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REVERSE PHASE H I G H  PERFORMANCE LIQUID CHROMOTOGRAPHY 
OF THE 2 ' -  AND 3'-NUCLEOTIDE MONOPHOSPHATES 

Michae l  J. K e s s l e r *  

Department of R e p r o d u c t i v e  Medicine and  Bio logy  
U n i v e r s i t y  of Texas H e a l t h  S c i e n c e  C e n t e r  a t  Houston - Medica l  School  

P.O. Box 20708 
Houston, Texas 77025 

SUMMARY 

A r a d i a l  compress ion  r e v e r s e  phase  column i n  c o n j u n c t i o n  w i t h  a h i g h  
per formance  l i q u i d  chromotographic  s y s t e m  h a s  been d e v e l o p e d  f o r  t h e  s e p a r a t i o n  
of n u c l e o t i d e s ,  w i t h  s p e c i a l  emphas is  on t h e  s e p a r a t i o n  of t h e  2 ' -  and  3'- 
n u c l e o t i d e  monophosphates which a r e  produced by t h e  b a s e  h y d r o l y s i s  of RNA. The 
c o m p l e t e  s e p a r a t i o n  of t h e  e i g h t  2'- and  3 ' - i somers  (as w e l l  as c y c l i c  AMP) c a n  
be accompl ished  i n  twenty- f ive  m i n u t e s  u s i n g  r a d i a l  compress ion  c h e m i c a l  bonded 
a l k y l  (C-18) r e v e r s e  phase  column by e l u t i n g  w i t h  a r e v e r s e  i o n i c  s t r e n g t h  
g r a d i e n t .  P r e v i o u s  s e p a r a t i o n  of t h e s e  2'-  and  3'- i s o m e r s  r e q u i r e d  con- 
s i d e r a b l y  l o n g e r  t ime u s i n g  t h e  ion-exchange h i g h  per formance  l i q u i d  chro-  
matography methods. 

INTRODUCTION 

The e a r l y  s e p a r a t i o n  of n u c l e o t i d e s  was accompl ished  t h r o u g h  t h e  u s e  of 

r a d i o l a b e l i n g  t e c h n i q u e  combined w i t h  p a p e r  chromatography or  e l e c t r o p h o r e s i s ,  

[ 1 ,2 ]  b u t  because  of t h e  l e n g t h  of  a n a l y s i s  t i m e ,  s e v e r a l  methods f o r  t h e  an-  

a l y t i c a l  h igh  per formance  l i q u i d  chromatography (HPLC), s e p a r a t i o n  of b a s e s ,  

[ 3 , 5 ]  n u c l e o s i d e s ,  [4.5] and n u c l e o t i d e s  [ 6 , 1 3 ]  were developed .  These methods 

were based  on a n i o n  and c a t i o n  exchange OK l i q u i d - e x c h a n g e  t e c h n i q u e s  u s i n g  

e i t h e r  i s o c r a t i c  o r  g r a d i e n t  e l u t i o n .  The s e p a r a t i o n  o f  f r e e  b a s e s ,  n u c l e -  

o t i d e s ,  and n u c l e o s i d e s  was n e c e s s a r y  f o r  t h e  d e t e r m i n a t i o n  o f  n u c l e f c  a c i d  com- 

p o s i t i o n  of v a r i o u s  RNA's, t h e  e l u c i d a t i o n  of s p e c i f i c  gene  s e q u e n c e s ,  and t h e  

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

n i q u e s  were deve loped  t o  s e p a r a t e  t h e  f r e e  b a s e s  b u t  because  of t h e  s t m i l a r i t i e s  

i n  p h y s i c a l  and c h e m i c a l  p r o p e r t i e s .  S e p a r a t i o n  of t h e  n u c l e o t i d e  mono- 

p h o s p h a t e s  i s o m e r s  ( 2 ' -  a n d  3'-) o b t a i n e d  from t h e  b a s e  h y d r o l y s i s  of RNA was a 

d i f f i c u l t  a n a l y t i c a l  problem. 
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1 1 2  KESSLER 

T h i s  paper  d e s c r i b e s  u s i n g  t h e  r a p i d  ( 2 5  m i n u t e s ) ,  q u a n t i t a t i v e  s e p a r a t i o n .  

u s i n g  r e v e r s e  phase  r a d i a l  c o m p r e s s i o n  c h e m i c a l l y  bonded a l k y l  C-18 HPLC by a 

r e v e r s e  i o n i c  s t r e n g t h  g r a d i e n t  o f  t h e  2 ' -  and  3'- i s o m e r s  of t h e  n u c l e o t i d e  

monophosphates which r e s u l t  from t h e  base h y d r o l y s i s  of RNA. 

MATERIAL AND METHODS 

Appara tus  

The Waters A s s o c i a t e  ( M i l f o r d ,  MA. U.S.A) HPLC sys tem was employed f o r  a l l  

s t u d i e s .  The sys tem c o n s i s t e d  o f  two 60OUA s o l v e n t  d e l i v e r i n g  s y s t e m s ,  U6K 

i n j e c t o r ,  440 f i x e d  wavelength  ( 2 5 4  nm) d e t e c t o r ,  450 v a r i a b l e  wavelength  UV- 

v i s i b l e  d e t e c t o r ,  660  s o l v e n t  programmer and 720 Data Module ( f o r  p l o t t i n g  and 

a n a l y s i s  of peak area and  r e t e n t i o n  time). A r a d i a l - P a k  A ( r e v e r s e  phase  

permanent ly  bonded o c t a d e c y l s i l a n e  column, 8 cm l e n g t h ,  10 ' ~ 1  p a r t i c l e  s i z e )  was 

used  a s  p a r t  o f  t h e  W a t e r ' s  Kadia l  Compression System. This s e p a r a t i o n  s y s t e n  

o f f e r s  s e v e r a l  b e n e f i t s  i n  compar ison  t o  t h e  prepacked  s t a i n l e s s  steel  columns 

i n c l u d i n g :  ( 1 )  e l i m i n a t i o n  of column v o i d i n g :  ( 2 )  enhanced  r e p r o d u c i b i l i t y  and  

r e l i a b i l i t y ,  and ( 3 )  c o n s i s t e n t  h i g h  e f f i c i e n c e s .  

N u c l e o t i d e s  a n d  Chemicals 

Potass ium d i h y d r o g e n  phosphate  (Lot  no. 715829) was purchased  from F i s h e r  

S c i e n t i f i c  ( F a i r l a w n ,  N . J . ,  U,S.A). The h i g h l y  p u r i f i e d  w a t e r  was o b t a i n e d  by  

t r i p l e  d i s t i l l a t i o n  i n  o u r  l a b o r a t o r y .  The 2'- and  3'-  n u c l e o t i d e  mono- 

p h o s p h a t e s  were o b t a i n e d  from Sigma ( S t .  L o u i s ,  MO.. U.S.A). C y t i d i n e  2'-and 

3'- monophosphoric a c i d  ( f r e e  a c i d - l o t  no. 39c-7670), a d e n o s i n e  2'- and  3'- 

monophosphoric a c i d  ( f r e e  a c i d - l o t  no. 39c-7750), g u a n o s i n e  2 ' -  and  3' -  

monophosphoric a c i d  (sodium s a l t - l o t  no. 99c-75401, u r i d i n e  5 '-  d i p h o s p h a t e  

(sodium s a l t ;  U4125), and u r i d i n e  5'- t r i p h o s p h a t e  (sodium s a l t ,  U6500) w i t h  

s o l u t i o n  of 5 nmole/lO;ll b e i n g  used  a s  s t a n d a r d  s o l u t i o n s  o €  e a c h .  The c y c l i c  

AMP was o b t a i n e d  from Boehr inger  Mannhelm GmbH ( W .  Germany) - l o t  no. 118230. 

The b u f f e r s  were f i l t e r e d  t h r o u g h  0.5 M i l l i p o r e  f i l t e r s  t o  remove s o l i d  

p a r t i c l e s  and degassed  i n  o r d e r  to  a v o i d  bubble  upon decompress ion  a f t e r  e l u t i o n  

f rom t h e  column. 

RESULTS 

h e  purpose  of t h e s e  s t u d i e s  was to i n v e s t i g a t e  t h e  s e p a r a t i o n  of t h e  2 ' -  
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2'- AND 3'-NUCLEOTIDE MONOPHOSPHATES 113 

and 3'- nuc leo t ide  monophosphates which a r e  ob ta ined  from t h e  base  h y d r o l y s i s  of 

va r ious  RNA polymers. I n i t i a l  s t u d i e s  with a 10 micron r a d i a l  compressed C-18 

r e v e r s e  phase column us ing  water  a s  t h e  e l u t i o n  b u f f e r  r e s u l t e d  i n  t h e  e l u t i o n  

p a t t e r n  shown i n  F igure  1. The 2'-, 3 '-  CMP, 2'-, 3'- UMP, 2' -  GMP, UTP, and 

UDP e l u t e d  i n  t h e  void  volume of t he  column wi th  on ly  CAMP and u r i d i n e  be ing  re- 

t a i n e d  by the  column. 

Af t e r  t h e  e l u t i o n  p r o f i l e  ob ta ined  us ing  water as t h e  s o l v e n t  demonstrated 

very  l i t t l e  s e p a r a t i o n  of t h e  i somers ,  t h e  i o n i c  s t r e n g t h  was i nc reased  us ing  a 

potassium dihydrogen phosphate b u f f e r ,  By i n c r e a s i n g  t h e  i n i t i a l  i o n i c  s t r e n g t h  

wi th  0.01 M KH2P04 a t  pH = 4.4 us ing  an  i s o c r a t i c  e l u t i o n  procedure ,  t h e  

2'-and 3'- n u c l e o t i d e  nonophosphates were r e so lved  b e t t e r  t han  wi th  t h e  water  

e l u t i o n  (F igure  2) .  The 2'- ,  3'- GMP and 2'-, 3'- AMP i somers  were sepa ra t ed ,  

5 10 

TIME (Minuted 

Figure  1: The HPLC s e p a r a t i o n  of 2 ' -  and 3'- n u c l e o t i d e  monophosphates us ing  

H20 as t h e  e l u t i n g  s o l v e n t  on a C-18 ( IOU)  r e v e r s e  phase r a d i a l  compression 

column. Solvent  A - water. I s o c r a t i c  e l u t i o n  with a run time of 20 minutes  a t  

a f low r a t e  of 3.0 mllmin i s  used. The r e l a t i v e  r e t e n t i o n  times are shown above 

each  peak wi th  t h e  i d e n t i t y  of each  peak g iven  below the  r e t e n t i o n  t i m e .  
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F i g u r e  2 :  The HPLC s e p a r a t i o n  of  2'- and 3 ' -  n u c l e o t i d e  monophosphates u s i n g  

0.01 M KH2P04 pH = 4.4 as t h e  e l u t i n g  s o l v e n t  I n  a C-18 ( I @ )  r e v e r s e  phaee 

r a d i a l  compress ion  column. S o l v e n t  A = 0.01M KHzPO4 pH = 4.4. The 

i s o c r a t l c  e l u t i o n  w i t h  S o l v e n t  A is run  f o r  30 minutes  a t  a flow r a t e  of 3.0 

rnllnin.  The r e l a t i v e  r e t e n t i o n  t i m e s  a r e  shown above e a c h  peak w i t h  t h e  iden- 

t i t y  of  each peak g l v e n  below t h e  r e t e n t i o n  t i n e .  

t h e  CMP i somers  c o - e l u t i n g ,  and t h e  2'-  and 3'- UUP s e p a r a t i n g  on ly  by 0.25 

minutes .  These results i n d i c a t e d  t h a t  by i n c r e a s i n g  t h e  i o n i c  s t r e n g t h  of t h e  

e l u t i o n  b u f f e r  t h a t  t h e  2'-  and 3'- n u c l e o t i d e  monophosphate i.somers were more 

s e p a r a b l e ,  and i f  t h e  i o n i c  s t r e n g t h  was i n c r e a s e d  even f u r t h e r ,  t h e  r e s o l u t i o n  

of t h e  2 ' -  and 3'- i somers  of UMP and CMP might be i n c r e a s e d .  

The i o n i c  s t r e n g t h  was t h e r e f o r e  i n c r e a a e d  w i t h  0.20H KH2P04, pH = 4.4, 

t h i s  r e s u l t e d  in t h e  2 ' -  and 3'- CMP and 2'- and 3 ' -  UMP e l u t i n g  a s  s e p a r a b l e  

peak6 but  t h e  2 ' -  and 3'- i somers  o f  GMP and AMP d i d  n o t  e l u t e  in t h i r t y  m i n u t e s  

( d a t a  n o t  shown). S i n c e  i t  was shown p r e v i o u s l y  t h a t  t h e  2 ' -  and 3'- i somers  of 
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2'-  AND 3'-NLlCLEOTIDE MONOPHOSPHATES 1 1 5  

AMP was o b t a i n e d  from Boehr inger  Mannheim GmbH ( W .  Germany) - l o t  no. 118230. 

The b u f f e r s  were f i l t e r e d  t h r o u g h  0.5 11 M i l l i p o r e  f i l t e r s  t o  remove s o l i d  

p a r t i c l e s  and d e g a s s e d  i n  o r d e r  t o  a v o i d  bubble  upon decompress ion  a f t e r  e l u t i o n  

from t h e  column. 

RESULTS 

The purpose  of t h e s e  s t u d i e s  was t o  i n v e s t i g a t e  t h e  s e p a r a t i o n  of t h e  2 ' -  

and 3 ' -  n u c l e o t i d e  monophosphates which a r e  o b t a i n e d  from t h e  b a s e  h y d r o l y s i s  of 

v a r i o u s  KKA polymers.  I n i t i a l  s t u d i e s  w i t h  a 10 micron  r a d i a l  compressed  C-18 

r e v e r s e  phase column u s i n g  w a t e r  a s  t h e  e l u t i o n  b u f f e r  r e s u l t e d  i n  t h e  e l u t i o n  

p a t t e r n  shown i n  F i g u r e  1. The 2'- ,  3'- CMP, 2 '- ,  3'- LIMP, 2'-  GMP, UTP, and  

UDP e l u t e d  i n  t h e  v o i d  volume of t h e  column w i t h  o n l y  CAMP and u r i d i n e  b e i n g  re- 

t a i n e d  by t h e  column. 

A f t e r  t h e  e l u t i o n  p r o f i l e  o b t a i n e d  u s i n g  w a t e r  a s  t h e  s o l v e n t  d e m o n s t r a t e d  

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

potass ium dihydrogen  phosphate  b u f f e r .  By i n c r e a s i n g  t h e  i n i t i a l  i o n i c  s t r e n g t h  

w i t h  0.01 M KH2POh a t  pH = 4.4 u s i n g  a n  i s o c r a t i c  e l u t i o n  p r o c e d u r e ,  t h e  

2'-and 3 ' -  n u c l e o t i d e  monophosphates were r e s o l v e d  b e t t e r  t h a n  w i t h  t h e  w a t e r  

e l u t i o n  ( F i g u r e  2 ) .  The 2 ' - ,  3'- GYP and  2'- ,  3 ' -  kYP i s o m e r s  were s e p a r a t e d ,  

t h e  CMP i s o m e r s  c o - e l u t i n g ,  and  t h e  2 ' -  and 3'- LIMP s e p a r a t i n g  o n l y  by 0.25 

minutes .  These r e s u l t s  i n d i c a t e d  t h a t  by i n c r e a s i n g  t h e  i o n i c  s t r e n g t h  o f  t h e  

e l u t i o n  b u f f e r  t h a t  t h e  2'-  and  3'-  n u c l e o t i d e  monophosphate isomers were more 

s e p a r a b l e ,  and i f  t h e  i o n i c  s t r e n g t h  was i n c r e a s e d  e v e n  f u r t h e r ,  t h e  r e s o l u t i o n  

of t h e  2 ' -  and  3 ' -  i s o m e r s  of  UMP and CMP might be i n c r e a s e d .  

The i o n i c  s t r e n g t h  was t h e r e f o r e  i n c r e a s e d  w i t h  0.20M KH2P04, pH = 4.4, 

t h i s  r e s u l t e d  i n  t h e  2 ' -  a n d  3'- CMP and 2'-  a n d  3'- UMP e l u t i n g  as s e p a r a b l e  

peaks  b u t  t h e  2 '-  a n d  3'- i s o m e r s  of GMP and  AMP d i d  n o t  e l u t e  i n  t h i r t y  m i n u t e s  

( d a t ;  n o t  shown). S i n c e  i t  was shown p r e v i o u s l y  t h a t  t h e  2 ' -  a n d  3 ' -  isomers of 

GMP and kYP c o u l d  be  s e p a r a t e d  by 0.01M KH2PO4, a r e v e r s e  g r a d i e n t  s e p a r a -  

t i o n  was employed i n  o r d e r  t o  s e p a r a t e  a l l  o f  t h e  2 ' -  and  3'- n u c l e o t i d e  mono- 

phosphate  i somers  i n  a s i n g l e  run. T h i s  g r a d i e n t  (0.20M KII2P04 pH = 4.4 

H20, used  l i n e a r  g r a d i e n t  o v e r  10 m i n u t e s )  r e s u l t e d  i n  t h e  s e p a r a t i o n  shown i n  
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116 KESSLER 

10 20 30 
TIME (Minutes)  

F i g u r e  3: The HPLC s e p a r a t i o n  of 2'- and 3'- n u c l e o t i d e  monophosphates u s i n g  

0.20 M KH2P04 pH = 4.4/H20 a s  t h e  e l u t i n g  s o l v e n t s  on a C-18 ( l o b )  r e v e r s e  

phase  r a d i a l  compress ion  column. S o l v e n t  A - 0.20 M KHzP04 pH = 4.4. 

S o l v e n t  B - H20. A l i n e a r  g r a d i e n t  s t a r t i n g  a t  100 % A and i n c r e a s i n g  t o  100 

% B o v e r  a 10 minute  p e r i o d  a t  a f l o w  r a t e  of 3.0 mllmln is used. The r e l a t i v e  

r e t e n t i o n  times are shown above e a c h  peak w i t h  t h e  i d e n t i f y  of e a c h  peak g i v e n  

below t h e  r e t e n t i o n  t ime. 

F i g u r e  3. The UTP, UDP,  2'-, 3'- CMP, IMP, GMP and AMP were s e p a r a t e d  u s i n g  

t h i s  sys tem,  w i t h  o n l y  t h e  3'- CHP and 2'- AMP found t o  e l u t e  i n  a n  a l m o s t  iden-  

t i c a l  p o s i t i o n .  The UTP e l u t e d  i n i t i a l l y  fo l lowed by t h e  UDP. The 2'-  CMP and 

3'- CMP e l u t e d  s e p a r a t e d  by a b o u t  0.30 m i n u t e s ,  t h e  2'-  UMP and  3 ' -  UMP by 0.90 

m i n u t e s ,  w i t h  t h e  2 '-  and 3'- GMP s e p a r a t e d  by f i v e  minutes  w i t h  t h e  2'-and 3 ' -  

AMP peaks r e s o l v e d  by 0.50 m i n u t e s .  I n  a d d t t i o n ,  a sample of c y c l i c  AMP was 

found t o  e l u t e  a f t e r  t h e  two i s o m e r s  of AMP a t  14.40 minutes .  T h i s  syscem 

seemed t o  s e p a r a t e  w e l l  a l l  of t h e  2'- and 3'- i s o m e r s  e x c e p t  t h e  2'-  AMP and 

t h e  3'- GMP, so two methods were employed i n  o r d e r  t o  t r y  t o  r e s o l v e  t h e s e  two 
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5 10 15 

TIME (Minutes) 

-4: The HPLC sepa ra t ion  of 2 ' -  and 3'- nuc leo t ide  monophosphates using 

0.20 M KH2P04 pH * 4.4/H20 a s  the  e l u t i n g  s o l v e n t s  on a C-18 (loll) r eve r se  

phase r a d i a l  compression column. Solvent A - 0.20 M KHzPO4 pH - 4.4. Solv- 

e n t  B = H20. A l i n e a r  g rad ien t  s t a r t i n g  a t  100 % A and inc reas ing  t o  100 % B 

over  a 10 minute period a t  a flow r a t e  of 2.0 ml/min i s  used. The r e l a t i v e  re-  

t e n t i o n  t imes a r e  shown above each peak with t h e  i d e n t i f i t y  of each peak g iven  

below the  r e t e n t i o n  times. 

peaks even f u r t h e r :  (1) decreasing t h e  o v e r a l l  f low r a t e  o r  (2) i n c r e a s i n g  t h e  

ion ic  s t r e n g t h  of t he  l a t t e r  bu f fe r  (Buffer  B) of t he  g rad ien t .  F i r s t ,  t he  flow 

r a t e  was f i r s t  decreased t o  2.0 mllminute and t h i s  r e s u l t e d  in b e t t e r  s e p a r a t i o n  

of 2 ' -  and 3'- isomers  of CMP and UMP but t he  3'- GMP and 2'-  AMP merged i n t o  

one s i n g l e  peak (Figure 4) r a t h e r  than becoming more resolved.  From t h i s  da t a  

i t  was concluded t h a t  decreasing t h e  flow r a t e  was not  e f f e c t i v e  in r e so lv ing  

the  GMP and AMP, 2 ' -  and 3'-  isomers.  

The second method of s epa ra t ing  t h e s e  isomers was then employed. The i o n i c  

s t r e n g t h  of t he  second buf fe r  (B) was increased t o  0.002 M KH2P04 pH - 4.4. 
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F i g u r e  5: The HPLC s e p a r a t i o n  of 2 ' -  and  3'- n u c l e o t i d e  monophosphates u s i n g  

0.20 M KH2P04 pH - 4.4/0.002 M KHzP04 pH = 4.4 as  t h e  e l u t i n g  s o l v e n t s  

on  a C-18 ( l o p )  r e v e r s e  phase  r a d i a l  c o m p r e s s i o n  column. S o l v e n t  A = 0.20 M 

KH~POI, pH = 4.4. S o l v e n t  B - 0.002X KH2P04 pH - 4.4. A l i n e a r  g r a d i e n t  

s t a r t i n g  a t  100 X A and i n c r e a s i n g  t o  100 I B over  a 10 minute  p e r i o d  a t  a f l o w  

r a t e  of  3.0 ml/min is  used. The r e l a t i v e  r e t e n t i o n  times are shown above  e a c h  

peak w i t h  t h e  i d e n l i t y  of e a c h  peak g i v e n  below t h e  r e t e n t i o n  t i m e .  

The r e s u l t s  of t h i s  r e p a r a t i o n  a r e  shown i n  F i g u r e  5 w i t h  t h e  3 ' -  GMP and 2'-AMP 

r e s o l v e d  by 0.25 m i m i t e s  wi th  t h e  2'- ,  3'- i s o m e r s  p a i r  of GMP b e i n g  s e p a r a t e d  

by a b o u t  s e v e n  m i n u t e s ,  and t h e  AMP p a i r  by 2.5 minutes .  T h e r e f o r e  by f n c r e a s -  

i n g  t h c  i o n i c  s t r e n g t h  of t h e  second b u f f e r  w i t h  0.002M KH2PO4, t h e  r e -  

s o l u t i o n  of t h e  3 '-  GMP and 2 ' -  AMP was 0.25 m i n u t e s  compared 0.04 m i n u t e s  when 

water was used. 

These r e s u l t s  i n d i c a t e d  t h a t  t h e  i o n i c  s t r e n g t h  c o u l d  be i n c r e a s e d  f u r t h e r  

f o r  b e t t e r  r e s o l u t i o n  of t h e  2'-, 3'- i s o m e r s  of  AMP and GMP b u t  e a r l i e r  s t u d i e s  

( F i g u r e  2 )  i n d i c a t e d  t h a t  t h e  3'- AMP isomer  was e l u t e d  i n  30 m i n u t e s  u s i n g  0.01 

M Ktl2P04 b u f f e r  so a c o n c e n t r a t i o n  between 0.01 and  0.002 was t r l e d .  The 
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2'-  AND 3'-NUCLEOTIDE MONOPHOSPHATES 119 

F i g u r e  6 :  The HPLC s e p a r a t i o n  of 2 ' -  a n d  3'- n u c l e o t i d e  monophosphate u s i n g  

0.20 M KH2PO4 pH = 4.4/0.006 M KH2PO4 as t h e  e l u t i n g  s o l v e n t  on a C-18 

( l o p )  r e v e r s e  phase  r a d i a l  compress ion  column. S o l v e n t  A - 0.20 H KHzPOI, pH 

= 4.4. S o l v e n t  B - 0.006 M KH 2PO4 pH = 4.4. A l i n e a r  g r a d i e n t  s t a r t i n g  a t  

100 % A and i n c r e a s i n g  t o  100 % B o v e r  a 10 minute  p e r i o d  a t  a f l o w  r a t e  o f  3.0 

ml/min i s  used. The r e l a t i v e  r e t e n t i o n  t i m e s  a r e  shown above e a c h  peak w i t h  t h e  

i d e n t i t y  of e a c h  peak g i v e n  below t h e  r e t e n t i o n  t i n e s .  

b u f f e r  c o n c e n t r a t i o n  o f  O.OO6M KH2PO4 was employed w i t h  t h e  r e s u l t s  shown i n  

F i g u r e  6. As c a n  be s e e n  t h e  e l u t i o n  of t h e  2 '- ,  3 ' -  i s o m e r s  o f  CMP o r  LIMP were 

n o t  a f f e c t e d  whereas t h e  2 '- ,  3'- AMP i s o m e r s  were s e p a r a t e d  by 11.5 m i n u t e s  and 

t h e  2 ' -  AMP and 3'- GMP by 0.85 m i n u t e s .  T h e r e f o r e ,  t h e  second b u f f e r  con- 

c e n t r a t i o n  of 0.006 M s e p a r a t e d  t h e s e  i s o m e r s  and  t h u s  producing  a n  e x c e l l e n t  

HPLC sys tem e l u t i o n  c o n d i t i o n  f o r  t h e  s e p a r a t i o n  of t h e  XTP, XDP g r o u p  of nuc le-  

o t i d e  from t h e  2 ' - ,  3'- i s o m e r s  of CMP, UMP, GMP, AMP and cyclic-AMP. 

T h i s  t e c h n i q u e  of t h e  s e p a r a t i o n  of t h e  2'- and  3'- i s o m e r s  o f  n u c l e o t i d e  

monophosphates by r a d i a l  compress ion  r e v e r s e  phase C-18 h a s  r e c e n t l y  been used  

i n  t h i s  l a b o r a t o r y  t o  s t u d y  t h e  c o m p o s i t i o n  of t h e  c e l l u l a r  RNA o b t a i n e d  from 

r a t  S e c t o l i  c e l l s  i n  c u l t u r e .  The KNA was a c i d  e x t r a c t e d ,  b a s e  h y d r o l y z e d  and  
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F i g u r e  7: The HPLC s e p a r a t i o n  of 2 ' -  and  3 ' -  n u c l e o t i d e  of RNA i s o l a t e d  from 

S e r t o l i  c e l l  c u l t u r e s  p r e p a r e d  from Long-Evans ra ts ,  The s e p a r a t i o n  u s e s  a 0.20 

M KHzPO4 pH * 4.4/0.006 M KHzPO4 pH = 4.4 as t h e  e l u t i o n  s o l v e n t  u s i n g  

t h e  same c o n d i t i o n s  d e s c r i b e d  i n  F i g u r e  6. The r e l a t i v e  r e t e n t i o n  times a r e  

shown above e a c h  peak. The numbers below e a c h  peak r e p r e s e n t  t h e  e l u t i o n  pos i -  

t i o n s  of v a r i o u s  s t a n d a r d  n u c l e o t i d e s :  ( I )  XTP;(2) XDP; ( 3 )  2'-CMP;(4) 3'-CMP; 

( 5 )  2'-uMP; ( 6 )  3'-uMP; ( 7 )  2'-CMP;(8) 3'-CMP;(9) ZI-AMP. 

t h e  amount of e a c h  2'-and 3'-XMP was d e t e r m i n e d  u s i n g  che 0.20 M KH2P04 pH = 

4.4 b u f f e r  s y s t e o  d e s c r i b e d  p r e v i o u s l y .  The r e l a t i v e  amount of e a c h  i somer  was 

q u a n t i t a t e d  by measur ing  t h e  t o t a l  a b s o r b a n c e  a r e a  f o r  e a c h  ( m a n u s c r i p t  i n  

p r e p a r a t i o n )  u s i n g  t h e  r e v e r s e  phase  column. A r e p r e s e n t a t i v e  e l u t i o n  p a t t e r n  

u s i n g  t h e  r e v e r s e  phase  column is shown in F i g u r e  7. T h e r e f o r e ,  t h i s  method of 

2'-and 3'-XMP s e p a r a t i o n s  a f t e r  b a s e  h y d r o l y s i s  o f  RNA, by r e v e r s e  phase  chro-  

matography c a n  be  used d i r e c t l y  t o  d e t e r m i n i n g  t h e  n u c l e o t i d e  r a t i o  i n  RNA 

samples .  T h i s  s e p a r a t i o n  u s i n g  t h e  r e v e r s e  phase  column (0 .20  M KH2P04 e l u -  

t l o n )  compared to  t h e  ion exchange  column i s  much f a s t e r  and  t h e  s p e c i a l  
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2'- AND 3'-NUCLEOTIDE MONOPHOSPHATES 1 2 1  

purchase  of a n  ion-exchange column is n o t  r e q u i r e d .  The r e v e r s e  phase  column 

c a n  be used f o r  s t e r o i d ,  p e p t i d e ,  and  XMP n u c l e o t i d e s  w i t h o u t  t h e  p u r c h a s e  of a 

s p e c i a l  column f o r  any of t h e s e  s e p a r a t i o n s .  

DISCUSSION 

The i n i t i a l  s e p a r a t i o n  and q u a n t i t a t i o n  of n u c l e o t i d e  i somers  was done u s i n g  

paper  chromatography o r  e l e c t r o p h o r e s i s  t e c h n i q u e s  [ 1 , 2 ] .  With t h e  development 

of  HPLC, a v a r i e t y  of ion-exchange columns and e x p e r i m e n t a l  c o n d i t i o n s  were used 

i n  t h e  s e p a r a t i o n  of n u c l e o t i d e  monophosphate i s o m e r s  by HPLC. A p a r t i a l  re- 

s o l u t i o n  of AMP i somers  was o b t a i n e d  u s i n g  anion-exchange chromatography [ I 4 1  in 

a b o u t  15 h o u r s  u s i n g  a Dowex-1 ( f o r m a t e )  column. The t y p i c a l  problem was t h e  

s e p a r a t i o n  of t h e  2'- and 3'- i s o m e r s  of e a c h  XMP from e a c h  o t h e r .  R e c e n t l y ,  

Edelson ,  e t .  a l .  (1979) [ I 6 1  r e p o r t e d  t h e  s e p a r a t i o n  of  t h e  2 '-  and  3'-  i s o m e r s  

of t h e  monophosphorylated n u c l e o t i d e  on a n  AX-I0 column (a f u n c t l o n a l  weak 

anion-exchange bond phase  prepared  by L i c h r o s o r b  Si-60 s i l i c a ) .  This sys tem a l -  

lowed t h e  r e s o l u t i o n  of  some of t h e  2'- ,  3'- monophosphorylated n u c l e o t l d e s  i n  a 

s i n g l e  r u n  of a b o u t  6 0  minutes  u s i n g  0.01M KH2P04 pH - 2.25. A s i m i l a r  s y s -  

tem u s i n g  Whatman P a r t i e i l  10 SAX column r e s o l v e d  t h e  2'- and 3'- isomers of t h e  

n u c l e o t i d e  monophosphates i n  1.5-2 h o u r s .  

In a d d i t i o n ,  some e a r l y  s t u d i e s  showed t h a t  s e v e r i l  n u c l e o t i d e s  b u t  n o t  t h e  

2'-, 3 ' -nuc leo t ide  monophosphates c o u l d  be s e p a r a t e d  by u s i n g  reverse-phase  HPLC 

117,181. Tne p r e s e n t  s t u d y  d e m o n s t r a t e s  t h a t  2'-and 3'-  n u c l e o t i d e  mono- 

phosphates ,  which would r e s u l t  from the base  h y d r o l y s i s  o f  RNA. c a n  be s e p a r a t e d  

on a r e v e r s e  phase column by a d j u s t i n g  t h e  i o n i c  s t r e n g t h  of t h e  b u f f e r  and us- 

ing a r e v e r s e  i o n i c  s t r e n g t h  g r a d i e n t  t o  e l u t e  t h e  C-18 r a d i a l  compress ion  c o l -  

umn. 

These compounds are probably  b e i n g  s e p a r a t e d  o n  t h e  b a s i s  of  t h e i r  d i f -  

f e r e n t i a l  p a r t i t i o n i n g  between t h e  hydrophobic packing  and t h e  h y d r o p h i l i c  

s o l v e n t s .  Most compounds w i l l  have  a p a r t i c u l a r  a f f i n i t y  f o r  b o t h  t h e  n o n p o l a r  

hydrocarbon phase of t h e  column and f o r  t h e  mobi le  phase.  E l u t i o n  c h a r a c t e r l s t -  

i c s  of t h i s  system c a n  be changed by e i t h e r  changing t h e  compounds a f f i n i t y  f o r  

t h e  s t a t i o n a r y  phase (s ta te  of i o n i z a t i o n  of t h e  compound) o r  by a l t e r i n g  t h e  

a f f i n i t y  f o r  t h e  s o l v e n t  ( i o n i c  s t r e n g t h  o r  p o l a r i t y  changes  in s o l v e n t ) .  The 
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1 2 2  KESSLER 

column a f f i n i t y  i s  f i x e d  by t h e  b a s e  moie ty ,  w i t h  t h e  mobi le  phase a f f i n i t y  

i n c r e a s e  w i t h  t h e  a d d i t i o n  o f  phosphate  r e s i d u e s .  Thus,  t h e  t r i p h o s p h a t e s  re- 

s i d u e s  a r e  more s o l u b l e  i n  t h e  mobi le  phase a n d  t h e y  e l u t e  f a s t e r .  T h i s  i s  

f u r t h e r  i l l u s t r a t e d  when w a t e r  is used a s  t h e  e l u t i n g  b u f f e r ,  t h e n  a l m o s t  a l l  of 

t h e  n u c l e o t i d e s  e l u t e  w i t h  t h e  s o l v e n t  f r o n t  and shown no s e p a r a t i o n  b u t  a s  t h e  

i o n i c  s t r e n g t h  is i n c r e a s e d  t h e  i s o m e r s  a r e  r e t a i n e d  l o n g e r .  T h e r e f o r e ,  t h e  

c o u n t e r  i o n  on t h e  phosphate  is v e r y  i m p o r t a n t  i n  d e t e r m i n i n g  its s o l u b i l i t y  i n  

t h e  mobi le  phase b u t  f u r t h e r  i n v e s t i g a t i o n  needs  t o  be done. 

F u r t h e r  i n v e s t i g a t i o n s  are now b e i n g  c o n d u c t e d  t o  d e t e r m i n e  I f  t h e  XMP, XDP, 

and  ATP and b a s e s  c a n  be s e p a r a t e d  by c h a n g i n g  t h e  pH, c h a n g i n g  t h e  i o n i c  

s t r e n g t h ,  d e t e r m i n i n g  i f  t h e  c a t i o n  o r  a n i o n  is i m p o r t a n t  in d e t e r m i n i n g  t h e  

s e p a r a t i o n  of t h e  v a r i o u s  n u c l e o t i d e s  o r  what o t h e r  p a r a m e t e r s  d e t e r m i n e  t h e  

s e p a r a t i o n  of t h e s e  compounds on  t h e  r e v e r s e  phaxe column. I t  must a l s o  be  

n o t e d  t h a t  a new 5 r a d i a l  compress ion  column is now a v a i l a b l e  which s h o u l d  t h e -  

o r e t i c a l l y  g i v e  b e t t e r  r e s o l u t i o n  i n  less t i m e .  This column is b e i n g  t r i e d  i n  

o r d e r  t o  a c h i e v e  b e t t e r  r e s o l u t i o n  i n  less t i m e  f o r  s e p a r a t t o n  o f  t o t a l  b a s e  

h y d r o l i z e d  RNA n u c l e o t i d e s  from v a r i o u s  c e l l s  of t e s t l c u l a r  o r i g i n s  s t i m u l a t e d  

by v a r i o u s  g o n a d o t r o p i n s  and s t e r o i d s .  
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