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ABSTRACT 

The i n t e r a c t i o n of sodium ( i ) , oaloium (i i) and magnesium ( I I ) 

wi th Deoxyribonucleic a c i d (DNA) of oa l f thymtts has been s t ud i ed 

by d i a l y s i s equ i l i b r ium, conductance measurements, u l t r a v i o l e t 

l i g h t abso rp t ion and l i g h t s c a t t e r i n g methods. The r e s u l t s have 

been summarised as fo l lows : 

( i ) DNA i n t e r a c t s wi th sodium, calcium and magnesium ions 

and more s t r o n g l y wi th t h e two d i v a l e n t c a t i o n s . 

( i i ) Magnesium and calcium ions b ind q u a n t i t a t i v e l y to DNA 

to form complexes of the fo l lowing s t o i o h i o m e t r i e s : 

0.125:; 0.30:1 and 0.50:1 moles of d i v a l e n t c a t i o n to one mole of 

nuo lea t e phosphorus . In a l k a l i n e medium, a 1:1 mole oomplex was formed. 

( i i i ) The s t a b i l i t y of t h e complexes formed between the d i v a l e n t 

c a t i ons and DNA depends on (a) the ooncen t r a t i on of sodium ch lo r ide 

suppor t ing e l e c t r o l y t e , and ( b ) , the pH of t h e s o l u t i o n . The s t a b i l i t y 

decreases wi th i n c r e a s i n g s a l t concen t r a t ion and wi th i n c r e a s i n g 

a c i d i t y f o r eaoh DNA-M2+ sys tem. The s t a b i l i t y cons t an t s f o r the 

DNA-Mg complexes a r e comparable wi th those of DNA-Ca2+ oomplexes. 

( i v ) At room tempera ture , DNA r e t a i n s i t s n a t i v e s t r u c t u r e when 

prepared i n s o l u t i o n o f sodium ch lo r ide o f a t l e a s t 1 0 - 4 a n d i n 

both caloiura and magnesium o h l o r i d e of about one hundredth of t h i s 

c o n c e n t r a t i o n . 



The molar absorpt iv i ty e(P) of DNA becomes a function of the 

concentration of NaCl2 CaCl2 and HgClp only when the acid is 

denatured, but is completely independent of s a l t concentration when 

in i t s native form. DNA denaturation temperature (Tm) is increased 

in the presence of increasing concentrations of NaCl, CaCl2 and MgC2 . 

Caloium and magnesium ions are more effective than the sodium ions in 

causing th is increase in (Tm), showing a stronger in terac t ion of the 

divalent oations than of the monovalent sodium ions with DNA. 

Low oonoentrations of calcium and magnesium ions (of the order of 

and below) have no destruct ive influence on the secondary 

s t ructure of DNA. However, high concentrations of these divalent 

oations (of the order of 0.05H and above) have been suspected to 

produce a denaturation followed by a p rec ip i t a t ion and/or aggregation 

of a system of DNA-M on heating beyond the denaturation temperature (Tm). 

(v) The method of l i gh t sca t te r ing has shown tha t the molecular 

weight of DNA depends on the concentrations of calcium and magnesium 

ions up to a oertain maximum concentration of these oat ions, when the 

molecular weight of the DNA is doubled. This suggests that calcium 

and magnesium ions are engaged in an intermolecular bonding to DNA. 

The molecular weight of DNA was found to be independent of the 

concentration of sodium ions . 









CHAPTER 1 

I N T i l 0 DU C T I O N 

Recently, efforts have been concentrated on the study of 

macromoleculec of the cell nucleus such as the nucleic acids and 

proteins. These inacroriolecules, especially nucleic acids, have 

been found to be present in the nucleus of each cell of all living 

organisms together with certain inorganic ions, among whioh are 

magnesium (II) and calcium (II) . One would naturally envisage 

that these divalent cations, magnesium and calcium, night interact 

with the mcromolecules and possibly influence their biochemical 

functions. The ions nay possibly form oomplcxes with the macro-

molecules in the cell. 

The interaction between deoxyribonicloic acids and magnesium, 

calcium and other cations such as iron, copper and silver, and 

some organic ions and molecules like acridines have been observed 

to be important biologically. 

It has been recently discovered that the specificity of amino acid 

incorporation associated in a given condon can be changed as a 

function of magnesium concentration [1,2]. 

Acridines have been found to act eutagenically upon bacteriophage, 

probably by causing the insertion or deletion of a base pair in its 

ENA [3]> and these characteristics have been used in determining 

the coding ratio [4] . This system therefore, provides an opportunity 

of elucidating the molecular mechanism of the action of a muntagen. 



2 . 

I t has a lso been reported tha t ions, pa r t i cu l a r ly ca t ions , 

are implicated in the enzymatio depolymerisation of DNA. Suggestions 

have also been made tha t the action of the ions may be on the 

DNA [5*6] r a t h e r than on the enzymes. Records have sham that the 

seoondary and t e r t i a r y s t ructures of polynucleotides are profoundly 

affected by the nature and concentration of the metal l ic ions present . 

It has alao been reported that for the prolonged existence of 

the macromoleoular species in solut ion in t h e i r ordered forms, i t i s 

necessary tha t they must be associated with metal l ic cations [7*8]• 

However, cer ta in metal l ic cations l i ke copper ( i l ) have been found 

to be exceptions because they des t ab i l i s e the ordered form of 

the macromolecular species by breaking the hydrogen bonds which 

are responsible for the s t a b i l i s a t i o n of the secondary s t ruc ture 

of the nuoleic ac id . 

The i n t e r e s t in studying the in te ra t ion of metal l ic ions with 

nucleic acids and polynucleotides is par t ly due to the fac t tiiat 

the speoifio hydrogen-bonded s t ruc ture of the nucleic acid molecules 

collapses in solution in the absence of metall ic s a l t s [9 - 11 ]. 

Perhaps the divalent metall ic ions, magnesium ( I I ) and calcium ( i l ) 

help to s t a b i l i s e the native and ordered s t ruc ture of the deoxyri-

bonucleate or i t s protamine or histone oomplexes in the ce l l 

nucleus. Should there be a s t a b i l i s a t i o n of the nucleic acids by 

the divalent cations magnesium and calcium, one would expect it 

to depend on the concentrations of these ca t ions . The s t ab i l i s ing 

a b i l i t y wi l l also probably depend on the type of complexes formed 










































































































































































































































































































































































































































































































































































































