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NUCLEOSIDES & NUCLEOTIDES, 7(4), 417-429 (1988) 

ISOLATION AND CHARACTERIZATION OF 3-(3-AMINO-3-CARBOXYPROPYL)URIDINE 
FROM HUMAN URINEa 

G i r i s h  B. Chhedatt*, Henry A. Tworekt t ,  Arvind K. RhargavaS 
E l l i o t  R a c h l i n t ,  Shib  P. Duttatt and Helen B. P a t r z y c t t  

Departments of B i o p h y s i c s t t  and h h o r a t o r y  Medicine§, 
Roswell Park Memorial I n s t i t u t e  

B u f f a l o ,  New York 14263 
and 

Department of Medic ina l  Chemis t ry t  
U n i v e r s i t y  of Utah 

S a l t  Lake C i t y ,  Utah 84112 

Abstract: A new modif ied  n u c l e o s i d e ,  3-(3-amino-3-carhoxypropy~)- 
u r i d i n e  was i s o l a t e d  from a 24 hour c o l l e c t i o n  of a normal human u r i n e .  
The s t r u c t u r e  w a s  a s s igned  on t h e  h a s i s  of UV, NMX and mass s p e c t r o m e t r y  
d a t a  and confirmed by comparison of t h e  spec t ra l  d a t a  and HPLC 
m o b i l i t i e s  w i t h  t h o s e  of an  a u t h e n t i c  sample. O r i g i n  and s i g n i f i c a n c e  
of t h i s  nuc leos ide  i n  r e l a t i o n  t o  tRNA is d i scussed .  The new n u c l e o s i d e  
is p resen t  a l s o  i n  t h e  u r i n e  of cance r  p a t i e n t s  b u t  i n  smaller amounts. 

I n t r o d u c t i o n  

We have been engaged i n  t h e  i s o l a t i o n  and c h a r a c t e r i z a t i o n  of modi- 

f i e d  n u c l e o s i d e s  p r e s e n t  i n  human u r ine1s2 .  Of more t h a n  65 modif ied  

n u c l e o s i d e s  known t o  be p r e s e n t  i n  mammalian tRNAb,  21 have heen 

i s o l a t e d  from human u r i n e .  Inc luded  among t h e s e  are t h e  an t i codon  ad ja -  

*To whom i n q u i r i e s  should  be addres sed .  

a )  This s t u d y  was p resen ted  i n  p a r t  a t  t h e  35 th  confe rence  of t h e  

American Soc ie ty  fo r  Mass Spectrometry and A l l i e d  Topics ,  May 1987, 

Denver, CO. 

b) Abbrevia t ions  used are: 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 ;  acp3U, 

3-(3-amino- 3-carhoxypropy l ) u r i d i n e  ; N-[ (N-9- B -D-ri bof uranosyl -  

purin-6yl)carbamoyl]-L-threonine; TMS, t r i m e t h y l s i l y l ;  CML, c h r o n i c  

myelogenous leukemia; n u c l e o s i d e  Q, queuos ine .  

t 6A, 

417 
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418 CHHEDA ET AL. 

HO OH 

I 
Fig. 1. 3-(3-amino-3-carboxypropyl)uridine 

cent modified nucleosides t6A1 and I-methylinosinel. In addition 
to these nucleosides, a number of other modiEied nucleosides such as 

2 '-0-methyluridine3 and N2, N2-dimethylguanosine1 are also 
excreted routinely in human urine. With the exception of queuosine4 

and inosine5, the modified nucleosides are biosynthesized by altera- 
tion of the four common nucleosides present within the tRNA precursor 

polynucleotide chains6, In contrast to the insertion of modified 
bases such as queine and hypoxanthine, modified niicleosides cannot he 

incorporated into the macromolecular nucleic acids. As a result, 
modified nucleosides once released in the process of tRNA turnover, 

cannot be re-utilized; they are either metabolized o r  excreted intact in 

urine7s8. Much remains to be learned about the process of tRNA 
turnover and ahout the metabolism of the modified nucleosides in man. 

Reported herein is the isolation and characterization of a hyper- 

modified nucleoside identified as 3-(3-amino-3-carhoxypropyl)uridine 

(acp3U) (Fig. 1) isolated from the urines of a normal volunteer and 

two cancer patients. This study constitutes the first report on the 
presence of acp3~ in urine. 

MATERIALS AND METHODS 
Neutral charcoal (Norit) was purchased from Fisher Scientific Co. ,  

and Celite 5 4 5  was obtained from Johns-Mansville Co. DEAE cellulose 
(DE-23) and AG1-X8 formate (200-400 mesh) anion exchange resin were 
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3-(3-AMINO-3-CARBOXYPROPYL)URIDINE 419 

o b t a i n e d  f rom Whatman and  Bio-Rad Labs. ,  r e s p e c t i v e l y .  Deuter ium o x i d e  

(99.96 atom % D) was p u r c h a s e d  from A l d r i c h  Chemical Co. Glass dis- 

t i l l e d  m e t h a n o l  w a s  o b t a i n e d  from Rrirdick fi  J a c k s o n  w h i l e  t h e  d e i a n i z e d  

d i s t i l l e d  water lised i n  r e v e r s e d - p h a s e  h i q h  per formance  l i q u i d  chroma- 

t o q r a p h v  (YP-HPLC) was prewared  i n  o u r  l a h o r a t o r v .  S i l v l a t i n q  r e a q e n t  

his(trimethylsily1)trifluoroacetamide c o n t a i n i n o  1 %  t r i m e t h v l c h l o r o -  

s i l a n e  w a s  p u r c h a s e d  f rom R e q i s  Chemica l  Co. An a u t h e n t i c  sample of 

acp3U w a s  k i n d l y  p r o v i d e d  hv P r o f e s s o r  James 4. McCloskey o f  t h e  

U n i v e r s i t y  of  Utah. 

U l t r a v i o l e t  (W) s p e c t r o p h o t o m e t r y .  I l l t r a v i o l e t  spectra were 

r e c o r d e d  on a C a r v  219 s p e c t r o p h o t o m e t e r  which w a s  z e r o e d  w i t h  w a t e r  

u s i n q  t h e  a u t o  b a s e l i n e  f e a t u r e .  

N u c l e a r  maqnet ic  r e s o n a n c e  (NMR) spectrometrv. NMR s p e c t r a  were 

d e t e r m i n e d  on a Rruker  WP-200 (200  M H e )  spectrometer hv u t i l i z i n q  t h e  

F o u r i e r - t r a n s f o r m /  q u a d r a t u r e  Dhasc d e t e c t i o n  mode. Sample t e m p e r a t u r e s  

were m a i n t a i n e d  a t  30" w i t h  t h e  BVT-2000 t e m p e r a t u r e  c o n t r o l l e r  of t h e  

WP-200 spectrometer. IJnless  s ta ted  o t h e r w i s e ,  t h e  c h e m i c a l  s h i f t s  

r e p o r t e d  here are g i v e n  i n  (6) ppm, and  are measured f rom i n t e r n a l  TSP 

(sodium 3-trimethvlsilvl~ropionate-2,2,3,3-d4 1. 'Phe u r i n a r v  iinknown w a s  

l y o p h i l i z e d  t h r e e  times from 99.5% 1-120 and t h e n  d i s s o l v e d  i n  99.9% 

D20 f o r  NMR a n a l y s i s .  

-___--I_.- 

Mz~s s p e c t r o m e t r y  (MS) and qas chromatoqraphv/maEs spectrometrv 

(GC/MS). Low r e s o l u t i o n  mass spec t ra l  a n d  W / M S  s t i i d i e s  w e r e  c a r r i e d  

o u t  u s i n g  a F i n n i g a n  4000 q u a d r u p o l e  i n s t r u m e n t  i n t e r f a c e d  t o  a n  INCOS 

d a t a  system. Viqh r e s o l u t i o n  exact mass d e t e r m i n a t i o n s  h v  peak  m a t c h i n g  

( R  = 10,000) were per formed on a V a r i a n  Y4T 731 i n s t r u m e n t .  Sample 

i n t r o d u c t i o n  w a s  v i a  t h e  d i r e c t  prohe i n l e t  w i t h  s o l v e n t  r e a g e n t  removal  

i n  t h e  p r o b e  l o c k  p r i o r  t o  p r o h e  i n s e r t i o n .  

411 samples were a n a l y z e d  as t h e i r  t r i m e t h y l s i l v l  (TMS) d e r i v a t i v e s  

which were formed by h e a t i n q  a p p r o x i m a t e l v  0.02A263 u n i t s  ( 2 8 0 0  n s )  of 

vacuiim d r i e d  material  w i t h  a n h y d r o u s  w y r i d i n e  a n d  h i s  ( t r i m e t h y l a i l v 1 ) -  

t r i f l i i o r o a c e t a m i d e  (BSTFA) c o n t a i n i n q  0.1% t r i m e t h v l c h l o r o s i l a n e  ( T Y C S )  

( 1 : l )  i n  a sealed m e l t i n q  p o i n t  c a p i l l a r y  t u b e  a t  78.SoC f o r  1 h o u r .  

A f u s e d  s i l i c a  c a p i l l a r y  column (30 meter l o n q ,  3% SF-30, 25 um 

f i l m  t h i c k n e s s )  was f i t t e d  d i r e c t l y  i n t o  t h e  i o n  s o u r c e  a l l o w i n q  for 

maximum s e n s i t i v i t y .  Samples  were i n j e c t e d  i n  the spli t less mode ( i n -  

jector temp. 2UOoC) and  t h e  coliimn oven w a s  t e m p e r a t u r e  proqrammed from 
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420 CHHEDA ET A L .  

80°C ( 2  min. h o l d )  t o  280°C a t  a r a t e  o f  10°C/mir l .  for e a c h  riirl. A l l  

mass spectral i n f o r m a t i o n  w a s  o b t a i n e d  a t  a n  i o n i z i n q  voltaqe of 70 ev. 
Chromatoqraphy 

Reversed p h a s e  h i q h  per formance  l i q u i d  chromatoqraphy (RP-HPLC). 

RP-HPLC w a s  c a r r i e d  o u t  on a n  A l t e x  Model 332 q r a d i e n t  l i q u i d  chromato-  

g r a p h ,  equipped  w i t h  a n  A l t e x  model 420 s y s t e m  c o n t r o l l e r  proqrammer a n d  

a n  A l t e x  model 153 a n a l y t i c a l  UV d e t e c t o r  w i t h  a 8 D L  f l o w  c e l l  set a t  

254 nm and w i t h  t h e  C-R1A A l t e x  r e c o r d e r  and  i n t e q r a t o r .  F o r  t h e  

p r e p a r a t i v e  chromatoqraphy,  a Zorbax r e v e r s e d  phase ODS c18 coliimn 

( 2 1 . 2  mm x 25 c m ,  8 p m )  f i t t e d  w i t h  a 5.0 m l  i n j e c t i o n  loop w a s  u s e d ,  

For t h e  p u r i f i c a t i o n  a n d  c o i n j e c t i o n  s t u d i e s  a n  1 J l t r a s p h e r e  r e v e r s e d  

Phase ODs  c18 column (10.0 mm x 25 c m ,  5 pin) f i t t e d  w i t h  a 2.0 m l  

i n j e c t i o n  l o o p  was Used. The f o l l o w i n q  RP-HPK s o l v e n t  s y s t e m s  w e r e  

used  f o r  c o i n j e c t i o n  s t u d i e s :  A )  isocratic,  5% m e t h a n o l  i n  water, f l o w  

rate,  3 ml/min; R) isocrat ic ,  0.1 M ammonium acetate b u f f e r ,  pY 5.3, 

f l o w  ra te ,  3 ml/min; C )  i socrat ic ,  0.1 M ammonium acetate h u f f e r ,  DH 

3.8, f l o w  rate, 3 ml/min; D) g r a d i e n t  e l u t i o n  w i t h  0 * 1 5 %  m e t h a n o l  i n  

water i n  1 5  a i n ,  f l o w  ra te ,  3 ml/min. 

I s o l a t i o n  of unknown u r i n a r y  n u c l e o s i d e .  A 24 h r  u r i n e  col lec-  

t i o n  from a normal  male human v o l u n t e e r  (1490 m l )  w a s  a d j u s t e d  t o  pH 

3 .6 ,  f i l t e r e d  a n d  p a s s e d  t h r o u q h  a column (3.8 x 50 cm) of c h a r c o a l -  

cel i te  (50 q each). The column w a s  washed w i t h  water (c3 1) u n t i l  t h e  

washings  were c h l o r i d e  free.  The column hound material w a s  e l u t e d  w i t h  

2N NH40H i n  50% aqueous e t h a n o l  ( x 3  1) u n t i l  t h e  a b s o r b a n c e  a t  260 nm 

w a s  b e l o w  0.20.  The e l u a t e  w a s  c o n c e n t r a t e d  t o  100 m l  and a p p l i e d  to  a 

column (3.8 x 50 cm) of AG1-X8 f o r m a t e  a n i o n  exchanqe  r e s i n  (200 g )  

e q u i l i b r a t e d  w i t h  water. The column w a s  washed w i t h  water (c3 1) u n t i l  

t h e  a b s o r b a n c e  of  t h e  e l u a t e  a t  260 nm d e c r e a s e d  below 0 . 2 .  The con- 

c e n t r a t e d  water e l u a t e  (50 ml) w a s  applied t o  a DEAE c e l l u l o s e  (50 9)  

column (3.8 x 50 c m )  e q u i l i h r a t e d  w i t h  0.14 M boric acidlo.  "he column 

w a s  washed w i t h  0.14 M boric  a c i d  ( 1 . 5  1) and t h e n  e l u t e d  w i t h  2 1 of 

0 . 7  Y boric acid to o b t a i n  t he  desired nuc1eosi.de f r a c t i o n .  The 0.7 M 

b o r i c  acid f r a c t i o n  was e v a p o r a t e d  t o  d r y n e s s  by  repeated a d d i t i o n s  of 

methanol  ( 4  x 100 m l ) .  The s a l t  f r e e  r e s i d u e  w a s  d i s s o l v e d  i n  15 m l  

w a t e r ,  f i l t e r e d  and  applied i n  three i n j e c t i o n s  t o  a Zorhax preparative 

RP-HPLC collimn. A q r a d i e n t  of  0 + 25% m e t h a n o l  ( i n  1 h r )  i n  0.1 Y 

ammonium acetate b u f f e r  (pH 7.0) w i t h  a f l o w  ra te  of  A ml/min w a s  used  
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3-(3-AMINO-3-CARBOXYPROPYL)URIDINE 421 

f o r  e l u t i o n .  The unknown I w a s  i s o l a t e d  from t h e  combined poo l  of 

material e l u t i n g  a t  18 min. P u r i f i c a t i o n  t o  homogeneity w a s  ach ieved  o n  

a semi-prepara t ive  U l t r a s p h e r e  RP-HPLC column w i t h  t h e  unknown nucleo- 

s i d e  e l u t i n g  a t  26 min i n  water a t  a f low r a t e  of 4 ml/min (160 pg). 

The p u r i f i e d  material e x h i b i t e d  W s p e c t r a  w i t h  a hmax (nm) a t  

263 (pH 6.0), 263 (pH l . o ) ,  263 (pH 11.0) w i t h  a similar molar e x t i n c -  

t i o n  a t  a l l  pHs. This  material was used f o r  a l l  subsequent  c h a r a c t e r i -  

z a t i o n  s t u d i e s .  The unknown nuc leos ide  was i s o l a t e d  a l s o  from t h e  24 h r  

u r i n e  c o l l e c t i o n s  of a CML p a t i e n t  ( 4 2  pg) and a lung  carcinoma p a t i e n t  

(120 Pg). 

RESULTS 

The u l t r a v i o l e t  s p e c t r a  of  t h e  unknown u r i n a r y  n u c l e o s i d e  I (F ig .  

2a) e x h i b i t e d  maxima a t  263 nm in n e u t r a l ,  a c i d i c  and a l k a l i n e  media 

w i t h  a lmost  no change i n  t h e  molecu la r  e x t i n c t i o n  c o e f f i c i e n t s .  These 

maxima coupled w i t h  t h e  similar molecular  e x t i n c t i o n  c o e f f i c i e n t s  a t  t h e  

above plis i s  s u g g e s t i v e  of a n  N-3 s u b s t i t u t e d  u r i d i n e .  R e t e n t i o n  t i m e  

or' t h e  u r i n a r y  nuc leos ide  1 on KP-HPLC and d i f f e r e n c e s  i n  NMX resonances  

c l e a r l y  excluded 3-methyluridine as a s t r u c t u r e  f o r  t h i s  unknown. 

L n v e s t i g a t i o n  of o t h e r  known modirred nuc leos ide t i  sugges ted  t h a t  t h i s  

subs t ance  could  be t h e  o t h e r  3 - s u b s t i t u t e d  u r i d l n e  o c c u r r i n g  i n  tRNA. 

T h i s  l e d  to  t h e  comparison of t h e  W s p e c t r a  and o t h e r  physico-chemical 

parameters of t h e  unknown nuc leos ide  witu t h o s e  of acp3u ( F i g -  

2b) l ' .  

'The NMR spec t rum of t h e  unknown nuc leos ide  i n  U20 r evea led  a pair 

of d o u b l e t s  cen te red  a t  7 . 8 4  ppm and 5.Y7 p p n ~  sugges t ing  t h a t  these 

could  be =signed  to  t h e  C6-H and C5-A pro tons  of t h e  u r i d i n e  moiety 

(F iq .  3 a ) .  A doi ih le t  c e n t e r e d  a t  5.94 ppm and m u l t i p l e  peaks i n  t h e  

3.6-4.5 ppm r e g i o n  were c o n s i s t e n t  w i t h  t h e  s o l i t t i n q  p a t t e r n s  of t h e  

anomeric p ro ton  and t h e  o t h e r  ribose p ro tons ,  r e s p e c t i v e l y .  I n  a d d i t i o n ,  

t h e  m u l t i p l e t  cen te red  a t  2 . 2 5  ppm could  be a s s iqned  t o  t h e  p ro tons  on 

t h e  B-carhon of t h e  s ide c h a i n  X H - C H ~ C H ~  a t t a c h e d  t o  a nv r imid ine  

moiety. The NMR spec t rum of a u t h e n t i c  acp311 i n  D2O revealed 3 sets 

of d o u b l e t s  a t  7.89, 5.98 and S.95 ppm and a m i l l t i p l e t  c e n t e r e d  a t  2.23 

ppm (Fig .  3b, Table 1 ). These resonances  aqreed  w e l l  w i th  t h o s e  p r e s e n t  

i n  t h e  NMR snectrum of t h e  u r i n a r v  nuc leos i r le  I. 
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Fig. 2. Ultravio let  spectra of ( a )  unknown urinary nucleos ide  

( I ) ,  and (b) authentic acp3U. 
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Unknown Urinary 
Nuckork I 

Authontic 

I l l l l l l l l  
9.0 a5 ao T I  ro 6s ao 5.5 5. 

L I I I 1 1 1 1 1  
4.5 4.0 3.5 3.0 23 2.0 1.5 1.0 

PPM 

b'ig. 3. NEW spectra oi ( a )  unknown u r i n a r y  n u c l e o s i d e  

and  (b) a u t h e n t i c  acp3U in D2°* 

Mass spec t romet ry  s t u d i e s  gave f u r t h e r  i n s i q h t  i n t o  the s t r u c t u r e  

of  t h e  unknown u r i n a r y  n u c l e o s i d e  I. The TMS d e r i v a t i v e  of u r i n a r y  

unknown I gave a molecular  i o n  a t  m/z 633 w i t h  an  M-15 i o n  a t  m/z 618 

(F iq .  4 a ) .  Rased on t h e  mass s p e c t r a  o h t a i n e d  hy McCloskev and h i s  

a s s o c i a t e s 1  t h i s  i s  a spec t rum of t h e  t e t ra  t r i m e t h y l s i l y l  d e r i v a t i v e  

(TMS14 of acp3lJ. The measured e x a c t  mass of t h e  M-15 i o n  w a s  

61 8.2543 s u g q e s t i n g  a molecular  composi t ion  of C25H51N308Si4 

( ca l cd .  618.2519) f o r  t h e  molecular  i o n  of t h e  s i l y l a t e d  compound and 

~ 1 3 ~ 1 9 ~ 3 0 8  f o r  t h e  f r e e  nuc leos ide .  The i o n s  a t  masses 516 and 

461 a r e  unique  t o  t h i s  u r i n a r y  n u c l e o s i d e  and arise from t h e  modi f ied  

base ,  wh i l e  t h e  i o n s  a t  m/z 349, 259, 243 and 217 co r re spond  t o  t h e  

unmodified s u q a r l 1  I 12. Hiqh r e s o l u t i o n  n a s s  measurement of t h e  i o n  a t  
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4 24 CHHEDA ET A L .  

T a b l e  1 

Chemical  S h i f t s  ( 6 )  and J Values  ( H z )  for Unknown U r i n a r y  

N u c l e o s i d e  I Cornoared w i t h  A i l t h e n t i c  acp311 i n  D20 

Ilnknown u r i n a r v  

n u c l e o s i d e  (T 1 

A u t h e n t i c  

a c n 3 ~  

7.89 (8.0) 5.97 (8 .1)  5.94 ( 4 . 3 )  2 . 2 5 ( m )  

7.89 ( 8 . 1 )  5.98 (8.0) 5.95 (4.2)  %.23(m) 

m = m u l t i p l e t .  

51 6.2378 shows t h a t  i t  r e p r e s e n t s  t h e  characterist ic loss of 

C O ~ T M S ~ ~  ( c a l c d .  516.2381 ) ,  i n  f u r t h e r  s u p p o r t  of t h e  m o l e c u l a r  

c o m p o s i t i o n  of c13H19N308, c o r r e s p o n d i n s  t o  a moleciilar w e i q h t  

of 345 €or u n d e r i v a t i z c d  I. 

The mass s p e c t r a  of t h e  t e t ra  TMS d e r i v a t i v e  of t h e  a n t h e n t i c  

sample a r e  i d e n t i c a l  t o  those o€ t h e  u r i n a r y  unknown I ( F i q .  4h). I n  

a d d i t i o n  t o  t h e  t e t r a  TMS d e r i v a t i v e ,  a p e n t a  TMS d e r i v a t i v e  was also 

formed €rom b o t h  t h e  unknown T and t h e  s y n t h e t i c  a c p 3 r ~ .  The l a t t e r  

d e r i v a t i v e  gave  a m o l e c u l a r  i o n  a t  m / z  705 and Y-15  i o n  a t  m / z  690. 

The r e t e n t i o n  times o n  4P-HPLC of the n a t i i r a l l y  o c c u r r i n q  nricleo- 

s i d e  I and t h a t  of t h e  a u t h e n t i c  acp3rJ are  v e r y  s i m i l a r  i n  f o u r  

s o l v e n t  s y s t e m s  as shown i n  T a b l e  2 .  9n c o i n j c c t i o n  w i t h  a u t h e n t i c  

acp3r1, t h e  m i x t u r e  e l u t e d  as  a s i n q l e  d i scre te  homoqenous a e a k  i n  f o u r  

s o l v e n t  svs tems f u r t h e r  3 u p p o r t i n q  t h e  i d e n t i t y  o f  t h e  unknown. 

Complete agreement  i n  UV, NMR and GC/MS spectral d a t a  and  HPLC a n d  GC 

r e t e n t i o n  times w i t h  t h o s e  of the a u t h e n t i c  sample  u n e q u i v o c a l l v  i d e n t i -  

f i e d  t h e  unknown u r i n a r y  n u c l e o s i d a  I as 3-(3-amino-3-carhoxyaro~yl)- 

i i r i d i n e .  

DISCUSSION 

The new n u c l e o s i d e  acp3U was i s o l a t e d  i n  t h e  amoiint ot 160 p q  

from t h e  24 h o u r  u r i n e  c o l l e c t i o n  of a normal  human v o l u n t e e r .  It  was 
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426 CHHEDA ET AL. 

T a h l e  2 

Comparison of  RP-HPLC R e t e n t i o n  Time (min . )  of Unknown U r i n a r y  

N u c l e o s i d e  (I) and A u t h e n t i c  acp3u 

l_-----l - - - -_ . - -_ - - - - - -____-__- - -_ -  - -------_-- ~ 

S o l v e n t  System* 

Compounds ( A )  ( R )  ( C )  (D) 

Unknown u r i n a r v  n u c l e o s i d e  (I) 9.15 19.40 11.83 11 . R l  

A u t h e n t i c  acp3U 9.07 19.74 12.06 11.76 

Mixture  of I and  a u t h e n t i c  am311 9.2A 19.36 12.01 11.76 

*See M a t e r i a l  and  Methods s e c t i o n  f o r  s o l v e n t s .  

found a l s o  i n  t h e  24 h r  u r i n e  c o l l e c t i o n s  of one  CflL ( 4 2  u q )  a n d  lrlnq 

carc inoma ( 1  20 v q )  p a t i e n t .  T h i s  h y P e r m o d i f i e d  n u c l e o a i d e  w a s  o r i q i n -  

a l l y  i s o l a t e d  from t h e  e x t r a  r e q i o n  ( l o o p  111) of t R N A P h e  o f  5. 
- c o l i l 1  I 1  3114. The u b i q u i t o u s  p r e s e n c e  of acp3rJ i n  t R N A  from 

DrosophiLa m e l a n o g a s t e r l  5 ,  wheat  qerrnl 6,  l u p i n e  s e e d l  7 ,  rat", 

and b o v i n e  l i v e r  as w e l l  a s  human l i v e r  and  p l a c e n t a l 9  s u q g e s t s  i ts  

c o n s e r v a t i o n  i n  e v o l u t i o n .  One n o t a b l e  c o n t r a s t  is i t s  l o c a t i o n  i n  t h e  

e x t r a  loop (loop 111) i n  t h e  p r o c a r y o t e  E. =lo t R N A  a n d  i t s  r e l o c a t i o n  

i n t o  t h e  d i h y d r o u r i d i n e  l o o p  ( l o o p  I )  i n  t h e  h i q h e r  e u c a r y o t e s .  Another  

i n t e r e s t i n g  f e a t u r e  i s  its anomalous l o c a t i o n  i n  t R N A ,  s i n c e  more t h a n  

20 h y p e r m o d i f i e d  n u c l e o s i d e s  are s i t u a t e d  e i t h e r  i n  t h e  f i r s t  p o s i t i o n  

(Wohhle p o s i t i o n )  of t h e  a n t i c o d o n ,  e.q. n i i c l e o s i d e  0, or a d j a c e n t  t o  

t h e  3'-end of t h e  a n t i c o d o n ,  e.q. t6A20. The r e l e v a n c e  of acp3rJ i n  

terms of  l o c a t i o n  and  f u n c t i o n  r e m a i n s  iinknown. To d a t e ,  d e t e c t i o n  of 

acp3U h a s  been e x c l u s i v e l y  t h r o u q h  t R N A  s e q u e n c i n q .  E x c r e t i o n  o f  t h e  

f r e e  n u c l e o s i d e  I i n  human u r i n e  or a n y  o t h e r  h i o l o q i c a l  f l u i d s  h a s  n o t  

heen  r e p o r t e d  p r e v i o u s l y .  

A s  t o  t h e  o r i q i n  o f  t h i s  mater ia l ,  Nishimiira2 '  h a s  shown t h a t  

b i o s y n t h e s i s  of acp3U i n  p r o c a r v o t e  tRN4 o c c u r s  at t h e  m a c r o m o l e c u l a r  

l e v e l .  f i e  Proposed mechanism i n v o l v e s  t h e  c l e a v a q e  of S-adenoayl-L- 

m e t h i o n i n e  t o  g e n e r a t e  5'-deoxy-5'-methylthioadenosine and a 3-amino-3- 

carooxypropyl moie ty  which reacts with an a p p r o p r i a t e  ur idine  i n  tRNA to 

form acp3U a t  a specific s i t e .  Similar mechanisms exis t  i n  mammalian 
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sys tems f o r  t l l e  b i o s y n t h e s i s  Of acp3uZ2. In analogy w i t h  t h e  o t h e r  

modified n u c l e o s i d e s ,  i t  is sugges t ed  t h a t  t h e  u r i n a r y  acp3U i s  

de r ived  from human t R N A  t u r n o v e r  . 7 

Any d e f i c i e n c y  in s u b s t r a t e  or modifying enzyme cou ld  r e s u l t  i n  

undermodified ( h y p o m o d i f i d )  t&az3. The d e t e c t i o n  of decreased  

l e v e l s  of acp3U i n  t h e  u r i n e s  of t h e  two cancer  p a t i e n t s  may s u g g e s t  a 

p e r t u r b a t i o n  of t h i s  m o d i f i c a t i o n  mechanism in t h e  n e o p l a s t i c  s ta te .  

For example, t h e  hypermodified nuc leos ide  Q was absen t  o r  markedly  

reduced i n  a v a r i e t y  of t u m r  t M A s 2 4 9 2 5  sugges t ing  a r e l a t i o n s h i p  

between t h e  n e o p l a s i a  and hypomodif i c a t i o n  26-28. Kapidly r e g e n e r a t i n g  

normal r a t  l i v e r  was a l s o  found hypomodified f o r  n u c l e o s i d e  Q and f o r  
acp3u29, It would appear t h e r e f o r e ,  t h a t  growth r e g u l a t i o n  and tKNA 

t u r n o v e r  rates s i g n i f i c a n t l y  i n f l u e n c e  t h e  m o d i f i c a t i o n  phenanenon. 

Funct ions  of hypermodified nuc leos ides  in gene ra l  are n o t  well 

unders tood;  however t h e i r  s t r u c t u r a l  complexity and s p e c i f i c  s i t e  

l o c a t i o n s  encourages  one t o  s p e c u l a t e  t h a t  t h e y  might p lay  a d e f i n i t e  

r o l e  i n  t h e  r e g u l a t i o n  of tKNA  interaction^^^,^^. WhUe t h e  s p e c i f i c  

s i g n i f i c a n c e  of acp U remains u n ~ l e a r ~ ~ , ~ ~ ,  i t s  u b i q u i t o u s  presence  

in a wide range of organisms i n v i t e s  s p e c u l a t i o n  as t o  i t s  impor tance  in 

t R N A  biomechanisms. As has  been sugges t ed ,  a dec reased  u r i n a r y  

e x c r e t i o n  l e v e l  may mark a n  i n c r e a s e  i n  abnormal c e l l u l a r  p rocesses  

o c c u r r i n g  d t h  t h e  n e o p l a s t i c  t r ans fo rma t ion .  A l t e red  l e v e l s  of 

modified nuc leos ides  excreted in t h e  u r i n e  may, t h e r e f o r e ,  prove use- 

f u l  f o r  m n i t o r i n g  abnormal enzymat ic  and b iochemica l  c e l l u l a r  even t s .  

3 
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