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Fig. I. The rate of uptake  of Dz-leucine-i-14C . . . . . . . . . . . . . . . . . . . . .  
by  the part iculate fractions of rat  skeletal MICROSOMES ] 
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Some new solvent systems for the paper chromatography of 
nucleic acid degradation products 

Paper  chromatographic  methods  have proved indispensable for the investigation of the com- 
ponents  of nucleic acids 1. Among the many  solvent systems suggested the most  generally useful 
have been the tertbutanol and isopropanol-hydrochloric acid mixtures  of MARHAM AND SMITI~2 
and of WYATT ~. These solvent systems have the disadvantage of being somewhat  slow in develop- 
ment  and it has been found tha t  equally satisfactory results can be achieved with mixtures  of 
nlethanol, ethanol and hydrochloric acid. 

Chromatography  has been carried out by  upward development on paper  strips 16. 5 cm × 
47 cm. Two holes were punched in each paper  and five papers  were hung  on an all-glass frame 
which was placed in a glass tank sealed with a plate glass lid. 

A mixture  of methanol :  concentrated HCI: water  (7 ° : 20 : IO) (all par t s  by  volume) (Solvent 
sys tem I) was found to separate the principal bases liberated by  complete hydrolysis of deoxy- 
ribonucleic acid (DNA) or ribonucleic acid (RNA). This solvent system would also separate 
guanine, adenine, cytidylic and uridylic acids which were liberated when ribonucleic acids were 
hydrolysed with N HC1 at IOO ° C. The chromatograms obtained have been used for quant i ta t ive  
estimations. The solvent rose about  4 ° cm on W h a t m a n  No. 4 paper  in 16 hours and \Vha tman  
No. i gave equally good results. 

This solvent system was ra ther  slow in drying and much less hydrochloric acid was needed 
to separate  the products  of the hydrolysis of RNA with N HC1 at ioo °. The most  suitable system 
of those tried was a mixture  of methanol:  ethanol : concentrated HC1 : water  (50 : 25 : 6 : 19) (Solvent 
system II) .  This solvent system moved about  the same distance overnight  as solvent sys tem I 
and was the most  suitable for quant i ta t ive  determination.  I t  dried very quickly and gave repro- 
ducible and very low blank values. Guanine was eluted with o. 5 N HC1, adenine with o.i N HC1 
and cytidylic and nridylic acids were eluted with o.2 M sodium acetate. Absorpt ion values were 
measured at 249, 26o, 269.5 and 261 m#  for the four components  respectively. The e values of 
~VYAT'r a were used for guanine (I i,ooo) and adenine (13,ooo) and values of 9o5o and lO,2OO were 
found for cytidylic and uridylic acids at the above wavelengths in 0.2 M sodium acetate. 

A fur ther  series of solvent systems has been investigated and it was found tha t  very little 
HC1 was  necessary if a large proport ion of acetic acid was present.  A mixture  of methyl  ethyl 
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k e t o n e :  /er l - l tutan{>l:  ~ lm ia ]  a{:eti{ 
a c i d :  w a t e r :  c{mcent ra te{1  tICI (- ' - ' .5:  
2 z . 5 : 3 5 : 1 9 : 1  ) ( S o l v e n t  s y s t e m  I11) 
w a s  t h e  ]llOSt s u i t a l t l e  for  s e p a r a t i n g  
t h e  h y d r o l y t i c  c l e a v a g e  pr{}{lucls {}f 
r i b n n u c l e i c  a c i d s .  T h i s  m i x t u r e  m{}xe(I 
a b o u t  3 () e n l  i l l  I() h{}urs {ill \ V h a i n / a l l  

N{}. 4 p a p e r  a n d  ha{l t h e  a d v a n t a g e  f{tr 
z - w a y  c h r o m a t o g r a p h y  t h a t  t h e  p{}- 
s i t i o n s  of a d e n i n e  a n d  c y t i d y l i c  a c i d  
w e r e  t h e  r e v e r s e  {}f th{>se ill s{, lvenI 
s y s t e m s  1 a n d  11. 

T h e  l~1<. v a l u e s  {}f ba se s ,  n u c [ e o -  
s ides  a n d  nucle{}t ides  iI1 s{}lvent s y s -  
t e m s  I, I1 a n d  111 o n  \ ¥ h a t n n t n  N{}. 4 
p a p e r  a r e  s h o w n  in Tal}le I. 

'1'.\ t-H.I£ 1 

l ] l  I I I  

( ; t l a l l i l l e  {} IN t} .2o  it, I{1 

A d e n i n e  o 31 o .33  o3{  ~ 
( ' v t o s i n e  o .42 {~.3 ~ } {}.3 { ) 
l :i-~lcil o.(}2 <}.SH ~ .~}r 
" l ' h v m i n e  ~}'7 <} { ' I '4  < '7~ 
( ;uan{ls inP 0. 3 I <J., 4 <}.:: 
. \ d e n o s i n e  o.3I} o,31 "1 r;l i led 
Cvtidine_ o.4N o. to  <,- 'u 
I 'ridiP, c {}-{}4 {}..5 N <~..S ̀~ 
( ;uan{}sine  3 '  p h ° s l ) h a t e  o-43 {}-3 'S {>22 
.\d(~n{}sine 3 '  p h o s p h a t e  {}.5 I {}.42 {}'3 I 
(X't i{lvlic ac id  {}.O{} {}'53 {,._,t} 
l r i d v l i c  ac id  {}.77 {}.7 {} '}.5 t 

T h i s  i n v e s t i g a t i o n  w a s  c a r r i e d  o u t  d u r i n g  t h e  t e n u r e  of  a B r i t i s h  E m p i r e  C a n c e r  C a m p a i g n  
R e s e a r c h  F e l l o w s h i p  a n d  w a s  s u p t ) o r t e d  b y  g r a n t s  t o  t h e  C h e s t e r  B e a t t y  R e s e a r c h  h t s t i t u t e  
( I n s t i t u t e  of C a n c e r  R e s e a r c h  : R o y a l  C a n c e r  H o s p i t a l )  f r o m  t h e  B r i t i s h  E m p i r e  C a n c e r  C a m p a i g n .  
t h e  J a n e  Coff in C h i l d s  M e m o r i a l  F u n d  for  M e d i c a l  R e s e a r c h ,  t h e  A n n a  F u l l e r  l : u n d  a n d  t h e  
N a t i o n a l  C a n c e r  I n s t i t u t e  of  t h e  N a t i o n a l  I n s t i t u t e s  of  H e a l t h ,  U.S.  P u M i c  H e a l t h  Se rv i ce .  
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Is foetal haemoglobin present in the blood of normal human adults? 

T h e  h a e m o g l o b i n  of t i le  new- l}o rn  c h i h l  c o n s i s t s  for  a l}ou t  8 o %  of H b - F  a n d  c O ' )  {}f 1 4 b - \ .  
A f t e r  f o u r  m o n t h s  t i le  foe ta l  c o l n p o n e n t  s e e m s  to  h a x e  d i s a p p e a r e d .  ]3RINK~iAX AND JONXlS i 
u s e d  t h e  d i t i e r e n c e  in  t h e  r a t e  of  a l k a l i - d e n a t u r a t i o n ,  b u t  d i d  n o t  s u c c e e d  in d e m o n s t r a t i n g  t h e  
p r e s e n c e  of  [ o e t a l  h a e m o g l o b i n  in t h e  M o o d  of  o l d e r  c h i l d r e n  a n d  a d u l t s .  T h e  m e t h o d  u s e d ,  
h o w e v e r ,  w a s  n o t  a c c u r a t e  1}eh}u 5 % of  H I > I "  p r e s e n t ,  l . a t e r ,  SINGER F[ e/l. 2 d e m o n s t r a t e d  w i t h  
a n  a l t e r e d  a l k a l i  d e n a t u r a t i o n  t e c h n i q u e  ( s t a r t i n g  w i t h  H b O e )  t i le  p r e s e n c e  of  t 3 % of a h>e ta l - l ikc  
c o m p o n e u t  in t i le  M o o d  of  a d u l t s ,  w h i l e  I<0NZER a w i t h  a s i m i l a r  p r o c e d u r e ,  b u t  u s i n g  c y a n -  
h a e m o g l o b i n ,  f o u n d  <).5 I " ] )  ()f s u c h  a c o m p o n e n t .  \ V i t h  i m m u n o l o g i c a l  m e t h o d s  ( ~ H E R N O F i  'a 

d e m o n s t r a t e d  t i le  p r e s e n c e  of o .o  5 o .5  <',', o f  HI t - l : ,  w h i l e  m o r e o v e r  RocH>." AND 1)I~;RRIEX ~ w i t h  
at s a l t i n g - o u t  t e c h n i q u e  f ( m n d  s m a l l  a m o u n t s  {}f a c o m p o n e n t  w i t h  t h e  s a m e  s o l u b i l i t y  as  t h a t  
of  H b - F  f r o m  c o r d  b l o o d .  T h e  a m o u n t s  of t h i s  c o m p o n e n t  f o u n d  b y  t h e s e  m e t h o d s  ;ire so d i t l e r e n t  
t h a t  i t  s e e m e d  desi ra l}Ie  to  r e p e a t  t h e  i n v e s t i g a t i o n  c o n c e r n i n g  t h e  p r o b l e m  of  t h e  p o s s i b l e  
p r e s e n c e  of  H b - F  in a d u l t  b l o o d .  M o r e o v e r  i t  m a y  be  i m p o r t a n t  to  i n v e s t i g a t e  w h e t h e r  t h e  a lka l i -  
r e s i s t a n t  f r a c t i o n  f o u n d  w a s  i d e n t i c a l  w i t h  f o e t a l  h a e m o g l o b i n .  F o r  t h i s  p u r p o s e  we  u s e d  in o u r  
i n v e s t i g a t i o n  t h e  e s t i m a t i o n  of t h e  a m i n o  a c i d  c o m p o s i t i o n  of  t h i s  f r a c t i o n ,  as  t h e r e  a r e  m a n y  
d i f f e r e n c e s  b e t w e e n  H b - 1  c a n d  t i le  o t h e r  h a e m o g l o b i n s  in t h i s  r e s p e c t  6. 

In  t h e  p r e s e n t  s t u d y  b l o o d  s a m p l e s  of  t h e  a u t h o r s  w e r e  used .  T h e  h a e m o g h , b i n  w a s  p r e p a r e d  
a n d  p u r i f i e d  b y  t h e  m e t h o d  d e s c r i b e d  p r e v i o u s l y  6. T h r e e  s a m p l e s  of  Ht)O~ (no n n m r ~ c a r l } o x y f o r m )  
w i t h  a c o n c e n t r a t i o n  of  {3-8 m g  {~{, ( t o t a l  a m o u n t s  532o ,  4015  a n d  707 ° m g  r e s p e c t i v e l y )  w e r e  
e x p o s e d  t o  t h e  a c t i o n  of all{all (f inal  t )H 12.0) fo r  t w o  m i n u t e s .  T h e  d e n a t u r a t i o n  p r o c e s s  w a s  
t h e n  i n t e r r u p t e d  b y  a d d i n g  a n  e q u i m o l a r  a i n o u n t  of  h y d r o c h l o r i c  a c i d .  T h e  d e n a t u r e d  h a e m o  
g l o b i n  w a s  s a l t e d - o u t  b y  a d d i n g  a 3-5 3 l  p h o s p h a t e  b u f f e r  p H  0. 5 ( - -  i o o , o ) ,  d e s c r i b e d  b y  
I)ERRIEN 7, u n t i l  a f ina l  c o n c e n t r a t i o n  of  8o % w a s  r e a c h e d .  A f t e r  f i l t r a t i o n ,  t ho  u n a l t e r e d  h a e n n >  
gh}t)in w a s  p r e c i p i t a t e d  l ty d i s s o l v i n g  t h e  c a l c u l a t e d  a m o u n t  of  p u l v e r i z e d  K[:t  21>Or a n d  l< eH P()  


