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Methods of analyzing nucleic acids by paper chromatography on their constituents 
absorbing ultraviolet light have been worked out during the last years 1-5. They are based 
on the photometrical  quant i ta t ive determination cf solutions of the bases and nucleo- 
tides after their elution from paper  strips. The lowest amount  which can be analyzed 
with sufficient accuracy lies around IOO ~g for yeast  nucleic acid. I t  might be of interest 
to be able to estimate nucleic acid components in smaller amounts, e.g. at quanti tat ive 
determinations within the nervous system. A method has been worked out which allows 
less than 2/zg of ribose nucleic acid to be determined accurately with reference to purine 
bases and pyrimidine nucleotides. 

PROCEDURE 

1.5- 5/xg of hydrolyzed yeast  nucleic acid was put on a narrow (o.5-1 mm) filter 
paper  strip. Separation was performed according to the methods adopted for ordinary 
paper  chromatography.  The strip was then dried and contact-photographed at 257 m~ 
and 275 m~ together with a calibration system. The densities of the calibration system 
and the prints of the strips were then measured photometrically on the photographic 
plate. From the extinction values the amounts of the individual bases and nucleotides 
could be computed. 

METHODS 

Paper strips. Filter paper  (Munktell OB) was  cut  in strips, o.5-1 nlm broad, wi th  a Schneider 
paper-cut t ing  machine (Schneiderwerk, Lfibeek). The bread th  of each strip was determined and 
controlled microscopically. 

Capillary pipette. A the rmomete r  capillary with an inner diameter  of 75 # was  used. I t  allows 
amoun t s  from o. 5 #1 to be pu t  on the strip wi th  a dispersion of about  ± i %. 

Chromatography. A glass cylinder (diameter 8 cm, height  4 ° cm) was  used and the solvent 
was  placed in a IO ml glass t rough.  (Equipment  for ordinary one-dimensional  ch roma tog raphy  is 
qui te  satisfactory.)  

Two solvents were used, No. I :  8,5 M isopropanol, 2 N HC1 in wate r  s, No. I I :  n -butanol  (3), 
e thanol  (2), 5 M HC1 (2), v /v/v.  No. I I  separates  the  purines, the pyrimidine nucleotides and nucleo- 
sides in a shor t  length of flow, taking 4-6 hours.  

R F-values: guanine o.24 
adenine o.35 
cytidine o.43 
cytidylic acid o.54 
uridine o.63 
uridylic acid o.78 
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Af te r  t he  c h r o m a t o g r a p h y  t he  s t r ips  were dried for 18 hours  a t  20 ° C. 
AIaterials. Commerc ia l  yea s t  nucleic acid was  purified according to a modif ica t ion  of t he  

p rocedure  of FLETCHER et al. 1. Commerc ia l  pur ines ,  pyr imid ine  nucleosides  and  nucleot ides  were 
employed .  

Hydrolysis. The  nucleic  acid was  hydro lyzed  for I hour  a t  ~oo ° C wi th  ~ N HC1 ~. 
Optical method. The  dried s t r ips  were cu t  in two or th ree  pieces and  p u t  aga ins t  a pho tog raph ic  
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Fig. I. A r r a n g e m e n t  for c o n t a c t  p h o t o g r a p h y  of filter- 
p a p e r  str ips.  

plate.  T h e y  were held in place by  a qua r t z  
window wi th  low l igh t -absorp t ion  down 
to 23o m#.  A n o t h e r  qua r t z  window on 
the  s ame  pla te  was  comple te ly  covered by  
a piece of u n t r e a t e d  filter pape r .Dur ing  
the  exposure  a ro t a t ing  sector,  logar i th-  
mical ly  cut ,  was placed in f ront  of it. 
See Fig. i. Con tac t  p r in t s  were t a k e n  a t  
257 m/* and  a t  275 m/*. The  l ight  was 
genera ted  be tween  ro ta t ing  c a d m i u m  elec- 
t rodes  of an  u l t rav io le t  microscope con- 
s t ruc ted  according to K6hler .  The  K6HLER 
microscope ha s  been used earlier for simi- 
lar  purposes  by  t he  a u t h o r  2. The  i l lumina-  
t ion was  ad jus t ed  according to K6HLER'S 
rule. Optical  e q u i p m e n t :  a qua r t z  con- 
denser  of numer ica l  ape r tu re  o.3 and  a 

6 m m  m o n o c h r o m a t o r  of numer ica l  ape r tu re  0.35, corrected for 257 m #  (Cooke ,Troughton  and  Simms).  
Photographical: K o d a k  Process  p la tes  were used.  Cal ibra t ion  errors  owing to the  i n t e r m i t t e n c y  

effect and  in ter ference  wi th  t h e  per iods  of t he  spa rk  do no t  ex is t  a t  ~4oo r .p .m,  and  cu t  zones of 
2 . 9o  °, 2 .45  °, 2 .22 .5  ° and  2. i 1.25 °. See THORELL 8. The  ho lnogene i ty  of the  light-field was  control led 
by  p h o t o m e t r y  of exposed  e m p t y  pla tes .  The  exposure  was  chosen so t h a t  t he  b lacken ing  of the  
p r in t s  of t he  s t r ips  wi th  the i r  spo t s  would lie be tween  ex t inc t ion  va lues  f rom o. 3 to 2, i.e. with in  
t he  s t r a i gh t  p a r t  of t he  pho t og raph i c  b lacken ing  curve.  

The  ca l ibra t ion  s y s t e m  cons t i t u t e s  an  ex t inc t ion  scale wi th  a difference of log 2 be tween  
each step.  

Photometry. The  p la tes  were inves t iga ted  by  p h o t o m e t r y  wi th  a "Moll recording mic ropho to -  
m e t e r "  mode l  A 1 (P. J.  KiPP en Zonen).  The  s t r ips  were m e a s u r e d  c o n t i n u o u s l y  in the i r  whole length .  
The  to ta l  ex t inc t ion  of eve ry  spo t  was  c o m p u t e d  and  c o m p a r e d  wi th  s t anda rds ,  empir ica l ly  found,  
for the  different  subs t ances ,  t r ea ted  in the  s a m e  way.  For  the  q u a n t i t a t i v e  e s t ima t ion  of adenine,  
guan ine  and  uridyl ic  acid, where  so lven t  I or II  was  used,  t he  pla te  a t  257 m/~ was  t aken .  For  cyt idyl ic  
acid, where  only  so lven t  II  was  used  because  of in ter ference  wi th  ur id ine  a t  so lven t  I, t h e  p la te  
a t  275 m/~ was  t aken .  

R E S U L T S  

F i g .  2 s h o w s  a p h o t o g r a p h y  a t  275  m/~  o f  t h e  

c a l i b r a t i o n  s y s t e m  a n d  a o . 7  m m  b r o a d  s t r i p  w h e r e  

1 .75  /~g h y d r o l y z e d  y e a s t  n u c l e i c  a c i d  is  s e p a r a t e d .  

g,  a ,  c, u a n d  f r e f e r  t o  a d e n i n e ,  g u a n i n e ,  c y t i d y l i c  

a c i d ,  u r i d y l i c  a c i d  a n d  t h e  f r o n t ,  r e s p e c t i v e l y .  S o l v e n t  

I w a s  u s e d .  A s  c a n  b e  s e e n  t h e r e  i s  n o  i m p a i r m e n t  o f  

t h e  r e s o l u t i o n  c o m p a r e d  w i t h  o r d i n a r y  p a p e r  c h r o m a -  

t o g r a p h y .  F i g .  3 s h o w s  t h e  c u r v e s  o b t a i n e d  b y  p h o t o -  

m e t r y  o f  t h e  p l a t e s  a t  257  m ~  a n d  275  m i x  o f  t h e  s a m e  

s t r i p  a s  i n  F i g .  2. ( G u a n i n e  is  e x c l u d e d  f o r  p r a c t i c a l  

r e a s o n s . )  N o t e  t h e  d i f f e r e n c e s  o f  t h e  e x t i n c t i o n  c u r v e s  

Fig. 2. Con tac t  p r in t  a t  275 m #  of a s t r ip  c h r o m a t o g r a m  wi th  
ca l ib ra t ion  sy s t em.  1.75 fig of hyd ro lyzed  y e a s t  nucleic acid is 
sub j ec t ed  to separa t ion .  Solvent  I. g, a, c. u a n d  f refer  to 
guan ine ,  adenine ,  cyt idyl ic  acid, uridylic acid and  t he  front ,  

respect ively.  
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of each substance at the two wave-lengths. For the quantitative determination of 
guanine, adenine and uridylic acid the plate at 257 m/z was used, this wave-length being 
ideal for these substances since it lies in the immediate neighbourhood of the maxima of 
their extinction curves. For the same reason 275 m/x is ideal for cytidylic acid. 
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1,'ig. 3. Ext inct ion curves of the pr in ts  at 2.57 m/~ and 275 m/~ of a s tr ip ch roma tog ram where 1.75/tg 
of hydrolyzed yeast  nucleic acid is separated.  Symbols  as in Fig. 2. 

A detailed report with analyses of biological material and a discussion of the 
accuracy of the method will be given later. 

SUMMARY 

A chromatographic  method for the determinat ion of nucleic acid components ,  fifty t imes more 
sensitive t han  the older ones, is described. 

R~;SUME 

L 'au t eu r  ddcrit une mdthode chromatographique  pour  la d6terminat ion de composantes  d'acides 
nucldiques; cette mdthode est c inquante  fois plus sensible que les m6thodes plus anciennes. 

Z USAMMENFASSUNG 

Eine chronlatographische Methode zur Bes t immung von NukleinsS, ure-Bestandteilen,  welche 
fiinfzigmal empfindlicher ist als die alteren Methoden, wird beschrieben. 
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