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SUMMARY

In an effort to develop a microbial in secticide, B. thdringiensis var. thuringiensis was
cultured in the medium composed of cocoon-cooked water from a ﬁlature The results
obtained are summarlzed as followss :

@® Bacillus thurmgzenszs is a bacterium producing a d-endotoxin especially toxic to
lepidopter%us insects and a thermostable exotoxin harmful to dipterous insects.

®@ With a vi‘éw to utilizing the cocoon-cooked water discarded from the filature, as a
nutrient source in the B. thuingiensis culture, it was analyzed to contain large
amounts oif various minerals and protein (7.5 mg/ml) believed to be extracted from
the pupae, -

® A large abount of the 8-endotoxin can be obtained most cheeply by using cocoon-
cooked water instead of distilled water in preparing GYS and citrate salts media.

@ The largest amount of a mixture of the vegetative cells, spores, and crystals was
obtained by addition of 8 gr/l of glucose to the GYS medium.

® The growth of the bacterium was far better, when leucine, isoleucine, and valine
were added all together to the citrate salts medium to the concentration of 1.25x1072
M.

® The best }growth was observed by addition of Na-glutamate to the citrate salts
medium té the concentration of 2.5x1073M.

@ The optinal culture time ranged from 9 to 15 days.

® The highest mortality was shown in Pieris rapae Linné with a pH of the total body
extract ofi 8.4, whereas Dendrolimus spectabilis Butler and Bombyx mori Linné with
lower pH’s were less susceptible to the d-endotoxin.

® The presence of the thermo stable exotoxin was confirmed by the fact that the
supernatant of the culture was very toxic to the Drosophila melanogaster tested,
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HE WA P ER o LH2A de =49
% 1003458 AMA AFdA Ax=Ho] st
19113 Berliner® & @7} 3119 (Anagasta kiih-
niella Zell) 0.2 3¥] Bacillus thuringiensiss %
2] 3t 32 Mattes® o} v} Ho] o] AT LAYA
Az A FAge] EAE FAGE ol F 19534
o &= Hannay"® 7} Bacilluso] A “Crystalline inclu-
sions”§ 2z g e ol AAY FLEAY
EAHG L FE HLH g v o] oF9 Bacil-
lus thuringiensis Berliner7} 1920139 Fulo =z X
B 19303 x7ld olze ¢ %Y 454
& (Pyrausta nubilalis Hbn)¥W-A < Fo] AE5 o
skt zev 59 o] YA AzdTY B
37 TFHYAE $EAed Wyez o]2¥ F
de 25T A4L $EolA AFTddE AL
ohat 2 20dviolst olAE AR FAA
27le FAZAE FA4%E 713 (rod-shaped)]
ATdez 43%¢ Bacillus cereusst ZA 8z
dR_.

Hannay® & o] AlF& AP A Al diamond¥
o ARE FA4sr] o] AAL THol HE £ A
o 249453 #¥e] 9EUAE itz UA
gt Ao, Aoz 47 AngusWi ol
A EAL T34 dAddqd Feoez F4& A
alkali A¢4 AW Aolat AAHFA=z o] crystal
toxing Folol Fo &9 o]t AATE R

€ 2AFge. o] AF4EAE AT o AT
< %S 2985 AE 5 EELE Aol= 57

Ae A4tz @k P4 249F 24 2
% AAEAL 16.5%N, 0.09%P, 0.5% =53t
%, 283 0.03~0.4% Sig 439 gL F%
9] aminoAto 2 FA=Eo] 9t watA o A3
ERL 9dz TS ANz 4L F/A &
£ A& ¢ 4 At 90 ol AL pHIL A &
A g 2L EFl9 sodium thiogly-
collate ¢ FY4A EA A= pH 9 A &3
25 AE Joz ot FEAFeR FHeol &
Ax REds o, @

of A vlFE, 5Y, E3A, Az, 43
AR AAAFAA FFez ZAFHn Yo

% (Hymenoptera) 9] 1377] ol &9 Fo] Ao &
AAYE Pt 2 A A$ 254 oI+t

o] B. thuringiensis= A-E713¢Q 5714 AFe=
g7te] A F44 249 dFE £ #HE
ARt =z AFuA FelA A A5 47
o] o] A&Ae FAL THd wa AY4E
AR THFol detd F4o] glvte Aol
uhel o] A F& QAT FEsel= d7ke] FAA
2 74"z 9ot OILB (Organisation Internat-
ionale ‘de la Lutte Biologique) @ = FFAEL
AE M2 9T TF4 AL wEEHzA =
A Foltt. & AgdAe F2 A ¢
79 AAFHAA AAdE AAFE o] AES
ool 9eq AWA(EE Aminodt) 3 F714
29 F9oz o]8dq 714 ARG AFAE A
2 A4 THEYE 9 dTsed F40 de
W g4 FuldE A5E AQrldl old Bz
£ dtelth

AExE ® WY

Q) M2EF 92 S5AAT e AT4E
X RoFute Bacillus thuringiensis var. thurin-
giensis IAM 11056& 1Az F2 Agstdor
Fujoj A= o] g 3ol (Bombyzmori) 2¥¥ A&
AFel s AE AU

(2) 22 2= :Slant culturez W AT WolA
4°Cz nZ3Arh.

(3) Aose xtASe B 2XE 47 4
39 B¢ 24 WLEY AE d8FE vl
Az 2 489 24L ohe 23 #e
sl =t

Ag: AFAd % daFdezyy A4
E59 AAFE QA AALFE 2dz 3%
248 gstg e A% (cocoon-cooked water)
£ 247 A% 5°ColA ARz Bl S2oE
AgEe A4 AATE 14,000g0 A 5871 €44
¥edta glass woolZ = AE A& decantation
o g3td At F4ES AAde dULTF
& AARF TAQ ez ALyt

Ca, Mg, K, Na, Mn, Fe, Zn# % ; HCIO; : Hy

-804 : HNO3(1: 1: 1)¢] mixture® 43 %9 A=

£ B3 stz active carbone. 2z &4 8 3 Atomic
Absorption Spectrophotometryol] ¢ 3te] ¥4 3R
o}

S0 A% 2A4%d Asd HClz 2AFF
active cartbono. Z &4 % BaClel & & w g .o
2 B4
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PO % ¢ 4] HCIO,—HS0,—HNO; mixture
2EIHIF active carbone @ A&7 sample
3ml& %o ammonium molybdate® o2 525
nm green filter& Ab§3ted w4 A ety et

Het—N$) A 250ml 472 Fetzze] sam-
ple 10ml MgOsH 3gr& ¥z st A Fad
o}

NO;—N9 & Fz} 3 250ml &7} FE A6 sample
10mlE g = 0. 5gr4 Devarda’s Alloy extra pure
£ 7Hg ¥ MgO Bgr 3 Sabe] A #atol e

COD(Chemlcal‘ oxygen demand)Z7 ; 250ml 4
7+ flasks]) reﬁuxé-?:— T3 o7 0.2gr sampled
42 50ml KoCrOr £ 30ml 3545 Y&
£ 20ml conc. HbSOLE ol 1A Ht 7td
3 ‘4.37-3(%}04 250ml mess flaske] 2o} FFE& o
Zt}, o] FolAl | 10mlE 500ml 47 flaske] &30
x Z5%F IOOmI-H Conc. H3804 20mlE 71314 0.5
N ferro—ammoni\%xm sulfate® A A3} indicator
2 orthophenantlprolin% Ap4-ste] A kg

(0) RES0 FRE DYE ¥B: Az 23F
A e Axo) wE A FF WHE B
7193t A7) D’r%’_— relative centrifugal forcedl
A QAL E PaF 2 4Fde G F e A
stgch. =& autoclaving®] T wE A
GF WEE AERTL APAZ EF oA ¥
A QAT 2 459 did e e

Y5 el ﬂia #gle ohes Axstyd.

o

i R Lowry = @9e] we] 93 folin
reagent & 4%6}"4 A #3g t
(5) WXl =8
Table 1. Medium AuD
Soln. 1
KNQ; 7.5 gr
NazS04 0.112 gr
MgS04-7H,0 0.093 gr
CaCly-6Hz0 0.16 gr
MnSQ44H0 0.0017 gr
Fez (504)3 0.015 gr
ZnS0,°7H0 0.011 gr
Peptone 4.4 gr

Nutrient broth 1.2 gr

dissolved in 17 distilled water

Soln. 2
KH;PO, 10.2 gr
KOH 0.248 gr

dissolved in 11 distilled water

Soln. 15} Soln. 28 77 w2 121°C, 15lbse) A
1557} autoclaving@td FFAAA 1:12 EF
o] WA= AHgshg o (pH=7.0).

Table 2. Medium B

K,HPQO, 0.5 gr
KH,PO, 0.5 gar
Thiamine-HCl 0. 0002 gr
NaNH; HPO, 4H.0 0.15 gr
Nas Ce¢Hs07 2H:0 0.3 gr
Nutrient broth 0.1 gr

A4 100mlef] &4

Medium C : Medium B¢ thiamine-HClg ribo-
flavino 2 A1 4

Table 3. Medium D

K.HPO, 0.5 gr
KH,PO, 0.5 gr
Thiamine-HCl 0. 0002 gr
MgS0. 7H-0 0.005 gr
MnSO, 4H,0 0. 003 gr
FeSO, 7H0 0.001 gr
CaCl; 2H:0 0. 005 gr
NaNH, HPO, 0.15 gr
NagCeHs072H:0 0.3 gr
Nutrient broth 1 gr

A7 4 100mle] 23]

Medium E : medium D& nutrient broth 1gr&
0.1gro 2§

Medium F : medium D¢] A nutrient broth % A g

Medium G : medium Do A AALFHA ZFFTE
AL

Medium H : medium Boll Al thiamine-HCl 0. 0002
grd A9

Table 4. Medium I

(NHy)2 SO4 2.0 gr
KzHPO4 M 3H20 0.5 gr
MgSQ,-7H.0 0.2 gr
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MnS0,+4H:0 0.05 gr

CaClg-2H20 0.08 gar
Yeast extract : 2.0 gr
Glucose : 8 gr

F®F Ul &8 (pH 7.3)

Medium J : meduium 18] yeast exiract 2.0gr2
Az FF5RA AAFE A4S

Medium K : medium 1¢] ZF 504 44452 A

£
Medium L : glucose 8grg& AA4 1ld 43
(pH=7.0) '

Medium M : 3A4F (& Jdd L A7 ¢2)

Medium N : medium Dol glucose 0.8grg& F743t
2z AAT A4 FFFE A4S (pH=
7.0)

(6) HYMZI W2 FAH DY 2F:
Medium D{c]® AAFE WA @RI 5L
A3 AAsA 8o 17,000g41 4 5EF A4
ATF 2 A5G FALHFE §HARHE A
Ag el 15ml¥ Pz Hog o 15lbs(121
°C)oll A 1587} ZGATEF U4 T+ A
%3l 30+2°CollAl 0, 3, 6, 9, 12, 15, 18, 21
A F-qt A v kg ¥ 17,0008 4 5& 7 442
gl A54E vigz ZAE FHFAN TLE
A dAgAA 20mlz #F 2% 1mlE  plancheto]
Hete} 93°CAA 1047 B¢t Az=ANFE A Fs
= 208 F39 AAY FAE A4 wziR

o}.

(7) BAIMTZ2 CHEFH O :

Medium D9 =4 & 7}4 A E 6l %E o
Figure 13 2-& ZA 2 30+2°Cell A 15~209 7+
vacuum pump(Fisher#] )& o]-&3le] aeration A

A ol kahel ok 3

de do

NI

Fig.1. The apparatus used for the culture of
B. thuringiensis

(8) SAMHITZ2 DA Hj

Crystal& 2 A 37] ¢33« 500ml Povitsky flask
5/ o] agar] x| (Bacto-beef extract 3gr, Bacto-
peptone 5gr, Bacto-agar 15gr& 119 ZFF 4ol
S AR L)E d2 ATF AT 30L2°CoA A
169 7t Wl G F WUz A 2 A3F &
14,000go0 A 5% 7t A 2elstd FEQ L W=
Z AAE YA

(9) Parasporalbody (Crystal) 492} HH :

304:2°Coll 4] 200 7 o) F3F AA Ll o3
o sporest crystald) EEE& FATF FFF
2 33 AFsz oA G4(5.852r/100mD) = A
. A g FHGel A AdGANF(50mg
wet wt./ml) @& 35mle] 1% NasSO, 30mlse}t

CCly 35mle] u]€ % homogenizerol A 7, 000~
8,000r.p.m. o8 2587 Efstz Fd4dFd

&A S ERES ZAFFE siphone] el EE
2 28 3l9 (35%yield) 3,000r.p.m. ) A 208-%
AL ST A ES AL AF o= silica
gel9lol A} 2 =X 7 o}, (96~98% purity).

(10) Crystal2 £E} Alkali-Soluble proteing

F&:

ool Ad FA4-¢ wms] A8dd A

& crystal 53.1mg2% 10mle] 0.05N—NaOHs)
HAFANFE 24°Col A L5A7 WAFRS §8 437
o ohg o] HAFd g 17,0008 4 1587 A4 E
A FE AZNL 0.04M universal buffer®Zo A
16X 75 F4 & F alkali-soluble proteine 2
ALEstglen] @ 31, 55mgel F5AFl §EH R
2 21.55mg& AAhE gFep glgich

(11) Aminodt EJ}e] HE:
" @ leucine, isoleucine, valine®] < % ; Medium
G(pH=T)ol Al thiamine-HCl5} Nutrient broth&
A 2 sta of7]e leucine, isoleucine, valine-g& 7
2 A7se] 1.25x10°M= 2.5x107Me ¥ %
2ol A FA AFY ASe vlAe FFE A3
Q. blanke A4S g2 WA A4 3
54 Ag el 15mld o] 30:£2°CellA 7247
uf k& Self-Recording Serial Colorimeter, -Auto-
matic 36(ATAGO Optical Works Co, LTD)E A}
43 s}z 610nme]] A absorbanceE &35}

Pz ggAs A4 459 425 adgr)

@ Na-glutamated] 4 & ;
leucine, isoleucine, valinew] ¢} 4§ WA &
A48tz A 8 2% monosodium glutamate® AR
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St A7H5EE 2.5%10°M, 1.25x 107M, 2.5
X 107M, control(tone)«] 4 £Fo 2 gk 7
B B2 leucineffd 4¢3 FUsA 9§ .
(12) &9 ’.51#1|$§°—1"(T0ta1 body extract)2
PHEH : |
1}u] B (Lepidoptera) =5 %1 A 8 %5 =9y
4% (Margaronia perspectalis Walker), ¥ 53]}
4] §3(Pieris rapae Linné), %3 (Dendrolimus
spectabilis  Butler), 2vjuw §2(Chloridea
assulta Guénée), | 7ol (Bombyzmori Linné)5 &
4~5371¢ AL |Ze 1598 AL 40ml ZF45
s} A4 homogenizer2 3E7 vl TF 714 2 o
#ale] Trisher Accumet Model 230 pH/ion Meter
Z pHE ZA439H. #4394 e $F549 pH
% TAd A sd £F AA 599 pHE 2
A
13) uH|s %0" gt Cr
X vy %T:ﬂ" 5

ystalel 54 8
goll WA Q&
Az 2FEL d &8 4
FT¢ L 5 5 AA o
S BAFZ LBARFA 2t
sl Felel crystalse] EE

crystal, spore @
] qkell A 244 7k

olz 54

FAE oz e} 454
22T
%%,%w crystal§9] EEEEL A5HE
AA ol f o] B4& RLT
Sl 3 §% Sl Qe crystal® Y EREL
AEGFE FEoA oz T4 Wior 54
& A2
Fol 559719 el & 2447 FNF ¥l
crystal 39 EFEL s 5] Holm sk FY

A 54 AT
(14) =1}2|(Drosophila melanogaster Meigen)
o] ek SHAFM .

B. thuringiensis| var.

thuringiensis Berliners)

A FAS FEAFolE Dol 4T “Uy-toxin” O
o ZATez el e 54 A9¢ Ay

% 35K E 49 292 AL AF s 10
W= 4G 3leveld FEE e AgRed 2
g9 AT QAF Y2 299 §5¢ 109
g4 ol &34 & AAsY ot

Table 5. Com#)osition of the medium for
Drospphila melanogaster Meigen

Distilled water | 1,130 ml
Corn meal 119 gr

Dextrose 69 gr
Sucrose 34 gr
Yeast 24 gr
Propionic acid 5~7 cc
Agar 6~8 gr
Streptomycin 250 mg

H ksl 10071 &

1) HAET2A AT 42
AALTS AAFY AL S
Table 65} #Zr},

Wz B

Table 6. Chemical composition of water for

filature and cocoon-cooked water

A73E&5 (ppm)  AAF (ppm)
pH 6.35 6.8
Ca* 10.0 21.3
Mgt 26.0 83.3
K* 25.0 333.3
Na* 45.0 53.3
Fe* & Fe trace 1.3
Zn® none 0.7
Mnt 0.5 0.4
Cl- none none
SOy 24.3 11.4
PO, 8.0 50~60
NH,*—N — 35.35
NO;"—N — 1.02
COD ~ 2040

Table 6014 2% ulobzro] Az &4
7t #A(cocoon) & & Fl 6.8% % 7,{% G
o TR Qe A4 FAQFA o]
b W Folgk 4= Ca*, Mg*, K*, Nat,
Fe*, Fe*, Zn*, Po“%9 @efo] A% 4& Fo
EF F7td A5 3R AzEc Mote
WE Wast gl SOTE 24, 3ppmel A 11 4ppm

ks FANA e BRE Catsl
& F4std g4 R E gt FA



=

(2) RH+B SwE gz

AgE gEd QUL relative centrifugal
force (R.C.F.)E 28 94 W9 protein §3ko
HEE 42w Table 75} 7t

Table 7. Amounts of protein in the cocoon-

cooked water with differeit relative
centrifugal forces

R.C.F. | Time(min)| Content of Protein
14, 000g 5 7.50
18, 000g 5 7.45
20,000g 5 7.42
23,0002 5 7.40

Table 714 2 wisjzpe] wjokdl g wSw
14,000g0 Al 5%7 4ALHE Betg e 92
e 7.50mg/ml= A 0.75%9] proteino] o] &
BFo] ESde Adez E AYY AFe dck
ded L 49 dodz B 9. zdm
R.C.F. & &3 % proteind] F4£E 71 9%
s g A& 45 9. 42L& autoclaving
9 B Fo] BE AATFY HF TP WS
23 Table 83 7r},

Table 8. Amounts of protein in the cocooncooked

water with the increased number of
autoclaving

Number of autoclaving | Protein content(mg/ml)

1 7.46
2 7.45

3 7.42

Table 8o A= ¥E ul9}zto] autoclavingsl 3
TE 7t el vt Swldo] WA=l Y=o
Hoer A %5 9oyt 2 A= 3AE gL
A 2

T 4EFAY "wd Py dss: uw
Table 98} 7},

Table 9. Amounts of protein in the cocoon-
cooked water with the increased
number of freezing

Number of freezing l Amounts of protein

(mg/ml)
1 7.3
2 5.0

WEANE & o qude] WA=l AR
Hoz o ¥ &7 2 A& A o9
BE o AAE HHE Ads 39 9432 g
FHE & Yoz JdEE Ay HEo] ez
A BeFE 42T deodEd 448

(3) 2 wixiol LAl B. thuringienlis®|

=4

Medium A, AA 4 =222 medium AdA FF
FAA AAFE AEE 3744 A 42 100mlE
7}A 2 304:2°Cel A 199 7 A& sl g ¥ 14, 000
gl Al 587 AR FAS crystal EFE
£+ deo] Az G2 A2 AFse wiayg »
= Table 105} 7).

Table 10. Comparison of the growth of B.
thuringiensis on various media

Media used Wet weight(sporg-i—crystal-l—cell)

(gr
Medium A 0.213
0. 426

Medium A+ AA <

Table 10c] 4 2 uwpsbzo] AAFRE WA
2 ALNE S AF A0 F& Hez B
of oA F& MiAS Hg YL dH FH
medium A+AAFAA 47 FE F£HAEF 2 R
& dgFA o AA7 ol AAdy.

@) Z wixie) Hmd) :

B. thuringiensis®] A o] WX & ¥lA 9 535
2AMAGS 4 249 HWA 15mlY L 3udoz
AQ# (Ao 30cmxlA 2.2em)e|l 2 ZA A
FE I JF 5z 30+2°CAA 150425
G A FaEF QA ste] (14, 000g 4 58)
TA S arystald] TFEY FAE AzdA go

Table 11. Comparison of the growth of B.
thuringiensis on various media(l)

Media Wet weigHt (gr) (ceil-l;crystal+spore) '

B 0.19354
0. 13854
0.32708
0. 18949
0.17403
0.14135
0. 14229

T OB oo
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Az Addle] 2 JFAE 5o A4 A4S
vlzdgc. 2 AfE Table 113 7o},

Table 119] medium B,C ¥ He] slo]g & Bol
+ thiamine-HCle] E°]9 =z Cel: riboflavino]
Eol 9o HellAl: thiamine-HCl#} riboflavin
of EF Fojgld @& Aot medium Bej A=
019354gr2 A medium C¢ 0.13854gr#} Medium
He 0. 14229gr2 et A4 £2 & thiamine-HClY
Ate FAATY 42 FAFGE AL B
F1t riboflavine HAE 288 YAL AT
A5% Y9, B¢ medium DS} B9} o]
A& medium Dol A& nutrient brothe] Feko]
199 Hi= mediPm Eo] Al &= nutrient brothe] ¥
2ol 0.1%0°] &}, 1@44 medium Dej] A = 0. 32708
gro 24 medium E¢} 0.18949grich A4 AL
FFd oA nutrient broths] FFe A Fel
AR A4E S ddE AL BedE
2. %€ mediuh DS} medium G & vz
medium Dol 4 & JFLe AAF Fol el
medium-¢& @ EWE medium GAE ZFF
43 wEAY ). medium D 0.32708gr
medium G&] 0.14135grc}t 29 o] A FAE
Bolz 9t A& AAF FFAozA A
443 98 F2 Qen AdsE B AT
9 Mol Agshz AGE B AT 2 =
FAoz $2AA F29E Aol medium E
o} F9] xojd o 1Eo1] A} & nutrient broth7} 0.1%
F45oige we FilME nutrient brothS A

447 Aoleh zEY F A% A%
]

A
A 97 AEel wUAS FFE
o] 9o medium E 9] 7%+ 0.18949gro] =
9 ASE 0.17403groe 24 WAl grAe
ARAGE BAzA] ALHE #0.1% BE
nutrient brothd] | }71& 3 2 Ve g2
€ 2oqFn 9y At oAe AR nof
thiamine-HCl 0.p002% ¢} nutrient broth 1%%
43 AA52 FEol mediom DA AF F
AATY A4e FAANRE A¢ 4

(5) 2 sixie) Wim(l):

Medium 1,J,K,G,L,M,N& 7}7] 15ml¥ 3ul=
2 A @&X B. thuringiensis 19 ZF R &
AEe] 30:2°Col M 48417 Wl gFx A4 R
(14.000gel A 5%D3te] 454 ¢ vz FAE
AzdA G4z AFE A= Table 129 2
.

{o

\*4

Table 12. Comparison of the growth of B.
thuringiensis on various media([)

Medium | Wet weight (gr) (cell+crystal+spore)

I 0.18819
] 0.32156
K 0.53537
G 0. 22769
L 0.31921
M 0. 30642
N 0.31546

Table 12614 2.& u}gbzte] medium I} K9 =
ol lAE iz FFFE AETdd =z KelA
E AASE 483 GYSH Aol e}k, Io 4 0.18819
grel uhe Kol A& 0.53537gro 24 493 A%

A9 ol E v AL dIdezd AAFY &
g 2ol F3 g &l k. medium I(GYSH A ) &V

9 medium G{citrate salts medium)®¥& =}z
0.18819gr7} 0.22796gr2 24 medium G7} %7k
o HLAL BgFgrk. medium G(0.22796
gr)o] glucose(0.8%)% A7 Aol medium N
(0.31546gr) 24 glucose® A7 A% FAAT
o AL e AL 4599 medium ME
AAGuE AL A 24 medium I, GRTE
F&e BT Qo] AAFTFN T/ 2
22 Yo A= Y5 2
. =3 medium J& medium 18 k¥l
east extract® wf = FHFHA AAFE A
Aoz 19 0.18819gre] ®l ko] 0.32156gr
Be FAE Bo: Hoz Mol yeast
extract] § 02 AAF AL AEAE A
29 th. medium Jot K& rhgeo] GYS WA 9
42 Ag" ZHSNA AAFE AR AL
2ot HAolA L Jo| A E yeast extractE A g
Aolt}, Jx 0.32156gro] 2 K& 0.53537grgd o=
yeast extract® A 71dw o Ffhe] el oz A
Fol & ZAHS 449 d. medium L (0.31921
gr)& medium M (0.30642gr) 2ok SR o8 Bo}
AR e WA 0.8%9) glucosed: HAA 2
AEY &L 47 ST G5 dovt 2 JF
ol ¥R ax g o474 94L& ARz wo}
A4 B2 FAL crystald] EFEELE 99
GYSH A e Al FHFHA AAGFE AE3E Aol
For] e 2L F9 crystals dE&F Yo
gl et s

z

N EFe

=

N rle
«

fd
39,

oo 2 & & e
o

2
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(6) Glucose&}&o) &t :

GYSui A ¢l medium Is] A  glucose@ P& &
Z ol 47 2o iR oz 15mY 3 sto
FTAAL 193U AFd3 30+2°Col A 484 7
W FF 14,000g0 4 587 LA 2T Sg
4% Pz FFF AsE Table 135 2+t

Table 13. Change in the growth of B.
thturingiensis as a function of glucose

concentrations
Levels of glucose Wet weight(gr)
added (g/1) (cell+spore+crystal)
0 0. 05896
2 0. 10625
4 0. 14827
6 0.15919
8 0.17905
10 0.17772
12 0.17123
TA AT 24L 9484 )98

glucosed A AdteAc Bode I4gen glu-
cose§ e Frtol whel RAFY Qsx S48
At 8(gr/DYH H 3ol Fdn 2FzE AAA
22 Zagd & &5Ych ol e HF gL Scher-
rerg 99 Agste Z 9§ dF90d.

(7) WHLAIZEO M2 ZANZE A%

MFAZ M2 539 FAY crystal EEE
AEF L & Table 14, Figure 33 7 v},

Table 14} Figure 3] 4 X ule} o] wjor
F 9%el A 159 Apelo] Hze] FH2 15U0]F

Table 14. Change in the growth of B.:
thuringiensis as a function of culture.

time
Incubation Period(days) Dry weight (gr)
3 0. 0558
6 0. 0617
9 0. 0890
12 0. 0892
15 0.0894
18 0.0735
21 0.0673
FeE Zadtes A& 9oy FadE o f
= TA7 AHEH (autolysis)H & = Folet A
78 o},
0. 1[ e
s 0.09 A
= .08} / \ B
. 0.07f / e
Z.0. o6} 0"
20.05
0.0 /
f.:/()‘ 03 /
0,021 /
0. 01{/ .

o 3 6T 9 iz 15 18 2
Culture Period (days)

Fig. 2. Change in the growth of B. thuringiensis
as a function of culture time

(8) Leucine, Isoleucine, Valine® & :

o] & aminoAltS 7 FEEE FAUELE A49

AsE vhi Table 159 Figure 45} zet,

Table 15. Effects of amino acids on the growth of B. thhuringiensis at various levels of

Concentration
Amino acids added Concentration Average absorbance

leucine+isoleucine+ valine 1.25x107*M 0.64
leucine+isoleucine 1.25x10M 0.28
valine 1.25%1073M 0.285
leucine+isoleucine+ valine 2.5x10™*M 0.553
leucine-isoleucine 2.5%x10™*M 0.278
valine 2.5x10™M 0.293

none 0.318

Singer & 45" 2 glucose-salts basal mediumo) leucine, isoleucines] $loj4] isoleucine2 B.

/1A %¥ =9 amino acids® A7 bt AYPH A

amino acidsF9] valine groups} 438+ valine,

thuringiensis®] A $& A&z leucine ¢7}
A& At valine o] A Fo A F§AH]
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Akl AFAge oz Fgo @ a9

1.0
0.9

ad
2

0.7 o

0.6 -
1 Q

0.57

0.4r

0.3¢ CX ——b % ———— S—— ax

0.2
0.1
AL L A )

0 0 1
Aminoacid levels (in units)

fouegIOSyY

1 unit=2.5X107*M; 5 units=1.25x10"*M
— + (leucine+isoleucine+valine)
A — A (leucine+isoleucine)
X — X (valine)

Fig.3. Main effects of varying the concentration
of leucine,| isoleucine, and valine, indivi-
dually or combined, on growth (average
absorbance) of B. thuringiensis var. thur-
ingiensis in defined media

valine &84 (2:5x10M)e] = ©] Bacilluss] 4
Sl Fsiha Hgs o

Conner % 19 o] «] 3l basal citrate-salts-£- o]
}‘61- defined medias] 9l¢]4 B.
thuringiensis var.jtthuringiensis-“—:- valinee] &A1 &
W dAd ARG Hged a¥EE 34
Ul vheh mAHeE A4e FUdcE B

dHoEY EE 2

amino acids& %

leucine 3= isoleucine?]
Feo] 2A1F Wi valineo] ZAF #olut o
Agel 4B Hgich o Anpda ABEy
£ obvlxdte A A Fxe Fgsicn g
2. E Al Ak leucine+isoleucine+valine-&
Aol 1.26x10°3M=E =5 HAsPe = PF
absorbances} 0.6424] controld] 0.318 2yt 2

%o o] Hrwch 5w 39e 2,5x10M
AN E 0.5532.2K 44 controlnet L B
&t o ukste] leucine+iscleucine 1.25
X1073M# 2.5x107*Me| 4l H 7ol control X}t
Fokor ol leucined} isoleucined ¥ 4R
o A7 g Aol 238 o F9 AFEL Ad
otz B5 Qo o] b2 AL & SingerE U
9 Agax & gAFz vk 28 Singer5 W
< valineit& WA o} A7l & & o] Bacillusd
A obFwl kel AT s B Aol A
£ valinedl ¥57 1.25x107°MQA: HE
absorbance7} 0. q‘gs,o]u% 2.5X107Me] 4] & 0.293

S 24 controld 0.318x2r FL Aoz wel o
A Age] A" AL D5 Yob oo Wkl
leucme-l—lsoleucme+va11ne°ﬂ Auke Age] Y%

3 EgE AL SingerT®¥e At 2E ut
9170l leucine®} isoleucinee] <]& A 5-A &
W3te valineo] 949 AF242 d Aoz 4
Zg o,

(9) Na-glutamate2| sk :

Monosodium glutamate® iAo Hslste] g2
Z 7 Table 165} Figure 5914 &4 9tk
Table 16. Effect of varying the concentration of

monosodium glutamate on growth (average
absorbance) of B. thuringiensis in defined

media
Glutamate conc. l Absorbance
2.5X1073M 0. 467
1.25%x1073M 0.36
2.5%107'*M 0. 037
Control (none) 0.016
1.0}
0.0}
. 08¢
0.7
S 0.6¢
£ 0.5 .
“of o
0.2 —
01 5/
U 5 T
Levels of Mono-Na- gluca mate (in units)
1 units=2.5x107*M

5 units=1.25x1073M

10 units=2.5x10"3M
Fig. 4. Effect of varying the concentration of mo-
nosodium glutamate on growth (average
absorbance) on B. thuringiensis in defined

media
Table 16914 2.5%1073Mgl 714 E& Fxd
A 7bA P go] BL AL Baglen controld

= 493 ol gt Conne% 0o

glucose-saltsiil 4] of] 4] =

Sk
B. thuringiensisi= citrate,
aspartate, B oz ¢T3}
35 olg: W 2A o2 citrate-salts®] F o] A =
glucosert glolx o] AFL 2 Atz d9cl.
E ARAAE glucose salts] R 7} oy citrate-
salts ¥l A Ao A glutamated HIPE Aol
2 29 E 2.5x107°M3}  1.25%x1073Mel A 2.5%
107*M= ®eh &9 2A4 vEd AL & 5 A

x = glutamated
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(11) 2&9 HAFEM (Total body extract) el
pHel Crystale] &4 :
28 e B 229 total body extractd] pHE
Table 18614 2% ulslzeh,

Table 17. pH of the total body extracts of
selected lepidopterous larvae

Lepidopterous larvae pH
Margaronia perspectalis Walker 7.9~8.0
Pieris rapae Linné 8.4
Dendrolimus spectabilis Butler 7.95~8.00
Chloridea assulta Guénée 7.96
Bombyx mori Linné 7.55~7.9

Table 186) A] ®3= u}s}zko] Lepidoptera®] total
body extract® alkalid ¢ =%v Zzde pHe
= A9 9A%E 4L nedFz Q). Figure
53} Figure 6-& Pieris rapae Linnés} crystal-2 4

A7 A¥Y 4L nedFzm 9o,

Fig.5. Pieris rapae Linné prior to ingestion o
the d-endotoxin of B. thuringiensis

Vol Eole dutd oz 2749 8ol Q. &
Y A gAY SulEdd = 2009 A
€AYz §49 A 4244 L B 3
4] pH7} 9.0 o] &g #A g ¢ & pH 46
e Eo AYF AFY AAE AdANE A
ovh. = e HYL 479 wes) wnease,
1320 Edg Az 3499 pHr 9.00 8
€ fASt B4 7.00149 Al dE 24 F
£ 283A gedwd 47 A28 YH E 4
Fol Al A Adel o LolstA =+ =
A A A48 JulE ZHE5L total body ex-

Flg 6. Pieris rapae Linné after ingestion of the
d-endotoxin of B. thuringiensis

tracte] pH7} 7.55—8.424 A 2 A 2F3 o 4
otz 24 Q& Aok, Bacillus thuringiensisol
&3 Q8 FFEY U4 FEHRE 9
E Aol 95t A= A A “parasporal
inclusion body”el 9 &3tz U8z =80 E
3 Yu B 5o AFd 54 o] crystals @3
Hel gtz gt 12850 Juidoz £ Z9
Ao ¢o]A parasporal crystald] &3¢} =R
H AN AL S A3Es] std 2744 Aol
A k= gl th. & Lecadet$ @%29.8. B, thuringiensis
o] AAL Pieris brassicaed &3} olt} Ful
(chyle)ol 9&ted Saddctes AL Bnygon oA
& protoxin®el o] crystale] W3l E olrlEE &
23¢9 Aolzt AASYZ 2EL™ Pieris
brassicae?] 433k o 8 ¥-¥] EA parasporal crys-
tal e J RN 5 54AEF S 99 B
St 25z o]AL o] 44 & A4 e £R
F& 7+ 429 peptide fractiono. 2 st
e B2LE THREAm HJ o]EL&® B
thuringiensis?} A 4 3t& cfystal% E4d 934
AR A AN F 39 hemocoeld e g2 FALEH
ARAeg FAL & e 7144 dlFEE ¥
AAATE A& 29 FYz Angus®} Mar-
touret® o] ]38t} A t®E crystal protoxing] 7}
A¢ a9t o crystal E£AE FARRA
chainzt9] disulfide bonds®%%¢] 4] &
27 =] Qlod 1 Fz1 P. brassicae Proteases
ol ZLo w7 UdAS9 peptide linkagess} 2
9 EolAd wha} AH olF FZie FEA
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Azde ez B9 gEd At @

S A FE (FFEA EoIV 2 FAEL
AFA o2t me FAd sl Foistaend
2 AR AR AR ox AXY FAG F
Ag dehdie 2 RAFe §32F lpg/gRA T
3 {5 4ol THYrt @

crystal protoxin€ true toxine ® WI A=
o] x%&e A Fste] e dukdqd FA
E opl AT B 224 A FH (precursor) & ¥
] Fustd 2 A R AL gt A ETH
A% A 24 F48%E dE A2F 42
Z2AF AN E 53 \i»)}p} (25,30)

A4d g% & ;]_8_/’*-4 #2l &= Yamvrias“49 g}
Ag o] &3 %73‘*401 ZFHAS F 2e
P. brassicae®) —n-‘ﬂ} (chyle)ell o1& crystale] 7}
T AEL ATH oz Fald s o
HA49 Mediterranean flour moth(Anagasta
Kihniella) 9] % Ao I8 $5% uA
Crystal A4 o] £3ol& 2F4olge
Asg . st 29 speciese] el Fv
SE 54 deadlE AL A gl A
A9 F4A JEEHY 54 @A Q=
A Z. =z Ll FaustF U9 parasporal
crystal9] &9 Bl T Ao ¥vas
A alkali4 %@ﬁﬂ g A gt o] FelAn ofulx 2
Aoz A 549 FLE gz Fyeh
TF4(0.3~0.4%) 7} parasporal crystal?] TFAZ
F9 Frtoln T4k ‘ﬁ*‘ LA =0 dutd ez
AbeE = A4 alkah systemo] F4£7F EA e
A e AuelA o] crystald EHA7Ed 9

A g mdAel e AL 159 Ade

ot

AL A

AAFz g, A== FaustF94] o
Leacadet¥ ®® & Pieris brassicaed] ¥%9 433k

FH 4 72124]5] Tl A B g9 AP
/"] 0. 05M blcarbonate buffer (pH 9.5)5 A}g&3%}
qe2z ¢4 E/L‘ﬂ'«] FEolgtn EF o

» F33c. istd o] Buffer§d e 2 A
AZE crystald 14.28%Y S A77 & Fol=t
2 g B AYd AgE ulE ZEFFA
Pieris rapae Linné?} crystale] =13t 7}# ofml

g =54¢ 121711—% total body extract?] pH7}
8.424 FA £%FAA /1% L pHAE 24
gE Ads 45 5‘}_,_ Att. & Faust%¢] 7}Ae]

#2d S4¢ vehisl A dAdes 23
9 Bl 87 Hojoben Alkelige] %

2. Pieris rapae Linnés} o=l &
o}, (Figure 6).

Margaronia Perspectalis Walkers A %
o pH7b 7.9-8.0224 23 d=d &S

Bl oo RAAE F kgl & 7] 3

Aez A4

32 o 2

td ol 53719 §5¢ AgRe=z 2o
2 Yool A wet o onlE Aoz xg;_].g_]gq(u)%
# & FAATE FldE W2 54¢ AAm

gleh, %% 9lo] A & total body extract®] pH7}
7.95~8.00c. 24 alkalid & ®xz ¢ o} crystal
o dste] 3] mlgEA XF AL QS &
o1le FATFA E2 ¢ phenolsiF g =&
o] obds} AzpEc} 0 FZo oA “para-
sporal body”7} &8l FozA op/|= = dAA
gL o] crystal AT FEUE F9 +
W E e dc}, 489 3 & v) Louloudess ®¥ef 9
e toxic erystale] ol =g #FgupAe w
A A zeto] W3E Wz olo] Az HAs}
943 ¥A=x v o basement membrane
of W3 E QoA 43R0 2LEH A5 2 car-
bonate ion%e] Fdsel A=A = F deox)
otz &,

(12) B. thuringienlis exotoxin2| =1ijz|
(Drosophila melanogaster Meigen) Ol 5L
SEMH8

Table 18. Mortality of Drosophila melanogaster
Meigen by the exotoxin of B. thuringiensis

Concentration Mortality (%)
Original supernatant 100
5 times dilute supernatant 100
10 times dilute supernatant 90

Table 1991 /1 H.3= uldzto] B. thuringiensis
W Aol FEde
s Fol A3 B4 AF AL ¢F9en o
gl A o] a) ¢ EH o2 o] §FF Y}, Cantwell
5 ©2 B. thuringiensis var. thuringiensis Berliner
9} 29 varietyd] WAL HPE WAHAA
i kA7) el exotoxing FAFVI BIFul g
. F Asddd $5% WHde o] 4AF 54
2 7} 2xe zAFA7 Y dipicolinic acidd]
ZA sl Wk o] AARETE 28 varietyg:. Al
H& A FA B. thuringiensis var. thuringiensis
glo] 724 7} Wl 3ol exotoxingd AATTGm T
t}. 19599 McConnell5- ®" 2 B,

var. thuringiensis Berliners}

thuringiensis
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var. thuringiensis BerlinerZ nutrient brothyt
liver brothe] A1 10 o] 4 ¥l k&= odo] ¢4 5
2 EX = E toxine) 4Pz ¥y} Hall
TN AYPAAA w8 B. thuringiensis var.
thuringiensis®] 0.25gre] A wlofd & w] A A4
=}2] 9} DDT$} malathions] A F 4 & 71X & o3
2 ®5d 90~100% L3 EL AAdzm Fgt.
Briggs®' = B. thuringiensis wvar.
8} B. thuringiensis var. sotto Ishiwatas] T A 4
FE ol gdd ey §52 Adn AEFA
£ McConnell 5 ®"3 §9% d4A¢ 2dgct.
Burgerjon$®& o2 Z o] A3tel 49L& Y3}
A=l B. thuringiensis var. thuringiensis= ¥ %
€ 39 exotoxing FA &Y 2 4FAL tFe
L8tz 2239 eh Briggs®, Dunnr™®, Me-
chalas$- @2 B. thuringiensis®] # &g 4ol g
ol FAREH 2 AESA st $53
€& 498t toxino] WA g& Az ol o
Atz B2dg s, Mechalas5®e] 932 B.
thuringiensis var. thuringiensisz= 304 7} i k3] &
@ #322 exotoxing FAFctz ot
Cantwell & ® & exotoxing] 4 Ayd], 48533
AR, EHAAY dulg Ay, 2= 24
S stel fo AAf ZAAFo AHd APt =
¥ “McConnell-Richards toxin” =X “flytoxin”
olgtz &3] o toxing crystale FAHE A
5 A ke 8 4= oA L At
o} W) (metamorphosis)el W oo} E4ALg 5}
3 owl ool ## i hormoned HWaHEA 72
. °] toxin®] F8 g4 % calciume] g &},

thuringiensis

y§ @

FYAFE o g3 NAE 434 &

Astel oy, Wz 9
3¢ A%E G 2o

@ B. thuringiensis avr.

A 487
AERY A3

thuringiensise 53]
Yl & 8 &l f5T s-endotoxins} she] o &
E% fly-toxing A AsE A Folt},

@ AAZAANA AN e AAG-E ddges
A 2 AFuge] o) 4F BAezw F43 A
g F9 FES gdoe] Loz¥y 22w
Aust&e gt

® GYS vlA s} citrate saltst X & wlEw) =
A AAFE AL A3 AAder Be g
8 d-endotoxing VL5 9.

@ GYS ¥l Aol 8gr/le] glucose F7+A FA%
crystale] EFE A Aako] s+ @oke},
® obvl =43

leucine + isoleucine + valine &

1.25x107°M B X2 citrate salts WA o] H7}A
FTAAE] F40) 4 EFx

® Na-glutamateS citrate saltsf]F o] 2.5%
10°M #7AA 744 & $4¢ 29+

@ 2 AFe RFAZL 94l 159 Aol 7}

Ft

A UFE FE2F A total body extract
9] pH7} 44 %8 Pieris rapae Linné(pH 8.4)
N FE £& AFEH}E Holx Dendrolimus
spectabilis Bulter®} Bombyx mori Linnéoll Al &= &
7t gt

@ 2 AT ek FEAe zddeld d3td
EL A4FEL 2o dol AT exotoxing £A

£ FHasg.
E dTE 19759 FEg4d A9 AQg9e
A4 £+
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