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ADENINE - AMINO ACID INTERACTIONS 
STUDIED BY CHARGE-TRANSFER 

CHROMATOGRAPHY 

TIBOR C S E R H ~ T I ~  AND MARIA S Z O G Y I ~  
‘Plant Protection Institute of 

Hungarian Academy o f  Sciences 
1022 Budapest 

Herman 0. 15. Hungary 
21nstitute of  Biophysics 

Semmelweis Medical University 
Budapest, Hungary 

ABSTRACT 

The interactions of adenine with 13 amino acids were studied 

by charge-transfer chromatography, using distilled water as 

eluent. The strength of each interaction was calculated 

from the linear dependence of the lipophilicity of adenine 

on the amino acid concentration. Stepwise regression analy- 

sis proved that the strength of interaction is influenced 

only by the lipophilicity of the amino acid side-chain and 

the pK value of the second carboxyl group. This finding 

indicates that the amino acid side-chain is directed towards 

the adenine, and the polar head group towards the water. The 
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3068 CSERHATI AND SZOGYI 

c h a r a c t e r  o f  t h e  i n t e r a c t i o n  c a n  b e  h y d r o p h o b i c  or h y d r o -  

p h i l i c ,  d e p e n d i n g  on  t h e  p o l a r i t y  o f  t h e  amino  a c i d  s i d e -  

- c h a i n .  

INTROOUCTION 

N u c l e o t i d e s  can  b i n d  t o  v a r i o u s  p r o t e i n s  ( l ) ,  a phenomenon 

w h i c h  may r e s u l t  i n  changed  i n t e r -  and  i n t r a m o l e c u l a r  li- 

g a t i o n  t o  enzymes ( 2 ) .  The e f f i c i e n c y  o f  t h e  i n  v i t r o  cor- 

r e c t i o n  o f  f i v e :  " m i s m a t c h  a n a l o g u e s "  ( g u a n i n e  and  a d e n i n e  

a n a l o g u e s )  i n c o r p o r a t e d  i n t o  M13 mp 9 DNA was e a r l i e r  s t u -  

d i e d  i n  an a t t e m p t  t o  e l u c i d a t e  t h e  s t r u c t u r a l  d e t e r m i n a n t s  

r e q u i r e d  f o r  m i s m a t c h  r e c o g n i t i o n  b y  t h e  r e p a i r  m a c h i n e r y  

o f  E.coli ( 3 ) .  I t  h a s  been  e s t a b l i s h e d  t h a t  b e e f  h e a r t  

F1-ATP-ase h a s  t w o  t y p e s  o f  b i n d i n g  s i t e s  f o r  a d e n i n e  n u c -  

l e o t i d e s  ( 4 , 5 ) ,  b u t  t h e  c h a r a c t e r  o f  t h e  i n t e r a c t i v e  f o r c e s  

( h y d r o p h o b i c  o r  h y d r o p h i l i c )  and  t h e  i m p a c t  o f  t h e  i n d i v i -  

d u a l  m o l e c u l a r  s u b s t r u c t u r e s  o f  t h e  n u c l e o t i d e s  on  t h e  

s t r e n g t h s  o f  t h e  i n t e r a c t i o n  h a v e  n o t  been  s t u d i e d  i n  de-  

t a i l .  

C h a r g e - t r a n s f e r  c h r o m a t o g r a p h y  i s  f r e q u e n t l y  u s e d  t o  

s t u d y  c o m p l e x  f o r m a t i o n  b e t w e e n  v a r i o u s  o r g a n i c  m o l e c u l e s  

o f  l o w  m o l e c u l a r  w e i g h t  ( 6 , 7 ) .  The t h e o r y  and  p r a c t i c e  re -  

l a t i n g  t o  t h e  d e t e r m i n a t i o n  of  r e l a t i v e  comp lex  s t a b i l i t i e s  

b y  c h a r g e - t r a n s f e r  c h r o m a t o g r a p h y  o n  r e v e r s e d - p h a s e  t h i n -  

- l a y e r  c h r o m a t o g r a p h i c  p l a t e s  was p u b l i s h e d  r e c e n t l y  ( 8 )  . 
Th is  me thod  h a s  b e e n  a p p l i e d  s u c c e s s f u l l y  t o  s t u d y  t h e  f o r -  
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ADENINE-AMINO ACID INTERACTIONS 3069 

mation of inclusion complexes between cyclodextrin and po- 

lyrnyxin ( 9 ) ,  substituted s-triazine (lo), triphenylmethane 

(11) and barbituric acid derivatives (12). Besides the 

study of inclusion complex formation, the method has been 

applied to investigate the interactions between non-ionic 

tensides and d i o l e o y l p h o s p h a t i d y l c h o l i n e  ( 1 3 )  and between 

amino acids and some nitrostyrene derivatives (14). 

The aims of our study were to determine the relative 

strength of the interactions between adenine and some amino 

acids, and to correlate these with the physico-chemical pa- 

rameters of the amino acids. 

We are well aware that o u r  data do not prove that the 

interactions between adenine and amino acids are due to char- 

ge-transfer phenomena, and therefore the expression “charge- 

-transfer chromatography” is perhaps misleading here. We 

consider charge-transfer chromatography in a general sense, 

as a method suitable for the detection of any type of weak 

interaction between two molecular species. 

MATERIAL AND METHODS 

Adenine and amino acids (alanine, aspartic acid, asparagine, 

citrulline, glycine, glutamic acid, leucine, iso-leucine, 

nor-leucine, phenylalanine, serine, tryptophan and valine) 

were of  analytical purity. 

Silufol U V 2 5 4  (Kavalier, Czechoslovakia) plates were impreg- 

nated with paraffin oil as described in ref.9. Adenine was 

dissolved in distilled water at a concentration of 0.5 mg/cm’; 
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3070 CSERHATI AND SZOGYI 

5 mm3 o f  t h i s  s o l u t i o n  was s p o t t e d  on  t h e  p l a t e s .  D i s t i l l e d  

w a t e r  was u s e d  a s  e l u e n t .  Amino a c i d s  were  d i s s o l v e d  i n  t h e  

e l u e n t  i n  t h e  c o n c e n t r a t i o n  r a n g e  5 - 60 mM. A f t e r  d e v e l o p -  

m e n t ,  t h e  p l a t e s  were d r i e d  a t  105OC and  t h e  p o s i t i o n  of  t h e  

a d e n i n e  s p o t  and  t h e  a m i n o  a c i d  f r o n t  were d e t e c t e d  w i th  t h e  

t r a d i t i o n a l  n i n h y d r i n  r e a g e n t .  The c h r o m a t o g r a m s  were e v a -  

l u a t e d  w i t h  a Sh imadzu  CS-930 D u a l - W a v e l e n g t h  T L C  Scanner  a t  

600 nm s i n c e  h i g h e r  c o n c e n t r a t i o n s  of  t h e  amino  a c i d s  r e a c t e d  

w i t h  n i n h y d r i n  g i v e  a c o l o u r  t o o  s t r o n g  t o  be measured  a t  

4 7 0  nm. I n  e a c h  e x p e r i m e n t  f i v e  r e p l i c a t e  d e t e r m i n a t i o n s  were  

c a r r i e d  o u t .  

The R M  v a l u e s  o f  a d e n i n e  w h i c h  c h a r a c t e r i z e  i t s  m o l e c u l a r  li- 

p o p h i l i c i t y  i n  r e v e r s e d - p h a s e  t h i n - l a y e r  c h r o m a t o g r a p h y ,  were  

c a l c u l a t e d  a c c o r d i n g  t o  e q . 1 .  ( 1 5 ) :  

r 1  RM = l o g  - 1) 
!\ f I 

(1)  

As t h e  m o b i l i t i e s  o f  t h e  amino  a c i d s  d i f f e r e d  f r o m  t h a t  o f  

t h e  e l u e n t ,  t h e  R M  v a l u e s  o f  a d e n i n e  w e r e  c o r r e c t e d  f o r  t h e  

d i f f e r e n t  m o b i l i t i e s  o f  t h e  amino a c i d s  v i a  t h e  f o l l o w i n g  

e q u a t i o n :  

where RMC = RM v a l u e  o f  a d e n i n e  c o r r e c t e d  f o r  amino  a c i d  

m o b i l i t y ,  

RMO = RM v a l u e  o f  a d e n i n e  d e t e r m i n e d  i n  amino a c i d  

f r e e  e l u e n t  ( d i s t i l l e d  w a t e r ) ,  
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ADENINE-AMINO ACID INTERACTIONS 3071 

R M  = RM v a l u e  o f  a d e n i n e  d e t e r m i n e d  i n  e l u e n t  c o n -  

t a i n i n g  amino  a c i d ,  

R f  = R f  v a l u e  of amino a c i d  f r o n t .  

L i n e a r  c o r r e l a t i o n s  were c a l c u l a t e d  s e p a r a t e l y  f o r  e a c h  

amino  a c i d ,  b e t w e e n  t h e  l i p o p h i l i c i t y  ( R M C )  of  a d e n i n e  and  

t h e  c o n c e n t r a t i o n  o f  am ino  a c i d  i n  t h e  e l u e n t :  

where  C = c o n c e n t r a t i o n  o f  amino a c i d  i n  e l u e n t  ( m M ) ,  

b =change  c a u s e d  i n  a d e n i n e  l i p o p h i l i c i t y  b y  1mM 

change  i n  c o n c e n t r a t i o n  o f  amino a c i d  i n  e l u e n t  

( c o n s i d e r e d  t o  b e  r e l a t e d  t o  c o m p l e x  s t a b i l i t y ) .  

As m e n t i o n e d  i n  t h e  i n t r o d u c t i o n ,  t h e  c h a r a c t e r  o f  am ino  

ac id  aden ine  i n t e r a c t i o n s  h a s  n o t  y e t  been  a d e q u a t e l y  c l a r i -  

f i e d .  When t h e  i n t e r a c t i o n  i s  h y d r o p h o b i c  i n  n a t u r e ,  t h e  

s t r e n g t h  o f  t h e  i n t e r a c t i o n  mus t  depend  o n  t h e  l i p o p h i l i c i t y  

of  t h e  amino a c i d  s i d e - c h a i n .  I n  t h e  e v e n t  o f  a h y d r o p h i l i c  

i n t e r a c t i o n ,  t h e  e f f e c t  must depend on t h e  p o l a r i t y  parame- 

t e r s  o f  t h e  amino  a c i d  ( t h e  pK v a l u e s  o f  t h e  a l p h a - a m i n o ,  

a l p h a - c a r b o x y l  and  o t h e r  p o l a r  g r o u p s ,  a n d  t h e  p I  v a l u e  o f  

t h e  amino a c i d ) .  To e l u c i d a t e  t h e  i n d i v i d u a l  e f f e c t s  o f  t h e  

above  p h y s i c o - c h e m i c a l  p a r a m e t e r s  on t h e  s t r e n g t h  o f  i n t e r -  

a c t i o n ,  s t e p w i s e  r e g r e s s i o n  a n a l y s i s  (16) was a p p l i e d  t o  

s e l e c t  t h e  i n d e p e n d e n t  v a r i a b l e s  i n f l u e n c i n g  t h e  i n t e r a c t i o n  

s i g n i f i c a n t l y .  The b v a l u e  i n  e q . 3 .  ( a n  i n d i c a t o r  o f  t h e  

i n t e r a c t i v e  s t r e n g t h )  was t a k e n  as  d e p e n d e n t  v a r i a b l e .  The 

p o l a r i t y  p a r a m e t e r s  ( t h e  pK v a l u e s  o f  t h e  a l p h a - a m i n o ,  a l p h a -  
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3072 CSERHATI AND SZOGYI 

- c a r b o x y l  and s e c o n d  c a r b o x y l  g r o u p ,  a n d  t h e  PI v a l u e  t a k e n  

f r o m  r e f . l 7 ) ,  a n d  t h e  l i p o p h i l i c i t y  o f  t h e  amino  a c i d  s i d e -  

- c h a i n  t a k e n  f r o m  r e f . 1 8 ,  s e r v e d  as  i n d e p e n d e n t  v a r i a b l e s .  

As t h e  n a t u r  o f  t h e  c o r r e l a t i o n  ( l i n e a r  or q u a d r a t i c )  b e t w e e n  

t h e  above  v a r i a b l e s  had  n o t  been  e s t a b l i s h e d  p r e v i o u s l y ,  

b o t h  f i r s t  and s e c o n d - o r d e r  f o r m s  o f  t h e  f i v e  i n d e p e n d e n t  

v a r i a b l e s  ( o v e r a l l  10 v a r i a b l e s )  were  i n c l u d e d  i n  t h e  s t e p -  

w i s e  r e g r e s s i o n  a n a l y s i s .  The p a r t i a l  F v a l u e  o f  t h e  i n -  

d e p e n d e n t  v a r i a b l e s  was s e t  t o  F = 1, and t h e  number o f  

a c c e p t e d  v a r i a b l e s  was n o t  l i m i t e d .  As g l y c i n e  was i n e f f e c -  

t i v e  and  n o  l i p o p h i l i c i t y  v a l u e  was f o u n d  f o r  n o r - l e u c i n e  or 

c i t r u l l i n e ,  t h e s e  compounds were  o m i t t e d  f r o m  t h e  c a l c u -  

l a t i o n s .  

RESULTS AND DISCUSSION 

Some d e n s i t o g r a m s  a r e  shown i n  F i g . 1 .  A d e n i n e  c a n  r e a d i l y  

b e  d e t e c t e d  w i t h  n i n h y d r i n ,  e v e n  i n  t h e  p r e s e n c e  o f  6 0  mM 

amino  a c i d .  The p r e s e n c e  o f  amino a c i d s  d i d  n o t  change  t h e  

peak  shape or peak  symmet ry ,  i . e .  t h e  p resumed  i n t e r a c t i o n  

d i d  n o t  i m p a i r  t h e  r e p r o d u c i b i l i t y  o f  d e t e r m i n a t i o n  o f  t h e  RM 

v a l u e s .  The amino a c i d s  c o v e r  t h e  p l a t e  s u r f a c e  e v e n l y ,  and  

t h e i r  f r o n t  i s  s t e e p ,  w h i c h  means t h a t  i n  e q . 2 .  t h e  R f  v a l u e  

o f  t h e  amino  a c i d  f r o n t  c a n  b e  d e t e r m i n e d  e x a c t l y  and  t h e  R M  

v a l u e s  c a n  b e  c o r r e c t e d  a c c u r a t e l y .  

E x c e p t  f o r  g l y c i n e ,  e a c h  amino  a c i d  d e c r e a s e d  t h e  l i p o p h i l i -  

c i t y  o f  a d e n i n e  ( F i g . 2 . 1 ,  w h i c h  u n a m b i g u o u s l y  p r o v e d  t h e  

e x i s t e n c e  o f  an amino a c i d  - a d e n i n e  i n t e r a c t i o n .  I t s  i n t e r -  
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ADENINE-AMINO ACID INTERACTIONS 3073 

Ad! rbance Adrc 

- 
s tali Start 

Directlon of development Direction of development 

FIGURE 1. Densitogramms of amino a c i d  - a d e n i n e  i n t e r a c t i o n s .  
A = 60mM c i t r u l l i n  B = 60 mM v a l i n  
C = 5mM c i t r u l l i n  D = 5mM v a l i n  

actions with the more hydrophilic amino acids make adenine 

l e s s  lipophilic. The fact that the R M  values of adenine ext- 

rapolated to z e r o  amino acid concentration differ in the 

various cases needs some explanation. We assume that the 

fluctuation of secondary experimental conditions (relative 

humidity of plates before impregnation, temperature of de- 

velopment, etc.) may be responsible for the observed devi- 

ations. This finding a l s o  indicates that the determination 

of interactive strength at only one concentration of inter- 

acting agent may result in considerable errors. We strongly 

advocate that only the slope value (b) in eq.3. is an ade- 

quate indicator of the strength of interaction, and that the 
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3074 CSERHATI AND SZOGYI 

0 

X 

- 
30 80 

mM amino acid 

FIGURE, 2. E f f e c t  o f  amino a c i d s  on t h e  l i p o p h i l i c i t y  of aden ine .  

application of individual R M  values t o  assess interactive 

strength may l e a d  t o  i n a d e q u a t e  results. 

The parameters of the linear cor r e l ations between the lipo- 

philicity of adenine and th e  concentrations of the amino 

acids (eq.3.) a r e  compiled in Table 1. 
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ADENINE-AMINO ACID INTERACTIONS 3075 

Table 1. 
Parameters of Linear Correlation between Lipophilicity of Adenine (RMC) 

and Concentrations of Amino Acids (C). 

n = 8  

Amino acid 
Ala 
Asn 
ASP 
Citr 
Glu 
iLeu 
Leu 
nLeu 
Phe 
Ser 

Trp 
Va 1 

= Rw + b.C 

r99.9% = r99?s = 0.8343 

k . 1 0  2 -b Sb.l0 2 

7 9  0.19 4 .4  

100 0.22 2.9 

95 1 . 0 6  9 . 3  

84 0.18 3.9 

95 0 . 2 9  6 . 1  

78  0.22 4 . 8  

103 0.36 6.5 

104 0 . 2 9  4.9 

69 0.67 9 . 1  

81 0.13 1 . 7  

88 0 .97  2 . 4  

85 0.17 3.0 

0.9249 

r 
0.8665 

0.9519 

0.9774 

0.8810 

0.8876 

0 .8791 

0.9135 

0.9250 

0.9497 

0.9479 

0.8601 

0.9214 

In all cases the significance level of the linear correlation 

was over 9 9  % .  This proves the validity and applicability of 

e q . 3 .  The strengths o f  the interactions varied considerably, 

ranging from 1 . 0 6  f o r  aspartic acid to 0 . 1 3  for serine. 

However, these values are lower than the strengths of other 

reported interactions ( 8 , 1 3 )  and thus the amino acid - ade- 

nine interactions are fairly weak ones. Aspartic acid influ- 

ences the adenine modibility most strongly, but the amino 

acids with a bulky lipophilic side-chain (Phe and Trp) also 

display a considerable strength of interaction. 
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3076 CSERHATI AND SZOGYI 

Table 2. 

Dependence of Strength of Amino Acid - Adenine Interaction (b) on pK 
Value (x,) and Lipophilicity (x ) of Amino Acid Side-Chain. Results of 

Stepwise Re&ession Analysis 
L b = a + b .x + b2.x2 1 1  

n = 10 Fg5% = 4.74 tq5% = 2.37 
= 5.41 r2 = 0.6057 a = 1.61 Fcalc. 

Independent Parameters 
variables b 'b b'% Laic. 

-0.23 0.08 52.49 3.00 

0.12 0.04 47.51 2.12 
x1 
x2 

The results of stepwise regression analysis are listed in 

Table 2. 

Only 2 of the 1 0  independent variables (the pK value and the 

square of the lipophilicity of the amino acid side-chain) 

influence the strength of interaction significantly. The path 

coefficients (b'% values) reveal that their relative impacts 

on the strength of interaction is very similar. The overall. 

polarities of the amino acids (PI) and the pK values of the 

alpha-amino and alpha-carboxyl groups do not exert a significant 

influence on the interaction, which means that the amino acid 

side-chain is responsible for the observed effect. The results 

of stepwise regression analysis lend support to the assumption 

that the amino acid side-chain is directed towards the adenine 

molecule, and the polar head group towards the water. The side- 

-chain can interact with the adenine molecule in two different 

ways : 
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hydrophile-hydrophile interactions between the second carboxyl 

group of amino acid and the alkaline substructures of adenine 

(probably hydrogen-bond formation); 

hydrophobe-hydrophobe interactions between the apolar side- 

-chain of the amino acid and the corresponding adenine sub- 

structures. 

The observed effect may be the resultant of these interactions. 

Our data lead us to suppose that adenine can also interact 

(though weakly) with the amino acid side-chains in proteins. 

As the r o l e  of the other molecular moieties of nucleotides in 

nucleotide-protein binding is not known, the biological con- 

sequences of our finding cannot be evaluated. 

REFERENCES 

Jiricny,J., Wood,S.G., Martin,D. and Ubasawa,A., Oligo- 
nucleotide Duplexes Containing Inosine, 7-Deazainosine, 
Tubercidin, Nebularine and 7-Deazanebularine as Substrates 
for Restriction Endonucleases Hind II., Sal.1. and Taq.1. 
Nucl.Acid.Res., 14, 6579, 1906. 
Hayashi,K.I., Nakazawa,M., Ishizaki,Y., Hiraoka,N. and Oba- 
yashi,A., Regulation of Inter- and Intramolecular Ligation 
with T4 DNA Lipase in the Presence of Polyethyleneglycol. 
Nucl.Acid.Res., 14, 7617, 1986. 
Wood,S.G., Abasawa,A., Martin,D. and Jiricny,J., Guanine 
and Adenine Analogues as T o o l s  in the Investigation of the 
Mechanism of Mismatch Repair in E.coli. Nucl.Acid.Res., 14, 
6591, 1986. 

Kironde,F.A.S. and Cross,R.L., Adenine Nucleotide-Binding 
Sites on Beef Heart F1 ATP-ase. J.Biol.Chem., 261, 12544, 
1986. 

5 .  Kironde,F.A.S. and Cross,R.L., Adenine Nucleotide-Binding 
Sites on Beef Heart F1 ATP-ase. J.Biol.Chem. 262, 483, 1987. 

"Charge-Transfer Thin-Layer Chromatography" of Various Bio- 
chemicals. J.Chromatogr., 235, 389, 1982. 

6 .  Slifkin,M.A., Arnarasiri, W.A., Schandorff,C. and Bell,R., 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



3078 CSERHATI AND SZOGYI 

7. Slifkin,M.A. and Singh,H., Masking Effects in "Charge-Trans- 

8 .  CserhBti,T. and Szbgyi,M., Charge-Transfer Chromatography 

fer" Thin-Layer Chromatography. J.Chromatogr. 303, 190, 1984. 

Used to Study the Interaction Between Synthetic Phospholi- 
pids and N o n y l p h e n y l - n o n y l g l y c o l a t e .  J.Biochem.Biophys.Meth. 
- 14, 101, 1987. 

9 .  Cserhati,T., BordAs,B., Fenyvesi,f. and Szejtli,J., Effect 
of Water-Soluble Beta-Cyclodextrin Polymer on the Lipophili- 
city of Polymyxine Examined by Reversed-Phase Thin-Layer 
Chromatography. J.Chromatogr., 259, 107, 1983. 

10. CserhBti,T., BordBs,B., Fenyvesi,f and Szejtli,J., Chroma- 
tographic Properties of s-Triazines in the Presence of So- 
luble Beta-Cyclodextrin Polymer. J.Incl.Phenom., 1, 53, 1983. 

Complexing by Water-Soluble Beta-Cyclodextrin Polymers. J. 
1ncl.Phenom. 1, 345, 1984. 

sed-Phase Thin-Layer Chromatography of Barbiturates in the 
Presence of Soluble Beta-Cyclodextrin Polymer. J.Chromatogr., 
351, 356, 1986. 

11. CserhBti ,T., Oros ,Gy., Fenyvesi , f  . and Sze jtli, J., Inclusion 

12. CserhBti,T., Bojarski,J., Fenyvesi,f. and Szejtli,J., Rever- 

1 3 .  CserhAti,T., SzBgyi,M. and GyBrfi,L., Interaction of Some 
Non-Ionic Tensides with Dioleoyl Phosphatidyl Choline, Stu- 
died by Charge-Transfer Chromatography. J.Chromatogr. 349, 
295, 1985. 

14. Gullner,G., CserhAti,T., Kis-TamBs,A. and Mikite,Gy., Inter- 
action of Amino Acids and Gluthathione with the Fungicide 
l-Phenyl-2-Nitro-3-Acetoxyprop-l-Ene Studied by Charge- 
Transfer Chromatography. J. Chromatogr., =, 211, 1986. 

15. Biagi,G.L., Barbar0,A.M. and Guerra,M.C., Partition Data 
of Penicillins Determined by Means of Reversed-Phase Thin- 
Layer Chromatography. J.Chromatogr., 41, 311, 1969. 

Frankfurt am Main, 1982. p.135. 

Chapman and Hall, London, 1985. p.9. 

16. Mager,H., Moderne Regressionsanalyse, Salle, Sauerlander, 

17. Barrett, G.C., Chemistry and Biochemistry of the Amino Acids, 

18. Rekker,R.F., The Hydrophobic Fragmental Constant, Elsevier, 
Amsterdam, 1977. p.341. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


