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t h e  d i s soc ia t ion  of t h e  - C O O H  g r o u p  of t h e  spore  sur face  
decreases .  B e l o w  p H  2, w h i c h  c o r r e s p o n d s  r o u g h l y  to  t h e  
isoelect r ic  p o i n t  of t h e  bas ic  a n d  ac idic  g roups  of t h e  spore  
sur face  lo, t h e  e lec t r ic  c h a r g e  is p r e s u m a b l y  reversed .  

T h e  exposu re  of spores  to  a low p H ,  e v e n  if for  a s h o r t  
t ime ,  howeve r ,  cou ld  p r o d u c e  c h a n g e s  of t h e  spore  sur face  
o t h e r  t h a n  c h a n g e s  of t h e  e lect r ic  b e h a v i o u r .  To  t e s t  t h i s  
poss ib i l i ty ,  a n  e x p e r i m e n t  was  pe r fo rmed ,  t h e  r e su l t s  of 
w h i c h  a re  s h o w n  in F i g u r e  2. H e a t - s h o c k e d  spores  were  
d iv ided  i n t o  3 a t iquots .  T he  f i r s t  was  i n c u b a t e d  a t  p H  7.3 
w i t h  p y r u v a t e  for  30 min ,  t h e  second  p r e i n c u b a t e d  a t  
p H  1.1 a t  37°C for  5 m i n  a n d  t h a n  w a s h e d  a n d  i n c u b a t e d  
a t  p H  7 w i t h  p y r u v a t e  for  30 m i n ;  t h e  t h i r d  was  i n c u b a t e d  
a t  p H  1.1 a t  37°C w i t h  p y r u v a t e  for 5 min .  

T h e  r e su l t s  c lea r ly  d e m o n s t r a t e  t h a t  t h e  exposu re  for  
5 m i n  of spores  a t  p H  1.1 does  n o t  p r o d u c e  a n y  c h a n g e  in  
t h e  p e r m e a b i l i t y  b e h a v i o u r  of spores  to  p y r u v a t e  a t  p H  
7.3, a n d  t h e r e f o r e  i t  c an  be  a s s u m e d  t h a t  on ly  r eve r s ib le  
c h a n g e s  in  t h e  e lectr ic  b e h a v i o u r  of t h e  spore  surface  a n d  
t h e  p y r u v a t e  molecule  a re  r e spons ib le  for  t h e  large  ke to -  
ac id  u p t a k e  a t  p H  1.1. 

Discuss ion.  T h e  resu l t s  r e p o r t e d  in  t h i s  p a p e r  s t r o n g l y  
s u p p o r t  t h e  v iew t h a t  p y r u v a t e  does  n o t  i n d u c e  germi-  
n a t i o n  u n d e r  t h e  usua l  e x p e r i m e n t a l  c o n d i t i o n s  of spore  
g e r m i n a t i o n  (neu t r a l  pH)  becaus e  i t  c a n n o t  p e n e t r a t e  t h e  
cell in  a n  a m o u n t  suf f ic ien t  to  a c t i v a t e  t h e  d o r m a n t  en-  
z y m a t i c  s y s t e m s  ( ' s u b s t r a t e '  hypo thes i s ) .  T h e  d i f ference  
in  g e r m i n a t i o n - i n d u c i n g  capac i t i e s  of a l an ine  a n d  p y r u v a t e  

a t  n e u t r a l  p H  are  n o t  t o  b e  i n t e r p r e t e d ,  t he re fo re ,  as a 
consequence  of i n a b i l i t y  of t h e  spores  to  m e t a b o l i z e  p y r u -  
r a t e ,  b u t  of  t h e  i m p o s s i b i l i t y  of a n  a c t u a l  c o n t a c t  b e t w e e n  
t h e  e n z y m a t i c  s y s t e m s  ins ide the cell a n d  p y r u v a t e  outside 
the cell. 

W h e n  p y r u v a t e  is a l lowed to  come  ins ide  t h e  cell  t h r o u g h  
a n  a r t i f i ce  such  as a s h o r t  p r e i n c u b a t i o n  w i t h  t h e  ke to-  
ac id  a t  low p H ,  or  b y  us ing  a l an ine  w h i c h  easi ly  p e n e t r a t e s  
a n d  causes  f o r m a t i o n  of p y r u v a t e  ins ide  t h e  cell, ge rmi-  
n a t i o n  of t h e  spore  occurs .  

Riassunto .  ~ s t a t a  s t u d i a t a  la  p e r m e a b i l i t ~  delle spore  
b a c t e r i c h e  al  p i r u v a t o .  I1 p i r u v a t o  p e n e t r a  hel le  spore  sol- 
t a n t o  a p H  basso,  q u a n d o  la  moleco la  del  c h e t o a c i d o  ed i 
g r u p p i  po la r i  del la  superf ic ie  delle spore  sono l a r g a m e n t e  
indissocia t i .  Le  modi f i caz ion i  del ia  superfieie ,  che si ver i -  
f icano ne l  t o r s o  del la  esposiz ione  a p H  acido,  n o n  h a n n o  
a l c u n a  i m p o r t a n z a  ne l  f enomeno .  Ques t i  r i s u l t a t i  sono 
messi  in  re laz ione  con  il f a t t o  che  il p i r u v a t o  induce  germi-  
naz ione  delle spore  s o l t a n t o  a p H  basso  e c o n t r i b u i s c o n o  
a l l ' ipo tes i  che  u n  a g e n t e  g e r m i n a n t e ,  pe r  essere a t t i vo ,  
deve  p e n e t r a r e  ne l la  spo ra  ed  a t t i v a r e  i s i s t emi  enz ima t i e i  
qu iescen t i .  

G. FALCONE a n d  F. BRESCIANI 

Is t i tu to  di .Patologia Generale dell' Univers i th  di Napo l i  
(I taly) ,  A u g u s t  27, 1962. 

T h e  D i s t r i b u t i o n  of N u t r i e n t s  
in the  Seed  P a r t s  of B e n g a l  G r a m  

I n  Ind ia ,  B e n g a l  g r a m  (Cicer a r i e t i num L.) c o n s t i t u t e s  
a m a j o r  pulse  c rop  a n d  o v e r  5 mi l l ion  t o n s  a re  p r o d u c e d  
a n n u a l l y .  Bes ides  o t h e r  n u t r i e n t s ,  i t  se rves  as  a good 
source  of c h e a p  p ro te in .  I t  is c o n s u m e d  in  d i f f e ren t  forms,  
gene ra l ly  i n v o l v i n g  r e m o v a l  of c e r t a i n  c o m p o n e n t  pa r t s ,  
t h e  seed coa t  a n d  e m b r y o L  

I n v e s t i g a t i o n s  o n  t h e  c h e m i c a l  c o m p o s i t i o n  of d i f f e ren t  
a n a t o m i c a l  p a r t s  of some  cerea l  g ra ins  ~-7 h a v e  s h o w n  t h a t  
t h e  who le  seed is qu i t e  a n  i n h o m o g e n o u s  e n t i t y  a n d  t h a t  
t h e  va r i ous  p a r t s  d i f fer  in  r e spec t  of t h e i r  c h e m i c a l  com-  
pos i t ion .  S imi la r  i n f o r m a t i o n  in  r e s pec t  of B e n g a l  g r am,  
or  as  a m a t t e r  of f ac t  of  a n y  d ico t  seed, is n o t  a v a i l a b l e  

Chemical composition oI the component parts of Bengal gram 

Constituents Seed Embryo WhoLe seed 
coat Coty- Rest Deter- Calcu- 

ledons of the mined lated 
embryo 

Proportion (%) 14.55 84.21 1.22 
Protein (%) (N x6.25) 2.86 25.00 36.99 21.06 21.92 
Ether Extractives (%) 0.22 5.32 13.08 4.73 4.67 
Ash (%) 9.82 9.56 5.14 9.74 2.63 
Crude Fibre (%) 48.95 1.00 3.10 8.90 7.96 
Carbohydrates (%) 45.85 66.12 41.69 62.57 69.82 
(by difference) 
Phosphorus (mg/100 g) 23.0 ~90.0 744.0 272.0 256.6 
Iron (mg]100 g) 7.5 5.1 11.0 5.6 5.5 
Calcium (mg/100 g) 1000.0 70.0 110.0 200.0 205.8 

Calculated from the content of the different seed parts. 

e x c e p t  for  t he  d i s t r i b u t i o n  of n i t r o g e n  in t h e  seed p a r t s  of 
r i pen ing  pea  ( P i s u m  sat ivum) 8. 

Seeds of B e n g a l  g r am,  v a r i e t y  P b  7 were  soaked ,  over -  
n igh t ,  i n  glass d is t i l led  w a t e r  j u s t  suf f ic ien t  to  be  a b s o r b e d  
c o m p l e t e l y  b y  t h e  gra ins .  The  s e p a r a t i o n  of t h e  seeds  in to  
t h r e e  c o m p o n e n t s ,  t h e  seed coa t ,  co ty ledons ,  a n d  embryo ,  
was  ca r r i ed  o u t  b y  h a n d .  The  c o m p o n e n t s  were  t h e n  dr ied,  
we ighed  a n d  powdered  in  a coffee g r i n d e r  to  pass  a 36 m e s h  
sieve.  Fo r  c h e m i c a l  ana lys is ,  A.O.A.C. 9 m e t h o d s  were  
employed .  T h e  c a r b o h y d r a t e  c o n t e n t  was,  howeve r ,  ob-  
t a i n e d  b y  di f ference .  

Ana lys i s  for  a few c o n s t i t u e n t s  of t h e  c o t y l e d o n s  a n d  t he  
seed c o a t  s e p a r a t e d  mechan i ca l l y ,  w i t h o u t  s o a k i n g  t he  
seeds,  s h o w e d  t h a t  soak ing  d id  n o t  b r i n g  a b o u t  a n y  signifi-  
c a n t  m i g r a t i o n  of t h e  n u t r i e n t s .  T h e  c h e m i c a l  compos i t i on  
of t he  d i f f e ren t  c o m p o n e n t  p a r t s  is s h o w n  in  t h e  Tab le .  

I t  m a y  b e  seen  f r o m  t h e  T a b l e  t h a t ,  a l t h o u g h ,  t h e  em-  
b r y o  is t h e  r i ches t  p a r t  of t h e  whole  seed, i t ,  b e i n g  smal l e s t  

1 Although botanically the two cotyledons in Cieer are part of the 
whole embryo, in the present paper, where ever embryo has been 
used it should be taken to mean the rest of the embryo, i.e. the 
whole embryo minus the cotyledons. 

2 C. G. HoPKINs, L. H. SMXTH, and E. M. EAST, Illinois Agr. exp. 
Stat. Bull. 87 (1903). 

a F. R. EARLE, J. J. CURTIS, and J. E. HUBBARD, Cereal Chem. 23, 
504 (1946). 

4 j .  j .  C. HINTON, Proc. Roy. Soe. (London) 13g B, 418 (1947). 
a j .  E. HUBBARD, H. H. HALL, and F. R. EARLE,Cereal Chem. 27, 

415 (1950). 
6 Wheat and Wheat Products as Human Food. Ind. Council Med. Res. 

Special Report Series 23 (1952). 
J. J. C. HINTON, Cereal Chem. 36, 19 (1959). 

B I. D. RAACKE, Biochem. J. 66, 110 (1957). 
Methods o] Analysis, Association of Official Agricultural Chemists, 
Washington, D.C., 8th Ed. (1955). 



15. III. 1963 Brevi comunicazioni - Brief Reports 155 

in proportion, accounts for only an insignificant part of 
the total value of the seed. The seed coat, however, being 
fairly large in proportion is extremely low in most of the 
constituents, except calcium, and would, therefore, contri- 
bute very little to the nutr i t ional  value of the seed. On the 
other hand, the cotyledons, being the principal component 
and fairly well balanced in their chemical composition, 
account for almost the entire food value of the seed. Thus, 
in view of the above results, the seed coat and the embryo, 
if removed, during milling, would not appreciably lower 
the food value of Bengal gram. 

ten wurde die Verteilung yon Protein, Extraktstoffen, 
Asche, Faseranteilen sowie Calzium, Phosphor und Eisen 
nliher untersucht. In  den relativ massiven Samenschalen 
fand sich auffallend viel Calcium, wiihrend die fibrigen 
untersuchten Stoffe in den andern Pflanzenteilen (mit 
Ausnahme vom Faseranteil) nur  geringfiigig vorhanden 
waren. Die Cotyledonen, die mehr ais 85% dieses Ge- 
treides ausmachen, zeigen chemiseh ausgeglichene Ver- 
hiiltnisse. 

B. M. LAL, V. PRAKASH, and S. C. VERMA 

Zusammen/assung. Die bengalische <~Gram,-Pflanze 
(Cicer arietinum L.) ist in Samenschale, Cotyledonen und 
Restteile des Embryos zerlegt worden. In  diesen Fragmen- 

Division o/Botany, Indian Agricultural Research Institute, 
New Delhi (India), Ju ly  2, 1962. 

P a p e r  C h r o m a t o g r a p h i c  S t u d y  of  the Role  of 
S u l p h u r - C o n t a i n i n g  A m i n o  Ac ids  in the Proces s  

of  I n d u c t i o n  in the  Chick  E m b r y o  

]3RACHET I propounded a hypothesis that  -SH contain- 
ing ribonucleoproteins are important  in the phenomenon 
of inducation. Chloroacetophenone (CAP), which is a 
specific and irreversible inhibitor of the -SH groups 
(BEATTY 2) was found to produce malformations pre- 
dominantly in the brain region and also cause a fall in the 
induction capacity of the Hensen's node as the concen- 
tration was increased (LAKSHMI3'4). I t  was felt desirable 
to know which of the sulphur-containing amino acids were 
affected, and to what  extent, by the said chemical. There- 
fore a chromatographic analysis was undertaken. 

Materials and Methods. The control and experimental 
samples for the analysis were prepared as follows: Chick 
embryos at the primitive-streak stage, explanted in vitro 
by the technique of NEw ~, were treated with 0.0005M 
and 0.0015M CAP solutions and the corresponding con- 
trol solutions for 15 min in the manner described in the 
earlier work (LAKslt~IIS'4). The organizer region (anterior 
one-third of the primitive-streak) of these control and ex- 
perimental embryos was excised and suspended in acetone 
(DURRUM, BLOCK, and ZWEIGS). In  a large number of such 
experiments (75 embryos/sample), sufficient protein 
material (dry weight: control 1.25 rag, experimental 
2.3 nag for the first concentration and 1.5 mg and 2.85 mg 
in the control and experimental for the second) was ob- 
tained. The samples were evaporated and hydrolysed 
under vacuum by 1:1 by volume of 6N HC1 and 90% 
formic acid at  110 ° C for 24 h (DURRUM et al. s). The hydro- 
lysates were evaporated, washed repeatedly in distilled 
water and dried in vacuo. The residues were dissolved 
separately in 500 tA of 10% isopropyl alcohol and spotted 
on Wha tman  No. 1 filter paper. Standard amino acids 
(B.D.H. and E. Mercks products) were also spotted for 
guidance. In  each chromatogram 100 ~tl of the samples 
and 100 ~tl (100 pg) of the standard amino acids were 
applied. The spotted papers were run in Butanol : acetic 
acid: water (4: 1:5) descending system (ALEXANDER and 
BLOCK 7) till the solvent dripped off the paper, dried and 
developed with platinic iodide (Wn~EGARD et al. a), which 
is specific for sulphur-containing amino acids. 

Experimental Results. In  the chromatograms of both 
control and experimental samples, we could not detect 
cystine or cysteine, whereas methionine and glutathione 
were very clearly detected. I t  was noticed that  the areas of 

the bleached portions pertaining to methionine and gluta- 
thione differed considerably between the controls and the 
experimentals. Therefore an estimation was done based on 
the method of FISH,~R et al. Bno, according to which 

A/loga -- B/logb = K (constant) 

where A is the area of the standard spot, a the concen- 
tration of the standard aminoacid and B is the area of the 
amino acid whose concentration (b) is to be determined. 
Accordingly the areas of the control and experimental 
methionine and glutathione spots were accurately meas- 
ured and the concentrations were calculated by applying 
the above formula. The control sample was found to con- 
tain 2.566 izg of methionine/1000 tzg of the protein. The 
experimental sample contained 0.7907 ~tg of methionine/ 
1000 i~g of the protein. The amount of glutathione in the 
control sample was 15.98 tzg/1000 tzg of the protein whereas 
that in the experimental sample was 0.8283 ~tg/1000 izg of 
the protein. I t  would seem that  both methionine and 
glutathione are affected by the lower concentration 
(0.0005 M) of CAP. I t  is obvious, however, that  glutathione 
is affected to a much larger extent than methionine. 
Methionine content of the lower concentration control 
sample and the higher concentration (0.0015M CAP) 
control sample did not seem to differ much. The difference 
between methionine content of the control and experi- 
mental samples was almost maintained even after the in- 
crease of the CAP concentration. Glutathione, though it 
could be detected in the control sample of the higher con- 
centration, could not be detected at all in the experimental 
sample. 
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