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E~~UIOZTI (lg62), $iahbrn snd Clark (1965) aa Hiai ( 1965) 

have shcsm that Cu(I1) ions have a speoific ef'f'eot in decreasing 

the stability of the DNA helix to thermal derdUratiOn. The decrease 

of+ Tm with imrease of Cu++ aoncentration at oonstant ionic strength 

is markedly djff'erent from the effeot observed with other ions an6 

the denaturation at relatively low temperatures i&,uced by the 

presenoe of Cu(II) ions has been shown by Bidhorn and Clark (1965) 

and by Hiai (1965) to be reversible, addition of eleotmlyte @Cl, 

KN03) to produce a high ionio strength renaturing the denatured DNA. 

The assumption that the loss of hypoohromioity at relatively lan 

temperatures in the presence af Cu(II) ions is Consequentisl on a 

amaturation prooess is supported by the evidence [Iiiai (1965)] aat 

under the mme conditions there is observed a marked decrease in 

visoosity, a loss of biologicel activity and a deorease in molecrular 

aaymmetrg. 

The me&a&em whereby Cu(I1) ions speoifically decrease the thermal 

stabi=* cf the DHA helix is obscure. Eiohhorn =a Clark (1965) inter- 

pret their data by amming that the Cu( II) ions are interposed betrem 

the oomplementaxy strends uf DNA by oo-ordiast&on to the bases in suoh 

a IUUUXC that the hydrogen bonds are broken and the seoon&y struo*e 

of each rtrand destroyed. However, in view of the ready renaturation 
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of the denatured DNA on increasing the ooncentration of simple 

electrolyte, it is assumed by Eichhorn and Clark that the Cu(I1) ions 

must somehow keep the bases in register even in the denatured state. 

This view is also held by Hid (1965) who further oonsiders that the 

bases in the DNA helix only become available for interaction with Cu(I1) 

ions at elwated temperatures although the inters&ion oan readily tske 

place at larer temperatures after the helix has been disrupted. No 

dire& evidence for the interaction of Cu(I1) ions and the baseqairs 

of DNAras given by either of these groups d workers. 

Our experiments on the thermal stability of DNA in the presence 

of Cu(I1) ions in general aonfirm the experimental results of Eichhorn 

end Clark (1965) and of Hiai (1965). Hanever, we wish to present 

direot evidence that there is interaation between Cu(I1) ions and 

nitrogen atoms of the DNA bases after denaturation In the presenae 

of Cu(I1) ions at elevated temperatures, but not at room temperature. 

Cu(I1) ions in the presenoe of non-oomplexing anions (e.g. Nojo) 

exhibit an absorption spectrum in the region 600 to 900 q~ with a 
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Fig. 1. Absorption spaotra of Cu(I1) ions in the ~esenoe of DNA. 
Conoentrations: 
7.2 x IO-4 11; 

Cu++ (as nitrate), 4 x 104 Y; DNA, 
ICI?0 2 x 10-3 M. I, Cu++ at 25oC; 

II, Cu++ and DNA a 2’ ,250C; III Cu++ and DNA after 
heating at 55%, measured at 2&. 
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maximupl et 800 q.~ (curve I, P&. 1) which is characteristio of the 

[Cu(H*O) J ++ ion. This spectrum is little ahanged on the addition 

of DNA at 25'C (ourve II, Fig. 1). After heating DNA at 55'C in the 

presence of Cu(I1) ions for as little es one minute, a procedure 

sufficient to produce denaturetion, there is a marked increase in 

absorption end a shift of the maximum to 740 rnp (aurve III, Fig. 1). 

This inoreesed absorption and shift of the maximum to shorter rave- 

lengths is similar to the effect observed on co-ordination of Cu(I1) 

with einmonia end ethylene dismine, the stronger ligandfielddue to 

the nitrogen aerivetive causing the shift and the increase in intend@ 

of the absorption band. The meximum for the ion [Cu(NHj)(H20)5]++ 

oocurs et 740 rnp aa far [Cu(XiHs)2(H20)J++ at 660 my. These speotral 

&&a thus afford direct evidence for the bonding of the Cu(II) ions to 

the nitrogen atoms in the heterocyclic bases after denaturation. 

The U.V. epeotrum a?? DNA, as is well knm, shows a mazdmum at 

258 we The position of this mwimum renains unchanged by the addition 

of Cu(II) ions et 25'C but on increasing the temperature there is a 

smalJ.shiftinthemaximum towwas longer wavelengths and an inorease 

in absorption due to the decrease in hypochromicity as shun in 

Table 1. Acca~~penying the shift in the position afthe .absorption 

Table 1. Shift of U.V. absorption maximum of calf thymus DNA 
in presenoe ofCu(II) ions after heating et various 
temperatures. 

(Concentretions: DNA, 2.99 x IO* M; cl?+, 

0.95 x 10-k M) 

Temperature Position of maximum 0-D. 
oc absorbance ny~ max. Ii/o D 

l ww.25 

25 258 1.00 

35 259 1.04 

45 260 l-45 

55 261 1.55 
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maximum is a change in the absorption in the region 260 to 520 mp 

tOWadS longer tvavdengths (this may be seen in.Fig. 1 in the region 

4.0 fo 520 mp) and whioh msy best be desoribed as the formation cb' 

a shoulder in the absorption curve in the region 265 to 280 UQJ. The 

appearance of this shoulder rnw be attributed to the perturbation of 

the allmed energy levels of the bases by the co-or&hating Cu(II) 

ions. This behaviour is similar to that observed by Yemane and 

Daviason (1961) for the spectral shift associated with the inter- 

action of DNA with mercury(I1) ions, which was also interpreted as 

an interaction between the Hg ++ ions aa the ring nitrogen atems of 

the heterooyolic bases. 

It is noteworthy that no bonding af Cu(II) ions to heterocyolio 

nitrogen atoms occurs until the thermal @duration prooess waurs. 

At 25'C, &&en&ix&&ion of the extent of binding of Cu(I1) ions to DNA 

shows that binding increases with oonaentratian and that there is only 

one $ype of binding Site, the ssme is true for Di?A denatured in the 

absenoe of Cu(II) ions an8 subsequently plaoed in an bnvironment 

0011~ these ions; however, at 55'C there is a marked inorease 

in the absorption oanpared with the values at 25'C and the number of 

binding sites is greater (Coates, Jordan and Srivastava, to be 

publishes). It is thus 00dud8a that the Cu(II) ions at roem 

twnperature bind to the phosphate sites only, but at higher temper- 

atures when scme relative motion of the two strands in the I)wL helix 

i8 possible, such a8 OCOUCS at the "Wleding teItQeI'atur8" [&%ZW, 

Round and Schildkraut (1963)], penetration of the helix by the Cu(II) 

ion8 can ooour whiuh results in binding of the Cu(I1) ions to nitrogen 

atoms of the bases suoh as to bring about marked distortion or partial 

di8X'UptiOn of the helix to &WOduOb &KlatWat~On. 

mP.mmAL 

Calf t@-mus DIVA was prepared by the whOa Of Kay, Simmons ma 
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Dounce (1952) an&E. 9 DNA by the method desoribed by Marmur (1961). 

U.V. spectra were obtained using a Gilford model 2OCO absorbance 

recorder used in association with a Beckman DU monochromator and 

visible spectra were determined with a Shin&au spectrophotometer 

model QR.50 using 10 cm. cells. 

REFERENCES 

Cotton, F.A. and Wilkinson, G., "Advanced 
(1962). Interscience, New York. 

Eiohhorn, G.L., Nature, B, 474 (1962). 
Eichhorn, G.L. end Clark, P., Proc. Natl. Acad. Soi., a, 586 (1965). 
Hit-d, S., J. Mol. Biol., 2, 672 (1965). 

J. Amer. Chem. Sot., 

"Progress in Nucleic 
Acid Research", ~01. 1, 231 (1963). 
Cohn, W.E. 

Ed. Davidson, J.N. and 
Aoaa. Press, New York. 

Yamene, T. and Davidson, N., J. Amer. Chem. Sot., 8& 2599 (1961). 

Organio Chemistry", 757 

615 


