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NUCLEOSIDES & NUCLEOTIDES, 5 ( 3 ) ,  253-263 (1986) 

ISOLATION AND CWRACTERIZATION OF A NOVEL 
NUCLEUS1 DE r K O M  HUISAN CANCER U K I  NE 

Henry A. Tworek6, IJanda Bolanowskag, A r v i n d  K. B h a r g a v a t t ,  

Depar tments  o f  § B i o p h y s i c s  and T t L a b o r a t o r y  M e d i c i n e ,  

E l l i o t  F1. R a c h l i n t  and G i r i s t i  B .  Chheda§* 

Roswel l  Park Menlori a1 I n s t i t u t e  
B u f f a l o ,  New York 14263 

and 

U n i v e r s i t y  o f  Utah 
S a l t  Lake Ci ty ,  U t a h  84112 

tDepar tment  o f  M e d i c i n a l  Chemis t ry ,  

- A b s t r a c t :  - A nove l  m o d i f i e d  n u c l e o s i d e ,  5 - c a r b o x y m e t h y l u r i d i n e  was 
i s o l a t e d  f r o m  24 hour  c o l l e c t i o n  o f  u r i n e  f r o m  a l u n g  carc inoma p a t i e n t .  
The s t r u c t u r e  was ass igned o n  t h e  b a s i s  o f  UV, NMR and mass s p e c t r o -  
m e t r y ,  and c o n f i r m e d  b y  compar ison o f  t h e  s p e c t r a l  d a t a  and HPLC and 
p a p e r  chromatograph ic  m o b i l i t i e s  w i t h  t h o s e  o f  t h e  a u t h e n t i c  sample. 
P o s s i b l e  o r i y i n  and s i y n i f i c a n c e  o f  t h i s  n u c l e o s i d e  i s  d i s c u s s e d .  

I n t r o d u c t i o n  
Flore t h a n  15 m o d i f i e d  n u c l e o s i d e s ,  d e r i v e d  p r i m a r i l y  frm tRNAa 

m e t a b o l i s m  have been i s o l a t e d  f rom normal  and p a t h o l o g i c a l  u r i n e s l - 3 .  
I n c l u d e d  among t h e s e  a r e  t h e  a n t i c o d o n  a d j a c e n t  m o d i f i e d  n u c l e o s i d e s  

N-"-9- P - D - r  i b o f  u r a n o s y l  ( p u r i  n -6-y l  carbamoyl  ) - L - t h r e o n i n e  ( t 6 A ) 4  and 

1 - m e t h y l i n o s i n e 3 .  I n  a d d i t i o n  t o  t h e s e  n u c l e o s i d e s ,  a number o f  o t h e r  

modi f i ed nuc 1 e 0s i d e s  s uch as 2 ' -&met h y l  u r  i d i  ne5 and N2-d i met h y l -  

yuanos ine3 a r e  a l s o  e x c r e t e d  r o u t i n e l y  i n  human u r i n e .  Because t h e r e  

a r e  no  s p e c i f i c  k inases  t o  p h o s p h o r y l a t e  t h e  m o d i f i e d  n u c l e o s i d e s  and 

a l s o  because t h e r e  a r e  no po lymerases  f o r  i n c o r p o r a t i n g  t h e i r  t r i p h o s -  

a A b b r e v i a t i o n s  used a r e :  t R N A  - t r a n s f e r  r i b o n u c l e i c  a c i d ,  PFK - p e r -  

f l u o r o k e r o s i n e ,  TMS - t r i m e t h y l s i l y l  , RP-HPLC - r e v e r s e d  phase h i g h  
pe r f o  rmance 1 i q  u i d  chroma t o y r a p  hy. 

Copyright 0 1986 by Marcel Dekker, Inc. 
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254 TWOREK ET A L .  

phatases i n t o  n u c l e i c  ac ids ,  t hese  unusual nuc leos ides  a r e  e i t h e r  

excre ted  i n t a c t  i n  u r i n e  o r  metabo l ized  t o  o t h e r  reusab le  o r  excre ted  

forms. Th is  i n v e s t i y a t i o n  r e p o r t s  t h e  i s o l a t i o n  and c h d r a c t e r i z a t i o n  o f  

a novel nuc leos ide  5 -ca rboxymethy lu r i d ine  ( I ,  F i g u r e  1 )  f r a n  t h e  u r i n e  

o f  a l u n y  carcinoma p a t i e n t .  

To our knowledye, t h i s  c o n s t i t u t e s  t h e  f i r s t  r e p o r t  o f  t h e  presence 

o f  5 -carboxymethy lu r id ine  i n  u r i n e .  Even though t h e  occur rence o f  t h i s  

nuc leos ide  has no t  been i n v e s t i g a t e d  i n  human t R N A  hyd ro l ysa tes ,  our 

f i n d i n g s  suggest t h a t  5 -ca rboxymethy lu r i d ine  o r  i t s  methyl  e s t e r  o r  

amide i s  p resent  i n  hunan tRNAs. 

M a t e r i a l s  and Methods 
1_- 

Neut ra l  charcoal  ( N o r i t )  was purchased from F i s h e r  S c i e n t i f i c  Co. 

C e l i t e  545 was ob ta ined f r a n  Johns-Mansv i l le  Co. and was washed w i t h  6 N 
HC1, water,  e thano l ,  and t h e n  d r i e d  be fore  use. DEAE c e l l u l o s e  (DE-23) 

and AG-1x8 f o n a t e  (2UU-400 mesh) an ion  exchange r e s i n  were ob ta ined 

from Whatman and Bio-Had Labs., r e s p e c t i v e l y .  Deuter ium o x i d e  (99.8 

atom X D )  was purchased f r a n  BioRad and HPLC yrade ne thano l  was ob ta ined 

from F i s h e r  S c i e n t i f i c .  De ion ized d i s t i l l e d  water f o r  use i n  HPLC was 

prepared i n  our l a b o r a t o r y .  Ac id  washed papers (g rade  No. 589) were 

ob ta ined  from Sch le i che r  and Schue l l .  

An a u t h e n t i c  sample o f  5 -ca rboxymethy lu r i d ine  was ob ta ined  from D r .  

John 0. F i s s e k i s ,  Sloan K e t t e r i n g  I n s t i t u t e ,  New York, NY. 
U1 t r a v i  o l  e t  s p c t  r a we r e  recorded 

on a Cary 219 spec t rophotometer  which was zeroed w i t h  water  us ing  t h e  

au tobase l ine  fea tu re .  Spectra were determined w i t h  a scan r a t e  o f  0.2 

nm/sec, absorbance range o f  0.2-1.0 as f u l l  sca le ,  and p e r i o d  o f  1.0 

sec. 
NMK spec t romet ry .  - - - ~ -  NFlK s p e c t r a  were determined on a B ruke r  WP-200 

(200 MHz) spec t rometer  by u t i l i z i n g  t h e  F o u r i e r - t r a n s f o r m l q u a d r a t u r e  

phase d e t e c t i o n  mode. Sample temperatures were main ta ined a t  30" w i t h  a 

BVT-2000 tempera ture  c o n t r o l  l e r  of t h e  WP-200. Unless s t a t e d  o therw ise ,  

t h e  chemical s h i f t s  repo r ted  h e r e  a r e  g i v e n  i n  ( 6 )  ppm, and a r e  measured 

frm i n t e r n a l  TSP (sodium 3-trimethylsilylpropionate-2,2,3,3-d4). The 

u r i n a r y  unknown and t h e  a u t h e n t i c  sample were f i r s t  l y o p h i l i z e d  t h r e e  

t imes and t h e n  d i s s o l v e d  i n  99.8% D20 p r i o r  t o  NMR a n a l y s i s .  

-___--- U1 t r a v i  o l  e t  spec t  rophotomet r y  . 
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HO OH 

F i  g . 1. 5 -Ca rboxyme t hy 1 u r  i d  i ne. 

Mass spec t romet ry .  -- I n i t i a l  mass s p e c t r a  were acqu i red  on a F i n n i -  

gan 4000 mass spec t rometer .  Both t h e  l ow  and h i g h  r e s o l u t i o n  nass 

s p e c t r a l  da ta  presented he re  were ob ta ined us ing  a Var ian  MAT 731 

ins t rumen t  w i t h  an i o n i z i n g  energy o f  70eV and a source tempera ture  o f  

250°C. Sample i n t r o d u c t i o n  was v i a  t h e  d i r e c t  probe i n l e t  w i t h  r m o v a l  

o f  t h e  so l ven t  and reagents  i n  t h e  vacuum l o c k  p r i o r  t o  i n s e r t i o n .  The 

exac t  inass o f  unknown I was determined by peak match ing  (R=10,000) u s i n g  

PFK as t h e  r e f e r e n c e  standard.  

Chemi c a l  d e r i  v a t  i z a t i  on. T r ime thy l  s i 1 y l a t  i o n  o f  t h e  u r i  nary  unknown 

I and t h e  s y n t h e t i c  s tandard  was c a r r i e d  o u t  by h e a t i n g  approx imate ly  

5ug o f  vacuum d r i e d  m a t e r i a l  w i t h  N,O-bi s ( t r i m e t h y 1 s i l y l ) t r i f l u o r o a c e t a -  

mide, t r i m e t h y l  c h l o r o s i l a n e  and p y r i d i n e  (Supelco Inc., Be1 l e f o n t ,  PA; 

(100:1:50)) i n  a sealed 3mm i.d. g l a s s  t u b e  f o r  1 hour  a t  125°C. 

Chromatography. 
HPLC. High performance l i q u i d  chromatography (HPLC) was c a r r i e d  

o u t  on A l t e x  Model 332 y r a d i e n t  l i q u i d  chromatograph, equipped w i t h  an 

A l t e x  model 420 system c o n t r o l l e r  programmer and an A l t e x  model 153 

a n a l y t i c a l  U.V. d e t e c t o r  w i t h  a 8 ~ 1  f l o w  c e l l  s e t  a t  wavelength 254 nm, 

and w i t h  t h e  C - R I A  A l t e x  i n t e y r a t o r .  An a n a l y t i c a l  ODs-C18 column ( 5  pm 

U l t rasphere  0.46 x 25 cm) f i t t e d  w i t h  a 250 p 1  l o o p  i n j e c t o r  was used 

f o r  c o i n j e c t i o n  s tud ies .  The HPLC s o l v e n t  systems a r e  desc r ibed  under 
Table 1. A semi -p repara t i ve  U l t r a s p h e r e  ODS C18 column (1.0 x 25 cm) 5 

pm pore  s i z e  f i t t e d  w i t h  a 2.0 a1 l o o p  i n j e c t o r  and a p r e p a r a t i v e  Zorbax 

____----- 
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2 5 6  TWOREK ET A L .  

TABLE 1 
Compari son o f  HPLC Retent i o n  Times (Mi nu tes)  o f  Unknown 

U r i n a r y  Nuc leos ide  I and t h e  Au then t i c  5 -Carboxymethy lu r id i  ne 

____-_.__-----------__-_--___-------_~_---___I_--_- 

So lven t  Systensa 

Compound I I 1  
Unknown U r i n a r y  Nucleoside I 8.23 24.44 

5-Carboxymet hy l  u r i d i  ne 8.24 24.58 

U r i n a r y  Nucleoside I f 8.18 24.48 

5-Carboxymet h y l  u r i d i n e  

____I_ -- ---i--_-----__--___________-- 

aSolvent Systems: ( I )  H20, U.3 ml/min;  (11) 0.1 M ammonium formate, 

pH 4.11, 0.7 ml/min.  

column ODS C18 (2.12 x 25 cm) 8 pm pore  s i z e  f i t t e d  w i t h  a 5.0 m l  loop  

i n j e c t o r  were a l s o  used. 

Chromatography sol vents ___-_ f o r  __ paper chromatography. Descendi ng paper 

chronatography was performed i n  so l ven t  s a t u r a t e d  chambers u s i n g  t h e  

f o l l o w i n g  s o l v e n t  systems v /v :  ( a )  2-propanol :water:conc. NH40H 

(7 :2 :1 ) ;  ( b )  ethylacetate:2-ethoxyethanol :16% f o rm ic  a c i d  (4:1:2) (upper 

phase); ( c )  1 -bu tano l :  g l a c i a l  a c e t i c  ac id :wa te r  (4 :1 :2 ) ;  ( d )  1 -bu tano l :  

water:conc. NH40H (86:14: 5 ) ;  ( e )  1-propanol  :water (60:40). 

I s o l a t i o n  o f  t h e  unknown u r i n a r y  nuc leos ide  I. The 24 hour pooled 

u r i n e  (1260 ml )  f rom a l u n g  c a r c i n m a  p a t i e n t  was passed th rough  a 

c h a r c o d l - c e l i t e  column (3.8 x 50 cm) (50  g each). The column was washed 

w i t h  water  ( 2  l i t e r s )  t o  remove s a l t s  and column bound m a t e r i a l  was 

e l u t e d  w i t h  3 l i t e r s  of 2 N NH40H i n  5 0 2  aqueous e thano l .  The e l u a t e  

was evaporated t o  dryness (5.3 g ) ,  d i s s o l v e d  i n  20 m i  H20, and a p p l i e d  

t o  a column (3.8 x 50 cm) o f  200 g o f  AG-1x8 f o m a t e  r e s i n .  The column 

was washed w i t h  1.6 l i t e r s  o f  H20 and t h e  wash was evaporated (2.8 g ) ,  

d i s s o l v e d  i n  10 m l  H20, and t h e n  app l i ed  t o  a column (3.8 x 50 cm) o f  

DEAE c e l l u l o s e - 2 3  (50 g)  e q u i l i b r a t e d  w i t h  0.14 M b o r i c  acid6. To 

separa te  t h e  nuc leos ide  f r a c t i o n  f r a n  o t h e r  canponents, t h e  column was 

f i r s t  washed w i t h  1.1 l i t e r s  o f  0.14 M b o r i c  a c i d  and t h e n  e l u t e d  w i t h  

1.5 l i t e r s  o f  0.7 M b o r i c  ac id .  The 0.7 M b o r i c  a c i d  f r a c t i o n  was 

-.-___ 

- - - - - - ~ _ _ _ _ -  
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NUCLEOSIDE FROM URINE 257 

evaporated t o  dryness a f t e r  repeated  a d d i t i o n  o f  methanol ( 4  x 100 m l )  

and l y o p h i l i z e d  (127 my). The l y o p h i l a t e  was d i s s o l v e d  i n  3 m l  H20, 

c e n t r i f u y e d ,  f i l t e r e d ,  and passed t h r o u y h  a Zorbax p r e p a r a t i v e  reversed 

phase HPLC column using a 0 + 2YL i n  60 min methanol g r a d i e n t  i n  0.1 M 

ammonium ace ta te  bu f fe r ,  pH 7 .  O f  t h e  26 f r a c t i o n s  separa ted  on t h i s  

column, f r a c t i o n  10 (48  A260 u n i t s )  was passed th rough  an U l t r a s p h e r e  

semi -prepara t ive  reversed phase HPLC column (1.0 x 25 cm) and separa ted  

i n t o  1 U  f r a c t i o n s  us ing  a 0 -f 25% i n  75  min  methanol g r a d i e n t  i n  H20 

a f t e r  an i n i t i a l  30 min H20 wash. F r a c t i o n  5 ( 9  A260 u n i t s )  o f  t hese  

10  f r a c t i o n s  was p u r i f i e d  t o  homogeneity by ano the r  passage th rough  t h e  

semi -prepara t ive  reve rse  phase column us ing  0.1 14 ammonium fo rma te  b u f -  
fe r ,  pH 4.0. The unknown u r i n a r y  nuc leos ide  ( I )  had UV s p e c t r a  s i m i l a r  

t o  o t h e r  C5-subs t i t u ted  u r i d i n e s  w i t h  X m a x  (nm) a t  265 (pH 1.7 and 

11.8) and 266 (pH 6.3) ( F i g u r e  2). T h i s  m a t e r i a l  was used f o r  mass 
spec t ra l  and mr analyses as w e l l  as f o r  h igh-per fonnance l i q u i d  chrana- 

toyraph i c  s t udi  es . 
R e s u l t s  

As s t a t e d  above t h e  UV s p e c t r a  o f  t h e  u r i n a r y  unknown nuc leos ide  I 
demonstrated abso rp t i on  maxima a t  265 nm (pH 1.7 and 11.8) and 266 nm 

(pH 6.3) (F ig .  2a).  These maxima a r e  c h a r a c t e r i s t i c  o f  severa l  5 - a l k y l  

s u b s t i t u t e d  u r i d i n e s ;  however, 5-a1 k o x y u r i d i n e s  such as 5-methoxyur id ine  

absorb maximal ly a t  275 nm i n  a c i d i c ,  n e u t r a l  and a l k a l i n e  pH's. I n  NMR 

spectrum, t h e  u r i n a r y  compound e x h i b i t e d  a s i n g l e t  a t  7.73 ppm f o r  t h e  

c6 p r o t o n  o f  u r a c i l  moiety w h i l e  t h e r e  was no s i g n a l  f o r  t h e  C5 pro-  
t o n  (Tab le  2).  There was a doub le t  cen te red  a t  5.97 ppm f o r  t h e  ano- 

mer i c  p r o t o n  of t h e  sugar carbon C 1 1  which t o g e t h e r  w i t h  t h e  s i g n a l s  

observed f rom t h e  o t h e r  sugar carbon pro tons ,  i n d i c a t e s  t h e  presence o f  

a r i bose .  A s i n g l e t  i s  observed a t  3.23 ppm w i t h  an i n t e n s i t y  app rox i -  

ma te l y  t w i c e  t h a t  o f  t h e  c6 s i g n a l  sugges t ing  t h e  presence o f  a CH2 

group. The chemical s h i f t  and t h e  c o u p l i n g  cons tan t  (4.4 Hz) f o r  t h e  
anonieric p ro ton  i n  nrnr s p e c t r a  sugyested t h a t  t h e  n a t u r a l  m a t e r i a l  was 

i n  B - c ~ n f i y u r a t i o n ~ , ~ .  The o t h e r  n a t u r a l  l y  o c c u r r i n g  nuc leos ides ,  5- 

i ne thy lu r i d ine ,  5-hydroxymethyl u r i d i n e  and i t s  deoxy isomer,  and 

o r o t i d i n e  were r e a d i l y  e l i m i n a t e d  on t h e  b a s i s  o f  these nmr spec t ra .  

The uv ( f i g .  2b) and nmr s p e c t r a  o f  t h e  a u t h e n t i c  5 -carboxymethy lu r i -  

d ine9  were s i m i l a r  t o  those o f  t h e  n a t u r a l l y  o c c u r r i n g  m a t e r i a l .  
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Table 2 

Chemical S h i f t s  and J Values f o r  Unknown U r i n a r y  Nuc leos ide  

and Re la ted  Compounds i n  D20 

- Compound C6-H C i - H  ( J )  Cg-subs t i t uen t  

U r i n a r y  Nucleos i d e  7.73 5.98 (4.4) 3.22 (CH2) 

5 -Carboxymethy lu r id ine  7.73 5.97 (4.5) 3.22 (CH2) 

5-Hkthyl  d r i d i n e  7.71 5.95 (4.6) 1.92 (CH3) 
O r o t i d i n e  --  5.59 (3.4) 5.80 (H) 

U r i n a r y  unknown I was conver ted  t o  i t s  TMS d e r i v a t i v e  f o r  b o t h  l o w  

and h i g h  r e s o l u t i o n  mass spec t romet r i c  a n a l y s i s .  The assignments shown 

i n  f i g u r e  3a a r e  based on t h e  f ragmen ta t i on  processes o f  nuc leos ides  as 

discussed by Pang e t  al.1° Exact mass a n a l y s i s  was o f  t h e  tetra-TMS 

d e r i v a t i v e  s i n c e  t h a t  spec ies  was predominant. A penta-THS d e r i v a t i v e  

was a l s o  observed bu t  not used s i n c e  i t s  abundance was t o o  l ow  t o  g i v e  a 

s a t i s f a c t o r y  r e s u l t .  The measured mass o f  590.2314 corresponded t o  t h e  

molecu la r  compos i t i on  C23~4608N2Si4 ( c a l  c. mass 590.2331) 

suggest ing t h e  u n d e r i v a t i z e d  species t o  be 5 -ca rboxymethy lu r i d ine  

(CllH140gN2) o r  i s o m e r i c  t o  i t .  
A mo lecu la r  i o n  o f  m/z 662 was obsewed i n  t h e  l o w  r e s o l u t i o n  spec- 

t rum ( f i g .  3a) w i t h  a more i n t e n s e  M-CH3 a t  m / z  647. Th is  d e r i v a t i z a -  

t i o n  was independent o f  t h a t  ?rsed f o r  t h e  exac t  mass d e t e r m i n a t i o n  and 

showed t h e  penta-TMS spec ies  almost e x c l u s i v e l y .  The sugar i o n  s e r i e s  

( m / z  169, 217, 230, 243, 245, 258, 259, 348 [S-H]+, 349)10 co r re -  

sponds t o  t h a t  of t h e  pentose sugar account ing  f o r  t h r e e  o f  t h e  f i v e  TMS 

mo ie t i es .  The remain ing  two a r e  taken  up  by t h e  4-0 o f  u r a c i l  and t h e  

free carboxy l  group; t h e  l a t t e r  be ing  suppor ted  by  an i n t e n s e  i o n  a t  m/z 

117 (C02TMS). The base s e r i e s  o f  i ons  (m/z 299, 313, 314, 315 

CtiH2+], 326, 343, 354, 371, 387, 415, 429, 445)10 i s  observed as 
we1 :. 

The low  r e s o l u t i o n  mass spectrum o f  unknown I was canpared w i t h  

t h a t  o f  t h e  s y n t h e t i c  s tandard  ( f i g .  3b). The spectrum o f  t h e  i s o l a t e d  

m a t e r i a l  e x h i b i t s  i ons  from low mo lecu la r  weight i m p u r i t i e s ,  b u t  w i t h  

respec t  t o  t h e  s t r u c t u r a l l y  d i a g n o s t i c  i ons  t h e  s p e c t r a  a r e  exper iment -  
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TABLE 3 
Paper Chromatography Canpari son o f  t h e  Unknown U r i n a r y  Nuc leos ide  I 

w i t h  Au then t i c  5 -Carboxymethy lu r id i  ne and U r i d i  ne 

---- _____________ 
R f  X 100 

Sol vent Systemsa 

- Compound a b C d e 

Unknown U r i n a r y  Nucleoside 39 35 42 0.5 57 
5 -Ca r b oxyrne t hy 1 u r i d  i n e 39 35 4 2  0.5 57 

--I- I-- -----------I_- 

U r i d i  ne 45 37 46 7 69 

aSol vents a r e  desc r ibed  i n  M a t e r i a l s  and Methods sec t i on .  

a l l y  t h e  same, i n d i c a t i n y  t h e  i d e n t i t y  o f  unknown I t o  be 5-carboxy- 

m e t h y l u r i d i n e .  

I n  o r d e r  t o  c o n f i r m  t h e  i d e n t i t y  f u r t h e r ,  t h e  unknown u r i n a r y  

nuc leos ide  ( I )  was c o i n j e c t e d  w i t h  t h e  a u t h e n t i c  5 -ca rboxymethy lu r i d ine  

on RP-HPLC colurnn and was e l u t e d  as a s i n g l e  peak i n  two so l ven t  systems 

(Tab le  1 ) .  Paper chromatographic m o b i l i t i e s  o f  t h e  u r i n a r y  unknown were 

a l so  i d e n t i c a l  t o  those  o f  t h e  a u t h e n t i c  sample i n  f i v e  s o l v e n t s  (Tab le  

D iscuss ion  ____- 
The new u r i n a r y  nuc leos ide  5-carboxymethy lu r id ine  ( I )  was i s o l a t e d  

i n  0.34 mg from t h e  24 hour c o l l e c t i o n  o f  u r i n e  frm a luny  carc inana 

p a t i e n t .  The presence o f  t h i s  nuc leos ide  i n  a l k a l i n e  hyd ro l ysa tes  o f  

y e a s t  and wheat embryo t R N A  has been reported11,12. Enzymatic 

h y d r o l y s i s  o f  these tRNAs under neu t ra l  c o n d i t i o n s  revea led  t h a t  methyl  
e s t e r  and amide d e r i v a t i v e s  of ca rboxymethy lu r i d ine  a r e  present  r a t h e r  

t h a n  t h e  f r e e  acid13,14. Sequence s t u d i e s  i n d i c a t e d  t h a t  t h e  methyl  

e s t e r  o f  ca rboxymethy lu r i d ine  occurs  i n  t h e  wobble p o s i t i o n  o f  

tRNA~rg -3  f r a n  yeas t13 .  I n  terms o f  t h e  f u n c t i o n  o f  t h i s  nuc leos ide  
i n  t R N A ,  i t  i s  suggested t h a t  a t  a p o l y n u c l e o t i d e  l e v e l  t h e  5 - s u b s t i t u -  

e n t  may have t h e  modu la t ing  i n f l u e n c e  on t h e  con fo rma t ion  and i n t e r a c -  

a c t i o n  o f  t h e  an t i codon  loop8. The 5-methylcarboxymethyl  group i n  
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methyl  e s t e r  o f  I may prevent  i t s  wobble w i t h  guanine. T h i s  nuc leos ide  

l i k e  a number o f  o t h e r  u r i n a r y  m o d i f i e d  nuc leos ides  m igh t  o r i g i n a t e  f r o m  

t h e  ca tabo l i sm o f  t R N A .  Because o f  t h e  l a c k  of a p p r o p r i a t e  k inase and 

polymerase i t  cannot be r e c y c l e d  i n t o  tRNA,  and as a r e s u l t  i t  i s  
excre ted  i n t o  u r i  ne. 

P rev ious l y  i s o l a t e d ,  t r a n s f e r  RNA-derived u r i n a r y  nuc leos ides  such 

as 1-methy l i  nosine, N2-dimethy1guanosine3 and pseudour id ine  have 

served as i n d i c a t o r s  o f  tumor burden i n  cancer pa t ien ts15-18.  F i v e  
normal w i n e s  when i n v e s t i g a t e d  f o r  mod i f ied  nuc leos ides ,  d i d  no t  show 

t h e  presence o f  5 -carboxymethy lu r id ine  o r  i t s  methyl e s t e r .  The pres-  

ence o f  t h i s  compound i n  l ung  carcincma p a t i e n t s  and i t s  s i g n i f i c a n c e  as 

a p o t e n t i  a1 tumor marker i s  be i  ng i nvest i ya ted .  
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