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A COMPARISON OF THE EFFICIENCY OF NUCLEOTIDE EXTRACTION BY 
S E V E W  PROCEDURES AND THE ANALYSIS OF NUCLEOTIDES FROM 

EXTRACTS OF LIVER AND ISOLATEI) HEPATOCYTES BY HPLC 

T.L. Rise,  N.L. Zorich, M.D. W i l l i u n s ,  and A. Richardson 
Department of Chemistry 

I l l i n o i s  S t a t e  Univers i ty  
Normal, I l l i n o i s  61761 

ABSTRACT 

A high pressure  l i q u i d  chromatography (HPLC) system w a s  devel-  
oped, capable  of reso lv ing  most 5 ' -nuc leo t ides  and nucleot ide-sugars  
present  i n  liver t i s s u e .  
t h e  recovery of t h e  twelve major 5 ' - r ibonucleot ides  from s o l u t i o n s  of 
nuc leo t ide  s tandards,  o r  l i v e r  samples, o r  i s o l a t e d  hepatocytes  was 
compared. 
y s i s  by adsorbing t h e  nuc leo t ides  on charcoa l ,  o r  p r e c i p i t a t i n g  t h e  
ac id  (perchlor ic  ac id)  by KOH, o r  e x t r a c t i n g  t h e  a c i d  with alaminel  
f reon.  
coa l  adsorp t ion  procedure f o r  recovering nuc leo t ides  from a c i d  e x t r a c t s  
The recovery of nuc leo t ides  from e i t h e r  l i v e r  samples or  I s o l a t e d  
hepatocytes  by these  two procedures w a s  similar; however, t h e  recovery 
of nuc leo t ides  from standard s o l u t i o n s  was s l i g h t l y  higher  f o r  t h e  
alamine/freon procedure than t h e  KOH p r e c i p i t a t i o n  procedure. 

Using t h r e e  d i f f e r e n t  e x t r a c t i o n  procedures ,  

Nucleotidec were obtained from a c i d  e x t r a c t s  f o r  HPLC anal-  

The-last two procedures were found t o  be s u p e r i o r  t o  t h e  char- 

, 

INTRODUCTION 

Because nuc leo t ides  play an essential r o l e  i n  a wide v a r i e t y  of 

metabolic processes  i n  l i v i n g  o r g a n i s m ,  i n v e s t i g a t o r s  have been i n t e r -  

e s t e d  In determining what e f f e c t  v a r i o u s  parameters, e.g., d i s e a s e  

state, n u t r i t i o n a l  s t a t u s ,  e t c . ,  have on t h e  l e v e l s  of nuc leo t ides .  I n  

t h e  pas t ,  t h e  measurement of nuc leo t ide  levels i n  b i o l o g i c a l  samples 

has been ted ious  because it w a s  d i f f i c u l t  t o  s e p a r a t e  t h e  l a r g e  number 

of nuc leo t ides  present  i n  b i o l o g i c a l  sampler and t o  quant i fy  t h e  small 
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134 RISS ET AL. 

l e v e l s  of n u c l e o t i d e s  i n  t h e  samples by a r o u t i n e  and r e p r o d u c i b l e  

procedure.  

With t h e  advent  of HPLC, b iochemis t s  and molecular  b i o l o g i s t s  

have a v a i l a b l e  a method capab le  of s e p a r a t i n g  and q u a n t i f y i n g  nucleo- 

t i d e s .  Brown (1) was one of t h e  f i r s t  i n v e s t i g a t o r s  t o  show t h e  

u s e f u l l n e s s  of HPLC f o r  s tudy ing  nuc leo t ides .  

p o r t s  i n  t h e  l i t e r a t u r e  d e s c r i b i n g  t h e  s e p a r a t i o n  of mix tu res  of 

n u c l e o t i d e s  by v a r i o u s  HPLC systems (2-lo), b u t  most o f  t h e s e  sepa r -  

ation. have been accomplished u s i n g  n u c l e o t i d e  s t anda rds .  

i n t e r e s t e d  i n  s p e c i f i c a l l y  developing a n  HPLC system capab le  of 

s e p a r a t i n g  t h e  twelve major 5 ' - r ibonuc leo t ides  (AMP, CMP, GMP, UMP, 

ADP, CDP, GDP, UDP, ATF', CTF', Gn, and UTP) from o t h e r  n u c l e o t i d e s  

i n  l i v e r  samples. Reports  by Henry e t  a l .  (3) and F l o r i d 1  e t  a l .  ( 6 )  

have shown HPLC chromatograms of l i v e r  e x t r a c t s ;  however, t h e s e  in-  

v e s t i g a t o r s  made no a t t empt  t o  determine i f  t h e  n u c l e o t i d e s  from t h e  

l i v e r  e x t r a c t s  vere completely r e so lved  o r  t o  q u a n t i f y  t h e  n u c l e o t i d e s  

e x t r a c t e d .  Using HPLC, Jackson e t  a l .  (5) determined t h e  con ten t  of  

t h e  twelve 5 ' -nuc leo t ides  i n  l i v e r  and hepatoma 3928 c e l l s .  

it was necessa ry  f o r  Jackson e t  a l .  (5) t o  u se  t h r e e  d i f f e r e n t  systems 

t o  r e s o l v e  a l l  twelve 5 ' -nuc leo t ides .  

There are s e v e r a l  re- 

We were 

However, 

In a d d i t i o n  t o  developing a n  HPLC system which would r o u t i n e l y  

and r a p i d l y  s e p a r a t e  n u c l e o t i d e s  from l i v e r  samples,  w e  wanced t o  

compare t h e  e f f i c i e n c y  of s e v e r a l  procedures  t o  e x t r a c t  n u c l e o t i d e s  

f o r  a n a l y s i s  by t h e  HPLC system developed in t h i s  s tudy .  Brown's 

l a b o r a t o r y  (7 ,  11) has been t h e  on ly  r e s e a r c h  group t o  compare nucleo- 

t i d e  e x t r a c t i o n  procedures  f o r  HPLC a n a l y s i s .  However, i n  t h e s e  

s t u d i e s ,  t h e  recovery of on ly  a few n u c l e o t i d e s  from s o l u t i o n s  contain-  

i ng  n u c l e o t i d e  s t a n d a r d s  was determined. In  our  s tudy ,  t h e  r e c o v e r i e s  
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NUCLEOTIDE EXTRACTION BY S&VERAli PROCEDURES 135 

of t h e  twelve 5 ' -nucleot ides  from l i v e r  samples, i s o l a t e d  hepatocytes ,  

and s o l u t i o n s  cootaining nuc leo t ide  s tandards  was  determined using 

t h r e e  e x t r a c t i o n  procedures. An a r e s u l t  of t h i s  s tudy ,  a system f o r  

both r o u t i n e  and rap id  e x t r a c t i o n  of nuc leo t ides  and HPLC a n a l y s i s  of 

nuc leo t ides  from l i v e r  t i s s u e  is a v a i l a b l e  t o  i n v e s t i g a t o r s .  

MATERIALS AND METHODS 

Chromatographic Equipment 

A multicomponent high pressure  l i q u i d  chromatographic (HPLC) 

system was used i n  t h i s  s tudy.  

Physics pump (model 700B). a Valco model CV-6-UHPa-N60 sample i n j e c -  

t i o n  valve, a Perkin E l m e r  model LC-55 v a r i a b l e  wavelength spec t ro-  

photometer, and a Perkin Elmer Model 56 mult i range recorder .  In  t h i s  

study, s t r o n g  anion exchange columns purchased from Whatman ( C l i f t o n ,  

NJ) were used. A pe l l ionex  SAX guard column was used i n  conjunct ion 

with a prepacked P a r t i s i l  10-SAX (25 c m  x 4.6 mm I.D.) colunm. 

Solvent Preparat ion 

This system cons is ted  of a Spec t ra  

Aqueous so lvents  were prepared from reagent  grade %P04(MaZlin- 

ckrodt ,  S t .  Louis, MO) and K C 1  (Fischer  S c i e n t i f i c  Co., Chicago. IL) ,  

using g l a s s  d i s t i l l e d  water. It waa not  necessary t o  f u r t h e r  p u r i t y  

t h e  KH2P04 and K C 1  purchased from t h e s e  s u p p l i e r s  bu t  w e  have had 

problems with uv-absorbing contamination i n  these  reagents  purchased 

from other  suppl ie rs .  After  f i l t e r i n g  t h e  s o l u t i o n s  through a 0.45 

urn membrane f i l t e r  ( M i l l i p o r t ,  Bedford, HA). t h e  pH of t h e  var ious  

s o l u t i o n s  was adjusted wi th  e i t h e r  d i l u t e  H3P04 o r  KOH. 

were degassed p r i o r  t o  use  by mechanical s t i r r i n g  under reduced pressure .  

Chemicals and Animals 

A l l  s o l u t i o n s  

A l l  nuc leo t ides  and nuc leo t ide  containing compounds were purchased 

from t h e  Sigma Chemical Co. (St. Louis, MO). T r l c a p r y l y l  tertiary 
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136 RISS ET AL. 

a d n e  (A1pmine 336) was purchased from McKerson Corp. (Mnneapol is ,  N). 

Activated charcoal  was purchased from P f a n s t e i l  Laborator ies ,  and Freon 

113 woe obtained l o c a l l y .  

ARS Spragw Dawley (Madison, UI). 

Chromatographic Procedure 

Female Sprague-Dawley r a t s  were purchased from 

The HPLC system empolyed i n  t h i s  study w a s  developed t o  s e p a r a t e  

r ibonuclco t ides  from l i v e r  e x t r a c t s .  

achieved in 50 min using a discont inuous b u f f e r  grad ien t  system. 

i n j e c t i o n  of 10 p l  of sample, nuc leo t ides  were e l u t e d  i n i t i a l l y  with a 

d i l u t e  buf fer  (0.007 M KH2P04, pH 4.2) a t  a flow rate of 1.6 mllmin. 

10 min, t h e  flow rate w a s  increased t o  3 m l h i n ,  and t h e  g r a d i e n t  was ln- 

l t i a t e d  by adding 50 m l  of concentrated b u f f e r  (0.007 M KHzPOk, 2.2 M KC1, 

pH 4.5) t o  104 ml of t h e  d i l u t e  b u f f e r ,  with constant  s t i r r i n g ,  a t  a flow 

rate of 3 mllmin using a syr inge  pump. 

Preparat ion of Standard Nucleotide Solut ions 

Separat ion of nuc leo t ides  was 

After 

After 

Standard s o l u t i o n s  of nuc leo t ides  were prepared in 0.007 M KH2POk 

(pH 4.2) a t  concentrat ions ranging from 0.11 t o  7.5 mM and were s tored  

a t  -7OOC. 

The s tandard s o l u t i o n r  contained a mixture of t h e  nucleoslde monophos- 

phates, o r  nucleoslde diphosphates, o r  nucleoside t r iphosphates .  These 

t h r e e  s tandard s o l u t i o n s  were used so t h a t  t h e  recovery of the  nucleo- 

t i d e s  could be determined without c ross  contamination a r i s i n g  from t h e  

degradat ion of the  nucleot ides  o r  from impur i t ies  in the  purchased 

nucleot ides .  

No breakdown of t h e  nuc leo t ides  during s torage  vas  observed. 

Preparat ion of Liver  Samples and I s o l a t e d  Hepatocytes 

To avoid anoxia when taking liver samples, t h e  samplea were ob- 

ta ined using t h e  f r e e z e  clamp method descr ibed by Bucher and Swaffield 

( 1 2 ) .  The frozen l i v e r  was ground t o  a powder under l i q u i d  n i t rogen  
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NUCLE0TI.DE EXTRACTION BY SEVERAL PROCEDURES 137 

' with a mortar and p e s t l e .  The f rozen  l i v e r  powder w a s  kept  in l i q u i d  

n i t rogen  u n t i l  t h e  nuc leo t ides  were ex t rac ted  by t h e  procedures out-  

lined below. Hepatocytes were i s o l a t e d  from s l i c e s  of liver t i s s u e  a s  

described by Ricca e t  a l .  (13) and were suspended in IIanks' medium ( 1 4 ) .  

The suependons  of hepatocytcs  were kept  a t  4OC f o r  5 t o  15 min u n t i l  

nuc leo t ides  were ex t rac ted .  

Perchlor ic  Acid Ext rac t ion  of Nucleotides 

Nucleotides were ex t rac ted  from standard s o l u t i o n s ,  o r  hepatocytes ,  

o r  f rozen l i v e r  parder using a modif icat ion of t h e  p e r c h l o r i c  a c i d  (PCA) 

e x t r a c t i o n  procedure (PCA-KOH) descr ibed by Kraus and Reinhboth (15 ) .  

Frozen l i v e r  powder (0.5 t o  1.0 g ) ,  hepatocytes  (20 t o  30 m i l l i o n  c e l l s ) ,  

or standard nuc leo t ide  s o l u t i o n s  (1.0 m l  a l i q u o t s )  were homogenized i n  

t h r e e  volumes of precooled 0.4 M PCA using a Potter-Elvehjem homogenizer. 

The r e s u l t i n g  suspension was cent r i fuged  a t  10,000 xg f o r  10 min a t  L°C. 

The supernatant  was saved, and t h e  p e l l e t  was re-extracted twice more 

with 0.4 M PCA. The superna tan ts  were combined and n e u t r a l i z e d  w i t h  3 . 7 2  ?! 

KOH i n  0.16 M KHCO The p r e c i p i t a t e  was removed by low speed c e n t r i f u g a -  

t i o n ,  and t h e  supernatant  w a s  f i l t e r e d  through a Mi l l ipore  membrane filter 

(pore e i z e  0.45 pm). 

i c e .  

The e x t r a c t  was dissolved i n  0.007 M KH2P04 (pH 4.2) and analyzed 

h e d i a t e l y .  

Charcoal Adsorption Extract ion of Nucleot ides  

3'  

The f i l t r a t e  was f rozen  immediately in acetone-dry 

The frozed sample was lyophi l ized  t o  dryness and s t o r e d  a t  -?O°C. 

Nucleotides were ex t rac ted  from standard s o l u t i o n s ,  o r  hepatocytes ,  

or frozen l i v e r  powder using a modif icat ion of t h e  charcoal  adeorp t ion  

procedure (C-A) described by Humphrey6 (16). Frozen l i v e r  powder (0.5 

t o  1.0 g), hepatocytes  (20 t o  30 m i l l i o n  c e l l s ) ,  o r  t h e  s tandard  solu-  

t i o n s  ( 1  m l  a l i q u o t s )  were ex t rac ted  w i t h  PCA as descr ibed  f o r  t h e  PCA- 
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138 RISS ET AL. 

KOH method, and t h e  superna tan ts  were combined and saved. 

a c t i v a t e d  charcoal  (Nori t ,  100 mg/ml water) was added per  0.9 m l  of 

supernatant .  

a t  10,000 xg f o r  5 min a t  4 C. The supernatant  was discarded and t h e  

Norit p e l l e t ,  which contained t h e  nucleot idea,  w a s  washed t h r e e  times 

with water a t  4OC t o  removed salts and impur i t ies .  

50X e thanol  (equal  t o  t h e  volume of the  o r i g i n a l  acid-soluble  e x t r a c t )  

w a s  added t o  t h e  Nor i t  p e l l e t ,  and t h e  r e s u l t i n g  suspension was incubated 

a t  37OC f o r  1 h with a g i t a t i o n .  

for 5 m i n  a t  3,000 xg. The supernatant  w a s  c o l l e c t e d ,  f i l t e r e d ,  lyophi l -  

it&, and s tored  a t  -7OOC. 

(pH 4.2) and was analyzed immediately. 

MantinelFreon Extract ion of Nucleotides 

Five mg of 

The mixture w a s  a g i t a t e d  a t  4OC f o r  10 min and cent r i fuged  
0 

NH40H (0.1 M) i n  

The charcoal  suspension was cent r i fuged  

The e x t r a c t  w a s  d i sso lved  i n  0.007 M KH2P04 

The e x t r a c t i o n  of nuc leo t ides  from s o l u t i o n s  of nuc leo t ides  s tand-  

ards ,  or hepatocytes, o r  f rozen l i v e r  powder was accomplished by a 

modif icat ion of t h e  alaminelfreon (A-F) procedure descr ibed by Khym ( 1 7 ) .  

Recently, t h e  condi t ions  used f o r  nuc leo t ide  e x t r a c t i o n  descr ibed below 

have been shown t o  be opthum for nucleo t ide  e x t r a c t i o n  by van Haverbeke 

and Brown (9 ) .  Frozen liver powder (0.5 t o  1.0 g) ,  hepatocytes  (20 t o  

30 m i l l i o n  c e l l s ) ,  o r  nuc leo t ide  s tandard s o l u t i o n s  ( 1  ml a l i q u o t s )  were 

homogenized with a Potter-Elvehfem homogenized i n  t h r e e  volumns of 10:: 

t r i c h l o r o a c e t i c  a c i d  (TCA) a t  4OC. 

fuged a t  10,000 xg f o r  10 min a t  4OC. 

the  r e s u l t i n g  p e l l e t  was re-extracced twice with 10: TCX. 

were combined and t h e  TCA was removed with f r e s h l y  prepared 0.5 M alamine 

The r e s u l t i n g  homogenate was c e n t r i -  

The supernatant  was saved, and 

The superna tan ts  

i n  f reon.  Chen e t  a l .  (7)  have reporced t h a t  t h e  optimum alamine concen- 

t r a t i o n  f o r  recovery of nuc leo t ides  is 0.5 M and t h a t  a decreased recovery 

of nuc leo t ides ,  e s p e c i a l l y  the  nucloot ide t r iphosphatee,  occurs  when t h e  
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NUCLEOTIDE EXTRACTION BY SEVERAL PROCEDURES 139 

alaudne/freon s o l u t i o n  has  aged. 

a lamine/freon s o l u t i o n  while  t h e  nuc leo t ides  remain i n  t h e  aqueous phase. 

Equal volumes of a lamine/freon and t h e  supernatant  were mixed thoroughly 

by shaking f o r  3 t o  4 min a t  4OC. 

speed t o  a i d  i n  t h e  separa t ion  of t h e  organic  and aqueous l a y e r s .  

aqueous phase was removed, f i l t e r e d ,  lyophi l ized  and s t o r e d  a t  -7OOC. 

The extract was  d i sso lved  i n  0.007 M KH2PQ4 (PH 4.2) and was analyzed 

immediately. 

Calcu la t ions  

The TCA is s o l u b l e  i n  t h e  organic  

This mixture  w a s  cen t r i fuged  a t  low 

The 

The nuc leo t ide  concent ra t ions  were determined by measuring t h e  

peak he ight  of t h e  260 nm absorbing material e l u t i n g  from t h e  column. 

Hartwick and Brown (4) have shown t h a t  t h i s  method of quant i fy ing  

nuc leo t ide  levels is reproducible  and usua l ly  more a c c u r a t e  than peak 

a r e a .  Because nuc leo t ides  have d i f f e r e n t  absorbance maxima and d i f f e r -  

e n t  shaped e l u t i o n  peaks, t h e  l e v e l s  of nuc leo t ides  were determined 

using c a l i b r a t i o n  c u m e s  f o r  each of t h e  nuc leo t ides  s tud ied .  The 

recover ies  of nuc leo t ides  from s o l u t i o n s  of nuc leo t ide  s tandards  was 

determined by measuring t h e  peak h e i g h t s  before  and a f t e r  t h e  ex t rac-  

t i o n  procedures. 

RESULTS 

In developing our HPLC system we modified t h e  system descr ibed 

previously by Brown's labora tory  (1, 4) t o  give maximum r e s o l u t i o n  of 

w-absorbing material obtained from l i v e r  e x t r a c t s  i n  a mimimum amount 

of time. Our HPLC system uses a micropar t icu la te  s t r o n g  anion exchange 

column as descr ibed by Hartwick and Brown (4); however, t h e  b u f f e r  sys- 

tems used t o  e l u t e  t h e  nuc leo t ides  i n  our  system were d i f f e r e n t  from 

t h e  buf fer  systems used by Hartwick and Brown (4). I n  a d d i t i o n ,  t h e  
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140 RISS ET AL.. 

e l u t i o n  t ime f o r  t h e  n u c l e o t i d e s  w i t h  ou r  system was approximately 50 

m i n ;  t h e  system employed by Har tv i ck  and Brown (0) r e q u i r e d  90 min. 

McKeage and Brown (10) have r e c e n t l y  d e s c r i b e d  an  HPLC system which 

s e p a r a t e s  n u c l e o t i d e s  in 50 min; hovever,  t h e  b u f f e r  systems used by 

McKeage and Brown (10) a r e  d i f f e r e n t  from t h e  b u f f e r  systems used for  

ou r  HPLC system. 

F igu re  1 shows t h e  a b i l i t y  o f  ou r  HPLC system t o  r e s o l v e  a v a r i e t y  

of a u c l e o t i d e s .  The t o t a l  salt c o n c e n t r a t i o n  of t h e  g r a d i e n t  used t o  

h 

"0 - 2.0 1- 

4 s  i"; '4 m 
5 

LOO 2 
0.75 8 z 

0 
0.50 2 

I zl 0.25 D 

0.00 z 
I A E 

Y 
O'O 10 20 30 40 50 

MlNU TE S 
FIGURE 1 

A chromatogram of a s o l u t i o n  con ta in ing  19 n u c l e o t i d e  s t a n d a r d s .  The 
absorbance a t  260 nm (-) and t h e  an ion  c o n c e n t r a t i o n  (---) of t h e  
b u f f e r  system used t o  e l u t e  t h e  n u c l e o t i d e s  are shown. 
correspond t o  t h e  fo l lowing  n u c l e o t i d e s :  CMP(l), AMp(2), UMP(31, 2 ' -  
and 3'-AMP(4), GMP(5), CDP-glucose(6), UDP-glucose(7), UDP-N-acetyl- 
glucosamine(8),  NADP(9), UDP-glucuronic a c i d ( l O ) ,  UDP(11), CDP(121, 
ADP(13). GDP(14). UTP(15), CTP(16). ATP(17). and CTP(18). 

The peaks 
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NUCZEOTLDE EXTRACTION BY SEVERAL PROCEDURES 141 

e l u t e  t h e  nuc leo t ides  is shovn in Figure  1 a l s o .  This sa l t  concentra- 

t i o n  w a s  ca lcu la ted  mathmatically using t h e  fol lowing equation: 

where C is  equal  t o  t h e  salt  concent ra t ion  in g-mole/ l i ter  a t  any 

time t,  C* is equal  t o  t h e  sal t  concent ra t ion  of t h e  more concentrated 

buf fer ,  f is equal  t o  t h e  flow r a t e  (mllmin) of t h e  so lvent  e n t e r i n g  

and leaving t h e  mixing-chamber and vo is equal  t o  t h e  volume (d) of 

t h e  d i l u t e  b u f f e r  in t h e  mixing chamber a t  time zero. 

generated under these  condi t ions  is s l i g h t l y  convex. 

nucleosides  and pyrimidine and purine bases  a r e  not nega t ive ly  charged 

a t  pH 4.2, they e l u t e  r a p i d l y  from t h e  column (wi th in  the  f i r s t  3 t o  

5 mia). The negat ive ly  charged nuc leo t ides  are r e t a i n e d  on t h e  colcnn 

and e l u t e  on t h e  b a s i s  of t h e i r  o v e r a l l  charges ,  e.g., t h e  more h i g h l y  

charged molecules (nucleoside t r iphosphates )  e l u t e  a f t e r  30 n i n  of 

chromatography while  less charged molecules (nucleoside monophosphates) 

e l u t e  wi th in  t h e  f i r s t  6 t o  17 min. 

The g r a d i e n t  

Because t h e  

To determine i f  t h e  HPLC system used in t h i s  s tudy could reso lve  

t h e  twelve 5 ' - r ibonucleot ides  from other  nuc leo t ides  t h a t  might be 

found i n  liver e x t r a c t s ,  we measured t h e  r e t e n t i o n  t imes of 40 nucleo- 

t i d e s  and o r o t i c  a c i d  (Table 1). The r e t e n t i o n  times of t h e  nucleo- 

t i d e s  var ied  from column t o  column; howeveathe r e s o l u t i o n  of t h e  

nuc leo t ides  and t h e  order  i n  which t h e  nuc leo t ides  e l u t e d  from t h e  

coluamwereconstant. Although o r o t i c  a c i d  is not a nucleo t ide ,  i t  

e l u t e s  with t h e  nucleoside monophosphates because of i ts  negat ive ly  

charged carboxyl. Orot ic  a c i d  is a precursor  of t h e  pyrimidine nucleo- 

t i d e s  and we have found d e t e c t i b l e  l e v e l s  of it i n  liver e x t r a c t s .  

Because of t h e  importance of nucleotide-sugars in a v a r i e t y  of bio- 

l o g i c a l  r e a c t i o n s  occurr ing i n  l i v e r ,  t h e  r e t e n t i o n  times of t h e s e  
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142 RISS ET AL . 

TABLE 1 

Retention Times for Nucleotidee 

Nucleotide Time ( m i d  Nuc leo t lde Time ( d n ) 

Adenosine-Containlng 

2'AMP ......... 1 3.0 
3'AMP ........ . l  3 .0  
5'AMP ......... 10.5 
ADP ......... 2 6.0 
A n  ......... 4 2.5 

Cytidine-Containing 

2 ' W  ........ . l  1.0 
3'cMp ....... . . I  1.0 
5'mP ......... 6.0 
CDP ......... 24.8 

Cuanosine-Containing 

2'CMP ..;...... 16.2 
3'W ......... 16.2 
5'GMP ......... 1 6.5 
GDP ......... 27.5 

Uridine-Containing 

2'LW ........ . I  5.5 
3'UMP ......... 15.5 
5'UMP ......... 1 1.8 
UDP ......... 2 3 . 2  
UTP ......... 34.0 

Miscellaneous Nucleotides 

Orotic acid ... 1 0.0 
ow ........... 2 2.2 
IMP ........... 17.5 

NAD .............................. 10.5 
PAD .............................. 21.5 
NADP ............................. 21.5 
dATP ............................. 4 1.25 

CTP .............................. 36.2 
CDP-glucose ...................... 17.25 
CDP-ethanolamine ................. 4 . 2  
dCTP ............................. 35.5 

GTP .............................. 45.2 
CDP-EIannoee ...................... 18.5 
dCTP ............................. 43.75 

UDP-glucose ...................... 17 .9  
UDP-N-acetyl-glucosamine ......... 1 7 . 2  
UDP-glucuronic acid .............. 22.0 
UDPmannose ...................... 1 7 . 5  
UDP-galactose .................... 17.25 

FMN .............................. 18.2 
RIP .............................. 12.5 
TTP .............................. 3 4 . 0  

compounds were determined also . The elution of nucleotide-sugars has 

not been shown in the previous reports which have described the separ- 

ation of nucleotides by HPLC (1.10) . Our HPLC system is capable of 
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NUCLEOTIDE EXTRACTION BY SEVERAL PROCEDURES 143 

separa t ing  t h e  5 ' -nucleoside monophosphates from t h e  2 ' -  o r  3'-nucleo- 

s i d e  monophosphates. However. as Figure 1 and Table  1 demonstrate, i t  

is not p o s s i b l e  t o  r e s o l v e  t h e  2'-  and 3'-nucleorlde monophosphates.. 

Prom t h e  r e t e n t i o n  times, i t  is p o s s i b l e  t o  p r e d i c t  which nuc leo t ides  

would c o e l u t e  with t h e  twelve 5'-nucleotides. 

t r iphosphates  were poorly resolved from t h e  r ibonucleoside t r iphos-  

phates; however. because t h e  deoxynucleotide pool i s  only one percent  

of t h e  r ibonucleo t ide  pool (18). contamination of t h e  r ibonucleos ide  . 

t r iphosphates  by t h e  deoxynucleoside t r iphosphates  would be  minimal. 

Both 2'-  and 3 l - W  coeluted with 5 ' e .  and 5'-AMp coeluted with NAD. 

HPLC a n a l y s i s  of l i v e r  extracts showed that the  l e v e l s  of t h e  2'-  and 

3'-analogues of AMP o r  U" were i n s i g n i f i c a n t  compared t o  t h e  amounts 

of t h e  5'-analogues of AMP o r  U M P .  However, 5'-AMP and NAD a r e  pre- 

s e n t  i n  cel ls  a t  s i m i l a r  concent ra t ions  (19) .  Although uv-absorbing 

m a t e r i a l  e l u t i n g  a t  10.5 min i n  l i v e r  e x t r a c t s  w i l l  be  r e f e r r e d  t o  a s  

AMP. NAD would cont r ibu te  t o  t h e  absorbance of t h i s  peak. Except f o r  

AMP, it appear8 t h a t  our HPLC system can be  used t o  quant i fy  t h e  l e v e l s  

of t h e  major 5 ' - r ibonucleot ides  i n  l i v e r  e x t r a c t s .  

The deoxynucleoside 

Using t h e  HPLC system descr ibed i n  t h e  Methods, t h e  concent ra t ion  

of t h e  twelve 5 ' -nucleot ides  was determined by measuring t h e  peak 

he ight .  

a wide range of adenine containing nuc leo t lde  concent ra t ions .  

c o r r e l a t i o n  c o e f f i c i e n t s  of l i n e a r  regress ion  a n a l y s i s  were 0.998 f o r  

AMP. 0.999 f o r  ADP, and 0.988 f o r  ATP. Similar r e s u l t s  v e r e  obtained 

f o r  t h e  u r a c i l ,  cytosine. and guanine conta in ing  nuc leo t ides .  

Figure 2 shows t h a t  t h e  peak he ight  response was l i n e a r  f o r  

The 

The comparison of t h e  e x t r a c t i o n  of t h e  twelve 5 ' -nucleot ide 

s tandards  is given i n  Table 2. The A-F e x t r a c t i o n  procedure was t h e  
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144 RZSS ET AL. 

TABLE 2 

Comparison of the Recovery of the Tvelve 5'-Nucleotide Standards by 
Three Extraction Procedure8 

Extraction Rocedurc 

Nucleo t ide C-A A-P PCA-KOH 

Nuclaoaide Monophosphates 

AMP 35.3 2 3.9 

CHP 43.6 2 7.7 

GMP 40.1 2 8.3 

UMP 42.0 * 7.4 
Nucleoside Diphoaphatee 

AnP 34.1 3.9 

c m  39.4 2 2.0 

CDP 30.0 2 3.5 

LlDP 41.6 2 3.0 

Nucleodde Triphoaphatea 

ATP 49.1 2 4.4 

CTP 57.0 2 4.2 

CTP 44.9 2 3.6 

UTP 60.3 2 2.4 

89.3 2 1.9 73 .0  5 2.5 

99.3 2 1.3 60.0 5 1.2 

81.0 2 5.9 86.8 5 0.5 

88.8 2 1.0 77.5 1.6 

96.3 2 0.4 

88.9 2 2.2 

90.5 2 3.5 

76.9 2 1.9 

79.4 5 0.5 

80.0 5 0.9 

94.0 2 0.7  80.2 5 1.3 

91.1 2 1.7 

90.6 2 1.7 

89.8 2 2.5 

89.8 2 0.7 

80.0 5 3.1 

82 .1  f: 3.5 

82.1 5 3.9 

83.5 2 2.6 

%Ul values are expressed as the percent of the peak heights of un- 
extracted standards and are given as the mean 2 S M  of three differ- 
ent analyses. 
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NUCLMTIDE EXTRACTION BY SEVERAL PROCEDURES 145 

MOLES x lo-' 

FIGURE 2 

The peak height response of various concentrations of ATP (A), ADP 
(Q,  and AMP (0). 

most efficient of the three nucleotide extraction procedures. 

recovery of nucleotides for the A-F procedure ranged from 81 to 99X 

with a mean recovery of 91% for the twelve 5'-nucleotides. The re- 

covery of nucleotides by the PCA-KOH procedure ranged from 68 to 07% 

with a mean recovery of 70%. The C-A procedure gave the lowest re- 

covery of nucleotides; recoveries ranged from 30 to 60% with a mean 

recovery of 41%. 

containing nucleotides was pronounced in the C-A extraction procedure 

and the difference was statistically significant. The mean recovery 

of the purine and pyrimidine containing nucleotides was 39% and 492, 

respectively. 

tion of purine and pyrimidine containing nucleotides was observed with 

the A-F and PCA-KOH procedures. 

The 

The differential extraction of purine and pyrimidine 

No statistically significant difference in the extrac- 
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14 6 RISS ET AL; 

Tho degradation of nucleotider during the extraction of standard 

nucleotide solutlono war determined also. 

ation of nucleosldo wnophorphates by thr threo oxtraction procedures; 

howwer. there war some degradation of nucleoeide diphosphatee and 

nucleoride triphosphator to nucleoride monophosphates and nucleoside 

diphorphates, reapectlvcly. Figure 3 shows chromacograms of solutions 

containing the nucleoride triphoophates before and after extraction by 

the A-P procedure. It i r  apparent that the nucleoside triphosphate 

standards were contaminated initially with s a d 1  amounts of the nucleo- 

side diphoaphates. Brenton et a1. (8) havereported that commercially 

available nuclaotidcs are not pure. Upon oxtraction, an increase in 

the nucleoside diphorphates was observed vith a concomitant decrease 

in the nucleoside triphosphates. There was no detectable appearance 

of the nucleoside monophosphates after extraction of the nucleoside 

trlphosphates. 

There was negligible degrad- 

MINUTES 
PIGLIRE 3 

Chromatogray of nucleoride triphorphate standards before (Graph A) 
and after (Graph B) extraction by the A-F procedure. 
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NUCLEOTIDE EXTRACTION BY SEVERAC PROCEDURES 147 

From Table  3 it is p o s s i b l e  t o  compare t h e  degradat ion of the 

four  nucleosida t r iphosphates  during the t h r e e  nue leo t ide  e x t r a c t i o n  

procedures. Two t o  4% of t h e  nucleoside t r iphosphates  were degraded 

t o  nuc leo t ide  diphosphates during extraction. 

of t h e  data in Table 3 by a n a l y s i s  of variance demonstrated t h a t  t h e  

degradat ion of t h e  nucleoside t r iphosphates  t o  diphosphates by t h e  

t h r e e  e x t r a c t i o n  procedures waa significant a t  t h e  P > 0.05 level. 

The amount of nucleoside t r iphosphate  degr8d8tion by each of t h e  

t h r e e  e x t r a c t i o n  procedures w a s  not  s i g n i f i c a n t l y  d i f f e r e n t .  

Table 4 shows t h e  amount of each of  t h e  nucleoside diphoophate 

S t a t i s t i c a l  ana lys ie  

s tandards degraded t o  nucleoside monophosphates by t h e  t h r e e  extrac- 

t i o n  procedures. 

var iance  showed t h a t  t h e  amount of AMP, CMP, o r  UMP did  not  i n c r e a s e  

s i g n i f i c a n t l y  during e x t r a c t i o n  by t h e  PCA-KOH procedure. 

S t a t i s t i c a l  a n a l y s i s  of t h e  d a t a  by a n a l y s i s  of  

However, 

TABLE 3 

The Percent Nucleoside Diphosphate Appearing in  Nucleoside Triphos- 
phate  Standards Before and Af ter  Ext rac t ion  by t h e  Three P r o c e d u r e 8  

Unextracted 

Standard 
T r  iphosphn t e  C-A A-F PCA-KOH 

a p  2.41 5 0.32 5.77 2 0.80 4.37 5 0.76 4.49 2 0.82 
CDP 1.73 2 0.18 3.36 2 0.36 4.88 5 0.03 4.69 5 1.07 
CDP 4.88 5 0.18 9.23 5 0.36 9.23 5 1.24 9 .36  2 1.12 
UDP 4.64 2 0.10 5.77 2 0.08 7.11 5 0.76 6 . 7 1 5  0 .71  

%.ll values  are expressed as molar percent  diphoophate appearing in 
t r iphosphate  chromatograms and are given as t h e  mean 2 SW of t h r e e  
trials. 
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148 RISS ET AL. 

The Percent  Nucleoaide Uanophoaphater Appearing i n  Nucleoride Diphos- 
phate  Standards Before and After Ext rac t ion  by t h e  Three Proceduresa 

Unextracted 
Diphosphate 

Standard 
C-A PCA-KOH 

AMP 1 4 . 3 3 2  1.10 1 6 . 0 0 5 0 . 3 8  1 9 . 8 3 5 2 . 4 2  1 5 . 2 3 5 0 . 7 0  
08 5.30 2 0.42 7.79 2 0.38 20.83 2 2.67 5 . 7 4  2 0.41 
GMP 12.83 2 0.23 19.03 5 1.69 22.00 5 3.10 16.63 2 0.83 
UMP 6.80 2 0.38 7.31 2 1.15 15.96 2 3.30 8.12 0.81 

a A l l  va lues  are expressed as molar percent  monophosphate appearing in 
diphosphate chromatograms and are given as t h e  mean 2 S P I  of t h r e e  
tr ials.  

t h e  increase  in GMP war s i g n i f i c a n t  (P> 0.05). 

four nucleoside monophosphates a f t e r  t h e  A-F o r  C-A e x t r a c t i o n  proce- 

dures was s i g n i f i c a n t  a t  t h e  P >  0.05 l e v e l .  The degradat ion of the  

nucleoride diphosphates t o  t h e  nucleoside monophosphates w a s  s i g n f f i -  

can t ly  g r e a t e r  ( P >  0.05 l e v e l )  f o r  the A-F procedure than f o r  e i t h e r  

t h e  C-A o r  PCA-KOH procedures. 

The increase  i n  t h e  

The ext rac t ion  of nuc leo t ldes  from l i v e r  samples and i s o l a t e d  

hepatocytes by t h e  t h r e e  procedures w a s  compared next. 

shows chromatograms of l i v e r  e x t r a c t s  obtained by t h e  t h r e e  procedures. 

Two observat ions ware made by comparing t h e  t h r e e  chromatograms. 

F i r s t ,  s l i g h t  but c o n s i s t a n t  changes i n  the  recent ion times of the  

nucleot ides  occurred from procedure t o  procedure. 

r e t e n t i o n  times was most apparent  f o r  t h e  nucleoside t r iphosphates ,  

e.g., ATP ( t h e  major peak e l u t i n g  around 40 nin) e l u t e d  s l i g h t l y  

Figure 4 

The change i n  
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NUCLEOTIDE EXTRACTION BY SEVERAL PROCEDURES 149 

1.5 

FIGURE 4 

Chromatograms of nuc leo t ide  e x t r a c t s  obtained from ra t  l i v e r  by t h e  
C-A (A), A-F (B), and PCA-KOH (C) procedures are shown. Each chro- 
matogram represents  a sample s i re  of 10 u1 corresponding t o  2.5 mg 
of f rozen  liver powder. 

before  40 min i n  l i v e r  extracts obtained by t h e  C-A or A-F proce- 

dures;  however, i n  l i v e r  extracts obtained by t h e  PCA-KOH procedure, 

ATP e lu ted  a f t e r  40 min. Therefore ,  t h e  e l u t i o n  times of t h e  twelve 

5:-nucleotideo obtained wi th  each of t h e  e x t r a c t i o n  procedures was 

determined using t h e  s tandard addi t ion  method. Secondly, t h e  recovery 

of uv-absorbing material from frozen l iver povder v a r i e d  depending 

upon t h e  e x t r a c t i o n  procedure used. Because t h e  chromtograms i n  

Figure 4 were obtained using t h e  same amount of f rozen  l i v e r  povder, 

a comparison of t h e  peak he ights  of t h e  w-absorbing material is an 

i n d i c a t i o n  of t h e  e x t r a c t i o n  e f f i c i e n c y  of each procedure. The peak 

he ights  of w-absorbing material obtained from l i v e r  extracts prepared 

by t h e  C-A procedure were reduced g r e a t l y  compared to  t h e  peak h e i g h t s  
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150 RISS ET AL. 

obtained by t h e  PCA-KOH olrd A-F procedures. 

no te  t h a t  t h e  C-A chromatogram w a s  e s s e n t i a l l y  devoid of uv-absorbing 

material which e l u t e d  during t h e  f i r s t  9 nin. 

were made when chronatogram of extracts prepared by t h e  t h r e e  

procedures from i s o l a t e d  hepatocytes  were compared. 

It is i n t e r e s t i n g  t o  

S imi la r  observat ions 

Table 5 gives  t h e  concent ra t ion  of t h e  twelve 5 ' -nucleot ides  

s x t r a c t e d  from f rozen  ra t  liver powder by t h e  t h r e e  procedures. 

amounts of nuc leo t ides  recovered from l i v e r  by t h e  C-A procedure were 

c o n s i s t e n t l y  lover than by e i t h e r  t h e  PCA-KOH o r  A-F procedures. The 

concentrat ions of nuc leo t ides  obtained by t h e  PCA-KOH and A-F proce- 

dures  were sfmilar .  

of any of the  four  nucleoside t r iphosphates  recovered from rat l i v e r  

by t h e  PCA-KOH o r  A-F procedures, However, i n  genera l ,  t h e  quanti- 

t ies  of the nucleoside diphosphates recovered by t h e  A-F procedure 

were lover than those from t h e  PCA-KOH procedure. On the  o ther  hand, 

the  q u a n t i t i e s  of t h e  nucleoside monophosphates recovered by t h e  

PCA-KOH procedure were less than by the  A-F procedure. 

ence i n  recovery of  t h e  nucleoside monophosphates and diphosphates 

by t h e  PCA-KOH and A-F procedures could arise because t h e  nucleoside 

diphosphates are degraded t o  nucleoside nonophosphates during t h e  

A-F e x t r a c t i o n  procedure t o  a g r e a t e r  e x t e n t  than during t h e  PCA- 

KOH e x t r a c t i o n  procedure (Table 4).  

some exten t  because the  sum of t h e  nonophosphate and diphosphate  

concentrat ions f o r  t h e  adenosine-, guanine-, and ur idine-containing 

nucleot ides  i s  s i m i l a r  f o r  the  A-F and PCA-KOH procedures. S imi la r  

r e s u l t s  were obtained when t h e  concentrat ions of t h e  twelve 5'-nucleo- 

t i d e s  recovered from i s o l a t e d  hepatocytes  by t h e  C-A, A-F, and PCA- 

KOH procedures were compared (Table 6) .  The recovery of nuc leo t ides  

The 

There was e s s e n t i a l l y  no d i f f e r e n c e  i n t h e  amount 

This d i f f e r -  

This p o s s i b i l i t y  is borne out  t o  
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TABLE 5 

The Concentration of the  Twelve 5'-Nucleotides Recovered from Rat 
Liver by the  Three Extraction Proceduresa 

Extraction Procedure 

Nucleotide C-A A-F ' PCA-KOH 

m 
CMP 

UHP 

Nucleosi 

ADP 

CDP 

CDP 

UDP 

Nuclcoslde Monophosphatea 

85 2 13 

1 7 2  1 

1 7 .  4 

5 1  2 11 

c Dipho phates 

301 2 80 

8 4 2  0 

6 8 2  8 

7 6 2  4 

Nucleoside Trlphosphatcs 

ATP 843 2 67 

CTP 132 2 8 

CTP 208 2 8 

UTP 181 2 9 

402 2 94 

4 0 +  2 

75. 7 

113 5 15 

537 5 5 

408 2 8 

6 9 2  3 

141 5 1 

1398 2 5 

108 2 8 

253 2 9 

256 2 4 

228 + 64 

3 2 2  7 

4 7 2  7 

76 5 16 

637 f: 8 3  

127 2 5 

96 2 28 

165 8 

1407 2 98 

124 2 14 

263 + 9 

265 2 8 

. A l l  values a r e  expressed as m o l e s  of nucleotlde/g frozen l i v e r  
povder and a r e  given as t h e  mean 2 S M  of three  separa te  ex t rac t ions  
from three  d i f f e ren t  animals. 
h e  values represent both AMP and NAD because NAD coelutes with AMP 
(Table 1). 
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TABLE 6 

The Concentration of t h e  Twelve 5'-Nucleotides Recovered from Iso- 
l a t e d  Hepatocytrs by t h e  Three Ext rac t ion  Procedure8  

Ext rac t ion  Procedure 

Nucleotide C-A A-F PCA-KOB 

Nucleoside Konophosphates 

AEIpb 8 8 2  4 

CHP 5 5 2  4 

GMP 47 2 1 

UMP 6 8 2  2 

Nucieoside Dibhosphates 

ADP 343 2 7 

CDP 109 2 9 

GDP 98 2 14 

UDP 155 2 5 

Nucleoeida Triphosphates 

ATP 2017 2 64 

CTP 393 t 10 

GTF 513 2 10 

UTP 354 2 60 

490 2 13 

160 2 27 

274 2 7 

376 2 12 

742 2 69 

520 2 30 

620 2 20 

724 2 113 

a740 2 225 

935 5 209 

2015 2 128 

557 2 138 

345 2 44 

199 2 10 

210 2 13 

276 2 10 

822 2 5 5  

567 28 

621 2 16 

978 f. 154 

8706 2 111 

060 2 49 

2802 110 

663 2 73 

9 a A l l  concentrat ions ore expressed as m o l e s /  10 
given as mean 5 S M  of t h r e e  s e p a r a t e  experiments with t h r e e  lndlvid-  
u a l  animalm. 
bThese values  represent  both AMP and NAD because NAD c o e l u t e s  with 
AMP (Table 1). 

hepatocytes  and are 
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from i s o l a t e d  hepatocytes by t h e  C-A procedure w a s  lover  than by the  

PCA-KOH o r  A-F procedures, and t h e  recover ies  of nuc leo t ides  by t h e  

PCA-KOH and A-F procedurcs were sirnilair. 

DISCUSSION 

This is the  f i r s t  r e p o r t  t o  descr ibe  an HPLC system developed 

s p e c i f i c a l l y  t o  study nuc leo t ides  from l i v e r  extracts. This  system 

I s  capable of separa t ing  a wide v a r i e t y  of nuc leo t ldes  and nucleotide- 

sugars In less than 50 m i n .  Although t h i s  system was developed 

independently In our labora tory ,  t h e  separa t ion  and r e t e n t i o n  times 

of nuc l ro t ides  appear t o  be s i m i l a r  t o  the  €iPL.C symtem r e c e n t l y  

described by McKeag and Brown (10). 

system to  reso lve  a wide v a r i e t y  of nucleot idee t h a t  would be found 

i n  l i v e r  e x t r a c t s ,  t h e  r e t e n t i o n  times of 40 nucleo t ides  were de ter -  

mined (Table 1). Except f o r  AMP, the  o ther  eleven major 5'-ribonucleo- 

t i d e s  were resolved from other  nucleot ides .  Therefore, t h i s  system 

can be used t o  rout ine ly  separa te  and quant i fy  the  major 5'-ribo- 

nucleot ides  in l i v e r  extracts. 

To determine t h e  a b i l i t y  of our 

Because the  e x t r a c t i o n  of nuc leo t ides  f o r  a n a l y s i s  by HPLC 

has been s tudied  t o  a very l imi ted  e x t e n t  ( 7 , l l )  a comprehensive 

study was conducted t o  compare t h e  e x t r a c t i o n  of t h e  twelve 5-nucleo- 

t i d e s  from s o l u t i o n s  of nuc leo t ide  s tandards ,  l i v e r  samples, and 

i s o l a t e d  hepatocytes by t h r e e  commonly used e x t r a c t i o n  procedures. 

Nucleotides were ex t rac ted  e i t h e r  by t h e  p r e c i p i t a t i o n  of PCA by KOH 

n e u t r a l i z a t i o n ,  o r  t h e  rcmoval of TCA by alamine/freon as descr ibed 

by Khyme (17) and optimized by van Haverbeke and Brown (9), o r  t h e  

removal of nuc leo t ides  from a PCA s o l u t i o n  by absorp t ion  on a c t i v a t e d  

charcoal. The recovories  of nucleot ides  by charcoa l  absorpt ion w a s  
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less than one-half t h a t  obtained by t h e  o t h e r  two procedures. The 

recover ies  of nuc leo t ides  from s o l u t i o n s  conta in ing  nuc leo t ide  s tan-  

dards  ranged from 81 t o  99% f o r  t h e  TCA-aladnaffreon procedure and 

68 t o  87% f o r  t h e  PCA-KOH n e u t r a l i z a t i o n  procedure. These recover ies  

of nuc leo t ides  are s l i g h t l y  lover than t h a t  repor ted  by Chen e t  a l .  

(7) .  However, Chaa o t  a l .  (7) performed only a minimum number of 

manipulations in t h e i r  e x t r a c t i o n  procedures, 

and Brown (9) found t h a t  t h e  recover ies  of nuc leo t ides  from s o l u t i o n s  

containing nuc leo t ide  s tandards  was reduced 10% when a f i l t r a t i o n  

s t e p  van added t o  t h e  TCA-alaminelfreon procedure descr ibed  by Chen 

et  a l .  (7 ) .  The recover ies  of nuc leo t ides  by TCA-alamine/€reon 

procedure t h a t  we obtained (Table 2) are s l i g h t l y  higher  than t h e  

recover ies  reported by van Haverbeke and BKOWII ( 9 ) .  

Recently, van Haverbeke 

Chen e t  al .  (7) a l s o  reported t h a t  pyrimidine conta in ing  nucleo- 

t i d e s  were ex t rac ted  by the  TCA-alaminelfreon procedure more e f f i c i -  

e n t l y  than purine containing nuc leo t ides .  Hovever, no s t a t i s t i c a l  

a n a l y s i s  of t h e i r  d a t a  was shown and t h e  only pyrimidine containing 

nuc leo t ide  ex t rac ted  from s o l u t i o n  was CTP. I n  OUK s tudy ,  when t h e  

e x t r a c t i o n s  of t h e  s i x  pyrimidine containing and s i x  pur ine  contain- 

ing compared by e i t h e r  t h e  PCA-KOH n e u t r a l i z a t i o n  o r  TCA-alaminel 

f reon procedures, no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n t  i n  t h e  

e x t r a c t i o n  of these two types of nuc leo t ides  was  observed. 

Although the  e f f i c i e n c y  of nuc leo t ide  e x t r a c t i o n  from s o l u t i o n s  

containing s tandard nuc leo t ides  vas g r e a t e r  f o r  t h e  TCA-alamine/ 

f reon procedure than f o r  t h e  PCA-KOH n e u t r a l i z a t i o n  procedure, the  

recovery of t h e  twelve 5 ' -nucleot ides  from liver samples o r  i s o l a t e d  

hepatocytes was simllar f o r  theae two e x t r a c t i o n  procedures. Chen e t  

a l .  (7) did  not  recommend tho  PCA-KOII n e u t r a l i z a t i o n  procedure when 
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nucleotides were analyzed by HPLC because of potential problem that 

might arise from the neutralization procedure. 

no serious problems with the PCA-KOE neutralization procedure wh.n 

nucleotides were analyzed by HPU: because of potential problems thnt 

might arise from the neutralization procedure. 

no serious problems with the PCA-KOH neutralization procedure. 

Initially, we occasionally observed problems with the resolution 

of nucleotides extracted by this procedure. 

to have ariaen because It was not always possible to remove all of 

the KC104 precipitate by low speed centrifugation. However, after 

the addition of the filtration step in the extraction procedure, 

all of the KC104 Precipitate was removed and no problem was observed 

with the resolution of nucleotides from the PCA-KOH neutralization 

extraction procedure. 

We have encountered 

We have'encountered 

This problem appears 

In addition to comparing the efficiency of nucleotide extraction 

by the three procedures, we also determined whether any significant 

degradation of nucleotides occurred during the extraction procedures. 

van Haverbeke and Brown (9) reported .that their results indirectly 

indicated that no degradation of the nucleoside triphosphates occurred 

during the TCA-alaminelfreon extraction procedure. 

examined vhether degradation of nucleoside monophosphates, diphos- 

phates, or triphoephaces occurred vith the three extraction proce- 

dures. No detectable degradation of nucleoaide monophosphates was 

observed with any of the procedures. The degradation of nucleoside 

triphosphates to nucleoside diphosphates by the three procedures was 

small (2 to 4 % ) ;  however, it was statistically significant. The 

degradation of nucleoside diphosphates to nucleoside monophosphates 

also occurred with the three extraction procedures, and this degrada- 

We specifically 
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tion was significantly greater for the TCA-alaminelfreon procedure 

than the other two procodures. 
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APPENDIX 

List of Abbreviations 

Abbreviations of nucleotides: AMP or 5'AMP (adenosine 5'- 
mcinophosphate), 2'AKP (adenosine I'-monophoephate), 3'AMP (adeno- 
sine 3'-monophosphata), ADP (adenosine 5'-diphosphate), ATP (adeno- 
sine S'-triphosphatc), NAD (oicotinamide adenine dinucleotide) FAD 
(flavin adenine dinucleotide), NADP (nicotinamide adenine dinucleo- 
tide phosphate) , dATP (deoxyadenosine 5'-triphosphate), CMP or 5'CMP 
(cytidine 5'-monophosphate), 2'CMP (cytidine Z'monophosphate) , 3'cMp 
(cytidino 3'-monophoephate), CDP (cytidine 5'-diphosphate), CTP 
(cytidine 5'-triphosphate), dCTP (deoxycytidine 5'-triphosphate) , 
GMP or S'CKP (guanosine S'-monophosphate) , 2'GMP (guanoeine 2'- 
monophosphate), 3 ' W  (guanosine 3'-monophosphate) , CDP (guanoeine 
5'-diphosphate) , CTP (guanosine 5'-triphoephate), dGTP (dcoxyguano- 
sine 5'-triphosphate) , UKP or 5'UMP (uridine S'-monophosphate) , Z'UMP 
(uridino Z'-monophosphatc), 3'UMP (uridine 3'-monophosphate) , UDP 
(uridine 5'-monophosphate), DTP (uridine 5'-trlphosphate), TTP 
(thymidine S'-triphosphatc) , TMP (thymidine S'-monophosphate) , FMN 
(flavin mcnonucleotide) , IMP (inosinic acid), and OMP (orotidine 
S'-monophosphate). 
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