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Fig. 1. Gel filtration of 1.5 g/30 ml of inhihitors (IPP) through 
Sephadex G-25 column (3.2 x 200 cm) equilibrated and eluted with 
0.01M acetic acid. Fractions (15 nil) collected at a rate of 60 ml/h. 
Solid line : absorbancy at 280 m~t, broken line: specific conductivity. 
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Fig. 2. Inhibitory activity of individual Sephadex-fractions of IPP 
against some proteolytic enzymes. Equal weigh ts of individual freeze- 
dried taken into experiment. Trypsin [] and chymotrypsin i!~ : inhi- 
bitory activity is relation of the total amount of enzyme to the total 
amount of inhibitor which decreases its activity to 50%. Plasnfin 
[[[ and plasmin-activator • : lysis-time of a standard coagulum in 

min (control time 5 rain). 
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Fig. 3. Some biological properties of individual Sephadex-fractions 
of IPP. Anti-inflammatory activity [:2: inhibition of the kaolin in- 
flammation of paw in rats in %. Irritant activity i~': mg of ma- 
terial in 0.1 ml of saline causing 3 times area of blueing after saline 
alone. Haemagglutinating activity • :amount of the material in mg 
in the system with 0.05 ml of rabbit blood causing 50% agglutination. 

f rac t ions  3/2 and  3/3 of an t iph logis t ic  ac t iv i ty ,  f rac t ion  3/1 
showed  an  a n t i c h y m o t r y p s i n  and  par t i cu la r ly  an t i p l a smin  
ac t iv i ty .  The h igh-molecu la r  f rac t ion  1 p rovokes  a m a r k e d  
agg lu t ina t ion  of e ry th rocy te s .  I t s  an t iph logis t ic  ac t iv i ty  
is t h e n  p r o b a b l y  the  resul t  of p r o n o u n c e d  toxic i ty .  Frac-  
t ions  2 and  3, on the  o t h e r  hand ,  are re la t ive ly  non- toxic .  
Inh ib i t i on  of t h e  p l a s mi n - a c t i v a t o r  did no t  a t t a i n  esti-  
mab le  values.  More de ta i led  f r ac t iona t ion  s tudies  are in 
progress*. 

Zusammen]assung. Vorlgufige F r a k t i o n i e r u n g  an  Dex-  
t r an -Ge l  S e p h a d e x  G-25 (Pharmacia ,  Uppsala)  e rgab  eine 
T r e n n u n g  des P ro t ea se inh ib i to r s  aus Kar to f f e ln  in die 
e inzelnen K o m p o n e n t e n ,  die n e b e n  der  e igent l ichen  ent-  
z t i n d u n g s h e m m e n d e n  Ak t iv i t~ t  noch  A n t i t r y p s i n -  bzw. 
A n t i c h y m o t r y p s i n - ,  An t ip l a smin -  und  ausgeprXgte H~m-  
agg lu t in ie rungsak t iv i t i i t  aufwiesen.  

V. RABE.K a n d  V. MANSFELD 

Research Institute for Pharmacy and Biochemistry, Praha 
(Czechoslovakia), November 2, 1962. 

* We wish to express our thanks to Mr. D. KAgiK and Mrs. L. ~EB- 
KOVk for helpful technical assistance. Biological tests were carried 
out by Dr. J. HLADOVEC and Dr. Z. HORAKOVA of our Institute; 
plasmin-activity was determined by Ing. M. R'zBAK from Institute 
for Haematology and Blood Transfusion. 

On the M e c h a n i s m  of Spore  G e r m i n a t i o n  
in B. subtilis.  

Permeabi l i ty  and G e r m i n a t i o n  by  Pyruvate  

L-ala:nine induces  ge rmina t ion  in spores  of B. subtilis 
i ncuba ted  a t  37 ° in p h o s p h a t e  bu t t e r  a t  neu t r a l  p H  1. Un-  
d o u b t e d l y L - a l a n i n e a e t s t h r o u g h a ' s u b s t r a t e ' m e c h a n i s m  e,s, 
i.e. ge rmina t ion  d e p e n ds  upon  t h e  b r e a k d o w n  of t h e  
aminoacid .  The f irs t  s t ep  wh ich  occurs  in spores  is de-  
amina t i on  of alanine by  the  ac t ion  of an L-a lan ine  oxidase  ¢ 
or  a D P N - l i n k e d  L-a lanine  dehydrogenase  s-~. I t  has  been  
d e m o n s t r a t e d  t h a t  t he  p roduc t i on  of p y r u v a t e  and  a m m o -  

n ia  does no t  i m p l y  loss of h e a t  res i s tance  and  t h a t  pyru-  
va t e  m u s t  be f u r t h e r  me tabo l i zed  to  h a v e  ge rmina t i on  3,4. 

1 G. M. HILLS, J. gem Microbiol. 4, 38 (1950). 
2 G. FALCONE, Giom. Microbiol. 1, 185 (1955). 
a H. HALVORSON and B. D. CHURCH, J. appl. Baeteriol. ZO, 359 {1957). 
* G. FALCON~, G. SALVATORE, and I. COVELLI, Bioehim. biophys. 

Acta 36, 390 {1959}. 
s R. O'CONNOR and H. HALVORSON, J. Bacteriol. 78, 844 (1959). 
8 R. O'CoNNoR and H. HALVORSON, Arch. Biochem. Biophys. 91, 

290 (1960). 
R. J. O'CONNOR and H. O. HALVORSON, ]. Bacteriol. 82, 706 (1961). 
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On the other hand, pyruvate,  under the same experimental 
conditions under which alanine is effective, does not in- 
duce germination ~m. At the present state of our know- 
ledge, two hypotheses can be put  forward to explain this 
discrepancy: 

(a) the oxidative deamination of alanine, which has 
been demonstrated to occur in spores of B. subtilis, is an 
essential step in furthering the metabolism of pyruvate. 
This reaction, in fact, is strongly exoergonic (A g = -- 17,9)9. 

(b) spores are not  permeable to pyruvate and, therefore, 
the ketoacid cannot come in contact with the enzymatic 
systems inside the cells. 

The permeation of spores by solutes depends upon 
three molecular variables: (1) molecular dissociation and 
ionic charge; (2) solubility in lipids; (3) molecular weight 
and shape. The second and third variables are more 
favourable to the penetration of pyruvate  than of alanine 
into the spores, since pyruvate  has a higher solubility in 
lipids and a lower molecular weight. The first variable, on 
the contrary, indicates tha t  pyruvate  should be taken up 
much less than  alanine. In  fact, the spore surface is 
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Fig. 1. Pyruvate uptake by spores of B. subtilis as a function of pH. 
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Fig. 2. Pyruvate uptake by spores of 13. subtilis under different con- 
ditions: (1) at pH 7. (~) at pH 7 (after pretreatment of spores at 

pH 1.2 for 5 min at 37°). (3) at pH 1.2. 

negatively charged at the usual neutral pH of the germi- 
nation experiments 1° and, therefore, the strongly acidic 
molecule of the ketoacid should penetrate only with 
difficulty because of repulsion between it and the polar 
groups of the spore surface. 

Previous experiments, on the other hand, have shown 
that  incubation of spores of B. megaterium at pH 4 with 
pyruvate induces germination s, and that  incubation of 
spores of B. subtilis in HC1-KCI buffer 5× 10-~2~I at  
pH 1.1-1.3 with pyruvate 5 x 10-2M for 5 min at  37 °, is 
effective in inducing germination (about 60%) of the 
spores, if they are washed after the treatment,  resuspended 
in phosphate buffer 3 × 10-~M at pH 7.3 and incubated at  
37°C for 30 min n. 

The presumed difficulty of pyruvate in penetrating the 
spores under the usual conditions of germination experi- 
ments (neutral pH) and the fact that  spore germination by 
pyruvate occurs if a preliminary short contact with this 
substrate is allowed at a low pH, have led us to investi- 
gate: (1) the permeability of spores to pyruvate as a 
function of the pH; (2) possible irreversible alterations of 
the spore permeability to pyrnvate by t reatment  at  low 
pH. 

Materials and Methods. Clean spores of B. subtilis strain 
6633 ATCC*, heat shocked for 60 rain at 60°C were sus- 
pended at the concentration of 7.5 mg/ml (dry weight) in 
HC1-KC1 buffer 5× 10-*M (pH 1.1 to 1.3) or in citrate- 
citric acid buffer 5 x 10-2M (pH 2.8 to 4.6), both con- 
taining sodium pyruvate 3.3 X 10-~M and 154 × 103 c.p.m. 
per ml of pyruvate-2-C x4, and incubated at 37°C in a 
water bath. After 5 min the spore suspensions were rapidly 
chilled to 0°C and centrifuged at 2 ° at 16000 g for 10 min. 
The sediments were washed with distilled water in the 
centrifuge as above. The spores were finally rcsuspended 
in distilled water and an aliquot used for radioactivity 
measurements. A Nuclear-Chicago gas flow counter with 
automatic sample changer and printing timer was used 
for the counting. The spores were prepared in a dry ultra- 
thin layer on aluminium sample pans (0.212 mg dry 
weight/era2). The vtmoles of pyruvate taken up per mg of 
dry weight spores in 60 min were calculated as follows: 

radioactivity in spores 
Pyruvate uptake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

specific radioactivity of pyruvate  in 
the medium 

Results. Figure 1 shows that  spore permeability to 
pyruvate is strongly influenced by environmental  pH. 
A sharp maximum of uptake of the ketoacid is observed at 
pH 1.1-1.3; at pH 3 and at pH 4.6 only 29% and 6% 
respectively of the maximum are taken up by the spores. 
These results demonstrate that  at the usual pH of germi- 
nation experiments, where pyruvate does not act as a 
germinating agent, the spores are practically impermeable 
to the ketoacid, while at pH 1.1-1.3, where a 5 rain pre- 
incubation with pyruvate allows the spores to germinate 
after transfer into phosphate buffer at pH 7.3, pyruvate  is 
taken up in a large amount by the spores. 

I t  is to be assumed that  the changes in spore permea- 
bility to pyruvate shown in Figure 1 are correlated with 
changes in the electric behaviour of the spore surface and 
of the permeating molecules. In fact, by lowering the pH, 

8 j .  F. POWELL and R. E. STRANGE, Biochem. J. 61, 205 (1953). 
9 K. BURTON, Ergcbn. Physiol. Biol. Chem. exp. Pharmakol. 49, ~275 

(1957). 
I0 H. W. DOUGLAS, J. appl. Baeteriol. 20, 390 (1957). 
at G. FALCONE, 12. GALDIERO, and V. RIccto, Atti XI Congresso Naz. 

Microbiol., Sassari (1961). 
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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). 


