJ3}3t % 4T, 8000 g,
At AAEE AAZ § AN Rol
—20 Zhare| Hoahslodch.

g, wfERiele} B uube) A9z Fav)
2L A H 5= axshelo] T3] v]gko| 7] w o] Hu)A
ATE Fol v RS PR RE Ay Fap)a

F9- 43 sheieh

k
B

ol

A

? HS =
HE 1=
3 A do o
o e Hr

3. WEATHNEIO| SDS-PAGE 24
ol Aedt Wyeos dofal NHRELES pH

7} &+ alkali B = 239 #bke 2 2]ty
T EE HEs Ahshd.

Alkali #B#-2 02M glycine-NaOH buffer2 pH
7.0, 84, 102, 120 % 4£F9 BEwo s =Astw
MRS B RIS MERESE S mge 9o B
05 mioll &3 3 72}t 28T, 5A17H maEA AT
o] BE 02mi% FHste] 0.3m/e) Sample buffer
(0.01M NaH,PO,, 1% SDS, 2% B-mercaptoethanol
(PH 7.0)8 7}3ted 100C, 327+ @ 3 =8 oA
Wzl A 0.05% bromophenol blue®} 50% glycerolo]
g+ Phosphate buffer(pH 8.8)2 == tracking dye
S50 WE 7heted pRESHRAKIE Abg-sloich

01% SDSE 73 polyacrylamidei= Laemmli
(1970) Fikol whe}t 156X15X0.2cm 2719 disc slab
gel& {EREE % slotE 20 we) FKE loadingA)7)
¥ Eiioll A 15mA Eitol M 308, 20mA Eifoll A
8417t ot fratalch kBl ZHE] SBESE gel-S me-
thanol, acetate, $-+5-(22.7 : 4.6 : 50) B ol =9
0.25%(w/v) Coomassie brilliant Blue %#F2o 2 50C
off A] 4417} Hefa3l F methanol, acetate, Z=-8-42(25
75675 REWCOZ 24~28X]7} Bitar]# densito-

meter2 1 band & FEEsIgch

MW (X107%)

20 * o=

13} s
. ®s2

10k A S3

8 -

6 -

5 -

4r S1

al S2

U .53
0.2 0.4 0.6 0.8 1.0
Rm

Fig. 1. £lectrophoretic mobilities of standard proteins
as a function of the acrylamide concentration in the
gel.

The acrylamide concentration illustrated are 7%(S1),
7.5%(52), 10%(S3). Molecular weight of proteins are
as follows  carbonic anhydrase (29,000), egg albumin
(45,000), bovine serum albumin (66,000), phosphorylase
B (97,400), B-galactosidase (116,000), myosin (205,000).
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Fig. 2. Stained gels and densitometer scans of alkali
solubilized parasporal crystal proteins of B. thurirgiensis
var. aizawai.

Solubilization was carried out in 0.2 M glycine-NaOH
buffer as a function of pH at 28C for 5 hours. pH
of alkali buffer illustrated are 8.4(al), 10.2(a2), 12(a3).
Electrophoresis in 10% polyacrylamide containing 0.1%
SDS prepared according to the method of Laemmh
was performed at 20 mA constant current for 8 hours.
20 w of sample was applied to each gel. Staining was
with 0.25% (w/v) Coomassie Brilliant Blue.

Symbols; (O) Origin, (a) M.W. 124,000 X (b) 65,000 X(c)
43,000 X (d) 29,000. Arrow with bar indicates point of
migration of tracking dye during electrophoresis.
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Fig. 3. Stained gels and densitometer scans of alkali
solubilized parasporal crystal proteins of B. thurirgiensts
var. dendrolimus.

Solubilization was carried out in 0.2 M glycine-NaOH
buffer as a function of pH at 28C for 5 hours. pH
of alkali buffer illustrated are 8.4(d1l), 10.2(d2), 12(d3).
Electrophoresis in 10% polyacrylamide containing 0.1%
SDS prepared according to the method of Laemmbi
was performed at 20 mA constant current for 8 hours.
20 w of sample was applied to each gel. Staining was
with 0.25% (w/v) Coomassie Brilliant Blue.

Symbols; (0) Origin, (@) M.W. 129,000, 123,000 (b)
79,000 (c) 66,000, 61,000 (d) 30,100. Arrow with bar
indicates point of migration of tracking dye during ele-
ctrophoresis.
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Fig. 4. Stained gels and densitometer scans of alkali
solubilized parasporal crystal proteins of B. thurirgiensis
var. kurstaki.

Solubilization was carried out in 0.2 M glycine-NaOH
buffer as a function of pH at 28C for 5 hours. pH
of alkali buffer illustrated are 8.4(K1), 102(K2), 12(K3).
Electrophoresis in 10% polyacrylamide containing 0.1%
SDS prepared according to the method or Laemmli
was performed at 20 mA constant for 8 hours. 20 W
of sample was applied to each gel. Staining was with
0.25% (w/v) Coomassie Brilliant Blue.

Symbols; (O) Origin, (a) M.W. 128,000 (3-1), 123,000
(3-2), (b) 98,000 (c) 86,000 (d) 66,000, 63,000. Arrow
with bar indicates point of migration of tracking dye
during electrophoresis.
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Fig. 5. Stained gels of standard marker proteins and parasporal crystal proteins of B. thuringiensis var. aizawai,
B. thuringiensis var. dendvolimus and B. thuringiensis var. kurstaki.

(A) Parasporal crystal proteins were incubated in 0.2 M glycine-NaOH buffer (pH 10.2) for 1 hr. The protein
samples were dissolved in 1% SDS, 2% B-mercaptoethanol in 0.01 M NaH,PO, buffer (pH 7.0) and heating to
100C for 3 min. 20 W of sample was applies to 7.5% polyacrylamide gel containing 0.1% SDS prepared according
to the method of Laemmli Electrophoresis was carried out at 20 mA constant current for 8 hours. Staining

was with 0.25% (w/v) Coomassie Brilliant Blue.

(B) Same as (A) except parasporal crystal proteins were not treated with alkaline sol and electrophoresis gel
concentration was 7%. Lanes illustrated are (S1, S2) standard markers proteins (see Fig. 5), (al, a2) B. thuringiensis
var. aizawai, (d1, d2) B. thuringiensis var. dendrolimus and (k1, k2) B. thuringiensis var. kurastaki.
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Fig. 6. Stained gels of standard marker proteins and parasporal crystal proteins of B. thurirgiersis var. aizawai,
B. thuringiensts var. dendrolimus and B. thuringiensis var. kurstaki.

(H1) Parasporal crystal proteins were incubated in H. cunea gut juice at 37C for 1 hour. The sample proteins
were dissolved in 1% SDS, 2% B-mercaptoethanol in 0.01 M NaH,PO, buffer (pH 7.0) and heating to 100T
for 3 min. 20 W of sample was applied to 7.5% polyacrylamide gel containing 0.1% SDS prepared according
to the method of Laemmli. Electrophoresis was carried out at 20 mA constant current for 8 hours. Staining

was with 0.25% (w/v) Coomassie Brilliant Blue.

(P1) Same as (H1) except parasporal crystal proteins were incubated in P. rapae gut juice.

(B1) Same as (H1) except parasporal crystal proteins were incubated in B. mori gut juice and gel concentration
was 7%. Lanes illustrated are (S1, S2) standard marker proteins (see Fig. 5), (A2, A3, A4) B. thuringiensis var.
aizawai, (D2, D3, D4) B. thuringiensts var. dendrolimus and (K2, K3, K4) B. thuringiensis var. kurstaki.
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Fig. 7. Stained gels of standard marker proteins and parasporal crystal proteins of B. thurirgiersis var. aizawai,
B. thuringiensis var. dendrolimus and B. thuringiensis var. kurstaki.

(H2) Parasporal crystal proteins were incubated in H. cunea gut juice at 37C for 5 hours. The sample proteins
were dissolved in 1% SDS, 2% B-mercaptoethanol in 0.01 M NaH,Po, buffer (pH 7.0) and heating to 100C
for 3 min. 20 w of sample was applied to 7% polyacrylamide gel containing 0.1% SDS prepared according to
the method of Laemmli. Electrophoresis was carried out at 20 mA constant current for 8 hours. Staining was
with 0.25% (w/v) Coomassie brilliant Blue.

(P2) Same as (H2) except parasporal crystal proteins were incubated in P. rapae gut juice.

(B2) Same as (H2) except parasporal crystal proteins were incubated in B. mori gut juice and gel concentration
was 10%. Lanes illustrated are (S2, S3) standard marker proteins (see Fig. 5). (A1, A2, A3) B. thuringiensis var.

aizawai, (D1, D2, D3) B. thuringiensis var. dendrolimus (K1, K2, K3) B. thuringiensis var. kurstaki.
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