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Several authors have reported that the hydrogen exchange 

between nucleic acids and water is completed within a few mi- 

nutes (Sutherland and Tsuboi, 1957; Bradbury et al.,1961; Aba- 

turov and Vershavsky,l965). However Print2 and von Hippel 

(1965) have been able to demonstrate in the native DNA besides 

this rapid exchange, involving H-atoms of NH and OH groups and 

"bridge" hydrogens, the slow hydrogen exchange the nature of 

which remained obscure. Osterman et al. (1967) have presented 

evidence that the slow exchange could be observed not only in 

native DNA but also in the denatured DNA, as well as in free 

nucleoside diphosphates. These authors suggested that H-atoms 

of CH groups of DNA purine and pyrimidine rings were responsib- 

le for this process. This suggestion recently was confirmed by 

Fritsche (1967) who demonstrated H-D exchange at C(S) of DNA 

purines. 

It is known that the rate of slow hydrogen exchange for 

CH groups is considerably affected by the electron density at 

corresponding carbon atoms. For nucleic acids the distribution 

of electron density depends on the conformation of macromolecu- 

les in solution (hydrogen bonding in double-strand helices, 

stacking of purine and pyrimidine bases etc.). Therefore it 

was of interest to determine whether the rate of slow exchange 
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involving CH groups of synthetic polynucleotides would be de- 

pendent on the conformation of the molecule. 

This paper presents the results of experiments on the 

rate of %I 4 3R exchange in adenosine-5'-monophosphate (AMP) 

and in polyadenylic acid ( poly-A > under various conditions. 

This experimental model has been chosen since poly-A in solu- 

tion can exist in two different interconvertible conformations 

"neutral" and 'acidn depending of the temperature and pR 

(Steiner and Beers, 1959). In neutral solution the molecules 

of poly-A exist as single-strand helices with extensive base 

stacking (Brahms et al., 1966) while in acid solution double- 

strand helices are formed with hydrogen bonds between N-7 

of adenine of one strand and amino groups of adenine of another 

strand (Brian and Tomita,l961). The two helices however are 

quite random in terms of long-range conformation but highly 

ordered in terms of short-range interactions (Holcomb and 

Tinoco, 1965). 

MATERIALS AND METHODS. Preparations of AMP and poly-A 

were supplied by "Rear&" (Budapest). Poly-A chains were at 

least then 60 nucleotides in length. The concentrations of AMP 

end poly-A were determined spectrophotometiically in O.lM 

NaCl containing 0.05 acetate buffer pH7. The extinction coef- 

ficients were: E$i$ = 15.0 x 103 and E$!;y-A = 10.0 x 103. 

For the separation of AMP from tritiated water (specific 

radioactivity 100 mC/ml ) DEAE Sephadex (in chlorode form] 

columns (1x3 cm) were emploed. Poly-A was separated from tri- 

Mated water by gel filtration through Sephadex (G+C medium) 

columns (1x24 cm>. Radioactivity was determined by liquid 

scintillation counting. Efficiency of tritium determination 

888 about 1%; the background of the counter was I20 cpm, 
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RESUITS AND DISCUSSION. Table 1 presents the average 

values of specific radioactivity of AMP end poly-A incubated 

in tritiated water. 

TABLE1 

SPECIFIC ACTIVITY (Sp.a.) OF POLY-A ADD AA@. 

Time of PB Humber of Sp.a. Sp.a. 

tot 
incuba- of AMP 
tion,hrs (dpm/pM) 

Of~f;OlY-- se+/ 

(dpd@) 

20.0 240 7.1 

35.0 240 7.1 

45.0 72 7.1 

50.0 72 7.1 

60.0 72 7.1 

80.0 40 7.1 

g2*) - 7.1 

60.0 72 4.1 

3.7x104 1.4x104 

2.9x105 1.3x105 

2.0x105 

4.4x105 3.2x105 

10.7xlo5 8.1~10~ 

19.2x105 18.6x105 

q+o "5" 'ix =gomin 

10.0x10 0.1x105 

2.6 

2.2 

1.4 

1.3 
1.0 

1.0 

100.0 

') From the work of MC Donald and Phillips (1965). 

The values of rate constants were calculated from the 

first-order equation: 

k.t=ln 
&.a), 

(Sp.a.), - (Sp-a.)* 

assuming that the values oi (Sp.a.)oocorresponded to isotopic 

equilibrium is 0.gx103mC/mole of the base (2x106dp 
"s6J" 

ole). 

The dependence of In k from l/T is shown in Fig.1. 
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Fig.1. Temperature dependence of %I --+3H exchange rate 
constants for AMP and poly-A at pH 7.1. 

The effective values of activation energy for 1Hb%I 

exchange in AMP and in poly-A calculated from these data amount 

to 25-26 and 28 k&L/mole of the base respectively. It should 

be born in mind however that the value of activation energy 

for poly-A is relative due to the temperatore 

structure of poly-A. 

It csn thus be concluded from these data 

IH -3H exchange in AI@ under all conditions 

changes in the 

that rate of 

tested is higher 

than that in poly-A. The observed difference can be expressed 

by a constant of retardation: 

I(ret 
= Sp.a.of AMP 

Sp.a. of poly-A 

It can be seen that at pH 7 the value of this constant 

decreases with the increase in temperature and at 80-90°C it 

becomes equal approximately to unity. This decrease in Kret 

correlates with the decrease in the percentage of stacked bases 
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in poly-A molecules accompanying the rise in temperature. 

According to the calculations of Poland et al. (1966) the per- 

centage of stacked bases at 35, 50, 60 snd 80°C corresponds to 

44, 52, 24 and 15% respectively. The proportionality between 

K ret and the percentage of stacked bases in poly-A might indi- 

cate that the stacking retards the hydrogen exchange in CH 

groups of adenine residues. If the correlation between Kret 

end the percentage of stakced bases in poly-A holds also for 

lower temperatures than at O'C, the rate of hydrogen exchange 

in poly-A should be about 4 times less than in AMP. 

A much stronger retardation of lH e3H exchange in 

poly-A as comparedwith that in AMP is observed in acid solu- 

tions. At pH 4 and 60°C the specific radioactivity of poly-A 

is about 100 times less than that of AMP (see Table 1). Such 

a strong decrease in the exchange rate in double-strand "acid" 

form of poly-A cannot be due to the protonation of N(l) of 

purine ring since the rate of exchange for AMP is the ssme at 

pH 7 and pH 4. 

It might be suggested that this strong retsrdatjon is due 

to the shift of electron density at C(8) of adenine due to the 

participation on N(7) in hydrogen bonding in double-strand 

helices of poly-A. 

SWY. The rate of slow isotope exchenge of hydrogen atoms 

in poly-A depends on the secondary structure of the polymer. 

The stacking of purines in poly-A retards the exchange several 

times as compared to that in AMP. The formation of double- 

strand helices in acid solutions (pH 4) results in much 

str+onger retardation of the exchange (about 100 times). This 

effect might be due to considerable alterations of electron 
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density at C(S) accompenying the formation of double-strand 

helices of poly-A. 
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