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HIGH-RESOLUTION A N I O N - E X C H A N G E  CHROMA-TOGRAPHY OF 
ULTRAVIOLET-ABSORBING CONSTITUENTS OF HUMAN 
ERYTHROCYTES 

K .  S e t a ,  M .  Washi take,  T .  Anmo, 
Research L a b o r a t o r i e s ,  Ta i sho  Pha rmaceu t i ca l  Co. ,  L t d . ,  
1-403, Yoshino-cho, Ohmiya-shi, Sa i tama 330, Japan  

N .  Takai  
I n s t i t u t e  of I n d u s t r i a l  S c i e n c e ,  U n i v e r s i t y  o f  Tokyo, 
7-22-1, Roppongi, Minato-ku, Tokyo 1 0 6 ,  Japan 

and T .  Okuyama 
Department o f  Chemistry,  F a c u l t y  o f  S c i e n c e ,  
Tokyo M e t r o p o l i t a n  U n i v e r s i t y ,  
2-1-1, Fukazawa, Setagaya-ku,  Tokyo 158,  J a p a n  

ABSTRACT 

The a n a l y s i s  o f  n u c l e i c  a c i d  components o f  human 
e r y t h r o c y t e s  was ach ieved  by h i g h - r e s o l u t i o n  a n i o n  
exchange chromatography u s i n g  a column packed wi th  a 
m a c r o r e t i c u l a r  anion-exchange r e s i n  and l i n e a r  g r a d i e n t  
e l u t i o n  wi th  ammonium a c e t a t e  s o l u t i o n ,  pH 4 .5 .  On t h e  
chromatogram of  t r i c h l o r o a c e t i c  a c i d  e x t r a c t s  from human 
e r y t h r o c y t e s ,  a t  l ea s t  50 components were d e t e c t e d  as 
u l t r a v i o l e t - a b s o r b i n g  c o n s t i t u e n t s .  On ass ignment  o f  
t h e  chromatographic  peaks t h e y  were found t o  be  n u c l e i c  
a c i d  components. The a n a l y s i s  was ach ieved  i n  1 2 0  min 
and t h e  e l u t i o n  t ime of  guanos ine  5 ' - t r i p h o s p h a t e  was 
64 .3  min. 

I N T R O D U C T I O K  

We p r e v i o u s l y  r e p o r t e d  t h a t  t h e  s e p a r a t i o n  o f  u l t r a -  

v i o l e t  (UV)-absorbing c o n s t i t u e n t s  o f  body f l u i d s ,  such  as 

u r i n e  (1,2), blood plasma o r  serum ( 3 )  and hemodia lysa t e  

( 3 ) ,  can  be  ach ieved  by chromatography u s i n g  a macro- 
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130 SETA ET AL. 

r e t i c u l a r  anion-exchange r e s i n .  Blood c e l l s  a r e  a l s o  

an impor tan t  p a r t  o f  t h e  blood and c o n t a i n  l i t e r a l l y  

hundreds o f  o r g a n i c  compounds. P a r t i c u l a r l y ,  a g r e a t  

number o f  n u c l e o t i d e s  a r e  known i n  t h e  b lood  c e l l s  ( 4 , 5 ) .  

The tremendous advance i n  s t u d i e s  o f  f r e e  n u c l e o t i d e s  is 

c o r r e l a t e d  wi th  t h e  i n t r o d u c t i o n  and development o f  i o n  

exchange chromatography ( 6 ) .  M i c r o r e t i c u l a r  (7-10) or 

p e l l i c u l a r  (11-15) ion-exchange r e s i n s  were employed f o r  

t h e  s e p a r a t i o n  o f  n u c l e i c  a c i d  components, b u t  t h e y  were 

n o t  s a t i s f a c t o r y  i n  t e rm o f  r e s o l u t i o n  and t i m e  f o r  

s e p a r a t i o n .  T h e r e f o r e ,  w e  t r i e d  t o  use  a m a c r o r e t i c u l a r  

anion-exchange r e s i n  column for t h e  s e p a r a t i o n  o f  n u c l e i c  

a c i d  components i n  human e r y t h r o c y t e s .  

EXPERIMENTAL 

Reagents .  A n a l y t i c a l  g rade  ammonium a c e t a t e ,  a c e t i c  a c i d  

and t r i c h l o r o a c e t i c  a c i d  (TCA) were purchased  from Wako 

Pure Chemical I n d u s t r i e s  (Tokyo, J a p a n ) .  The r e f e r e n c e  

compounds, c y t o s i n e ,  c y t i d i n e ,  u r i d i n e ,  u r a c i l ,  thymidine ,  

thymine,  adenos ine ,  aden ine ,  guanos ine ,  guanine ,  i n o s i n e  , 
hypoxanth ine ,  x a n t h i n e ,  r i b o f l a v i n ,  5'-CMP, 5'-CDP, 5 '-  

UMP, 5'-UDP, 5'-AMP, 2'-AMP, 5'-ADP, 5'-ATP, 5'-IMP, 5 ' -  

I D P ,  5'-GMP, 5'-GDP, 5 '-GTP, FMN, FAD and 3 ' , 5 ' - c y c l i c  

AMP were purchased from Wako. ,8-NAD, 8 - N A D H ,  B-NADP,  

UDPG, UDPGA,  5'-TMP, 5'-TDP, 5'-TTP, 5'-XMP and 3 ' , 5 ' -  

c y c l i c  GMP were purchased from Sigma Chemicals ( S t  .Louis 
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CONSTITUENTS OF HUMAN ERYTHROCYTES 131 

Mo., U.S.A.), and 5'-CTP, 5l-UTP and 5I-ITP were purchased  

from P.L.  Chemicals I n c . ,  (Milwaukee, W i s . ,  U.S.A.). 

Apparatus .  The in s t rumen t  f o r  t h e  a n a l y s i s  was a H i t a c h i  

high-speed l i q u i d  chromatograph (model 634, H i t a c h i  Co., 

Tokyo, J a p a n ) .  It c o n s i s t e d  o f  a g r a d i e n t  d e v i c e ,  a 

h igh  p r e s s u r e  pump, a sample i n j e c t i o n  v a l v e ,  an an ion  

exchange r e s i n  column, a double-beam spec t ropho tomete r ,  

a 10-mV d a t a  r e c o r d i n g  d e v i c e  and a c i r c u l a t i n g  water 

b a t h .  Stopped-flow s c a n n i n g  spec t ropho tomet ry  was performed 

wi th  a scan-speed of  60  nm/min and a s l i t - w i d t h  o f  4 . 0  nm 

f o r  s cann ing  from 340 t o  220 nm. 

The s t r o n g l y  b a s i c  m a c r o r e t i c u l a r  anion-exchange r e s i n ,  

Dia ion  CDR-10 ( c o n t r o l  #520000), i s  a p o l y s t y r e n e - d i v i n y l -  

benzene copolymer hav ing  q u a t e r n a r y  ammonium groups and 

a p a r t i c l e  s i z e  d i s t r i b u t i o n  of  5 t o  7-um. Th i s  r e s i n  was 

o b t a i n e d  from Mitsub i sh i  Chemical I n d u s t r i e s  (Tokyo, J a p a n ) .  

M a c r o r e t i c u l a r  r e s i n s  have  a porous s t r u c t u r e  t h a t  a l lows  

t h e  r a p i d  d i f f u s i o n  o f  i o n s  o r  molecules  i n t o  t h e  r e s i n  

beads ( 1 6 ) .  Dia ion  CDR-10 have a h i g h e r  c r o s s  l i n k a g e  

(35  % ) ,  a l a r g e r  s u r f a c e  a r e a  ( 1 0 0  m2/g),  a h i g h e r  po re  

c a p a c i t y  ( 0 . 2 7  me/mL) and a l a r g e r  po re  d i ame te r  (400 A) 

t h a n  t h o s e  o f  m i c r o r e t i c u l a r  r e s i n s  (17 ,18 ) .  

Procedures .  

Sample p r e p a r a t 6 o n .  Fresh  h e p a r i n i z e d  b lood  from a 

normal h e a l t h y  a d u l t  was c e n t r i f u g e d  f o r  5-min a t  3,500 
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132 SETA ET AL. 

r . p .m.  a t  5°C. The p l a sma  and w h i t e  b l o o d  c e l l s  were 

p i p e t t e d  o u t ,  and t h e  s e t t l e d  l a y e r  was u s e d  as t h e  r e d  

b l o o d  c e l l  ( e r y t h r o c y t e )  s a m p l e .  The p r e p a r a t i o n  o f  T C A  

e x t r a c t s  o f  e r y t h r o c y t e s  was p e r f o r m e d  by  t h e  method o f  

Miech ( 1 9 ) .  One m i l l i l i t e r  o f  whole b l o o d  or 0.5-mL o f  

e r y t h r o c y t e s  was p i p e t t e d  up ,  and added  d r o p w i s e  t o  2-mL 

o f  c o l d  1 2 %  TCA aqueous  s o l u t i o n  and t h e n  s t i r r e d  r a p i d l y  

w i t h  a Vor t ex  mixer .  A f t e r  c e n t r i f u g a t i o n  for 5-min a t  

3 ,500  r . p . m . ,  t h e  u p p e r  l a y e r  was s e p a r a t e d  t h r o u g h  a 

f i l t e r  (0.22-um p o r e  s i z e ,  M i l l i p o r e  t y p e  G S ) ,  t h e n  1 0 0  

or 50-uL was i n j e c t e d  o n t o  t h e  column. 

P r e p a r a t i o n  o f  an ion -exchange  r e s i n  column.  A s t a i n l e s s  

s t e e l  column (5O-cm i n  l e n g t h  and 4-mm I . D . )  w a s  packed  

w i t h  t h e  D i a i o n  CDR-10 as d e s c r i b e d  by  S c o t t  and Lee ( 2 0 ) .  

The column was packed  u s i n g  6 . 0  M ammonium a c e t a t e  b u f f e r  

(pH 4 . 5 )  and r u n  f o r  1 - h r  a t  1 5  MPa. The column was 

c o n n e c t e d  t o  a c i r c u l a t i n g  water b a t h  m a i n t a i n i n g  t h e  

column t e m p e r a t u r e  w i t h i n  *l°C of t h e  s e l e c t e d  s e t t i n g .  

Anion-exchange chromatography .  A b l o o d  sample  was 

i n t r o d u c e d  o n t o  t h e  column. The c o n s t i t u e n t s  o f  t h e  

sample were e l u t e d  w i t h  a l i n e a r  ammonium a c e t a t e  g r a d i e n t  

a t  an a v e r a g e  f l o w - r a t e  of  0 . 7 0  mL/mln. The l i n e a r  a c e t a t e  

g r a d i e n t  was formed w i t h  a two-chamber g r a d i e n t  g e n e r a t o r  

p l a c i n g  30-mL o f  distilled water i n  t h e  f i r s t  g r a d i e n t  
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CONSTITUENTS OF HUMAN ERYTHROCYTES 133 

chamber, and 30-mL o f  6 .0  M ammonium a c e t a t e  b u f f e r  (pH 

4 .5)  i n  t h e  second chamber. The column t empera tu re  was 

r a i s e d  from 22 t o  70°C o v e r  t h e  f i r s t  30 min, and t h e n  

ma in ta ined  a t  70°C t o  t h e  end o f  t h e  r u n .  Due t o  t h e  

i n c r e a s e  i n  t h e  column t e m p e r a t u r e ,  t h e  i n l e t  p r e s s u r e  

changed from 10 .5  t o  7.0 MPa o v e r  t h e  f i r s t  25 min, and 

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

p r e s s u r e  changed from 7 . 0  t o  1 3 . 0  MPa t o  t h e  end of  t h e  

r u n .  The column e f f l u e n t  was moni tored  wi th  a double  

beam spec t ropho tomete r  o p e r a t e d  at  254 nm. 

RESULTS 

Analyses  of whole b lood  and b lood  plasma by t h e  d i r e c t  

i n j e c t i o n  method. 

50-UL o f  whole b lood  or 100-uL o f  b lood  plasma was 

d i r e c t l y  chromatographed on t h e  m a c r o r e t i c u l a r  an ion  

exchange r e s i n  column. UV-absorbance chromatograms a r e  

shown i n  F i g u r e  1 (whole b l o o d )  and F igure  2 ( p l a s m a ) .  

The UV-absorbing c o n s t i t u e n t s  o f  plasma have t h r e e  

p r o t e i n  peaks ( e l u t e d  a t  3 . 0 ,  4 . 1  and 2 2 . 2  min) and one 

u r i c  a c i d  peak ( e l u t e d  a t  32 .0  m i n ) ( 3 ) .  While t h e  

chromatogram o f  whole b lood  showed many peaks , t h e  

m a j o r i t y  of  them came from blood c e l l s  s i n c e  t h e  plasma 

have on ly  f o u r  main peaks .  

We have u s u a l l y  ana lyzed  body f l u i d s  by t h e  d i r e c t  

i n j e c t i o n  method, e s p e c i a l l y  when r a p i d  t r e a t m e n t  o f  
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134 SETA ET AL. 

sample was r e q u i r e d .  However, t h e  d i r e c t  i n j e c t i o n  o f  

whole blood samples  caused t h e  c logg ing  o f  t h e  column 

and i n c r e a s e d  p r e s s u r e .  A f t e r  o r d i n a l y  a n a l y s e s  o f  f i v e  

t o  t e n  samples ,  r e g e n e r a t i o n  o f  t h e  column was r e q u i r e d .  

F o r  t h e  r e g e n e r a t i o n ,  2 . 0  M sodium hydroxide  aqueous 

s o l u t i o n  was r u n  through t h e  column for 1-hr  a t  room 

t empera tu re  and a t  a f low- ra t e  o f  0 .5  mL/min. 

< 
LI 
0 tn 

< 

m 

m 

FIGURE 1. 

0.160 

E 

w u z 0.080 

0 lJu 

41 

WHOLE BLOOD 

0 20 40 60 80 100 120 

R U N  T I M E  ( m i n )  

Chromatogram of  human whole b lood  wi th  t h e  
d i r e c t  i n j  e c t l o n  method. 
Run c o n d i t i o n s :  column, 50 x 0 . 4  ern I . D . ?  
packed wi th  Dia ion  CDR-10; e l u e n t ,  ammonium 
a c e t a t e  b u f f e r ,  pH 4 . 5 ,  v a r y i n g  c o n c e n t r a t i o n  
from 0 t o  6 .0  M b y  l i n e a r  g r a d i e n t ;  t empera tu re ,  
i n c r e a s i n g  from 22 t o  7 0 ° C  over  t h e  first 30- 
min, t hen  70°C t o  t h e  end o f  t h e  run ;  ave rage  
flow r a t e ,  0 . 7 0  mL/min; average  p r e s s u r e ,  10.5- 
MPa; sample volume, 50-uL. 
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CONSTITUENTS OF HUMAN ERYTHROCYTES 135 

Analys is  o f  t h e  TCA e x t r a c t s  from whole b lood  and from 

e r y t h r o c y t e s .  

A chromatogram of  t h e  TCA e x t r a c t s  from whole blood 

i s  shown i n  F igu re  3.  50-uL o f  t h e  TCA e x t r a c t s  i s  

e q u i v a l e h t  t o  about  l7-uL o f  o r i g i n a l  whole blood.  The 

chromatogram shows about  50 peaks.  

A chromatogram o f  t h e  TCA e x t r a c t s  from e r y t h r o c y t e s  

i s  shown i n  F igu re  4 .  100-uL o f  t h e  TCA e c t r a c t s  from 

e r y t h r o c y t e s  i s  e q u i v a l e n t  t o  about  20-uL of  o r i g i n a l  

e r y t h r o c y t e s  and t o  about  40-uL o f  o r i g i n a l  whole blood.  

This  chromatogram a l s o  shows about  50 peaks ,  b u t  t h e r e  i s  

Q 

LL 
0 
tn 

m 

m 
a 

FIGURE 2 .  
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0 20 LO 60 80 100 120 

R U N  T I M E  ( m i n )  

Chromatogram of human b lood  plasma wi th  t h e  
d i r e c t  i n j e c t i o n  method. 
Run c o n d i t i o n s  were t h e  same a s  i n  FIGURE 1. 
Sample volume: 100-uL. 
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136 SETA ET AL. 

no peaks  o f  u r i c  a c i d .  The d i f f e r e n c e ,  be tween  F i g u r e  3 

and  F i g u r e  4 ,  c o r r e s p o n d  t o  t h e  chromatogram o f  TCA 

e x t r a c t s  f rom p la sma .  Ano the r  n o t i c e a b l e  d i f f e r e n c e  

between t h e  TCA e x t r a c t s  f rom whole b l o o d  a n d  f rom 

e r y t h r o c y t e s  i s  i n  t h e  q u a n t i t i e s  o f  UV-absorbing 

C o n s t i t u e n t s  when c a l i b r a t e d  t o  t h e  whole b l o o d .  The 

c o n t e n t  o f  t r i p h o s p h a t e  n u c l e o t i d e s  (No.41 ATP and No.43 

GTP) a r e  h i g h e r  and  t h e  c o n t e n t  of  n u c l e o s i d e s  (No.81, 

monophosphate (No.19 AMP and No.22 GMP) and  d i p h o s p h a t e  

(No.33 ADP a n d  No.35 GDP) n u c l e o t i d e s  a r e  l o w e r  i n  

4 

whole b l o o d  t h a n  i n  e r y t h r o c y t e s .  
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FIGURE 3. Chromatogram o f  TCA e x t r a c t s  f rom who le  b l o o d .  
Run c o n d i t i o n s  were t h e  same as i n  FIGURE 1. 
Sample volume:  50-uL. 
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b e  exp la ined  b y  t h e  r a p i d  d e g r a d a t i o n  o f  l a b i l e  t r i -  

phosphates  and t h e  p roduc t ion  o f  d i -  and monophosphates 

even i n  t h e  p rocess  o f  s e p a r a t i o n  of  e r y t h r o c y t e s  and 

plasma. Because o f  t h i s ,  d i r e c t  e x t r a c t i o n  from whole 

blood i s  recommended for t h e  d e t e r m i n a t i o n  o f  t h e  t r u e  

p r o f i l e  of  n u c l e o t i d e s  i n  b lood  c e l l s .  

Assignment o f  t h e  chromatographic  peaks .  

The assignment  o f  peaks i n  a chromatogram was 

performed i n  t h e  f o l l o w i n g  way: (1) by comparing t h e  

r e t e n t i o n  t i m e  of  a peak t o  t h o s e  o f  t h e  s t a n d a r d  compounds; 
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Run c o n d i t i o n s  were t h e  same a s  i n  FIGURE 1. 
Sample volume: 100-uL. 
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( 2 )  by i n j e c t i n g  t h e  s t a n d a r d  compounds a long  wi th  t h e  

sample;  ( 3 )  by measuring t h e  UV-spectrum o f  a peak a t  

t h e  peak maximum by s topped-f low scann ing  spec t ropho tomet ry .  

The e s t i m a t i o n  o f  r e t e n t i o n  t imes  o f  n u c l e i c  a c i d  components 

and r e l a t e d  compounds was r e p e a t e d  and mean v a l u e s  a r e  

g iven  i n  Table  1. A r e p r e s e n t a t i v e  chromatograms of  a 

mixture  of  s t a n d a r d  compounds i s  shown i n  F i g u r e  5 .  

The e l u t i o n  o r d e r  of  t h e  n u c l e i c  a c i d  bases  was c y t o s i n e ,  

u r a c i l ,  thymine, adenine  and guanine.  This  e l u t i o n  o r d e r  

was observed a l s o  i n  t h e  c a s e  o f  n u c l e o s i d e s ,  c y t i d i n e ,  

u r i d i n e ,  thymidine ,  adenos ine  and guanos ine ,  and i n  t h e  

case  o f  mono-, d i -  and t r i p h o s p h a t e  n u c l e o t i d e s .  Cyc l i c  

3',5'-AMP o r  c y c l i c  3 ' ,5 ' -GMP has  a l a r g e r  r e t e n t i o n  

t i m e  t h a n  5'-AMP o r  5'-GMP, r e s p e c t i v e l y .  T h i s  e l u t i o n  

o r d e r  cor responds  wi th  t h a t  sugges t ed  i n  t h e  c a s e  o f  N-bases 

and nuc leos ides  by S ingha l  and Cohn ( 2 1 )  and i n  t h e  case  

o f  n u c l e o t i d e s  by Brown ( 1 2 ) .  The r e t e n t i o n  t i m e  of 

j?-NADH, FAD and 8-NADP i n  t h e  chromatography u s i n g  t h e  

m a c r o r e t i c u l a r  anion-exchange r e s i n  a r e  remarkably d i f f e r e n t  

from t h o s e  i n  t h e  p e l l i c u l a r  anion-exchange r e s i n  ( 1 2 ) .  

Fo r  t h e  d e t e r m i n a t i o n  o f  t h e  W-spectrum, t h e  flow 

was s topped  a t  a peak maximum and t h e  spec t rum was measured. 

Then, when t h e  absorbance  came down t o  t h e  b a s e - l i n e ,  

aga in ,  t h e  flow was s topped  and t h e  spec t rum was measured. 

The l a t t e r  was used  as a c o n t r o l  f o r  t h e  p reced ing  peak,  

and t h e  d i f f e r e n c e  spec t rum was made. The W - s p e c t r a  of  
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peak No. 4 1  and 43 i n  F i g u r e  4 are  shown r e s p e c t i v e l y  i n  

F i g u r e  6 .  

d i f f e r e n c e  s p e c t r u m  o f  o t h e r  peaks  a re  l i s t e d  i n  T a b l e  2 

and t h e y  were good ag reemen t  w i t h  t h o s e  of t h e  s t a n d a r d  

compounds ( 2 2 ) .  

The w a v e l e n g t h  o f  t h e  a b s o r b i n g  maximum o f  t h e  

D I S C U S S I O N  

The n u c l e c t i d e  p r o f i l e s  of t h e  whole b l o o d  and 

e r y t h r o c y t e s  of  huaans  and  o t h e r  a n i m a l s  were p r e v i o u s l y  

r e p o r t e d  by Brown ( 5 ) .  She  u s e d  p e l l i c u l a r  an ion -exchange  
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FIGURE 5. R e p r e s e n t a t i v e  chromatogram o f  n u c l e i c  a c i d  
components and  r e l a t e d  compounds. 
Run c o n d i t i o n s  were t h e  same as i n  F I G U R E  1. 
Sample:  100-uL o f  a m i x t u r e  of s t a n d a r d  
compounds c o n t a i n i n g  2 .5  ug/lOO-uL ( e x c e p t  for 
5 ug/lOO-uL o f  5I-ATP and 5 I - G T P ) .  
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FIGURE 6 .  UV-spectra o f  peaks by s topped-f low s c a n n i n g  
s p e c t  rophot  omet r y  . 
A (peak  No.41) and B (peak  No.43). 
Curve a (-): UV-spectrum o f  t h e  peak a t  peak 
maximum, curve  b ‘&---I : UV-spectrum o f  c o n t r o l ,  
curve  c (----): t h e  d i f f e r e n c e  spec t rum ( c u r v e  a 
minus curve  b ) ,  and curve  d (-1: t h e  d i f f e r -  
ence spec t rum o f  a s t a n d a r d  compound under  t h e  
same c o n d i t i o n s  as f o r  cu rve  a .  
0 i n d i c a t e s  absorbance  maximum. 

TABLE 2 

The Wavelength of  The Absorbance Maximum o f  The O i f f e r e n c e  
Spectrum o f  Peaks 

Peak Wavei! e n g  t h  Ass i g n m t i  y: t of 
number X m a ,  nm) t h e  peak 

8 250 Ino  s i n e  
15 258 NAD( DPN) 
19 257 5’-AMP 
22 255 5 ’ -GMP 
33 257 5 -ADP 
35 255 5 -GDP 
41 257 5’-ATP 
43 255 5 -GTP 
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r e s i n s  f o r  t h e  s e p a r a t i o n  o f  n u c l e o t i d e s  and m i c r o r e t i c u l a r  

r e s i n s  for t h e  s e p a r a t i o n  o f  p u r i n e  and py r imid ine  b a s e s  

and n u c l e o s i d e s  . However, chromatography u s i n g  a p e l l i -  

c u l a r  anion-exchange r e s i n  i s  lower  i n  ion-exchange 

c a p a c i t y  avd i n  r e s o l u t i o n  (13-15) ,  and chromatography 

u s i n g  m i c r o r e t i c u l a r  r e s i n s  r e q u i r e s  a r e l a t i v e l y  l o n g e r  

s e p a r a t i o n  t i m e  r e s u l t i n g  lower  sample th roughpu t  ra tes  

(8-10)  compared wi th  t h e  p r e s e n t  sys t em.  Fur thermore ,  

t h e  o v e r a l l  a n a l y s i s  of n u c l e i c  a c i d  components,  i n c l u d i n g  

N-bases, n u c l e o s i d e s  and n u c e l o t i d e s ,  cou ld  n o t  b e  ach ieved  

wi th  c o n v e n t i o n a l  anion-exchange r e s i n  column. Thus,  t h e  

chroxatography u s i n g  t h e  m a c r o r e t i c u l a r  anion-exchange 

r e s i n  d e s c r i b e d  above showed b e t t e r  s e p a r a t i o n  of n u c l e i c  

a c i d  comporents and r e l a t e d  compounds. 
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