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Metal ions'-10 are known to bind to DNA. A number of metal ions have been studied 
and their binding established. Cu(II)**9*10 and Ag(I)4 have been widely studied and 
ample literature exists on these two metals. On the other hand, the interaction of DNA 
with gold(II1) (which does not occur as Au3+ in solution, but rather exists in square 
planar complexes") has seldom been considered. During the course of our work on this 
phenomenon Gibson and co-workers12 have published a paper recently reporting the r e  
sults on binding of gold(II1) with adenine nucleotides 

Calf thymus DNA (@') = 6.7 x 103 0.D.M-1 cm-1) supplied by Schuchardt, 
Munich, has been used without further purification. Yeast RNA (highly polymerized) 
was obtained from B.D.H. Ltd., Poole, England. Chloroauric acid (HAuCl4. 3Hz0) 
supplied by Johnson Mathey Chemical Ltd., London, has been used as the source of gold. 
KCN (May and Baker) and K I  (E. Merck) were used as the complexing agents for gold. 

Since HAuCla is extensively ionized in dilute solutions as H +  and AuCl4-, AuC14- 
undergoes hydrolysis depending on the value of pH, pC1, and ionic concentration, dif- 
ferent species of gold(II1) may be present in solution.13 To maintain one major species 
in solution, we have carried out all experiments a t  low ionic concentrations (0.01M 
NaC104) and the pH was maintained at 5.6 f 0.05 with sodium acetate-acetic acid 
buffer (0.01M). Under these experimental conditions, the major species of gold(II1) 
present in solution'* is AuC12(0H)%-. 

Au(II1) in the form of AuC14- (below pH = 3) has a strong absorption band at  313 
nm. As pH increases (as OH- replaces C1- in Au ions) there is a blue shift in the posi- 
tion of the band.12 A typical spectra of gold solution (3 X 10-4M solution) in acetate 
buffer at pH 5.6 (0.01M NaClO4) against a reference solution of the buffer only (0.01M 
NaClO4) is shown in Figure 1. To cut off the absorption due to gold, an equal amount of 
gold solution equivalent to the amount added to DNA solution in the sample was added 
to the reference solution and difference spectra were taken. 

DNA interacts with HAuC14 forming a series of complexes depending on the value of 
r ( r  = moles of HAuCl4 added/moles of DNA-P). There is a shift in the maximum of 
U.V. spectra of DNA at 258 nm, a drastic decrease in viscosity, an initial increase in the 
pH of the solution followed by a slow decrease at values of r > 0.5 and a change in the 
T, of DNA. Unlike the Hg(I1)-DNA interaction,1-3 the interaction of Au(II1) with 
DNA seems to be a rather slow process. This is evidenced by a continuous decrease in 
viscosity with time. The U.V. spectra also change with time on addition of HAuC14 to 
DNA. Similar results on the interaction of Au(II1) with adenine nucleotides have been 
reported by Gibson et  $.la 

Since the spectra of DNA solutions change with time upon addition of HAuCl4, the 
spectra were taken immediately after addition of gold as well as a t  definite intervals. 
The reaction is expected to be almost complete after 10 hr (from viscosity data) though 
there are minor changes in the spectra taken even after 48 hr. The spectra were mea- 
sured using a SP700A UNICAM doublebeam spectrophotometer. 

Up to a value of T = 1, there is a continuous shift in the Amax which increases with in- 
creasing value of r, until a maximum value of 263 nm is reached. For values of r b e  
tween 1 and 2 the maximum changes over to  265 nm which again changes over to 267 
nm above r = 2. Upon addition of KCN (whose p H  was adjusted to 5.6 with the addi- 
tion of HC104) the spectra reverse back to the original value. The optical density at 
258 nm also was found to return to  the original value. The curve (8 + KCN) given in 
Figure 1 has not been corrected for dilution due to addition of KCN. The reversal upon 
addition of KCN has also been found to be a slow process. A typical set of U.V. dif- 
ference spectra taken after 48 hr after mixing are shown in Figure 1. 

The viscosity of DNA upon addition of HAuC14, decreases with time reaching an al- 
most constant value after 10 hr. The decrease is also found to be asymptotic with re- 
spect to  the value of T,  the curve levelling off a t  r = 1. A fourfold decrease in viscosity 
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Fig. 1. Effect of HAuC14 on the U.V. spectra of native DNA. r = moles HAuC14 added/ 
mole of DNA-P: pH 5.6. 

(vep/c value) is observed. Upon addition of KCN (pH adjusted to  5.6 with HClO4) or 
KI, the viscosity curve retraces back almost to the value of pure native DNA, but not 
exactly to  the original value. Above r = 3, viscosity does not reverse at all on addition 
of KCN or KI. 

All viscosity measurements were carried out at 30°C, in a Ubbelohde viscometer. 
Denatured DNA and RNA show similar trends in the case of U.V. spectra and viscosity. 

Upon addition of HAuC14 to an unbuffered DNA solution in 0.01M NaC104 a t  p H  
5.6, hydrogen ions would be released due to (a) binding of gold to DNA, (b) ionization of 
HAuC14 and (c) hydrolysis of AuC14- ion. A blank titration without DNA was carried 
out to make corrections for the release of hydrogen ions due to  (b) and (c). When cor- 
rections are made as stated above, it is found that there is actually an initial increase 
in the p H  of the solution followed by a slow decrease solely due to binding of Au(II1) 
to  DNA. The increase in pH corresponds to  release of OH- ions equivalent to two OH- 
per gold at r < 0.25, and it decreases with an increase in r. At r = 0.5, one hydrogen 
ion is released per gold atom. No decrease in pH was observed below a value of r = 0.5. 

The melting temperature (T,) measurements of DNA and DNA-Au(II1) complex 
(r = 0.61) in acetate buffer at pH 5.6 containing 0.01M NaClO4 were carried out visco- 
metrically at various temperatures. The solutions were kept at a particular tempera- 
ture for 1 hr chilled immediately, and brought to  room temperature. The viscosity 
was then determined.14.15 Native DNA showed a T ,  a t  75°C while DNA-gold(II1) 
complex (r = 0.61) showed an increase in T ,  (78.5OC). After the removal of gold by 
addition of KCN (pH adjusted to 5.6 with HClO4) and after 72-hour dialysis (to remove 

The variation of viscosity with time and T is shown in Figure 2. 
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Fig. 2. Effect of HAuClp on the viscosity of native DNA: pH 5.6; Temp 30°C, 
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Fig. 3. Effect of HAuCl4 on the viscosity and the T,,, of native DNA: pH 5.6; 
salt concn. 0.01M NaC104. (a) Native DNA; (b) native DNA-HAuCL complex, 
r = 0.61; (c) DNA after the removal of HAuCl4 by the addition of KCN (1M solution, 
pH adjusted to 5.6 by addition of HClOd) and dialysis. 
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excess KCN and the gold cyanides formed) the DNA did regain the T, at 75°C. The 
difference in the viscosity value at room temperature in the curve c of Figure 3 from that 
of curve a may be due to  changes in the concentration of DNA during dialysis. Figure 
3 represents results at r = 0.61. 

Melting temperatures were also determined spectrophotometrically by heating the 
sample and reference solutionss3l6 and measuring the optical density at 260 nm. (An 
accessory of the UNICAM spectrophotometer for heating and controlling and measuring 
the temperature was used.) The results support the viscometrically obtained values. 
As the value of T increases the value of T, reached a maximum and then decreases to 
below the value of pure DNA alone. 

The DNA-Au(II1) complex precipitates out as a brown precipitate on addition of 
ethanol. The precipitate was centrifuged, washed repeatedly with ethanol to remove 
traces of unbound gold, and finally dissolved in HCl solution. The solution gave posi- 
tive test for gold by the rhodamine B method.'? A similar test was carried out with a 
sample of DNA obtained after adding KCN (pH adjusted to  5.6) to  the complex and 
dialyzed against acetate buffer for 72 hr with frequent changings of the buffer solution. 
The sample did not respond to the above test-indicating that the addition of KCN has 
removed the complexed gold from the DNA. 

The DNA-Au complex precipitated after 48 hours after mixing at various values of T 

were analyzed for gold spectrophotometrically according to Vydra and Celikovsky18 
and Gibson et al.12 The results showed a maximum of about two (1.85) gold per nucleo- 
tide phosphate. Table I shows representative results of the moles of gold added per 
mole of DNA-P (r.) to moles of gold bound per DNA-P (rb). 

TABLE I 
Values of Gold Added Against Gold Bound to  DNA 

T(a) r(b) 

0.50 
0.99 
2.05 
4.99 

0.42 
0.86 
1.51 
1.85 

The reversibility of the U.V. spectra, Tm, etc. on addition of KCN and the increase in 
optical density above r = 1 might suggest that though the double helical structure of 
DNA is not completely collapsed, there could be regions where the hydrogen bonding 
would be broken. Since purines and pyrimidines are responsible for absorption at 258 
nm, the shift in the spectra show that the binding probably occurs a t  the bases. How- 
ever, there is an increase in the T, of DNA at low values of T (T < 0.5) which indicates 
that the double-helical structure of DNA is stablized by interaction with the phosphate. 
The decrease in T, above r = 0.5 suggests an interaction of Au(II1) with the bases in 
DNA. Therefore, our present results 
indicate that gold(II1) binds to both the phosphate and to  the bases in DNA. Without 
further work, we hesitate to propose any definite model for the interaction of Au(II1) 
with DNA. 

This has a similarity to  Cu(I1)-DNA system.8.16 
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