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S p o r e l e s s  M u t a n t s  of  Bacillus thuringiensis. II .  M u t a n t s  d e r i v e d  f r o m  v a r .  thuringiensis 
a n d  v a r .  sotto 

I n  o r d e r  t o  k e e p  o t i r  w o r l d  c l ean ,  b i o l o g i c a l  m e t h o d s  of 
i n s e c t  c o n t r o l  h a v e  r e c e n t l y  b e e n  i n v e s t i g a t e d  b y  m a n y  
s c i e n t i s t s .  A m o n g  m a n y  b i o l o g i c a l  c o n t r o l  a g e n t s  f o u n d ,  
Bacillus thufingiensis s e e m e d  to  be  m o s t  u s e f u l  b e c a u s e  i t  
is  h a r m l e s s  t o  h u m a n s ,  d o m e s t i c  a n i m a l s ,  w i l d l i f e  a n d  
p l a n t s .  H o w e v e r ,  s i nce  B. thuringiensis p r e p a r a t i o n s  as  
t h e y  a p p e a r  on  t h e  m a r k e t  c o n t a i n  l i v i n g  s p o r e s  of t h e  
o r g a n i s m ,  t h e y  p o s s e s s  t h e  p o t e n t i a l  for  i n t r o d u c i n g  
u n f o r e s e e n  d i s t u r b a n c e s  in t h e  e c o l o g i c a l  b a l a n c e  for  t h e  
f u t u r e .  H e n c e ,  a m i c r o b i a l  i n s e c t i c i d e  l a c k i n g  v i a b i l i t y  
b u t  r e t a i n i n g  a c t i v i t y  is m o s t  d e s i r a b l e .  

I n  t h e  p r e v i o u s  p a p e r  ~, w e  h a v e  r e p o r t e d  t h a t  5 
s p o r e l e s s  m u t a n t  s t r a i n s ,  2 d e r i v e d  f r o m  kurstaki a n d  
3 f r o m  aizawai, w e r e  s e l e c t e d  a f t e r  m u t a g e n i c  t r e a t m e n t ,  
a n d  t h a t  t h e y  w e r e  c h a r a c t e r i z e d  b y  a c o m p l e t e  l a c k  of 
s p o r e s  a n d  y e t  m a i n t a i n  i n t a c t  i n s e c t i c i d a l  a c t i v i t y .  M o s t  
m u t a n t  ce l l s  u s u a l l y  a u t o l i z e d  a t  t h e  e n d  of c u l t i v a t i o n  
a n d  t h e  r e m a i n i n g  ce i l s  w e r e  e a s i l y  k i l l e d  b y  h e a t  t r e a t -  
m e n t  w i t h o u t  l o w e r i n g  t h e  t o x i c  a c t i v i t y .  T h u s ,  t h e  use  
of t h e s e  s p o r e l e s s  m u t a n t s  w a s  s u g g e s t e d  as  m i c r o b i a l  
p r o d u c e r s  of t h e  i n s e c t i c i d a l  t o x i n  in  c o m m e r c i a l  p r e p a r a -  
t i o n s  w i t h o u t  b a c t e r i a l  v i a b i l i t y .  

S ince  B. thuringiensis h a s  m a n y  v a r i e t i e s = ,  e a c h  of  
w h i c h  s h o w s  a d i f f e r e n t  s p e c t r u m  of i n s e c t i c i d a l  e f f ec t  on  
d i f f e r e n t  spec i e s  of l e p i d o p t e r a  l a r v a e ,  m a n y  s p o r e l e s s  
m u t a n t s  d e r i v e d  f r o m  t h e  d i f f e r e n t  s t r a i n s  c a n  be e x p e c t e d .  
T h i s  r e p o r t  c o n c e r n s  s p o r e l e s s  m u t a n t s  n e w l y  o b t a i n e d  
f r o m  t h e  d i f f e r e n t  v a r i e t i e s .  

13. thuringiensis v a r .  sotto a n d  v a r .  thuringiensis w e r e  
u s e d  as  p a r e n t  c u l t u r e s .  T h e  p a r e n t  s t r a i n s  w e r e  c u l t i v a t e d  
on  G N B - b r o t h  (g lucose  0 . 1 % ,  p o l y p e p t o n e  1 . 0 % ,  bee f  
e x t r a c t  0 .5%,  NaC1 0 .2%,  p H  7.0). T h e  ce l l  p a s t e  o b t a i n e d  
w a s  s u s p e n d e d  in  s a l i n e  c o n t a i n i n g  0 . 1 %  N - m e t h y l - N ' -  
n i t r o - N - n i t r o s o g u a n i d i n e  a for  30 m i n  a t  30~ F o l l o w i n g  
d i l u t i o n ,  t r a n s f e r  o n t o  G N B - a g a r  p l a t e  a n d  i n c u b a t i o n ,  
m u t a n t  c o l o n i e s  h a v i n g  a s l i g h t l y  t r a n s l u c e n t  c o n s i s t e n c y  
w e r e  s e l e c t e d .  T h e  d e t a i l s  of c u l t i v a t i o n  a n d  s e l e c t i o n  of 
m u t a n t s  h a s  b e e n  r e p o r t e d  e l s e w h e r e L  
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Table I. Viable cell counts after heat treatment ~ (/ml) 

BT var. thuringiensis BTvar .  sotto 

Temperature (30 rain} Original strain M 1 M 67 Original strain S 162 

Non-treated 1.10 • 109 8.80 x 10 a 2.19 x 107 8.30 x l0  s 1.34 • 10 v 
40~ 1.04 ><. 10 u 7.05 • 10 a 8.60 ?< 10 '~ 9.10 x 108 5.20 x 105 
50~ 1.27 x 109 1.67 • 104 211 1.06 x 109 ;6 
60~ 1.09 • 109 492 12 9.20 • l0 s 5 
65 ~ 1.30 • 109 337 0 9.20 X l0 s 0 

�9 All strains were cultiwttcd on GNB-broth for 48 h at 30~ 1.5 ml of each cnlture broth was transferred into a test tube and heated at 
various temperatures for 30 rain. 

Table II. Insecticidal effects of sporeless mutants  treated at 65 ~ for 30 min 

Name Dry wt. b N. of Temperature No. of hlsecticidal effect a 
([zg/ml erystals/ml (65 ~ viable LDs0 ~ 
of broth) of broth ': 30 rain) eells/ml 

Bombyx Samia 

thuringiensis 
~ 9 • l 0  B 6 . 6  < 1 

mutant  M 1 670 2.7 • 108 
65~ 0 8.6 -- 
-- 2 • 10 ~ 5.4 ~ 1 

nmtant  M 67 700 2.0 • 10 s 
65 ~ 223 6.2 
- -  1 • 109 6.1 3 

Original strain 1.580 1.4 x 109 
65 ~ 1 :< 109 11.0 -- 

sotto 
1 • 10 ~ 5.4 1 

mutant  S 162 320 1.9 • 108 
65~ 0 4.6 -- 

- 8 x l0  s 16.0 31 
()riginal strain 490 1.0 x lO s 

65~ 8 x 108 14.5 -- 

aizawai r -- 8 • 106 3.4 -- 
970 8.5 • 108 

mutant  I 45 65 ~ 0 3.4 -- 

aAll strains were cult ivated on GNB-broth for 3 ~ 4  days at 30 ~ bDry weight was expressed the mean value of 3 repeated cultivations. 
~ bodies were counted irrespective of being inside of cells or free. dBioassay was done using 40 Bombyx larvae ( lst  day of 3rd instar) 
and 30 Samia larvae (1 st day of 2rid instar) for each experimental lot. Each strain was tested through 5 series of dilutions. , I.Ds0 was cal- 
culated from the "probit"  and expressed ill p.g/ml of test solutions employed, q45 is a sporelcss mutant  derived from aizawai 1. 
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Figs. 1, 2. thuringiensis sporeless mutant, M 1 (Figure 1) and M 67 (Figure 2). • 10000. No spores are seen. Bare crystalline bodies, sharply 
pointed and dialnond-shaped are seen together with (Figure 2) or without (Figure 1) cell ghosts. 

The  gene t ica l ly  s tab le  sporeless m u t a n t s  were c u l t i v a t e d  
in G N B - b r o t h  for 2-4  days  a t  30 ~ P rec ip i t a t e s  fol lowing 
t he  cen t r i f uga t i on  of t he  c u l t u r e - b r o t h  were washed  
severa l  t imes  w i t h  0.01 M p h o s p h a t e  buffer  p H  7.0 an d  
t h e n  r e suspended  in H20.  These  samples  were s u b m i t t e d  
for b ioas say  and  cytological  observa t ions .  

Insec t i c ida l  a c t i v i t y  was t e s t ed  w i th  s i lkworm,  Bombyx 
mori, rea red  on  f resh m u l b e r r y  leaves, and  w i t h  Eri-  
s i lkworm,  Samia cynthia ricini, rea red  on  ar t i f ic ia l  diets .  
Me thods  for b ioassay  and  e lec t ron  mic roscopy  h a v e  been  
r epo r t ed  p rev ious ly  1. 

F o u r  cr i te r ia  were e m p h a s i z e d  in select ion of m u t a n t  
s t r a ins :  1. lack of ab i l i ty  to  fo rm the  spore a n d  a lack of 
b a c k  m u t a t i o n  w i t h  t he  r epea t ed  cu l t iva t ions .  2. H igh  
degree of s p o n t a n e o u s  au to lys i s  a t  t he  end  of cu l t iva t ion ,  
3. h a v i n g  a big c rys ta l l ine  b o d y  and  4. r e t a in ing  t he  s t rong  
insect ic ida l  toxic i ty ,  Solar,  we o b t a i n e d  2 m u t a n t s  f rom 
thuringiensis a n d  1 f rom sotto t h a t  seemed to be  h igh ly  
sa t i s f ac to ry  u n d e r  all t h e  4 condi t ions .  

As seen in Tab le  I, t h e  t e m p e r a t u r e  sens i t i v i ty  of t h e  
sporeless m u t a n t s  was e x a m i n e d  a f t e r  t he  cu l t i va t i o n  on  
G N B - b r o t h  for  48 h a t  30~ A l t h o u g h  m u t a n t  M1 was 
s o m e w h a t  hea t - r e s i s t an t ,  t h e  p r ac t i c a l  t h e r m a l  d e a t h  
p o i n t  of all  m u t a n t s  was  60~ t he  same as seen in the  
cases of m u t a n t s  f rom t h e  s t r a ins  of kurstaki and  aizawai ~. 

A h e a v y  leakage  or au to lys i s  occurred  d u r i n g  t he  48-h 
s tage  of m u t a n t  s t ra ins .  The  n u m b e r  of v iab le  cells (non- 
t r ea ted )  was  m u c h  less t h a n  t h a t  for p a r e n t  s t ra ins ,  b u t  
n u m b e r s  of c rys ta l l ine  bodies  pe r  ml  of the  b r o t h  were 

found  to be nea r ly  t h e  same in p a r e n t s  an d  m u t a n t  s t r a ins  
(see Tab le  II). A l t h o u g h  m u t a n t  M1 der ived  f rom 
thuringiensis was sporeless,  as d e t e r m i n e d  b y  microscopic  
o b s e rv a t i o n  a n d  b y  h e a t - t r e a t m e n t  of 70~ for 30 rain,  
a f te r  h e a t  t r e a t m e n t  a t  65~ a v e r y  smal l  n u m b e r  of 
v iab le  cells could be found .  Tab le  I I  d e m o n s t r a t e s  t he  
d ry  weight ,  n u m b e r  of c rys ta l s  an d  t h e  insect ic idal  a c t i v i t y  
of sporeless m u t a n t s .  

Af ter  3-4  d a y  cu l t iva t ion ,  all b r o t h s  were r epea ted ly  
washed  as m e n t i o n e d  a b o v e  an d  d r y  weigh t  an d  n u m b e r  
of c rys ta l l ine  bodies  were measured .  Since yields of 3 day  
cu l t i v a t i o n  were nea r ly  t h e  same as those  of 4 d a y  cu l t iva -  
t ion,  t h e  ave rage  va lue  of 3 r epea t ed  cu l t i va t ions  was 
s h o w n  in Tab le  I I .  Yields  of m u t a n t  s t ra ins  were less t h a n  
ha l f  t h a t  of t h e  or ig ina l  s t r a in  u n d e r  the  cond i t ions  of 
f e r m e n t a t i o n  employed.  

The  n u m b e r  of c rys ta l l ine  bodies  was coun ted  u n d e r  t he  
phase  c o n t r a s t  microscope,  i r respec t ive  of be ing  ins ide  of 
cells or free. I t  was  found  t h a t  m u t a n t  M1, M67 a n d  S162 
h a d  a p p r o x i m a t e l y  equa l  n u m b e r  of c rys ta l l ine  bodies,  
n a m e l y  2-3 • 10S/ml of b ro th .  

Insec t ic ida l  a c t i v i t y  of spore less  m u t a n t s ,  w i t h  and  
w i t h o u t  h e a t  t r e a t m e n t  of 65 ~ for 30 min,  was measu red  
b y  t h e  m o r t a l i t y  ove r  3 days  of Bombyx an d  Samia. 
LDs0 was ca lcu la ted  f rom the  ' p r o b i t '  an d  expressed  in 
a g / m l  of t e s t  so lu t ions  employed  (Table  II). In  general ,  
t h e  toxic  ac t iv i t i e s  of m u t a n t s  M1 an d  M67 seemed 
essent ia l ly  the  same as t h a t  of t h e  or ig inal  thuringiensis 
s t ra in .  However ,  t h e  t ox i c i t y  of m u t a n t  S162 seemed to 

Fig. 3. sotto sporeless mutant, S 162. x lO000. Crystalline bodies are 
much smaller than those of the M1 and M67. 

Fig. 4. thurinoiensis wild strain. • 10000. Many ellipsoid spores and 
some diamond-shaped crystalline bodies are seen among the lysed 
cell ghosts. 
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be m u c h  s t ronger  on b o t h  s i lkworms t h a n  t h a t  of original 
s train,  sotto. No change  of toxic  ac t iv i ty  was found  in t he  
all 3 m u t a n t s  af ter  t he  hea t  t r e a tmen t .  

Scanning electron micrographs  of sporeless m u t a n t s  
showed only  regular ly  shaped b ipyramida l  crystal l ine 
bodies  laid free on a background  of lysed cell envelopes 
which  somet imes  form cell ghosts  or ne tworks  (Figures 
1-3). Ill cont ras t ,  m a n y  ellipsoidal spores were observed 
besides oc tahedra l  crysta l l ine  bodies  and  cell envelopes 
in the  original wild s t ra ins  (Figure 4). In  general,  c rys ta l -  
line bodies  of m u t a n t  $162 (Figure 3) were much  smaller  
t h a n  those  of the  m u t a n t s  M1 (Figure 1) and M67 (Figure 
2), a condi t ion which  also occurs in the  original  sotto 
strain.  All m u t a n t s  had  a size and shape of crystal l ine 
bodies similar to those  of the i r  pa ren t  strains.  

The combina t ion  of biological inviabil i ty,  and  comple te  
r e t en t ion  of toxic ac t iv i ty  in p repara t ions  der ived f rom 
sporeless m u t a n t s  of Bacillus thuringiensis would provide  
a safer source of microbial  insecticides as well as being a 
valuable source of s t a r t i ng  mater ia l  for the  pur i f ica t ion  
and charac te r iza t ion  of the  6-endotoxin.  

Summary. Three  sporeless m u t a n t s  of Bacillus thurin- 
giensis, 2 der ived f rom var. thuringiensis and 1 f rom var.  
sotto were selected af ter  mutagen ic  t r ea tmen t .  They  were 
comple te ly  lacking in abi l i ty  to  form spores, ye t  ma in ta in -  
ed in t ac t  insect icidal  ac t iv i ty .  
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I s a t i n - 3 - A n i l s  as  E x c y s t m e n t  and Cys t i c ida l  A g e n t s  A g a i n s t  Schizopyrenus russelli 

General ly  relapses have  been encountered  in t r ea t ed  
cases of chronic amoebiasis .  This has been a t t r i b u t e d  to  
the  fact  t h a t  the  drugs discovered so far have  li t t le or no 
effect  on the  cyst ic  s tage of amoeba.  

Isa t ins  have  general ly  been associa ted wi th  ant iv i ra l  
ac t iv i ty t .  Other  biological responses  exhib i ted  by  
isat ins  include an t ibac ter ia l  2, an the lmin t i c  ~ and hypo-  
tens ive  act ions 4. In  th is  communica t ion  we wish to  
repor t  for the  first  t ime  the i r  cyst ic idal  ac t ion and the i r  
abi l i ty  to  cause excys tmen t .  A series of isatiu-3-anils(I) 
have  been  screened for their  cysticidal  ac t iv i ty  and the i r  
role as e x c y s t m e n t  agents.  

I t  is in teres t ing  to note  t h a t  cer ta in  compounds  of this  
series have  shown cyst ic idal  ac t iv i ty  and  also caused 
e x c y s t m e n t  s imul taneously .  This type  of behav iour  in a 

single subs tance  has  pe rhaps  no t  been repor ted  earlier. 
Materials and methods. Isat in-3-anils(I)  were ob ta ined  

by  condens ing  isat in w i th  a romat ic  amines  in e thanol ic  
m e d i u m  conta in ing  2 drops  of glacial acetic acid. The 
resul t ing  condensed  p roduc t s  were t h e n  subjec ted  to  
Mannich  react ion conditionsS. 

1 T. S. OSDENE, iI1 Medicinal Chemistry, 3rd ed. (Ed. A. BURGER; 
Wiley Interseienee, New York, N.Y. 1970), p. 662. 

2 R. S. VARMA and W. L. NOBLES, J. Pharm. Sei. t4, 881 (1975). 
3 IX. CAVIER, IX. ROYER, IX. RtPS and L. RENE, Chim. Ther. d, 21 

(1969); chem. Abstract 70, 113686s (1969). 
4 Brit. Patent No. J, 240, 648 (1971); chem. abstr. 75, 118342q 
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5 R. S. VARMA, Polish J. Pharmac. Pharmae. in press (1975). 

Isatin-3-anils (1) as excystment and cystieidal agents 

Specimen No. R R' Excystment (%) Mortality (%) 

1 4-- OCH:~ 1t 50 20 

2 2 -- OCH:~ t-[ 28 -- 

3 4--CH 3 H 15 -- 

4 3--CHa H 30 40 

5 4--C1 H nil 37 

6 4-- Ph H 10 40 

7 4-- OCI% CH2--N S nil 28 \__/ 
/ - - - \  

8 3--CH a CH2--N S O nil 20 
\ \ _ _  / 
/ - -  \ 

9 4--Ph CH2--N S ) 5 -- 
\ _ _ /  
/ - - - \  

10 4--Ph CH2--N S O 10 10 
\ _ _ /  

11 Control (cysts k E. col{ extract) 96 -- 


