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HPLC AND LC-MS OF NUCLEOSIDES. 

F.C.Alderweireldt,E.L.Esmans,P.Geboes 

L a b o r a t o r y  f u r  O r g a n i c  C h e m i s t r y  
G r o e n e n b o r g e r l a a n  171  B 2020 Antwerp Belgium 

sr 
U n i v e r s i t y  o f  AntwerpIRUCAl 

Summary. 
An LC-MS s y s t e m  f o r  t h e  a n a l y s i s  and unambigious i d e n t i f i c a t i o n  o f  

n u c l e o s i d e s  i s  d e s c r i b e d  u s i n g  a m i c r o b o r e  column and v o l a t i l e  b u f f e r  
s y s t e m s .  The d e t e c t i o n  o f  p s e u d o u r i d i n e  i n  normal u r i n e  was used  a s  a 
t e s t  f o r  d i a g n o s t i c  a p p l i c a t i o n s .  

F o r  many y e a r s  t h e  a r e a  o f  n u c l e i c  a c i d  r e s e a r c h  was h i n d e r e d  by  

t h e  l a c k  of  good a n a l y t i c a l  t e c h n i q u e s .  S i n c e  n u c l e o s i d e s  and n u c l e o t i -  

d e s  a r e  h e a t - l a b i l e  and low - \ d o l a t i l e ,  gas chromatography c a n n o t  be u s e d  

w i t h o u t  d e r i v a t i s a t i o n  . 1 

Development of  h igh  p r e s s s u r e  l i q u i d  chromatography(HPLC1 h a s  p r o -  

ven t o  be  v e r y  v a l u a b l e  f o r  s u c h  s e p a r a t i o n s .  O r i g i n a l l y  low pressure 

i o n  exchange chromatography was u s e d , b u t  s u b s e q u e n t l y  HPLC h a s  proven 

t o  be p a r t i c u l a r l y  s u i t a b l e  u s i n g  i s o c r a t i c  c o n d i t i o n s  a s  w s l l  a s  g r a -  

d i e n t  e l u t i o n  . 1,2 

However , in  o r d e r  f o r  a c h r o m a t o g r a p h i c  t e c h n i q u e  t o  be u s e f u l ,  

peaks  i n  b i o l o g i c a l  samples  m u s t  be i d e n t i f i e d  unambigious ly ,  f o r  example 

by combining s e v e r a l  methods such  a s  r e t e n t i o n  times, use o f  s t a n d a r s ,  

i s o t o p i c  1 a b e l l i n g . e n z y m i c  peak s h i f t  p r o c e d u r e s  or by u s i n g  o n e  s i n g l e  

i d e n t i f i c a t i o n  t e c h n i q u e :  mass s p e c t r o m e t r y .  S o f t  i o n i z a t i o n  t e c h n i q u e s  

s u c h  a s  f i e l d  desorption-,desorption/chemical i o n i z a t i o n - , f a s t  atom 

bombardment- and l i q u i d  chromatography-mass spectrometryILC-MS) have  

proven t o  b e  most u s e f u l  i n  t h e  s t ruc tu re  e l u c i d a t i o n  o f  s u c h  compounds. 

Amongst t h e s e  mass s p e c t r o m e t r i c  t e c h n i q u e s  LC-MS o c c u p i e s  a s p e c i a l  

p l a c e  s ince i t  c a n  be u s e d  f o r  d i r e c t  o n - l i n e  a n a l y s i s  o f  m i x t u r e s .  

Exper iments  d e s c r i b e d  i n  t h i s  a r e a  i n c l u d e  n u c l e o s i d e  and n u c l e o t i d e  

a n a l y s i s  v i a  thermospray,moving b s l t  and d i r e c t  l i q u i d  i n t r o d u c t i o n [ D L I )  

i n t e r f a c i n g .  T h e  thermospray  i n t e r f a c e  g i v e s  good r e su l t s  n o t  o n l y  
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3 .  4 i n  t h e  n u c l e n s i d e  b u t  also i r l  Lhe n u c 1 m t i d e  f i e l d  . LC-MS u s i n g  t h e  

niuviing L u l t  iriLer,fdce scr:m:; to reveal m o l e c u l a r  weiglht irifurrriation j ~ f  

s p e c t r a  a r e  takeri iu i ider chc:ni 1 i o n i z a t i o n  c o n d i t i o r i s  u s i n g  ammrinia 

iiri t h e  r e a g e n t  gas  . 5 

D L I - i n t e r f a c i n g  o f  a mass s p e c t r o m e t e r  w i t h  a l i q u i c l  c t i romatograph 

i r i iposcs s p e c i f i c  r e s L 1 , i c t i o n s  upon t h e  o p e r a t i n g  c o n d i t i o n s  o f  botli tiPLC 

~ i i d  mass spectr,oriieLr,ic p a r t  of  t h e  combined LC-MS s y s t e m .  T h i s  meains t h a t  

s p e c i a l  c o n d i t i o n s  , u s i n g  v n l o t i . 1 e  s a l t s  such a s  ammonium acetate ,ammonium 
6 , 7  I 'ormats e t c .  I iad t u  be t . s tahl i~: ;her l  . F u r t h e r m o r e  .due  t o  c l u s t e r  i o n  

rormat ion  i n  t h e  ioii s o u r ' c i ! , e f f l u ~ r i t : ;  m u s t  he  chosen  a s  a f u n c t i o n  o-f t h e  

molecular w e i g h t  o f  tile rrielcculcs to  be d e t e r m i n e d .  S i n c e  f o r  most nunleo-  

s ic ies  a mass r a n d e  f rom r n / ~ = I l f l  t u  m / a - 3 5 0  has  t o  b e  c o v e r e d , t h s  c h o i c e  

o f  o r g a n i c  s o l v e n t s  i n  HPLC i s  r c s t r i  d t o w a r d s  methanol  2nd o c e t o n i -  

t r i l e .  E v e n  t h e n . i t  i s  i m p o s s i l i l e  t o  d c t e c t  i o n s  below m / z = 1 3 0 , u n l e s s  

srnnll oven i s  mounted Lictwi?cn t t i u  D I L I - ~ I - I J ~ ~ .  and t t i o  i r i n  SUIII'CC. Such 

8 r - lcsolvat ion chamber was b u i l t  i n  u u r  workstiup a f  Ler- the d e s c r i p t i u n  

g i v e n  tiy ncxiei i  e t  al.8 h u t  w i t h  s l i g h t  m o d i f i c a t i o n s  o f  tiit! h e a t i n g  

sysLeni. Tliu i r i ipact  of t h r i  i n s e r t i o n  o f  t h i s  chamber i n t o  t h e  DLI/LC-MS 

sys tem was s t u d i e d  i n  cumhir ia t ion w i t h  n D-Rondapack IUHPIII column[liU cmx 

3.11mml u s i n g  s t a n d a r d  m i x t u r e s  ( 3 0  uel o f  ( d e o x y ) n u c l e o s i d e s  a t  a f low-  

r a t e  o f  Icc /min .  Mass s p e c t r a  coiilri now b e  r e c o r d e d  from m/z=l lO o r  

m / z = l l ' J  depending  upon t h e  % of  methanol  i n  t h e  e f f l u e n t .  As a r e s u l t  

s t r u c u m l  i m p o r t a n t  f r a g m e n t i o n s  s u c h  a [UH + H ]+ , [B  + 301+,[B + 441' 

arid ['d f 44 - I G ~ + l d u u x y r i h e r i u c l e o s i d e s l  c n u l r l  nnw bF: o b s e r v e d .  

Some k i n d s  uf d i : ~ c a : ; c s  (gout o r  c a n c e r 1  may g i v e  r i s e  t o  " h i g h e r "  

l e v e l s  of n u c l e o s i d e s  i n  i . c .  b lood  or u r i n e .  i n  o r d e r  t o  o b t a i n  

d i a g n o s t i c a l l y  i n t e r e s t i n g  d n d l y s i s  of  such u r - i n e s ,  t h e  d e t e c t i o n  1 i . m i t  

of' t h e  system Iiad t o  be iriiprovcd. T h i s  was done by u s i n g  a 5Clcmxlmm 

(Chrompack) 10 KP18 colunin o p e r a t e d  a t  a f l o w - r a t e  of  70 Li l /mi .n .  T h i s  

f l o w - r a t e  i m p l i . e s  a s p l i t  f a c t o r  o f  1 / 7  i n s t e a d  o f  1/1OU i f  f l o w - r a t e s  

o f  Icc/min were u s e d .  Urlder t h e s e c o n d i t i o n s  some s e v e r e  d i f f i c u l t i e s  had 

t o  b e  overcome due t o  c o r r o s i o n  o f  t h e  nickel  diaphragm i n  t h e  i n t e r f ace  

hy t h e  s f f l . u e n t .  Once t h e s e  d i f f i c u l t i e s  were s o l v e d , g o o d  s e p a r a t i o n s  

and s p e c t r a  wcrT: o h t a i n e d  f o r  s tancierd m i x t u r e s  ug l  o f  c y t i d i n e ,  

u r i ~ i r i e , 2 ' ~ - d c u x y ~ y t i d i n e  c . g . , u s i n g  9 7 9  n .n lM NI140flC11/3%CtI 011 a s  t h e  

e r r l u e n t .  
3 
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Finally 20 cc o f  morning urine w3s cleaned-up2 using Affigel 601 

( B i o r a d )  and analyzed on the rnicroborc DLI/LC-MS system using the same 

chromatographic conditions as described above. Pseudouridine could 

be identified by monitoring m/z=245 (MH'l and by comparison 

mass spectrum of a pseudouridine standard. The possibilities of 

this technique will now be studied for the analysis of pathalogical 

urine samples. 

with the 
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