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On the exotoxin of Bacillus thuringiensis var. thuringiensis Berliner

(1) Separation and the effect of toxin on silk worm

Kenji Tanaka, Haruo Sadakane, Hiroki Murakami,
Shoji Hatano and Tadao Watanabe
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BTT QBN H 2B OBHKE LTI A
THxA1%, NF 1%, NaCl 0.4 9%, MgSO,
4.5X107°M DHEED DR EHT A & iEdE LT
Ko THER 2 HET ABRIC, BHERICHET 2 HE
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* BHE AR,

DI Z CTRERITE V) 2 HEEA DD OEEFK
& U T Cantwell 50 OFRNTZHEER O O2EERL
2. $aabb, AEEK 1! ficiz K.HPO, Sg,
KH,PO, 5 g, MgSO, 0. 05 g, MnSO, 0. 03 g, FeSO,
0.01 g, CaCl, 0.05 g, NaNH,HPO, 1. 5g, 7 = &
FhUDL3E F7IUMERY 0.0028 BLOHY
: /M (Difco ) 10g %44, pH 7.8 icHEL
THEITHNTC.
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HFHERERHE L. 260 me OWN OB KB
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HAEDRINZAT U b F I OIITIZ 225055 0 &
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NS pH 10 1@ L. 72, pH 7.8 K
UZehs bR 2 1T/e2Th, # 1K EERESHEER
DA 2RIz,
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Fig. 1. Time-course of BTT exotoxin production.
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Fig. 2. Separation of the two toxic components
(F-1 and F-II) by Sephadex G-10 gel filtration.
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Fig. 3. UV-spectra of F-I, F-II and F-III.
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«u*ﬂmi 260 mpu ATHEIT AR 1O ZIRT & &1
BAT/ml & U7z, &40 ORsE F —1 : 38. 6 Bifii,
F—II : 35 Bifyz, F—II1:25. 4 AN OIS,
%2 0.025 ml Zaclg DI 3MICEALIL. &
OREILE 1 RORT L 5 IRF—1, F—II CD&HE
PEDSED 54 F—I 3w OFBEEMid D 5 his
hotz.

(b)) Y o AP & AR DR

fik e 3o F—1, F—IL (34 4L 5 h AR
e BA TN DTTIVHGIIC X2 Tl I N7 disk
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5, FOVIEHIC X o TR DA, UL T O
PRI & > TI3ER OIS F b s Tishhvg mlE
DHEULEL, 12 (d) CahrL 5 F—Tidk
MBI X > TR 2 ST LT A T EWHEAS
NIzDT, { DBUAIKICE > TRl %3725 T &k
Uigolc.
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BT L TOm I NI EE F—I, F—-II ©
7% Dowex 1 X2 ZHlvTCa s, ¥
BURSIEVCEEROKIGIR 2N A, /KT, 0.3 M, 0.4 M,
0.5M, 0.6 M, 0.7M, 1.5M D X7 > T L IAKT
AU, RIS DOFRT »E L TIERA BRI 7
BEOTLLBUINTEI4R ITRT ISR 1.5M 5

7 'S OTERDBEHINI.

3. BROBERES
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Table 1, Analyses for the components of

exotoxins,
T { Number of each
Component ! component in
i F1 | FII
—_— S— . — I - -
Adenine Lo I 1
Phosphorus ‘ 1 1
Ribose |1 l 1
(After the treatment | _ ; 1

with Ba(OH)y) i
Deoxyribose — i —

i
I i

72120, 7 F = 2 OB B OB ST OF
BT L > T®, hADNHTE Fiske-Subbarow #:31T
LY, FAF YR -ADBETEID T 2 =T T U
D, ) K- ZDOMHIE A v — VD B V.

®Fi> Bacillus thuringiensis |3i;{ WiidE R 45k
T4 LD AR OBYHRIC L > TR T
BN,P FES OV VEERES BV A A U,
SATUIHERR AR 2y DALZE ST IC & -2 TlX, Bacillus thur-
ingiensis var. Sotto & % & Bacillus thuringi-

€nsis T84 A1BTII 7T F =L 2o NFIRH
nizhotz.
4, HHRB

BTT OAFET 3 MiH 132 OMRUR L O
LI % 32 2B H 678 5 T EDSH S IT/EDTzDT
F DFFME R HKEE 2 FOTROE LI
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28.5 Bifiy, 2.85 Bifiidskor 0.285 Bifid$ D, F—
ILITD T 29,5 BAfYL, 2.95 BAATIS X OF 0. 295 BifT
DOBEEL, Ha% 10T % 0.025 ml FERELHR

CRPEXEL) O34 3 HEICHRO 5 TEH L
12, Z DR 2 KITIR LT,

COHFMLSF—I i3 F~II it 5T 1058 D
HIE TR OB L EVHEEI NI,

F—I oiEghick 2 kEDHRIZ, TTHEERROH
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Table 2. Toxicity of F-I and F-II to silk
worm.

\Toxmlmmortal numbers of sﬂkworm

\ F F-II  Ipjs.
Days \ |~ —|tilled
after Umts Unlts
injec- : o |water

tion QZ%P&SP&SQZ%P9SPQ5

1 20] 20 20 zo' 201 20| 20

2 20 19| 14 | 19! 18] 20

3 17| 13 1 18] 12| 20

4 13 9 0 19 i 15, 12| 19

5 4, 5| — | 17" 14 4| 18

6 1 20 —( 14 17 1 18

7 1 0 —! 13: 1, 0| 18

8 Q — — 12 . 1 — 18

9 — = =1 1 — 18

10 - = =0 | — \ 18

Silk worm: the third day of the third
instar, TaiheiChoan. Toxin solution show-
ing A. 260mu value 1.0 was defined as one
unit, and 0.025ml of it was injected to in-
dividuals.

B ORBOLEIED 12 I8 h, EEVHIELT
ArEickoTHglants. F—II TR
BUVTERAL U s s B IEITE % DD —fRINIkBETH o
7.

(b) A L AT T 2

MFEHITHTT A KBEY R DI L 52 ON T
U BT, FKEIZEEXR 2 AT, IR OHEREDX
Bl Uzg o T2 I 133453 HEHTF—I:
0.285 Bifir, F—IL:0.295 Bifir & L, DIk
BEHIDICEEU TSI % & 5L, &0
Regm 4Ry,

5 Oy 5 F—INEFEH U iE T 753t BX
OB U TFRA EBFUHER R RI N T Edsbi
D7z,

F-I1 o Tk 3453H, 454 HEREDMIHE
BNCHR 2N UL T2 ORI & B FBE L,
FES e 5 H Wzt LIz, BErETIZ 452
H, 5$1HOHEACZzhZNESETEH, 11H
i3 TRIEL I,

LN S FAC S U128 & OE R OBGEEH OFEE
MR R T T o7 $sb b AFIC
ERPERSNTCE IR 152 T3 51
MM 2 BB LU THIZA S T EMTET, H
&%ﬁﬂb,ﬁmmwmﬁat.cnmﬁbf 8
h, BIAE, 3, 4 HRRTIER 2 A Lot &g (b)),
(e) D& HiIKZEOHIFUER IR CE NI, 2D

M, #2325 ¢ sidighols. HEREHNL
TRBIAL UMM LI L, 1302 OREF T
IZBEFET D T &kl

(c) MiDEHRW: &TFAITHT 5 P

KA (R RXED) W UTF—T Oz L 5
12, FERIESHNG (b) OBy ERT, 3453 11
DR O A AU LT, 3,35 ALDHRE # 0. 025
ml, 4" EFFIRTEDOIRIIOMRE O HIFT 3 i 1Egt
UTo. 7B THIMES VL, BE5 P& LT, Z 04|
W 5 }iTiRLT:.

el 31 ST LRl U Tl 078 BIAs ks L AV 14444 8
H A 5 2 OIRBEDBIN T 3 12, ST 5 157
PTG HEEDZEZ ) SIS kL D5 Th o,
b 5 H T S Gl i 0 U1 ey &
DTG ST, 6 H I RIMMT G UIc iAol
1mm&c01~_ﬁm®@Wsz 6 FIEA DB L
TE T OB EHI L AR O/ AA I 2 20T 5 & 1K
BEEXFI US> 12h%, AEIMITII#EE 2 TN LT
A 5 I U o M3 BT TR 20 0% & 1 WIs i IX il T
X7

(d) Tl & AT 5 e
54573 Ol BRI & 2 RS2k 0zE8 % L 5 -

T AEEEIE AT L L T OB ST T R
. HrEANE 3.9~5.0 HiﬁT())hL]'C‘J)“DT JIRAT2bY
F‘T‘ il GREEARND, g-10 [p? OE4D, L (LD

DY, g-40 [p* JE, OC Ctﬂum)rns(@
#0], b 401 [p* GE4D, Nd (Ui, e 12 [p® J&
45, w G 11I5D), O5FITH DI, TRH T
N A EACEER TR LD DTH B (I 614D
5, Jx/—LFFH-EERCHLTTHERO
-2
(a) THEENEREOT o/ —F ¥ 4 — i
i
1 EHORIIT 2.9 Bkt F—I % 0.025ml
FEGN%, 8 LI UEAI OO ) b & b jg T %
ﬁ52$%9#4ﬁﬁ?mtﬁt%Wb,cn%wm
rpm 5 A3 U T R 2 B & U TRV

Table 3. Phenoloxidase activity of toxin
F-I -injected worms.

| “Toxin-
| injected \ Control
Phenoloxidase J; i )
dctlvlty 10, 34240.052|0.969+-0. 114

The actlvxty was assayed by the oxnd-
ative color of pyrocatechol at A. 420 mg,



Bacillus thuringiensis var. thuringiensis Berliner ®4pE 4 2k EHE (1) 541

Survivals

0 2 4 6 8 10 4] 2 4 6 8 10
Days after injection Days after injection
(a) The third day of the third instar. (b) The third molting.

10

a 5
o
>
ot
>
u
3
%
R 0 N — N N N
4] 2 4 6 8 10 0 2 4 6 8 10
Days after injection Days after injection
(c) The second day of the fourth {d) The fourth day of the fourth
instar, instar,
10 10 A%
X—¥K
=2
s 5| 5t
2 |
]
=}
w2
4] N A N . N N . O N N N N N .
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Days after injection Days after injection
(e) The fourth molting. (f) The first day of the fifth instar.

Fig. 4. Sensitivity of toxins to the age of silk worm.

Tested worm: Fuji X Sakura, Control O——0O 0.285 unit of F-I, @e——e or
0.295 unit of F-II x x was injected to the worms of the third day of the
third instar, The dose to other worms were adjusted to their body weights
compared with those of the worms of the third day of the third instar.

BTG DRRIT 3X10-3M Er 53— v Iml. WILLLUISL L ST, BRPERUIRER
0. 1M b AP (PH 6. 0) 1. 0 ml, E#EHL 0. § ml BDT 2/ = o & — i AR O iEYE
LUK Iml & U, BGHAEER 25°C Tfi%e» L HEULERN T Ehshbol:.

RS OEEFTIE I B %7 7 — L ORI RED THIA: (b) 72/ —NFF L F—EDEHEOLE
T4 420 me OBEIT XTIl Uis.  RIEEUSS EH R 5 BT BRI % D T LR RS e

{F P CRBOSIHERE 15 90 Cik TWEIERE 2 [ # 40 Bif, 20 B, 10 Bifie 2z Eh 1 ml Gijn

HERTORERE & & § 1 (S T IF T TR IT ] AMREHOMRERRELI.. HTRRTI O
. R IO PUSERER R fT A0z, AN ORFRITYHEIC I U TIER SR OBHR 2N
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Fig. 5. Sensitivity of the toxin F-I to the pupae.

Control O——0 and F-I injected pupac @——@ of Fuji X Sakura.
The numbers in (d), (e) and (f) indicate number of the moths in toxin-

treated groups.
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Fig. 6, Sensitivity of the toxin F-I to some
species of silk worms,

The third or fourth day of the third
instar of oily worm 0—0 g-10 @——@
g-40 »(eeens X el2 n——n and b401 A---
---A were tested.
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Fig. 7. Effect of the toxin F-I on silk
worm-phenoloxidase.
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Summary

Insecticidal exotoxin produced from Bacillus thuringiensis var. thuringiensis Berliner
was found to contain two components called F-I and F-II. Both of them had an
adenine, a phosphorus and a ribose in their molecules. Molecular weight of F-I was
calculated as 860 electrophotometrically.

F-1 was about 10 times more toxic than F-II by the lethal potency to silkworms.
Toxin-injected worms were killed with elongated duration of a instar, and without
ecdysis.

Molting worms were less sensitive to the toxin F-I than working worms.

Phenoloxidase activity in the integument of the silkworms which were injected
with F-I were kept at low levels, even when the activity of normal bodies arose more
higher. But the toxin scarcely inhibited the enzymatic activity in vitro.



