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In the chemica l  synthes is  of ol igonucleotides,  acetylat ion is  widely used to p ro tec t  the reac t ive  groups.  
It  is quite natural  for  the question to a r i s e  of the quantitative evaluation of the degree  of substitution of the 
aceta te  obtained. It  is pa r t i cu l a r ly  impor tant  to have avai lable a method for  de termining  acetyl  groups  in 
o r d e r  to c h a r a c t e r i z e  the ace ta tes  of dinucleotide blocks in connection with the i r  use  as the initial  compon-  
ents in the synthes is  of h igher  ol igonucleotides [1]. Micromethods  of de termining acetyl  groups ,  based on 
the saponification of the ace ta tes  with alkal i  and the dist i l lat ion of the acet ic  acid l iberated,  that a re  known 
in the l i t e ra tu re  a re  unsuitable for  nucleotides and pa r t i cu la r ly  to ol igonucleot ides,  if only because  the 
amount of subs tances  taken for  one sample  is  10 mg.  Synthetic work  with ol igonucleotides is f requently 
c a r r i e d  out at this  quanti tat ive level .  F u r t h e r m o r e ,  these methods a re  insuff icient ly universa l  [2 ]. 

The p re sen t  pape r  d e s c r i b e s  a spec t ropho tomet r i c  method for  de termining acetyl  groups  which is 
based  on the reac t ion  of de r iva t ives  of organic  acids with hydroxylamine in the p re sence  of alkali ,  which 
takes  place in the following way: 

//o 

R--C~oR1 l g- NH2Ot-II.~R--C,~ 0 ~ + / RIOH 
R C//O [ NHOA (R1NH~. 

The hydroxamic  acid produced in the react ion  f o r m s  a colored complex with sa l t s  of te rva len t  i ron.  
The intensi ty  of the colorat ion of a solution of the complex  at 535 nm is  d i rec t ly  propor t iona l  to i ts  concen-  
t ra t ion  [31. This  reac t ion  has  been used prev ious ly  for  the analys is  of acetyl  g roups  in RNA and polynucleo-  
t ides  aeetyla ted at the 2 ' -hydroxy l  [4]. We are  the f i r s t  to have applied this method to the charac te r i za t ion  
of dinucleotides acetyla ted  at all the OH and NH 2 groups.  For  this purpose ,  the mo la r  concentra t ions  of 
O - A c  and N - A c  groups  in a solution of the substance being analyzed were  de te rmined  by the hydroxamate  
method.  To calculate  the degree  of substitution of the ace ta te ,  the f igure obtained must  be r e f e r r e d  to the 
m o l a r  eoncentrat ion of nueleotide de te rmined  by the spee t ropho tomet r i c  method a f te r  the saponification of 
the acetyl  groups in a sample  of the solution under  analys is .  The alkaline hydro lys i s  of O - A c  groups  by 
aqueous ammonia  takes  10-20 rain. The N - A c  groups  hydrolyze m o r e  slowly (5-10 h). The group mos t  
difficult to hydrolyze  is  the N - A e  group of the guanine nueleus,  the saponificat ion of which r equ i r e s  ~20 h. 

We have developed a m o r e  rapid  and convenient method for  de termining  the concentrat ion of the 
nucleotide in the init ial  solution using the conditions of the  f i r s t  s tage of the hydroxamate  method of analys is  
(before the fo rmat ion  of the Fe +++ complex).  The hydroxamic  acid p resen t  in the acid solution does not a f -  
fect the spec t rum of the nucleotide [5]. 

Under suitable conditions, hydroxylamine  r e a c t s  with the he te rocyc l ic  bases  uridine and cytidine; the 
purine bases  r ema in  unaffected [6, 7]. The react ion  conditions mentioned a re  fa i r ly  seve re  : e levated t e m -  
p e r a t u r e ,  high concentrat ion of hydroxylamine ,  long reac t ion  t ime.  The spec t r a  of uridine and cytidine 
2 ' (3 ' ) -phospha tes  undergo no change under the conditions of the i r  hydro×amate  ana lys i s ,  and the spec t r a  of 
the products  of the reac t ion  of hydroxylamine with an aceta te  differ  f r o m  the spec t rum of the hydrolyzed 
aceta te  (Fig. l a ,  b) at 260 nm,  i .e . ,  in the region in which it is most  convenient to m e a s u r e  the concentrat ion 
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Fig. 1. UV spec t r a  of uridine 2 ' (3 ' ) -phosphate  obtained a f t e r  the a lka l -  
ine hydro lys i s  of the Ac groups  (1) and the product  of the reac t ion  of 
the diaceta te  with NHzOH (2) (a); cytidine 2 ' (3 ' ) -phospha te ,  l ibe ra ted  
by the alkaline hydro lys i s  of the Ac groups  (1) and the product  of the 
reac t ion  of the t r i ace ta te  with NH2OH (2) (b). 

TABLE 1. Determina t ion  of the Content of Acetyl  Groups in the 
Aceta tes  of Uridine ~ ' (3 ' ) -Phospha te  and Cytidine 2 ' (3 ' ) -Phospha te  

~ 1  Results of alkaline Results of reaction with 
hydrolysis of the I hydroxylamine o ~ Ac rou s 

Substance ~ ~ -g [P -- '  [ . . . . .  "~ 

Diacetate of uridine 0,4651 1,86 0,2 0,640 0,9611 
2 '(3 ')- phosphate 
'260 nm'10-5 =10,0 

OD~7onm 
0D~nrr ~ =0,82 [81 0,4201 1,68 0,20,562 0,84 

Triacetate of cytidine 0,5551 2,25 0,2 0.345 0,76~ 
2 '(3 ')- phosphate [ 
'26o rim" 10-3 =6,8 

t OD27°n~m 1,51 [8] 10,7601 3,07 !0,20,49( 1,08 
OD2~nm -= 

I 
1.94 0,21 0,518 0,631[0,94{ 

1,99 0,2 0,425[ 0,518[0.771 

I 
2,96 0,2 0.530]i 0,350[0,77( 

t 2,84 0,2 0,745 0,49311,09 

1,97 

2,17 

2,93. 

2,82 

*Resul ts  t aken  f r o m  the ca l ibra t ion curve  (see Exper imenta l ) .  

of the nueleotide,  In a detai led examinat ion of the spec t r a ,  it was  found that the optical  densi t ies  of the 
saponified nucleot ides and the products  obtained a f te r  the reac t ion  of hydroxylamine  a re  the same  at 270 nm.  
Consequently,  the optical  densi ty  of the solution of the initial nucleotide at 260 nm can be calculated by us -  
ing the ra t io  of the optical  dens i t ies  OD270 nm/OD2s 0 nm known f r o m  the l i t e r a tu r e  [8]. Then the concen t ra -  
tion of nucleotide (c, # m o l e / m l )  can be calculated f r o m  the fo rmula  

OI)'270 nni A 

c = OD~70nm .B.,2e0nm 10-a ' 
OD260nm 

where  A is  the volume of the solution m e a s u r e d  (hence A = 3 ml);  B is  the volume of the sample  of the in i -  
tial solution taken for  ana lys i s ,  ml ;  and e2~onm is  the m o l a r  extinction of the initial nucleotide at 260 nm.  
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F i g .  2. Dependence  of OD250 nm/OD260 n m  on the t i m e  of the  r e a c t i o n  of the  t r i a c e -  
ta re  of g u a n o s i n e  2 ' ( 3 ' ) - p h o s p h a t e  wi th  NH2OH: 1) a t  20°C; 2) at  40°C; 3) a t  50°C; 
4) at  60°C. 

F i g .  3. Dependence  of the d e g r e e  of  subs t i t u t i on  found fo r  the  a c e t a t e  of guano-  
s ine  2 ' ( 3 ' ) - p h o s p h a t e  on the t i m e  of the  r e a c t i o n  wi th  NH2OH: 1) a t  20°C; 2) a t  40°C; 
3) at  50°C; 4) at  60°C. 

T A B L E  2. D e t e r m i n a t i o n  of  the Content  of A c e t y l  G r o u p s  in the  T r i -  
a c e t a t e  of A d e n o s i n e  2 ' ( 3 ' ) - P h o s p h a t e ,  e260nm " 10-3 = 14.2 [8] 

Method ODsss nm 

Reaction with NH2OH 
Alkaline hydrolysis of 

the Ae groups 
Reaction witti NH2OH 

0,460 

o515 

Amt. o f  A c  c _  

OD26on m /xncle/ Degree of 
groups, [ B, ml isubstitution 
._psnole/ml I ml I 

1,84 

2,88 

0,1 

0,18 
0,t 

0,310 

0,530 
0,467 

0,655 

0,622 
0,988 

2,81 

2, 96 
2,~2 

T A B L E  3. D e t e r m i n a t i o n  of the  Content  of A c e t y l  G r o u p s  

in the T r i a c e t a t e  of  Guanos ine  2 ' ( 3 ' ) - P h o s p h a t e ,  e260nm = 
11.8 [8] 

• ! ~k mt. of Ac Results of alkaline hydrolysis of Ac groups 
Tzme, OD hroups, 
min s3snm V/~nole/ml " --1 OD2son m c, gmom/ Degree of 

D, m ml .substitution 

10 0,440 1,76 0,14 I 0,497 ~ 0,902 [ ],95 
30 0,475 1,91 0,14 [ / [ 0 , 4 9 7  0,9.)2 2,12 

Th i s  m e t h o d  of c a l c u l a t i o n  h a s  g iven  c o m p l e t e l y  s a t i s f a c t o r y  r e s u l t s  (Table  1). The d e v i a t i o n s  in the  
c a l c u l a t e d  d e g r e e s  of s u b s t i t u t i o n  f r o m  the  t h e o r e t i c a l  v a l u e s  do not  e x c e e d  8.5%. Thus ,  in the  c a s e  of an 
i nd iv idua l  a c e t a t e  i t  i s  p o s s i b l e  to  judge  i t s  s t r u c t u r e  wi th  a f a i r  d e g r e e  of c e r t a i n t y .  

The OD260n m v a l u e  of the t r i a c e t a t e  of a d e n o s i n e  2 ' ( 3 ' ) - p h o s p h a t e  w a s  m e a s u r e d  i m m e d i a t e l y  a f t e r  
the  r e a c t i o n  wi th  NH2OH (Tab le  2). 

I t  can  be  s e e n  f r o m  T a b l e  3 tha t  u n d e r  the  u sua l  c ond i t i ons  of a n a l y s i s ,  on ly  two a c e t y l  g r o u p s  a r e  d e -  
t e r m i n e d  in the  a c e t a t e  of g u a n o s i n e  2 ' ( 3 ' ) - p h o s p h a t e .  In d e t e r m i n i n g  the c o n c e n t r a t i o n  of n u c l e o t i d e  b y  
m e a n s  of the  r e a c t i o n  of h y d r o x y l a m i n e ,  a s t i l l  l o w e r  d e g r e e  of subs t i t u t i on  was  ob t a ined ,  which  showed the  
u n s u i t a b i l i t y  of  the  s p e c t r a  of g u a n o s i n e  2 ' ( 3 ' ) - p h o s p h a t e  and of the  r e a c t i o n  p r o d u c t .  The  c o m p l e t e n e s s  of 
the  e l i m i n a t i o n  of the  a c e t y l  g r o u p s  f r o m  the n u c l e o t i d e  can  be judged  f r o m  the d e p e n d e n c e  of the  r a t i o  of 
the  op t i c a l  d e n s i t i e s  a t  250 and 260 n m  on the t i m e  of r e a c t i o n  of  the  a c e t a t e  wi th  h y d r o x y l a m i n e  at  v a r i o u s  
t e m p e r a t u r e s  (F ig .  2). F o r  g u a n o s i n e  2 ' ( 3 ' ) - p h o s p h a t e ,  OD250nm/OD260n m = 0.94 [8]. At 20°C, the  c u r v e  
d o e s  not  r e a c h  the  t h e o r e t i c a l  v a l u e  in 5 h,  and a t  e l e v a t e d  t e m p e r a t u r e s  the c u r v e s  r e a c h  th i s  va lue  in d i f -  
f e r e n t  t i m e s .  A d i f f e r e n t  p a t t e r n  i s  o b s e r v e d  i f  we c o n s i d e r  the  de pe nde nc e  of the  d e g r e e s  of subs t i t u t i on  
d e t e r m i n e d  on the t i m e  of the  r e a c t i o n  a t  v a r i o u s  t e m p e r a t u r e s  (F ig .  3). In  no c a s e  d id  the  d e g r e e  of  sub -  
s t i t u t i on  r e a c h  the l i m i t i n g  v a l u e ,  and at  50 and 60°C a t  a de f in i t e  s t a g e  of  the r e a c t i o n  i t  f e l l  s h a r p l y .  Th i s  
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TABLE 4. Charac te r i s t i cs  of the Tr iaceta te  of 
Adenosine 2 ' (3 ' ) -Phosphate  

Substance R~ R m Xmax Notes 
nm 

Found Adenosine 2'(3')-phosphate 
Triacetate of adenosine 

2 '(3 ')-phosphate 

Adenosine 3 '-phosphate 
N,2',5'-0 Triacetx1 
adenosine 3'- phosphate 

0,16 

0,56 

0,21 

0,59 

1 

0.73 

1 

o,68 

258 

272 

258 

272 

Literature data 
[9, !0] 

is probably due to the fact that the acethydroxamic 
formed in the f i rs t  stages of the react ion decomposes  
with time the more  rapidly the higher the t empera -  
ture [5]. In experiments  at t empera tu res  above 60°C 
the complete l iberation of the guanosine 2 ' (3 ' ) -phos-  
phate tookplace  in l0-20 minand the degree of subst i-  
tution did not exceed 2.3. Summarizing,  it may be 
concluded that the optimum conditions for  determining 
the acetyl groups in the t r iacetate  of guanosine 2 ' (3 ' ) -  
phosphate are a tempera ture  of 40°C and a time of 3 h, 
and the deviation f rom the theoret ical  value of the de-  
gree  of substitution amounts to 10%. 

E X P E R I M E N T A L  

Mater ia ls  and Methods. The acetates  of the mononucleotides were obtained by acetylating the pyridini-  
urn salts  of mixtures  of i s o m e r s  of ur idyl ic ,  cytidylic,  adenylic, and guanylic acids by Khorana 's  method 
[9, 10]. The pyridinium salts of the compounds mentioned, in their  turn, were prepared  f rom the co r respond-  
ing reagents  of the f i rm of "Reanal" (Hungary) by passage through Dowex-50 res in  in the pyridinium form.  
Reagents of "pure for analysis"  grade,  rec rys ta l l i zed  f rom water ,  were used to prepare  the solutions of 
hydroxylamine hydrochlor ide and iron sulfate. 

The optical density at 535 nm was measured  in an SFD-2 spect rophotometer ,  and the UV spect ra  on 
an SF-4 spect rophotometer .  

Determinat ion of Acetyl Groups. To 1 ml of a solution of a nucleotide acetate containing 2-3 #mole 
of acetyl groups in 50% aqueous ethanol was added 1 ml of 0.4 M hydroxylamine hydrochloride and 0.5 ml of 
1 M caust ic  soda solution. The react ion mixture was kept for 10 rain and then 0.5 ml of 0.1 M solution of 
Fe2(SO4) 3 in 2 N H2SO 4 was added, andthe optical density of the solution of the hydroxamate complex was 
measured  at 535 n ~ .  

Determination of the Concentration of Nucleotide. To analyze the concentrat ion of nucleotide, samples 
were  taken which contained about 1.5 optical units of mater ia l ,  and their  volume was brought up to 1 ml 
with 50% aqueous ethanol, except that , ' in  place of the solution of iron sulfate, 2 N H2SO 4 in the same volume 
was added. 

Hydrolysis  of the Acetyl Groups. A sample of the nucleotide mater ia l  with an absorption at 260 nm of 
about 1.5 was placed in a round-bot tomed flask with a volume of 5-10 ml. The solvent was evaporated in 
vacuum without heating, and the residue was hydrolyzed with conc. ammonia (0.2-0.5 ml) overnight.  Then 
the ammonia was driven off in vacuum, and the dry  residue was dissolved in 0.3 ml of 0.1 N HCL, the opti- 
cal density of the solution at 260 nm was measured ,  and the mola r  concentrat ion of nucleotide was calculated. 

Construct ion of the Calibration Curve. The t r iaceta te  of adenylic acid, identified by paper  c h r o m a -  
tography in the e thano l -1  M NH4OCOCH 3 sys tem,  pH 7.5 (7:3) ,  by paper  e lec t rophores is  in 0.03 M phos- 
phate buffer (pI-I 7.1), andby UV spec t roscopy (Table 4) was used as the standard.  

The content of acetyl groups was calculated f rom the amount of adenylic acid in solutions of the t r i -  
acetate in 50% ethanol af ter  alkaline saponification of the acetate on the assumption that there are  3 moles 
of acetyl groups per  mole of nucleotide. 

C O N C L U S I O N S  

1. A spect rophotometr ic  method for  the quantitative determination of the acetyl groups in acetates  of 
mononucleotides by means of the acid hydroxamic complex with Fe2(SO4)3 has been developed. It has been 
shown that the determination of the concentrat ion of nucleotide mater ia l  in the solution being analyzed can 
be ca r r i ed  out di rect ly  in the react ion mixture  in the f i rs t  stage of the react ion of the acetate with hydroxyl-  
amine (before the formation of the Fe +++ complex). 

2. In the case of uridine, cytidine, and adenosine der ivat ives ,  the react ion with hydroxylamine takes 
place quantitatively in 10 min at 20°C, while for  the determination of the acetyl groups in the t r iaceta te  of 
guanosine 2 ' (3 ' ) -phosphate  the react ion was ca r r i ed  out at 40°C for 3 h. 
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