
Vol. 27, No. 4, 1967 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

PHOTODIMERIZATION OF PYRIMIDINE NUCLEIC ACID DERIVATIVES IN AQUEOUC 

SOLUTION AND THE EFFECT OF OXYGEN 

C.L. Greenstock m, I.H. Brown ~, J.N. Hunt and H.E. Johns, 
Department of Medical Biophysics, University of Toronto, 

and The Ontario Cancer Institute, Toronto 5, Ontario, Canada. 

Received April 5, 1967 

Two well-known chemical changes induced in nucleic acids by UV are the 

dimerizatlon and hydration of pyrimidine bases. Recently the dlmerization in 

solutions of thymine 3 uracil (Lamola and Mittal, 1967) and orotlc acid 

(Beukers and Berenda, 1961~ Sztumpf-Kulikowska, Shugar and Boag, 1967) has 

been studied with a view to clarifying the mechanisms involved in the photo- 

chemical reactions. Orotic acid when irradiated in aqueous solution appears 

to form dimers almost exclusively, the yield of which can be determined by 

absorbance measurements. The dimer yield is markedly reduced by the presence 

of oxygen, or of paramagnetic ions. By assuming that oxygen competes for an 

excited state involved in dimer formation, Sztumpf-Kulik~ska et al., (1967) 

have estimated that the lifetime of the excited state is 2 x lO'6s. In this 

paper, the effect of oxygen on dimer production in aqueous solutions of a 

variety of pyrimldine derivatives has been examined. By separating the photo- 

products chromatographically t it has been shown that uracil dlmerization, but 

not hydration, is affected by oxygen. From kinetic data, the lifetime of the 

uracil excited state which leads to dimerization is estimated to be 10"5s. 

METHODS 

Samples were irradiated in 0.005 M CH~COONH 4 (pH 4.4) using the UV mono- 
chromator and irradiation techniques descriSed previously (Johns ~nd Rauth, 
1965; Johns, Pearson, Leblanc and Kelleiner, 1964). Uraeil-14C was chrcmato- 
graphed on Whatman No. 4 paper in _n-butanol:H20 (86;I~, v/v) pH 9.3 or 
iso-but~ic acid:conc. ~40H:~O (i~:n:55, v/v/v) pH 4.5. 
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Decrease in absorbance on irradiation at 265 m~, followed by 
reversal at 235 m~ for oxygenated solutions 8nd solutions 
deoxygenated by bubbling with N 2. Ahsorbances were measured 
with a 1 cm optical path, at the peak absorption of. each base, 
a) orotic acid, 1.9. x lO~M, b) Uracil, 1.25 x 1Q'@M, c) 
Thymine, 1.35 x lO-~M and d) Cytosine, 1.3 x 10"~M. Note the 
different vertical scales. 

35 

The exposure is in ~ Einsteins/om 2. 

RESULTS AND DISCUSSION 

Effect of oxygen: Fig. I shows the loss of ahsorbance with UV exposure at 

265 m~, for oxygenated and deoxygenated solutions. The presence of dimers~ 

as indicated by the recovery of absorbance upon reirradiation at 235 m~, 

was observed for orotic acid, thymine and uracil in the absence of oxygen. 

Dimerization was inhibited markedly by the presence of oxygen in the solution. 

Cytosine showed neither dimer formation, nor a significant effect of 02. 

Experiments similar to those illustrated in Fig. i were performed on 

a variety of nucleic acid derivatives. These results are given in Table i. 

Generally, three types of behaviour were observed. Group A compounds 
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exhibited dimer formation in deoxygermted solutions, and dimerization was 

efficiently inhibited by the presence of 0 2. Compound~ in group B also 

formed dimers, but here 0 2 had no inhibiting effect. This group includes 

the dinucleoside phosphates, such as UpU, in which the proximity of the bases 

favours dimerization over inhibition by 0 2. In the compound~ of group C, 

which includes cytosine derivatives, no dimerization was observed under these 

irradiation conditions. 

The n~ture of the reactions of thymine and uracil was further studied 

using 14C-labelled bases and chromatography to separate individual products. 

Thymine was converted into two products which were chromatographically similar 

to dimers A and B of Weinblum and Johns (1966). Uracil yielded a hydrate and 

several dimers. Fig. 2a shows the total dimer production in the absence of 02, 
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Fig. 2. Formation of a) dimers and b) hydrate in 14C-uracil measured 
chromatographically. The amount of each photoproduct is shown 
as a percent of the total_activity._. In (c), the data in b) 
are replotted as ~A~S/[u] where [US represents the average 
unchanged [U] during an increment of exposure. The cross 
section for hydration, @k is equal to the slope of the lines 
(Brown e~ el., 1965). 

and the inhibition of dimers due to 02. More hydrate was formed in 02 than in 

N 2 saturated solutions (Fig. 2b). However, since there were fewer dimers in 

02, more uracil was available for hydration. In fact, the actual cross section, 

is unaffected by 02, as shown in Fig. 2c, in which ~ is plotted ~h' 
against L (Brown, Freeman and Johns~ 1965). The cross section for hydration, 

~, as measured from the slope of the lines, is approximately 0.038 om2/~E 

whether 02 is present or not. The differential effect of 02 on dimer and 

hydrate formation supports the conclusion of Immola and Mittal (1967) that 

dimer and hydrate production involve different excited states of uracil. 

Prop0,sed reaction scheme :, The observed photochemical reactions of uracil in 

aqueous solution are consistent with the following simplified scheme : 

u . , , ~  ~o 
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In this scheme, ~ is the efficiency of production of hydrate, H, from excited 

state(s), S, (probably singlet(s)), and ~2 is the efficiency for formation of 

an excited state, T, (probably a triplet) from S. Dimer, D, is formed from 

T by reaction with uracil with rate constant kl(M "l s'l), in competition with 

quenching by 02 with rate constant k2(M'l s -1) and the spontaneous de-excitatlon 

of T with rate constant k3(s'l ). T"ae cross sections for H and T formation 

are then @~ = ~. ~i and ~ = ~. ~2' respectively. This scheme is 

similar to the one proposed for orotic acid by Sztumpf-Kulikowska et al., 

(1967), but reactions have been added to account for the hydration of uracil. 

Some of the parameters in the scheme can be obtained from kinetic data. 

The initial rate of dimer formation, %d-~-/o' at known concentrations of U 

and 02 is given by 

;I -- : _ 7  ? o j  ÷ k - 

where ~T" ~-7 is the rate of production of the state T and f is the 

f a[~1% - 
fraction of this excited state which leads to dimers. ~d--L-Jo has been 

measured as a function of ~2_7 (Fig. 2a), and also st different U concentra- 

tions; by using the above equation, the following values have been obtained: 

k2/k I = 1.7, k3/k i = 1.2 x lO "4 M, ~T = 0.11 cm2/~E at 265 m~. 

The total absorption cross section at 265 m~ calculated from the extinction 

coefficient is 17 cm2/pmole. If this is 6-1, as suggested by the scheme, 

then ~i = 0.002 and ~2 = 0.006. By increasing the efficiency of forming 

state T from S it would be possible to increase the dimer yield. Lomola and 

Mittal (1967) have reported a higher quantum yield for absorbance loss of 

uracil irradiated in acetonitrile. We have also observed this effect but 

the products are not the same as those described here. 

Porter (1954) and Kasche and Lindquist (1964) obtained a rate constant 

of lO 9 M "l s -I for quenching of triplet states by 02. Using this value for 

k2, the lifetime of T is estimated to be lO-Ss. The fact that oxygen and 
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other paramagnetlc molecules are efficient triplet state quenchers~ together 

with the lifetime of l0 -5 s provides some, though not conclusive evidence 

that dimer formation occurs via a triplet state. 
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