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a g r e e m e n t  w i t h  t h e  e l e c t r o n - m i c r o s c o p i c  o b s e r v a t i o n s  
of FERN~.NDEZ-MOR.~.N 1. These  bod ies  m a k e  u p  some  
2 to  3 %  of t h e  t o t a l  v o l u m e  of a x o p l a s m .  Mos t  of t h e  
bod ies  are more  r e f r a c t i v e  t h a n  t h e  s u r r o u n d i n g  a x o n  
s t r u c t u r e .  T h e  a x o p l a s m  is eas i ly  e x t r u d e d  f r o m  t h e  c u t  
e n d  of a f ibre,  ye t  i t s  s t r u c t u r e  r e m a i n s  c o h e r e n t .  T h e  
a x o n  c a n  eas i ly  be  pu l l ed  o u t  f r o m  t h e  m y e l i n  t u b e  a n d  
s t r e t c h e d  to  s eve ra l  t i m e s  i t s  o r i g ina l  l e n g t h  w i t h o u t  
b r e a k i n g .  I n  a s t r e t c h e d  s t a t e  t h e  ves ic les  b e c o m e  o v o i d  
or  fus i form.  

As  n o t e d  b y  FERNANDEZ-MORAN, p r e v i o u s  l igh t -  
m ic roscop ic  r e s e a r c h  h a s  fa i l ed  to  s h o w  a n y  de t a i l s  in  t h e  
n o r m a l ,  f l e s h  a x o n ,  n o t  e v e n  w i t h  t h e  use  of d a r k  field,  
p o l a r i z a t i o n  or  p h a s e  c o n t r a s t .  

A. W'ILSKA a n d  M. KOTILAINEN 

Institute o/ Physiology, University o /Hels ink i ,  March 
15, 1953. 

Zusammen/assung 
D u r c h  A n w e n d u n g  eines  a b g e l t n d e r t e n  L i c h t m i k r o s -  

kops  w e r d e n  S t r u k t u r e n  in l e b e n d f r i s c h e n  N e r v e n f a s e r n ,  
die l i c h t o p t i s c h  b i s h e r  u n s i c h t b a r  gewesen  s ind,  d e u t l i c h  
gesehen .  

1 H. FERNANDEZ-MORkN, Exp. Cell Res. I, 143, 309 (1950); 
3, 5 (1952). 

Separation and Identification of the Degradation 
Products of Purines and Nucleic Acids on Acid 
Hydrolysis b y  C i r c u l a r  Paper Chromatography 

I n  t h e  course  of  o u r  i n v e s t i g a t i o n s  o n  t h e  s e p a r a t i o n  
a n d  i d e n t i f i c a t i o n  of p u r i n e  a n d  p y r i m i d i n e  base s  b y  
c i r cu l a r  p a p e r  c h r o m a t o g r a p h y ~ ,  we i n v e s t i g a t e d  t h e  
n a t u r e  of t h e  p r o d u c t s  f o r m e d  a f t e r  ac id  h y d r o l y s i s  of 
p u r i n e s  a n d  nuc le ic  acids,  u s i n g  t h e  r e a g e n t s ,  s o d i u m  
1 : 2  N a p h t h o q u i n o n e  4 - s u l p h o n a t e  (FoLIN'S r eagen t )  in  
a c e t o n e  2, n i n h y d r i n  in  a c e t o n e  1 a n d  t h e  c o n t a c t  p r i n t i n g  
t e c h n i q u e  u s ing  p h o t o g r a p h i c  p a p e r  a n d  f i l t e red  u l t r a -  
v io l e t  l i gh t  3 for  t h e  i d e n t i f i c a t i o n  of t h e  s u b s t a n c e s  
s e p a r a t e d  on  t h e  c h r o m a t o g r a m .  W h i l e  t h i s  w o r k  was  in  
progress ,  FRICK 4 r e p o r t e d  t h e  f o r m a t i o n  of a m i n o  ac ids  in  
ac id  h y d r o l y s a t e s  of a d e n i n e  b y  p a p e r  c h r o m a t o g r a p h y .  
He  also o b s e r v e d  t h e  f o r m a t i o n  of two  u l t r a v i o l e t  spo t s  
in  a d d i t i o n  to  t h e  s t r o n g  n i n h y d r i n - p o s i t i v e  spo t  in  t h e  
pos i t i on  of g lyc ine  a f t e r  ac id  h y d r o l y s i s  of aden ine .  I n  
v iew of t h e  a b o v e  f ind ings  of FRICK a n d  ou r  o b s e r v a t i o n s  
on  t h e  m a r k e d  d i f fe rences  o b s e r v e d  in t h e  h y d r o l y s i s  
p r o d u c t s  of aden ine ,  nuc le ic  acids,  adenos ine ,  a d e n y l i c  
acid,  a d e n o s i n e - 3 - p h o s p h o r i c  ac id  on  t h e  one  h a n d  a n d  
those  of t h e  o t h e r  p u r i n e s  a n d  p y r i m i d i n e s  on  t h e  o t h e r  
p r o m p t e d  us to  r e p o r t  ou r  o b s e r v a t i o n s .  

A d e n i n e  (25 mg) was  hy .dro lysed  w i t h  (3 c m  3) 6 
N o r m a l  h y d r o c h l o r i c  ac id  b y  a u t o c l a v i n g  a t  15 lbs.  
p r e s su re  for  6 h. A f t e r  r e m o v i n g  t h e  acid,  t h e  s o l u t i o n  
was  s p o t t e d  in 3 a l i q u o t s  of 5 / ,1  on  t h e  c i r c u m f e r e n c e  of  
a circle  d r a w n  a t  t h e  c e n t r e  of t h e  f i l te r  p a p e r  ( W h a t m a n  
No. 1, 24 c m  d i a m e t e r )  a n d  d e v e l o p e d  w i t h  n - b u t a n o l -  
a c e t i c - a c i d - w a t e r  a c c o r d i n g  t o  t h e  p r o c e d u r e  d e s c r i b e d  
by  GIRI a n d  RAO 1. A f t e r  d ry ing ,  t h e  c h r o m a t o g r a m  was  
c u t  i n t o  t h r e e  sec tors ,  e a c h  c o n t a i n i n g  t h e  h y d r o l y s i s  
p r o d u c t s  of a d e n i n e  s e p a r a t e d .  One  of t h e  sec to r s  was  

1 I{. V. GIRI and N. A. N. RAO, Nature 169, 923 (1952); J. Ind. 
Inst. Sci. 34, 95 (1952). 

2 K. V. GXRI and A. NAGABHUSHANAM, Naturwissenschaften 23, 
548 (1952). 

3 R. MARKHAM and J. D. SMITH, Biochemical J. 4~, 294 (1949). 
4 G. FRICK, Nature 169, 759 (1952). 

s p r a y e d  w i t h  0,2 % n i n h y d r i n  in  a c e t o n e  1 a n d  t h e  other 
w i t h  FOLIN'S r e a g e n t  2. T h e  t h i r d  sec to r  was  p laced  on a 
p h o t o g r a p h i c  p a p e r  a n d  ex p o s ed  to  f i l t e red  ul t raviole t  
l i gh t  a n d  d e v e l o p e d  a c c o r d i n g  to  t h e  p r o c e d u r e  described 
b y  MARKHAM a n d  SMITH ~ (Fig. 1). 

Fig. 1.--Different sectors of circular paper chromatogram of adenine 
hydrolysate treated as indicated below. N Sprayed with ninhydrin. 
F Sprayed with FOLIN'S reagent. U Contact print of the sector taken 

in the ultraviolet. 

I t  was  o b s e r v e d  t h a t  t h e  a d e n i n e  h y d r o l y s a t e  gives 
t h r e e  c lear  b a n d s  on  t h e  c h r o m a t o g r a m :  (1) T h e  band 
w i t h  t h e  lowes t  R: v a l u e  (0.38) gives  p u r p l e  co lour  with 
n i n h y d r i n  a n d  g reen  co lour  w i t h  FOLIN'S r e a g e n t  and 
occupies  t h e  pos i t i on  of g lyc ine  on  t h e  ch roma tog ra rn ;  
(2) t h e  s econd  b a n d  w i t h  R / v a l u e  (0.69) h i g h e r  t h a n  the 
f i r s t  b a n d  gives  f a i n t  ye l low co lou r  w i t h  n i n h y d r i n  (out- 
l ined  w i t h  penci l  in  Fig.  1) a n d  i n t e n s e  p u r p l e  with 
FOLIN'S r e a g e n t .  I t  is a lso c h a r a c t e r i s e d  b y  ul t raviole t  
a b s o r p t i o n  as i t  a p p e a r s  o n  t h e  c o n t a c t  p r i n t ;  an d  (3) 
t h e  t h i r d  b a n d  w h i c h  a p p e a r s  on  t h e  s ec to r  o b t a i n e d  by 
c o n t a c t  p r i n t i n g  t e c h n i q u e  is d u e  to  u n h y d r o l y s e d  ade- 
n ine .  F i g u r e  2 is t h e  r e p r o d u c t i o n  of t h e  c h r o m a t o g r a m  
of  a d e n i n e  a n d  a d e n i n e  h y d r o l y s a t e  o b t a i n e d  b y  contact  
p r i n t i n g  t e c h n i q u e .  I t  shows  t h e  f o r m a t i o n  of  another  
b a n d  c h a r a c t e r i s e d  b y  t h e  u l t r a v i o l e t  l i g h t  absorpt ion,  
in  a d d i t i o n  to  t h e  one  r e l a t i n g  to  aden ine .  

Fig. 2.--A contact print of a sector of a circular paper chromatogram 
of adenine and adenine hydrolysates taken in the ultraviolet using 

a chlorine filter. A Adenine, A (h) Adenine hydrolysate. 

O t h e r  c o m p o u n d s  of a d e n i n e  a n d  nuc le ic  acids were 
s i m i l a r l y  s u b j e c t e d  to  ac id  h y d r o l y s i s  a n d  chromato-  
g r a m e d .  F i g u r e  3 is t h e  r e p r o d u c t i o n  of  t h e  chromato-  
g r a m  s h o w i n g  t h e  b a n d s  of t h e  s u b s t a n c e s  s e p a r a t e d  on 
t h e  f i l t e r  p a p e r ,  p r e s e n t  in  t h e  h y d r o l y s a t e s  of adenine, 
r i b o n u c l e i c  ac id  (R.N.A. ) ,  D e s o x y r i b o n u c l e i c  acid 
(D.N.A.) ,  Adenos ine ,  A d e n y l i c  ac id ,  a n d  Adenosine-3- 
P h o s p h o r i c  acid .  I t  was  o b s e r v e d  t h a t  a l l  t h e  substances  
c o n t a i n i n g  a d e n i n e  give,  in  a d d i t i o n  t o  t h e  b a n d  oc- 
c u p y i n g  t h e  pos i t i on  of g lyc ine  b a n d ,  a n o t h e r  band 

1 K. V. GIRI and N. A, N. RAO, Nature 169, 923 (1952); J. Ind. 
Inst. Sci. 34, 95 (1952). 

K. V. GIRI and A, NA~ABHUSHANAM, Naturwissenschaften Z3, 
548 (1952). 

a R. MARKHAM and J, D. SMnH, loc. cit. 
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with higher R I value than glycine band, giving an intense 
purple colour with FOLIN'S reagent and faint yellow 
colour with ninhydrin reagent and characterised by 
ultraviolet absorption. This band was not present on the 
chromatograms of other purine and pyrimidine hydroly-  
sates investigated, viz., Guanine, Xanthine,  Cytosine, 
Uracil, Thymine,  Hypoxanthine ,  Uric acid, etc., which 
gave a band only corresponding to glycine. 

Fig. 3.--Circular paper chromatogram of acid hydrolysates of aden- 
ine (A1), R.N.A., D.N.A., Adenosine (A2), adenylic acid (An), and 
Adenosine-3-Phosphoric acid (A.3.P). N Sectors sprayed with nin- 

hydrin. F Sectors sprayed with FOLIN'S reagent. 

The substances formed in the acid hydrolysates of 
nucleic acids, adenine and adenine compounds,  giving 
intense purple colour with FOLIN'S reagent,  was identi- 
fied tenta t ive ly  as 4(5) amino-5(4) imidazole carboxami-  
dine as its absorption maximum (2max--287 m/~) is in 
agreement with tha t  given by CAVALLIERI et al. 1, who 
prepared it in 10 % yield by hydrolysing adenine sulphate 
with 6 N ,  I-1C1 for 2 h at 150°C and established its 
constitution unequivocal ly by its conversion to iso- 
guanine. The formation of this compound from adenine 
and nucleic acids even under mild conditions of hydro- 
lysis (with N.HC1 for 1 h at  100°C) was an another  
interesting observation made during the course of our 
investigations. 

The appearance of this band on the chromatogram is 
specific for adenine compounds and nucleic acids. F rom 
the foregoing, therefore, it will be seen tha t  the observed 
reaction of adenine and its compounds and nucleic acids 
on acid hydrolysis, is of importance in the analysis of 
nucleic acids, part icularly in the determination of the 
component purines in a nucleic acid. These observations 
seem to call for greater care in the interpretat ion of the 
results obtained by spectro-photometr ic  determinat ion 
of purines after acid hydrolysis of nucleic acids. 

K. V. GIRI, P. R. KRISHNASWAMY, 
G. D. KALYANKAR, and 
P. L. ~NTARASIMHA I~AO. 

Departement o/ Biochemistry, Indian Institute o/ 
Science, Bangalore 3, India, April  15, 1953. 

i L. F. CAVALLIERI, J. F. TINKER, and G. B. BROWN, J. Amer. 
Chem. Soc. 71, 3973 (1949). 

Zusammen/assung 

Die Degradationsprodukte,  die sich b~i der Hydrolyse 
der Purine, der Pyrimidine und der Nukleins/iuren bil- 
den. werden mittels  runder Fil terpapierscheiben chro- 
matographisch untersucht.  Adenine, Nukleins/~uren und 
Adeninverbindungen zeigen ben einer S~urehydrolyse 
ausser einem Band, daN den Platz des Glycin einnimmt,  
noch ein weiteres Band. Dieses Band ist versuchsweise 
als 4(5)-amino-5(4)-imidazol Carboxamidin charakteri-  
siert worden. Die Bedeutung dieser Ergebnisse fiir die 
quant i ta t ive  Analyse der Nukleins/iuren und Adenin- 
verbindungen wird in der vorliegenden Arb~it er6rtert .  

Trikarbons i iurezyk lus  i m  Stof fwechse l  von  
Corynebacteriam diphtheriae 

Bei routinemS~ssiger Zfichtung yon C. diphtheriae ftir 
technische Produkt ion yon Diphther ie toxin  konnte 
nachgewiesen werden, dass sich Bernsteins/iure, Apfel- 
s/iure, Zitronens~ure, Brenztraubens~ure,  Oxalessig- 
s~ure und u-Ketoglutars&ure in der Kulturfltissigkeit  an- 
h~ufen. Als Substrat  diente ein modifiziertes Kasein- 
hydrolysat  nach HOLT 1. Die Ztichtungsdauer betrug 
5 Tage bei 34°C und die Toxinausbeute  100-120 Lr- 
Dosen/ml. Bernsteins~ure wurde als Silbersalz, Apfel- 
s~ure und Zitronens~ure nach PUCHER et al. ~ sowie pa- 
pierchromatographisch 3 und die Ketokarbons~uren 
durch Papierchromatographie  ihrer 2,4-Dinitrophenyl- 
hydrazonO nachgewiesen. 

Das wachsende Bakter ium vermochte  zugesetzte 
Bernsteinsfiure, Apfels~ure oder Zitronensfiure nicht 
zu verwerten. Dagegen wurde Essigs/~ure mit einer In- 
tensit/~t yon etwa der gleichen Gr0ssenordnung ver- 
brannt  wie Glukose und Maltose. Auch ~ thanol  und 
Milchs~ure konnten verbraucht  werden. 

Da die Nichtverwer tbarkei t  der Polykarbons~uren 
vermutl ich durch Permeabil i t~tsbarrieren bedingt  ist, 
wurde ihre Verwertbarkei t  mit  lyophilisierten Bakterien-  
zellen nachgepriift.  Dabei konnte mit  der Thunberg-  
Technik die Dehydrierung yon Bernsteinsiiure, Apfel- 
s~ure, Zitronens~ure und andererseits auch yon Essig- 
s~ure dargelegt werden. Die Succinodehydrase erwies 
sich inhibierbar durch Malons~ture. Weiterhin konnte die 
Bildung von ~-Ketoglutars~ure aus Zitronens/iure und 
die Umbi ldung von Fumars~ure in Apfels~iure durch die 
Einwirkung von lyophilisierten Bakterienzellen unter 
aeroben Bedingungen festgestellt werden. 

DaN Auftreten der obenerw/ihnten In termedia te  und 
Reakt ionen im Stoffwechsel des Diphther iebakter iums 
l~sst vermuten,  dass auch dieVerwertung des Azetats m6g- 
licherweise fiber den Trikarbons/iurezyklus erfolgt. Un- 
tersuchungen fiber daN Auftreten des Koenzyms A und 
tiber die Inhibierung der Azeta tverbrennung durch 
Malons~ure sowie fiber daN verschiedene Dehydrierungs- 
verm6gen der einerseits mit  Maltose, andererseits mit  
Azetat  gezfichteten lyophilisierten Bakter ien hinsicht- 
lich Zitronens~ure werden noch fortgefiihrt.  

1 L. B. HOLT, Brit. J. Exp. Path. 29, 335 (194~). 
2 W. PUCHER, A. J. WAKEMAN und H. B. VICKERY, Ind. Eng. 

Chenl. Anal. Ed. 13, 244 (1941). - W. PUCHER, C. C. SHERMAN und 
H. B. VICKERY, J. Biol. Chem. 113, 235 (1936). 

3 M. L. BUCH, R. MONTGOMERY und W. L. PORTER, Anal. Chem. 
24, 489 (1952). 

4 D. CAVALLINI, N. FRONTALI und G. TOSCHI, Nature 163, 568 
(1949). 


