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1. ##

Bacillus thuringiensis (3. 7" 5 &80 FERE TR
BRI DN TF U S & v 2 s BREAT S, &
DFE % BRI EERICE D Ao &,
fLigrc T v ) IR, RS % 5 T C b TER
WD EY MY &L S BRRENERT 0D
d-endotoxin & HEENR B9,

B. thuringiensis OFESRT D5 2 v 27 BiY, —i
&4 +¥%E¥FH (diamond-shaped), v 3 3 v FIE
(bipyramidal), {52857 itk (thomboidal) & IEi¥i 3

SRER LT\ B, Fiih 2 v 20 B ao 5 N, Hig
ERBATHEREN, DS O THRE & L
RSN RS 58,

B. thuringiensis D%4-¥HiY DE BARJAC and BON-
NEFOI®) OREI L % #EHF (H-antigen) K F-S\ T
fifedb i Tk b, serotype 23 ¥ TOMME /g O O Il
ER(EE L 7olo\ wuhanensis Wil & Hi - T24 W
T (B3 B AR EI R TWAID, LA L, LU serotype
DPEh BB HAERD o L HEA RV IR T
511,12,20,28)

B. thuringiensis DE&WHWOELET BN 2 v 20 g

Tl
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X, —AC B BRI U GBI R R R AR
ZETHbR T, L L, I, MEOEE 7 3y F
kGG & v 2 2 BN, BRERL TR O & AT
LHEBSHE I DL, ERATMESBEOEY S 3y
W & R BT BASTE AL Jitk (irregular), 7 L ONC, 315
A% (cuboidal) # U 7 WA R 4 & R 75 E R 1:2:228)
D OHNTE, WS CER FRR ES R R TR D
WEIRCHTE), oK, WE, 1HNEYY 1EOHN
s v BAYWH RN A A, 130 2ME7cw -1 3
W EINDEHDRR IR,

ABRIHHIEOR Y 7 F FTH 5 I L LB
EHR LIS CHEDEEGBT #) s LT cEAMLS
nT3B, B thuringiensis O &EFL 2 v %0 BB ETF
(Crystal Protein gene : CP gene) I3 E AN DB
D77 ZIF DNAK2—FINTED, TTIRVDON
O CHE 2 v~ BRIZTH 70 —=2v rEh, &
HKEFDIREIRTLRIL, Ehiksn—=vsr&h
7= CP gene %MK AT BRI EA CiTHI,
25 25 O DR B TRBIFAEE SR T
5%, Zofcad, L HBRBEOE RET OMFE <
HEhTws,

B. thuringiensis ‘X HARBIEO T EWHELET D L F



384 LEEAFRFRALRE H16% F45

bR, bOETOHEREL S US D, LinL, HE
RN DWENS {, B. thuringiensis O RIS
1 dsb) 2 WA Ts ERM L N 42,

AHEAHEE D B RBECOWDF AW S e T 5
L& DALY DR BIEE AR  B. the
ringiensis OB BHE L TERL, L <OmDH L
WHR Ao THIET B,

1. M¥ELUFHE

1) B L&

1988 SEFKIC I ES T E PN BRI, BEIENT, = & aff
PR e (Eo 3 ik ¢ SO s s s A B

EIERIR e IR ART O 4 2 1 ) B (NKY 1) 3
LU = FREBTF (NKY 2) o 26 R4 17
o1, FEEL A 2 ¥ ) BAMTEESS KA TRk
Bid Liehmote, o PRT R - OMiALR R
THEER TS - 1,

BT R BRI O B RIE SR TV B AR RO
5T D ERIT 510, B, WS T (KNB 1),
WA (KNB 2, KNB 3), #x 78T (KNB 4,
KNB 5) W3t b iR s 8 Bk A g 72
> 71,

=& aWTEAATIRO 2 TR A L, B,
FFH = FHT (GSK 1) & XIOEMBERT (GSK 2) td
D, ORI TR L KU, KUKOEETH
> 1e
2) B. thrunginests O9 B

BEINCHET 10 mg F5FRL, BELC=Z/A7
7 2 3T AN 10 mé o WEIEHK A HA L 30 5k
Licth, EsgiE L, To LB 2ml X H 0 ED
12 98°C T 10 SfimE U 7c, BnEiiE 10 f%, 100 {50 2
BREAERL, %4 1 mé 2 @EH (8 =+ % 03%, <7
b 0.3%, #K15%, pH7.0) L3t 9cm D<=+ Y L
T, 30°C, 24~48 Wi L7s, BHRhica v = — 13
AT RS T Rz 30°C 4 H~6 HHIkE# L, &5
B 2 BOBE AR, FHE RS OIS 2T
o fol, MHEZEBMENC X0k 2 v 2 Bt 0k
HBHELIC, RSy 0 BORD LR EEL, X
BIGERBETHEBEB STV ERTR L S
L7,
3) ETEMSAEHOER

HEHETHEEGRBEO DO EHE IR IL TIZUKA o
al® AL, B, WRATHES I B 30°C ©
4 H~6 AREEE U WEkY 1 B4H & 0 iRk

IFHRANS 4, f54 2 v oo B e FIADIRERE R L
oo FHHIL Lem DX 7 2P ORBRICOR AR
PRS0~ X VR L ORISR, AEETHME (B
KEF JSM-SI) gL,

1) BRYVNRHBEOBR

B. thuringiensis 13§55 2 v 22 BOEHT, K
CEH LT DM EHE f-exotoxin EHA TV,
Z DRHREIR LT DU A 17 7 o T FERKEM
CHERR U2 I 50 mM Tris-HC1 buffer (pH 8.0) %
D2 BT Usg 0oy B (10,000 rpm/15 min.) LT B. thu-
ringiensis DV oy bR, THERLTL 555
e T koo nic, YAMAMOTO et al 3D (o Lic
Aefry MCIM AR iz, R Y R IREL
FEHL SR EECTFH LT L AL EE TR 5107 H
%, MOUROHEEL T EBARAIE T —HOFHY 3
EEEDE L, DS\ T, BEARAKT B, w05
OB Frr—2TCTHNLI0HBEREL B thae
ringiensis D—{RFNIE ELekkidh £ v S 2 HOBM KLY
7o T DOFETHENLY 50% X hte,

5) DA T IBHEHHR

XNt B. thuringiensis © 514 23243 5 L
T 19884 11 AT EC 4T 78 » 720 1 mé OHIKH
KU, Wi TS Ut B. thuringiensis O}
% 10 mg #WEFFHE X7, = DIFHIKC 6% sucrose
Wicle s X5y o Br iz A RL, #KBREARIKY
A0y )y ITHEENA T 2l FEOES LT,

714 3 DFRE DL B KHIFAF O 7 7 2B T
BIHEIE Iz, RICERX oL o' s L,

PR 7 4 2L E R B R E R O H 140
X 140 BOTIHRE & L, 50% B&FEAair AT K
THE LB LT,

6) SDS-polyacrylamide gel (8% gel) B Kik ik
(SDS-PAGE)

AEG dvT DS £ v 20 B D 43 Bk 11ZUKA et
al 610 iz Uicpiv 8% @ SDS-PAGE T {7 o7,
SDS-PAGE i %t 2 B 0 LEEOF i T # 7
B. thuringiensis Dy 10 mg iz 2% 2-MeEtOH 1 mé
Bz R ¢ pH 10.0 Tk U 4248, skeic 30
SrREiE Ui, Zhic 1M Tris-HCL buffer (pH 8.0)
%Mz 6 M HCL ¢ pH 8.0 & J§#k0i% 10% SDS #
% 100°C 2 43in# L€ SDS-PAGE i fit L7z,

ERKER R (25 #8) 125D sample buffer (26
mM Tris (pH 8.0)-2% SDS-5% 2-mercaptoethanol-
10% glycerol-0.1% bromophenol blue) &AL, 7
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mA TH) 20 BBy L e, DR, # 2 B TED
fE#L L LT molecular weight standard-High (Bio-
Rad) &MV 1o,

ERKEED gel 13 Coomassie blue Yefayy (0.1%
Coomassie blue R-250, 7.5% acetic acid, 40% meth-
anol) 40 /3Gt 0%, Pk (10% acetic acid-45%
methanol) TClifs LikEh e % — v 2 @lE L1,

L. #HEREIVER

BAZ 3t % B. thuringiensis O g, TREEFRD
EFOREE LTIt S, fEo THMBSER
KOsk 2 ) BN T7edotL, subspp. sotto, dendro-
limus EPECOBEABOR TV %, T DO,
OHBA, ef al %) IREERO+ 7 ) ORIHLY, L
BB LF L B. thuringiensis %438 T subspp.
tohokuensis, kumamotoensis, kyushuensis iz, 1L
LAt BN B D B. thuringiensis D5y EEDE &S e\
fodd, DB A O R b O SR R S
RHEOHHER T o7,

= a Wy, BHARET, EIEHIBIo 30 9 PEM DR
H LIS 5y X/ B thuringiensis 1L Table
TimmLie, =« aWTTEHE RO EH (GSK 1 kL8
GSK 2) 2Bt 4« 2 8, FH4pans, phakm g
MBRFAEH KNB1 22512 48, KNB 2 5 X0 KNB
3B %41, KNB4ab 4k, KNB5 25 3 E,
T 13 Bk S Ao, FACERNE LR NKY
Lhb 38k, NKY 2205 6 Hrlt S ho e, s hre
WREE, W X DB R e s, T
Z &k, B thuringiensis 3B fo\u T 338 422

Table 1. Isolation of Bacillus thuringiensis
from soil in the forest

L . Spots in No. of
ocation the forest Isolates
Niseko-cho GSK1 2
Gosiki hot spring GSK2 2
KNB1 4
KNB2 1
Rankosi-cho 1
Konbu hot spring KNB3
KNB4 4
KNBs5 3
Kimobetu-cho NKY 1 3
Nakayama pass NKY 2 6
Total 9 26

BABAEIC X > TREMROMIESIRC it e L
TV HHED R DR E o1,

B. thuringiensis DEEKRDORES, 2 v 7 Hidduoge
RERZHR SR BEH T2 &) & OpEditi
Fbhrpv, FRLOWELMREYTERDFTER LK
W Bl thuringiensis DIEABEIGEBEEZE2 bR, 19o0
SPEERI R R e LTV B8,

B. thuringiensis DFERT DHE5E 4 v~ 7 B2,
VR MBI L 5 S MO L S R X
NTB8W, Thbic L3 EKEL 4 24 ATKAIT
&%, Mlb, EE 7 1y ¥ (bipyramidal) &4, 775
{1 (cuboidal) fdh, REM I (irregular) fEfhts
IUHFREBHOMBELTH Y, ThooBhrEAeY
THR IR TS, RAEBRTL 1 Hlxkk X AEoksRs

Table 2.

Insecticidal activity of isolates
against 5th-instar silkworm larvae

Swains 1D Mdentfcation by
GSK 1-1 4.00  kurstaki HD 1-variation
GSK 1-2 (=3 dakota
GSK 2-1 (—)  irregular
GSK 2-2 (=) indiana
KNB 1-1 062  kurstaki HD 1
KNB1-2 (=) indiana
KNB 1- 3 (—) indiana
KNB 1- 5 0.62  untypable
KNB 2- 2 (=) dakota
KNB 3-2 4.00  kurstaki HD 1
KNB 4-1 (—) dakota
KNB 4- 3 267  kurstaki HD 1
KNB 4- 4 (—) indiana
KNB 4- 6 (=) darmstadiensis
KNB 5-1 8.00  kurstaki 1D 1-variation
KNB 5-2 (—) untypable
KNB 5- 3 (=) Sinitimus
NKY 1-1 (—) irregular
NKY 1- 2 (—) dakota
NKY 1- 3 0.36  kurstaki HD 1
NKY 2-1 4.00  untypable
NKY 2- 2 (—)  finitimus
NKY 2-5 0.62  kurstaki HD 1
NKY 2-6 (=)  Anitimus
NKY 2-9 4.00  kwrstaki HD 1
NKY 2-10 (—) irregular

* (—) shows in no activity against the silkworm.

**  The characterization was shown in Table 3.
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EWBAICE L6 HFL4E

87z,

e 2 v e 7 BOIE &R R EE B R BR L Tw
Do BIEREFHEMSIC X 5 #BlEg L SDS-PAGE
X BT XU H 4 =T B FR R LS & v
2% o EERFEFIE O bR O H e FRTH B
tEZLRLSL, b, ChboFEEATIIECE
o THEHFC X 5RO GEHETIELRILWEL
WifE P DR R IEAE DBk OBE A TIRIC e b, Fe
FIEE b B/EYTH - T, (Table 2)

SDS-PAGE f#roRMy, +tefEsh v 5m
BN BB R T 5 130~145 kdal & 65 kdal o
protoxin, 7¢ & N 130~135 kdal, 65 kdal, 28 kdal @
B gh (B3 HD) B RIEERE T 5 protoxin & DL
WASTIREI e B, fo THRES A TN TOWBIT O
TG 2 v e s A ER BT M T Mgl Plate I~
Plate IV &, [AERZETOMHMKT OV T SDS-PAGE

TRES 2 v Sy HO T AT, ZOkiht 2~ ik
Plate V. ~VIII iRz L 7,
B DEE Y SEM 12 L AFSHIEE R & H i KR

X, Table 317k L 7z, group 1(a),(b) ¥ bipyramidal
fhik & cuboidal FifhE & LICEATIMHTH D, D
fHX subsp. kursiaki HD-1 38 KO subsp. kenyae (&

Ba vy B g — 0%, SUE, FEL(1989)%) O subsp.
Eurstaki HD-1 ic—3¢ L1, = @ f D 14b) iji T %
GSK 1-1 ¢ KNB 5-1 i SEM /s b o SDS-PAGE
DL bipyramidal #5%h X Y cuboidal £ifhDJin%
\ 7o subsp. kurstaki DHCIEET LEEE Lic, ok,
NKY 2-1, KNB 5-2, KNB 1-5 ix§ihZiEic b U
SDS-PAGE & L % & v 27 H %4 — v subsp.
kurstaki HD-1 i —3¢ L 7c\ 728 untypable & L7z,
Group 2 L bipyramidal fi4hOR&ELTHHTH
BN E 4 TMED 2 v e s Foos— v OIS (8, K
A, KFFE) L Lk L subspp. indiana, dakota (|
iz, group 3 @ polyploidy bipyramidal &4 5
KNB 4-6 [34& 5B ko S oM & B L 7\ e
¥ serotype {2 X ARELRIT-7®, L O kL% subsp.
darmstadensis & LT3 TIZERE Z T 52018 T4 E-
37-14 P o 0fs IBIEA MU TV B oo SDS-PEGE %
7o THitg Utz (Plate IX), Zofki, 2 vc0Hoe 4
— Y ENERES L o T fofosd, KNB 4-6 it Ly #
LBDIz, ONO et al ) X AKREHNLBFHIRS B
thuringiensis ¢f subsp. alesti )38\~ 2 & S L T
%, %7z, OHBA et al 2 4 BLA B i = CEEAC 34
F L subspp. alesti, aizawali, kenyae, kurstaki g &

J& T 5, LaL, Plate ViZAL 7 SDS-PAGE i & bipyramidal £&0{llic cuboidal 3 X 0¥ irregular £
Table 3. Classification of isolates in Bacillus thuringiensis from
soil at Niseko-cho, Rankoshi-cho, and Kimobetsu-cho
Group Crystal shape Id;?éitf;icstitggeby Strains h::{fiizr
1 bipyramidal & cuboidal
(a) bipyramidal >cuboidal kurstaki HD-1  NKY 1-3, NKY 2-5, NKY 2-9
KNB 1-1, KNB 3-2, KNB 4-3 6
(b) bipyramidal <cuboidal kurstaki HD-1
new type KNB 5-1, GSK 1-1 2
untypable NKY 2-1, KNB 5- 2
untypable KNB 1-5 1
2 bipyramidal indiana KNB 1-2, KNB 1- 3, KNB 44,
GSK 2-2 4
dakota NKY 1-2, KNB 2- 2, KNB 4-],
GSK 1-2 4
polyploidy bipyramidal darmstadiensis* KNB 4-6 1
bipyramidal attached
with spore Sinitimus NKY 2-2, NKY 2- 6, KNB 5-3 3
5 irregular Untypable NKY 1-1, NKY 2-10, GSK 2-1 3
%

KNB 4-6 was identified as 5ubsp darmstadiensis by H-serotype.
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WD group w L (L TV B,

AECL bipyramidal #5543 L 0% cuboidal 585,
TR group 1 23 b & SGHES Iz, s v o B
s — v C subsp. kurstaki HD-1 # 4 76 ik L8
subsp. kurstaki HD-1 # 4 7R 2 ¥ethaw 2 4 74
L, ONO, et al,?® LixBizote, :

Group 2 @ bipyramidal &7 3% E>—TfL, &
HROHKI 302 D 8B5S fuie, bipyramidal £ &%
HeoWliffilk thuringiensis, sotto, indiana, dakota, ku-
wamotoensis 35 YO8 deadrolimus 1 K4 H v, Fh
4% subsp. Xk 2 ¥ o2 BIEMED DL T X K
Vo Litnl, v oeg B — 2T 15 & 2FITRHIX
nre,

PADUA, et al 2Nk % & T4-E-37-14 i3 =2 4 #
7 H 4 xHh Culex tritaeniorhynchus, ¥ # 4 = n C.
molestus, * v 2 4 v < % Aecdes aegypti, H 4 =
Bombyx mori, 7 * V) v vy v Y Hyphantria cunea
CRIEREEZ RS W LR EXh T 5, KNB 4-
6 LfE 2 DEEBECHENTEET > DEI DY, AR
FWTILA 4 FITRIRTEE R RS Ted o 72,

Group 4 \X subsp. finitimus 2 4 7 CHfh g v v
EAFCATE LT B, ShUkw 4 34 %0 milky
disease DIREH Bacillus popilliae LIFL LI JEIER
LTkb, &b TREMTEXBMEEC LB STHRT
Shic, 03D SDS-PAGE BT AZ &
P FBEL T BRED E % CFfF » 7021 135 kdal @ £
vy BErRDbbRI,

Group 5 i3 #Ef £ v 7 7 BGEN irregular & L T
WB R4 TT, IIBD 2 4 74T subspp. israelensis,
aizawai, ostriniae, kyushuensis FEp b, iz v
27 BTz NKY 1-1 kX8 GSK 2-1 A% subsp.
israclensis VoEEEIJEIEABELIL T, L L, NKY
2-10 (BB TERICIL <, MO & 13 R72 B IEL HEE
ANfe, ZDIHT 2y Hoos— v iTdREnEs
Rish oz, FREARBRTCEIWTRE 7 4 oS EL
TR DA 0 12,

IV. # E

1) ESERIET, BRI ds X O = a My Lifk D 118D
¥ B. thuringiensis % 26 BRAyHEL I,

2) fighs v BoOREL SDS-PAGE fi#fiis 4
VBN M L, SDS-PAGE & SEM & X 3Tl 2
FHET S Z LT L »C B thuringiensis k15 &
EMNTEI,

3) AR THEEL I B thuringiensis 26 % SEM
& SDS-PEGE %)< % — v 5 group ©RH LIz,

4) bipyramidal % X U* cuboidal &% 45> group
1B 3 D RS Sk O ER o TR A S DT,

5) group L BT BN A 4 2iext LB R4
AUABD group WG ERS Ioh o7,

6) bipyramidal ZHOFELLE D7 v —7 3BT
% KNB 4-6 i} H-serotype {Z & A-CREEX T\ subsp.
darmstadensis & X, 4 ICFRHETEE LRI T, 74
E-37-14 £ & &5 &8I EIEIL L 7o 28 SDS-PEGE Ofi#
Wires—vniBirot, Fuv—7 1V IC BT BHkILES
FLIRE A B B 25 bipyramidal X 9 cuboidal 234 W

s

subsp. kurstaki HD-1 oL\~ 2 1 7 TH -7,

X Bk
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Summary

1) 26 strains of Bacillus thuringiensis were iso-
lated from soil of 9 points in the forest at Kimo-
betsu-cho, Rankoshi-cho, and Niseko-cho in Hok-
kaido.

2) The crystal shape of these strains were
observed by Scanning Electron Microscope and
crystal protein was analyzed by SDS-PAGE.

3) By the above mentioned, the 26 strains of
B. thuringiensis were classified into following 5
groups.

4) The number of strains belong to group 1

which produces the bipyramidal and cuboidal form
crystals occupied common strains in the total
numbers of isolates.

5) Only strain belongs to group 1 was toxic
against the silkworm.

6) The strain belongs to the group 3, KNB4-6
produces polyploidy bipyramidal form crystal and
was identified as subsp. darmstadiensis by H-
serotype. This strain was non-toxic activity against
the silkwom. The crystal shape of this strain has
resembled to 74-E-37-14, but peptide pattarn on
SDS-PAGE was different with 74-E-37-14. Group
1-b was the strains that produce much numbers of
cuboidal form crystals than bipyramidal form
crystals. This group was the new type within
subsp. kurstaki HD-1.
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Plate 1. Each photograph indicates spore and crystal in the isolates of Bacillus
thuringiensis. {x10,000)
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Plate II. Each photograph indicates spore and crystal in the isolates of
B. thuringiensis. (x10,000)
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Plate I1I. Each photograph indicates spore and crystal in the isolates of
B. thuringiensis. (x10,000)
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Plate 1IV.
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Each photograph indicates spore and crystal in the isolates of
B. thuringiensis. (%10,000)
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Plate V. Analysis of crystal protein in the isolates by sodium dodecyl sulphite
(SDS)-polyacryl amide gel electrophresis (PAGE).
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Plate VI.  Analysis of crystal protein in the isolates by SDS-PAGE.
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Plate VIIL.

Analysis of crystal protein in the isolates by SDS-PAGE.
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Plate VIII. Analysis of crystal protein in the isolates by SDS-PAGE.
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Plate IX. Analysis of crystal protein in subsp. darmstadiensis, 74 E-37-14,
and KNB 4-6 by SDS-PAGE.




