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Summary

The parasporal cryslals of Bacillus thuringinsis subspecies kursiaki, dendrolimus, finitimus,
aizawai and israelensis were compared by polyacrylamide electrophoresis, amino acid composition
and immunological analysis. In the subspecies of kurstaki, dendrolimus, finitimus and aizawai,
the molecular weights of main subusnits of crystal solubilized by alkaline solution were 1.3
x 10° and 6.5x10* while those of subsp. israelensis were 4x10* and 1.4 x 10

of lepidopteran toxic subspecies crystals by silkworm midgut protease showed 6.0~6.4>10*

The degradation

molecular weight and the pattern of degradation of subsp. israelensis crystals was similar to
that of alkaline solution treatment. In the amino acid composition, aspartic acid in subsp,
The

immunological characteristics of the crystals revealed that the antibody produced against the

israelensis and glutiamic acid in the other four subspecies were the most abundant.
alkali-solubilized crystal protein of subsp. israelensis reacted with only its antigen, but the
crystal antigens from the other four lepidopteran toxic subspecies did cross-react with each

other as well as with their own homologous antisera.
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£% al gieb, 22z o] ol subspeciesel kurstaki
7 QA e B EL subunitys ST R0l 1.34x
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9] protoxine. 2 oA SrMEE o] 6.8x10% #HE HF
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& alkalis} #{b¥rs2l protease B¥FES {ERl k3t
o}z ge}(Lecadet & Dedonder, 1967).

BHTS & HEAA
F VYl B Bael BT e 489 #EHke 2o

B. thuringiensis subspecies



o] #Ee vhebul 3= subspecies israelensisi {3}
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1. Btk 2 B%

#2385 Bacillus thuringiensis subspecies 7}£4]A]
B. thuringiensis subsp. kurstaki, B. thuringiensis
subsp. dendrolimus, B. thuringiensis subsp. finitimus
¥ EEWY4 Faustl®d:2  Svl, B. thuringiensis
subsp. gizawait HAMAMAE BEHE MEBEHEEY
Bl 43 uokow B. thuringiensis subsp. israelensis
£ OhiokZfF Dean#(if = F¥ £& FELol BE
REp BREEM Tl RE HHEENA nutrient agar
R ol RS FES S EEEEa. AR
B £ild 99 BHEE 250mle triplebaffled flask
o 100ml9 G.Y.S.%:#i(Nickerson & Bulla, 1974)%
@5 Z et okr]ol A 28°C, 140rpme g 7~8A 7k £
253 WEHd & B UY GY.SEHE L&
Biostat M Biffagol| ssHhel 6% 2 M sto] 28°C, 300
rpm T A T autolysisrzt ¢l o] dwi AA wj oF
34 et
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HmEEERE o

BiFfanol A BT HMHES crystal violet ¥ufno
2 G EY &S WSt T BamEmst
56428 AEEs] S = 7,000g0] 104F .0 HESHed
B S Z ot 0.01% Triton X-100& %
3 IM NaClEg o2 38 ghiste] HMER fiFSE
FIH 22,000 cycle/sec] HE=R 30BH #4% F
Renografin 60 (E.R. Squibb and Sons, Inc.)9 60~

90% 9] discontinuous density gradient® wlEol #BEH
BE LAY EEHE (Beckman) SW28 rotard FA 28, 000g
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of 200 EOSHR WS - ATHEHRA A
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# (0. 4/o, w/v) 547 % 2B 0.02N phosphate #&
g (pH 7.5)0 sh&uk KA T BREKBTE ¥
HOREE EREEESS 1% SDS, 1% f-mercapto-
ethanol, 6M urea-0.01M NaH,PO,-0.01M Na;HPO
(pH 7.2)9] §5 9oz 28°ColA 147 F¢ BHEAZ
F BEKBS A 99 alkali ERER e LES o

kg ol R FolE{L# proteasee]
o5t B
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B el o] & W d}ef 4"C°ﬂ/‘1 7,000g % .5 HES
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frete] 1RHA = 4°C°ﬂ *r/sl‘;b']- 7,000gel 304+F &
L5rHEs e By Ech. #4& 0.5M NaClg
238 /NE9 0.1M sedium  bicarbonatef® & (pH
9.5)d %MAA 1ImM EDTAE 33 m—EER
4°Cell A} o 184 22 5¢t EH A7 ¥ Sephadex G-75
(Column: 2.5%75e¢m)el 20ml/he) #E= EBRAA
protease S 4rHEsl o},

S#T proteased] (&ML 0.5mle] HEE BHFREKS
1.5mle] 0.2M glycine-NaOH @& (pH 12)9 &3
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S EEI F 280nme] A KKEE MAE3L o protease
o EmEE AAEA.

AR BT KET o BEt A
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glycine-NaOH @iy (pH 10.2) 1.0mlg EAS A
37°Cel A 104F fiBAT ¥ 0.5%°] #SAEEERE
W 0.5mlg Jnslel 37°Col A 204F BEFEHEA #vh.

Polyacrylamide slab gel BR X&)
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oA 447 Head F B BAWANA 24~284 7t 7
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3. HANEEEAK? amino® AT
S FEHMEREFEES 6N HCl=z 254 7H5-¢F fok
SRAZ ¥ aminofp ¥ (Hitachi 835)= &Hi7st



9tt. Tryptophane® D& tryptomined ZE3F 3
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B EES IN NaOH(pH 12)2 28°Cell 4 %
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AT BwRBAoR A& FA 2.0kgd B
(New Zealand white albino rabbit)ol sl iEshp:
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R RaMEFEESES Incomplete Freund adjuvant
o BEY WHESSz 220 28 Fol Himsty
v}, Cuchterlony #AA4 & 2% polyethylene glycol
6,000, 0.089M boric acid, 0.089M Tris-base, 0.001
M EDTA (pH 8.3)el 1% agarose gelg wtEo] Hik
st HEE wello] 85 Sl Feo HUE - Kl
BRI = A shed of.

PR R EBR

1. Polyacrylamide gel %% k%)

Alkali gR¥ael SDS @R =Z B fEikERES
B BRXE

Alkali ¥} SDS @i %3 HAEEHES T8
(zd 1, AB)S 2=l F EEM ¥ Hols glol
subsp. aizawai, kurstaki' dendrolimus, finitimus %
L R 1.3%10%] I bandgl 3 9.5x10%] Kl band
2 Vel o israelensisi= 2.4x%10%] F band® 2
2l 5 1.4x 104} 6.4x10%] Ei band2 vutirh. o
A& Tyrell 3(1981)¢ 239 dA3tz fen 1.3
x 10°2] bandi protoxino 2 A AA #EL vehio
ol 9 subunit® &Rz ot ol A B. thuring-
fensis®] {ERMHBEY EFTRLE o #E] 2%
& {4553 91 disulfide band”} mercaptoethanol
o]} thioglycollatest 7& sulphyldryl reagents} %
- alkalineol {£3} A #ejz] =& peptidert 57 =

Fig. 1. SDS-Polyacrylamide slab gel electrophoresis of Bacillus thuringiensis parasporal crystals
sloubilized in NaOH (pH 12.0) (A) and in 1% SDS, 1% g-mercaptoethanol, 6M urea, 0.01

M NaH,PO,-0.01M Na,HPO; (pH 7.2) (B).
aizawai, b: kurstaki, c: israelensis, d: finitimus, e:
standards, a-lactalbumin(14, 400), soybean trypsin inhibitor{20, 100),

This slab contained 7% acrylamide, a:
dendrolimus, M: Molecular weight
carbonic anhydrase

(30,000), ovalbumin(43,000), bovine serum albumin(67,000) and phospholylase b(94, 000).
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Fig. 2. Gel fitration on Sephadex G-75(2.5x75cm) of silkworm gut juice treated with methyl-
alcohol. The juice treated with methylalcohol was eluted with 0.1M bicarbonate buffer(pH

9.5) containing ImM EDTA at a flow rate of 20ml per thour.
o: proteolytic activity.

10ml of elute. e—e: protein, o:.

Each fraction contained



o #@EE o9k oAy AAE protease
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2 FBE proteaseo] 7l ol ol Wit SMEESI0] F
MR E e 27 W Foletm 425,

Subsp. israelensise] 7%+ alkali #igge]+ SDS =
o ol EEEBBEAAE 2.4x10%4  1,4x10%9)
bands} A9 W g MEEZ Yot protease B3
A AE 2.4x10*9 bands} A5 e welo] 1.4
x10%¢] band: oh& @EY B} of WebA viebyich,

FERERRES Tl N BREREAA Y B
BiEE vebd subsp. dendrolimus(ZE - 3, 1989) 7}
TolRILHIEE Y 7ol iH{L#E protease BB A W
BEE bl & subsp.oe @e SaEE Weld
AL Hike A=e Falo] 9% FWH Fz Aok
webA EaHEEY BHES BES ST EWER
TELAStel ELBM{EH proteased] (k¥ kB ES] &
BAEZE AT $S de £ U, = subsp.
israelensis7} Fol IB{EWE] L Foll 9L proteasept
ol A alkali giggelvt SDS BE= 9 Woae Wi g
ol Aol A vebd AL subsp. israelensiss} 1)
 Biidle #AES VeEiA g Add a8t g
& A4 A Fx= gl AFAXY HEe 2 B
thuringiensis ¥R ¥B/ES] EILD peptides) #F
B OREN, SRES o3 RRAE S wo
WREoI 42y od2A @45z 9 oH(Cooksey,
1968; Pendleton, 1968; Faust et al., 1974; BN%,
1982; Tyrell, 1981). Nickerson(1980)-& 15{&] subsp,
&% E51L% peptided] SF kel wet 6/ group
2.2 SRV = sglo

Fig. 3. SDS-Polyacrylamide slab gel electrophoresis of Bacillus thuringiensis parasporal crystals
solubilized in silkworm gut juice at 37°C for 20 minutes (A) and in silkworm digestive
protease at 37°C for 20 minute (B), A, a: silkworm gut juice; b: dendrolimus; c: israelensis;
d: kurstaki; e: finitimus; £ aizawai. B, a: dendrolimus; b: finitimus; c¢: israelensis; d:
kurstaki; e aizawai. M: Molecular weight standards, a-lactalbumin(14,400), soybean
trypsin inhibitor(20, 100), carbonic anhydrase(30,000), ovalbumin(43,000), bovine serum
albumin(67, 000) and phosphorylase b(94, 000).



2. Amino® #g
A d subsp. 59 itk FHESY aminofk BRE
HE7 Ssto Mo EER HiLMEES 6N HCL= mn
KRS ¥ aminof RS AHistg ch
I #RE B 1) R subsp. Fol 4
lensisT BrAAE 716k 409 HEtkol A HGez AR
7o AL glutamicfo 24 13.9~14.6%° %o
ggoz 3 BE wEE AAstm Yt aminof
& asparticBfe 2 12.1~12.5% % A3tz 99t).
subsp. israelensisol A = asparticfgo] 14.5%2 74
B2 UEE AR 2 g B AL glutamiclho
2 12.7%°) 9},
ol 2| g FEAhERE K aminofE Ml wete] s

o i g

israe-

#HE" AL 29 kurstaki(Bulla et al., 1977), thur-
ingiensis (Holmes & Monro, 1965), alesti, entom-
ocidus, kenya(Spencer, 1968), sotto(Angus, 1956) %
o AL glutamicfifo], 2] tolworthy(Chestukhina
et al., 1978)o) A & asparticfge] & o] X3 o]
FHEY R -3 EHlAe 2ot Tyrell %
(1981)9) #4450l A = kurstaki, berliner, alesti, tol-
worthy$} israelensis 45 o] = Pkl A1} asparticf
o] glutamiclg Xt} ©] w@o] T P+ Ao 5
o gle] KB #Ee vhEA desedt v F
Bghol #Me Vehils ditke EMHEFHRY amino
BEMRS israelensis7} QA= fELMEFEY amino
% RS AR o W) sledlets 4z,

Fig. 4. Ochterlony double diffusion immunological analysis of parasporal crystals. Center wells of A
to D contain crystal antibodies of kurstaki, aizawai, finitimus and israelensis. Wells 1,3,4,5
contain crystal antigens of kurstaki, israelensis, aiwawai and dendrolimus respectively and well

2 contains distilled water as a blank.



Table 1. Amino acid composition(mg%) of the &-

endotoxin from 5 strains of Bacillus
thuringiensis.
:SErain Kiﬁii !ﬁnzttmus(atzawat Ikul staki gﬁ;:z;
Cystine 1.7 [ 1.1 1.7 1.4 1.5
Mgﬁthion- 2.5 | 1.8 1.8 1.8 1.3
ine |
Aspartic 14.5 ’ 12.5 12.2 12.1 12.2
acid ‘
Threonine| 8.4 . 6.6 6.3 3. 6 5.8
Serine 5.9 5.4 6.1 5.8 6.0
Glutamic 12,7 13.9 14.6 14.6 14.4
acid \
Proline 2.1 1.8 2,0 | 2.1 1.9
Glycine \ 5.7 1wz | a4z 48] 69
Alanine 4,8 | 6.8 1.3 [ 4.4 ‘ 3.7
Valine 6.9 6.5 59 | 5.9 5.8
Isoleucine 6.9 5.6 5.7 5.7 5.2
Leucine 8.6 7.9 8.7 8.4 8.4
Tyrosine 1.7 4.7 5.6 5.2 5.1
Phen.ylal' 5.6 5.6 5.9 6.0 5.5
anine
Lysine 5.9 6.9 3.6 4.1 4.
Histidine 3.9 | 4.2 0 3.1 4.2
Arginine 4.1 } 4.6 3 8.2 8.1
LRy 5

Alkali ol RS SIMBHEAEY HEES
Ouchterlony double-diffusion Fiol] &3}e] #Es};
gdvk. 28 4ol B ubel o] subsp. kurstaki,
aizawai, finitimus9] FH = o) E9 HEN N E LTH
A #EABLS subsp. israelensis® HEIE &85
S otew subsp. israelensis? HilEvw A9 HEA
RStz o2 iR KESA dut.

B. thuringiensis7} 4 A= )V EBREREI H
PR B EAEMC #ilds HasE Aol BA o
t}, Tyrell #4:(1981)°] subsp. kurstaki,
alesti, tolworthy 2] 53 israelensis®) /‘ﬁ‘nﬂ 3 HF
g ol & BHEHCl sldM RERN MRE BT
u} 2&@%9}“_4 EHR Y zFo] subsp. israelensis O]QP»] 4
el Ekke 289 S il A2 TERES S
HA 259 o] subsp. X subsp. israelensis®] HIER
o s KEESA @gkes  subsp.
S oA 279 #M KESIG b g,

wteb Al subsp. israelensis®] HLGHEBEERHY B
FEN HEE R S I SR #Bie
gl & subsp.obE ohE2A vEEE ¢ F Yok

berliner,

israelensis®)

m E

Bacillus thuringiensis subsp. kurstaki, aizawai,
dendrolimus, finitimus 12| 3. israelensis®) # G
#o HiEE T Ao ol & BEkEl kEd=
AR E S alkaliim, SDSER, FolfiltE =
2l Mo FoliH{LE proteasec] BEHBAA B

FIkEIE BR ol & ##e EH5TFL HEE =AY
o) 3 aminofE MBI REHM S 2AS
oful oF & FER Ao

1. Alkali ¥t 1% SDS-1% S-mercaptoethanol
of HNEEEET BMAN R subsp. kurstaki,

dendrolimus, finitimus 12]3. aizawai® B = 5
8 1.3x10°% 6.5%10'¢) subunit’} F bandz }
bt 3 subsp. israelensisol A= R 4x10%4 1.4
x10*2) subunitz} F band2 hulytcoh,

2. Folibige) K BAMEERY SH&KS alkali
o) v SDS-mercaptoethanol [« o} 7.2
* 2o FA+

3. MR ol LI protease® FEAMEHXS
BN 7.8 7% subsp. kurstaki, aizawai, finitimus
oA E HTE 1.3x10%9 subunity HES o] A9 o}
b x ek 6. 0~6.4x10%9 subunit’} I bandz
Vel vt oo subsp. dendrolimusol| X+ SR E S} 35
A Vet subsp. israelensisol] A = alkaliv} SDS
BEA 2 v =g BRABH S el oz Fok
# proteaseel {ii3te] BMEHA FLEF He Fo.

4. FENEBES aminoF: M-S subsp. israelensis
of A &= asparticfto] 14.5% % 713 @& vj$L& =

pattern

3 sre 4689 subsp.ol A+ glutamicfife] 13,9~
14.6% 5 7b3 gk}
5. iEdLEEHY RBREZEW ML B subsp. isr-

aelensis®] Fifw 2719 PEAY KE = 29 48
9 subsp.®} ¥+ FK9 HHEA 2z M= o
PR Zh el RS .
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