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Hi.s/ii/inc, tltreonine, valine, tyrosine, leucine, isolucine, serinc, lysinc and 
B vi/un@ns udded to Ci'lrrcose-mineral salts medium did not promote growth of 
Bacillus 111 uringiensis. Aspartic acid, arginine, glycine, proline, asparagine, methio- 
nine iind glutunzin~ supported growth of the organism with a longer lag period as 
cornparid to cystini, which stirnuluted exponential growth in 9 hr after inoculation. 
TIIP total ,gron>t/t increased it1 relation to the conce~rtration of cjatine in the medium. 
Presencc of' exces~s cystine dong with glucose inhibited sporulution and consequent 
purusporul crystul ,formution. 
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Bacillus tlzuringiensis produces a proteinaceous crystalline inclusion 
durjng sporulation which is known to be toxic to lepidopteral~ larvae.* In 
view of its usc in the biological control of some agricultural pests, interest 
has centered round studies involving this microorganism and its crystal 
formation. 

VinterQad reported that cystine inhibited spore formation in several 
species of Bacilli. In B .  thuringiensis the developmeilt of spore and the 
(insecticidal) proteinaceous crystalline inclusion body occur simultaneously. 
In view of this and the following reported observations that (a) the crystal- 
line proteinaceous inclusion contains a small quantity of cystine/cysteine 
alld that (b) sulphydryl groups are required for the biological activity of 
the toxic subunit,$ we mdertook these studies and report here lhe effect 
* Presented at the 59111 Symposium of the Biocl~emical Society, Indian Institute of Science, 

held in Octobr, 1977. 
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" S j x  growth I I I C ~ ~ I I I ~ I  ti! & d i d ) '  the cII'cc:~ of' ~ ~ i n i ~ i ~ ~ x i i l s  wn~istcd of 
plloap1i;ite~ tu give pll  7.2  I 0 , O  g : hIgS0,~711,0 . - ? . ( I  g ;  L;CCI,.GH,O-- 
0.007 g ;  CaC'1,.71i;10 <I,') y :  ( N f  l ,$ l ,  SU,... g: ~nicrunulrienl solu- 
tion l tlli, H,0 - I  1,. gIusi)hc. .?O.Og. '/'he ~ n i ~ i . o ~ ) i ~ / r i c ~ i l  wlulion coil- 
aimxi of &S0,,~7Il,O l l $0  g, MiiS04. Ji1,O 5.0 g, il,UOtt--O~05g, 
N;I,MoO, .211,0 2 . 0  y .  C'uSO,, 51 1,O 0.007 y.  w ; ~ ~ c i  I L. Cilwxhe and 
salt5 WNC htcrilimd q i i l x ~ e l y  ,;IILI t ~ i t x d  : ~ w p ~ ~ c i ~ l i y  wit11 phosphate buffer. 

Thc irioctrlu~n fLs growth st~itlic> w ; ~  prcpi~scil ;I, Sillows: Two hun- 
d r d  tnl of glucoac-suit rncdit~ln ( w i t h i t  grow111 LIL.IOI.I was intxulatcd with 
1 ml of twice-w.r\l~cd huapcn\ic~n 171' O.D. 3.5 of \cpc.tuticc cclls from a 
1 4 h r  growth on i~utrient agar. 'f'lle cuiirlrc grcw after a lag period of 
  no re than 70 hr. T11csc cclh were cc4cctcd in thc cuporicntial phase and 
wdshcd twice by cctilrifi~g;itiort with 0.05 M hufli.s :inti the .same volume 
of O.D. 3 . 5  uscd as inact~ltim for ~ar io t r s  g w w ~ l l  stttdics. 

TJlc vitdmin jnixturc c ~ ~ t ~ \ i ~ i c d  01. 10 J ~ E  ~iic11 I$ ~hi;~nlin, riboflavin, 
nicotinic acid. paltlotiiei?ic acid, ~;y , inc iccr l~: t l ;~~~~i~ i .  fi~lrc acid. biotin and 
PABA ( p r  I00 ml medium). 



TIME. hours 

FlO. 1. Stimulation and inhibition or growth of B. fhuringiensis by nrninoacids. (0--0) 
leucine, isoleucine, serine, lysine, histidine, tyrosine, threonine, valine a?d cOnt10l without amino- 
acid; ( x  - x  )-g~utamin~; (* ----* )--glycine: (0 -0 )-proline; (8 a)----methio- 
$w. S-indicates spore formation. 



f<&t;~t /wrw~: t~  i p r ~ d ~ ~ w  mn1 (y< t iu~ :  ~ ' o t ~ ~ e m t x ~ i ~ ~ ~ z :  

Ur,>wrh wiz rucil hc c!ii lci~lcc~i hy incicilG~i$ thc vy , t i ,~~  c( ,ncfn i r t l t ion  
i n  the inedirlrrl. 'I'ki\ WI\ ctmlirnzccl hy \tirdyieg the cfkct cystine 

T I M E ,  hours 

Ro. 2. Stimulation of growth of B. thruitt.qienp%s by ami~lowida. [A-A)-contra' 
W i t h u t  minoacid; (e-. )-P$partic :%id; ( ~ - ~ ) - - c ~ t i , , ~ ;  (X .-x )--arginine: 
(&-A )-asparagine. 



m ~ u . ~ ~ t r a t i n t ~  in the ~nedium on growth and sporulation (Fig. 3). I t  was 
furthcr shown that cystine concentration in the growth medium decreased 
to zero lcvcl : ~ t  Ihc timc whcn sporulation began (Fig. 4). Addition of excess 
cystinc alcmg with other nu(rients during growth conipletcly inhibited 
spaulation in U. tlzwingien.sis and vegetative growth continued (Fig. 5). 
In this experiment observations were stopped when an O.D. of 12.0 was 
reached. Microscopic ex:~mination by shining of the culture at the hi&est 
O.D. \howcd complete absence of spores. 

T I M E .  hours 



Fro. 4. Wcct of cycline ooncentrntion in the meditlm on $mwth md sporulation in 
B, fhurlnglemli8. (a ---a 1-gmwlh ; (Q -0 )--cy~tine ~ ~ r n t r n t i o n .  

N~ckerqon and Bullat had &owed that citrrtte. aqmta te  and glutamate 
promoted good growth of 18 5traitlr o f  8. rhuringiensis, whereas malate, 
fumarate, succinate or oxalacetate did not promote growth of the strains. 
Few of the strains tested grew on malate. These workers had also r e p o d  
that supplementati~tt with vitamin mixture dld not elicit any g r o a  res- 
ponse in 17 out of the 18 strains tested, It was emphasized that 8. fhurm- 



T I M E ,  hours 

WG. 5. Effect of addition of excess eyst i~~e in the medium on growth and sporulatioi~ in 
B.t/~u~'ingiprhsis. (m-a)-control without cystinc; (0-0)-medium containing 1% 
Slucose-mineral salts and 0.05% cystine; (A-A)-medium containing 1% ducose-Illinera1 
salts wilh 0.05:s: cysiine and additions of cystine and nutrients during growtll as  follows: 100 IIlg 
CYstine suspelided in 2.0 tnl HaO was sterilised and added at endl lurbidity reading. One gin 
~lllcose in 2 1111 HzO was added at each alternate point on the curve. Minel-al salts lnixtulc 
including ammonium sulphate was added after 49 hr growth (fourth point on the cusve). 

Note: ' S  ' in all the figures represents beginning of sporulation. 

giensis does not grow in a glucose-mineral salt medium without addi- 
tion of growth factors. Cohner and Hansen6 had reported growth 
inhibition of B. thuringiensis by isoleucine, leucine and serine. The inhi- 



h i t ion  of the iot tcr  cc:uld h e  overconlo hy m e t h i u n i n c .  S i n p r  ;ind ]Ro!&p 
llavc r ~ . p ~ ) l t c d  growth inh ih i t i (m of /I. t/witzgiemi.s by I s t~e inc ,  i ~ o 1 ~ ~ ~ i ~ ~ ~ ,  
(hrconint :  :lnd acriilc while S l l i eh  and R~gotP s l l o \ ~ d  growth inhibition by 
I l ia t idine wllich ccwld be rcvorwl by glycine.  
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