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Abstract — The delta-endotoxin from B. thuringiensis subsp. darmstadiensis T3E10-2 was resist-
ant to high concentration of salt (4 M NaBr), organic solvents (50% acetone), denaturants
(4 M urea), and neutral detergents (10% triton X-100). In contrast, the toxin was inactivated
by treating with charged detergents as well as guanidine hydrochloride or carbon tetra-chloride.
The delta-endotoxin is not a sulfhydryl activated toxin, but modification of the lysine side
chains eliminated toxicity against mosquito larvae.
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Table 1. Stability of delta-endotoxin by treatment of
organic solvent

Organic solvent LCsi (ug/mi)
None 0175
Methanol 0.455
Aceton (0.143
Carbon tetra-chloride above 2.000
Ethyl ether 0.309

The 20 pug/mi delta-endotoxin was treated with the
same volume of organic solvent at 25C for 12 hr.
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Alsll 2 A3}l acetonod A= 53] 1A A f{A| 5
o1} carbon tetra-chloridesl A= 21 =218 214
8] A3t (Table 1).

iAo 3t obEd
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(13) 2} urografin(14) % wwa WHAIA| ¢l urea®)
guanidine-HClol| Btdo-5-2] &4 X2 =L o
3] guanidine-HCIgte] WS52e] 53-8 ZA <
3217} (Table 2).
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ZFAlal triton X-1002 W50 3o WES F3]
ool o]} S-o0]29ql SDS(sodium dodecy! sulfate) 9}
oko]29] TTAB(tetradecyl trimethyl ammonium
bromide)= 2 =3¢ =3A A£AA|ZHcHTable 3).
o] Btitr59] WE4E 3 AA F7140l, HA
A 2 ARG Z A st 22l i F3HS

Table 2. Stability of delta-endotoxin by treatment of
denaturant

Denaturant LCse (ug/mi)
None 0.143
Sodium bromide 0.146
Urea 0.146
Guanidine - HCI 0.894
Urografin 0.179

The 20 yg/m! delta-endotoxin was treated with the
same volume of denaturant at 25T for 12 hr.

Table 3. Stability of delta-endotoxin by treatment of
detergent

Detergent % Larval mortality*
None 100
Triton X-100  0.5% 102.3
5.0% 98.7
SDS 0.5% 65.8
5.0% 58.5
TTAB 0.5% 18.2
5.0% 0.0

*Larval mortality was determined with intact crystals
at 10 ug/mi. Abbrivations; SDS: sodium dodecyl sulfate,
TTAB: tetradecyl trimethyl ammonium bromide.
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Thiol reagentsoll 2|3t Li=x4o] 3 % A{0|H

Btd o3¢ W=7} thiol reagentsE #H-3F U7}
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327} 87155 gt 7P 7R SA3E epdigid
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A7 =), adeld] 25 mM  dithicerythitol S &3}
carbonate bufferd] WE=4E Lsl(4C, ) A7)
% Schnell 5(15)9] Wl oz} &a9 WELE
latex beads($0.8 um ; Sigma Chem. Co.) o] & 2HA]7)

Table 4. Solubility of delta-endotoxin

Reagent LCs Solubility
(ug/ml) (%)
0.1 N NaOH 2.36 76.7
25 mM Na-thioglycolate 6.25 13.9
25 mM Dithiothreitol none toxic 139
25 mM Dithiocerythritol 0.449 54.4

0.2 M Potassium thiocyanate none toxic 27.8
2% 2-mercaptoethanol 10,0 22.2

Delta-endotoxin was solubilized in 0.2 M carbonate bu-
ffer (pH 9.0) containing each thiol reagent at 4C over-
night, and precipitation of toxic protein with acetic acid
was introduced into test tubes for feeding on mosquito
larva after treatment of nitrogen gas.

Table 5. Treatment of solubilized delta-endotoxin for
feeding of mosquito larvae

Treatment condition LCs (ug/mi)
Precipitated toxic protein with acetate 0.94
Precipitated toxic protein with acetate 047

+N2 £4s
Solubilized toxic protein in Latex beads 4.36
Solubilized toxic protein in Latex beads 343

+N2 gas
Solubilized toxic protein only 65.7

Delta-endotoxin was solubilized in 0.2 M carbonate bu-
ffer (pH 9.0) containing 25 mM dithioerythrytol at 4C
overnight.
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Bt#59 Y=ol iyt 538-2] 8. radical&
AESIZA 25 mM dithicerythritol& 373 02M
carbonate buffer(pH 9.0) ol A4 W54 2] disulfide 4
o} A(4T, 3D gk 2§ &88 J=4e
sulfhydryl?] & 35408 WHIA|AA 1 542 ¥
35 AR B AR 5o Wile A yehF|
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Table 6. Toxicity of solubilized delta-endotoxin on sul-
fhydryl group modifying agent

Reagent Modification % Toxicity*
Dithioerythritol Disulfide cleavage 100
2,2'-dithiopyridine Disulfide interchange 60.9

5,5"-dithiobis- Blocks sulfhydryls 106.7
(2-nitrobenzoic acid)

1,3-propane sultone Blocks sulfhydryls 87.9
Iodoacetamide Blocks sulfhydryls 721
HgCl, Blocks sulfhydryls 832.5

*Percent toxicity=LCs (untreated toxin)/LCs, (modi-
fied toxin). Delta-endotoxin was solubilized in 0.2 M
carbonate buffer (pH 9.0) containing 25 mM dithioery-
thritol before modification of sulfhydryl group. Nitro-
gen gas was introduced into all solubilized toxic protein
before test of toxicity.
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Lysine?|2] B4y

Btd# 32 W54 & 0.1N NaOHE 4Cel|A] 8154
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Table 7. Toxicity of delta-endotoxin on lysine group modifying agent

e SR —

Reagent ug of reagent/ug of protein Modification % Toxicity*
o-Methvisourea 0.05 Guanidination 3.2
Dansyl chloride 0.04 Dansylation 39.3

1.20

below 3.1

*Percent toxicity =LCs (untreated toxin)/LCs (modified toxin). Delta-endotoxin was solubilized in 0.1 N NaOH

at 4C for 12 hr before modification of lysine.
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