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Abstract: Urow& acid undergo photooxidadve &wage at the acrylic acid sia chain to 
@oni i&da&e canboxa&w. Z?te reacdon is acceleMted in the prvsmce of pwines. 
EvMence is presented thpr the p~~.~o~ imxhes a reacdon of the UA miical cation 
ami ground state ~olec~~r oxygen. 

Urocanic acid (3”(IH-imidaxol-4(5)-yl)-2-propenoic acid, UA), a metabolite of histidii that accumulates 

in the mammalian epidermis, is of considerable current photobiological interest.2 The naturally occurring m 
ie, Q isomer is efficiently converted by sunlight to ci’s ie, (Z)-UA3, a compound implicated in the phenomenon 

of immunosuppression4 UA also photochemically covaiently binds to proteins and DNA6, and photoinactivates 
infectious viral ss- and dsDNA. 2*7 There is good evidence that thymidine is a major target base in DNA* and 

[2+2] cycloadducts involving the 5,6-double bond of thymidine and the olefmic moiety of UA have been isolated 

and ~~ti~~.’ However, we have reported that photolysis of ~diol~l~ UA with poly[A] leads to substantial 

imnporation of the label into that nucleic acid as well.* The chemical basis for the binding of UA to the 
deoxyadenosine unit is as yet unclear and we have studied the chemistry resulting from the photolysis of UA in 
pmsence of dA as part of our effort to understand how UA and dA interact. We report herein a novel 

photooxidative cleavage of the acrylic acid double bond which is facilitated by dA and by dG. 
Irradiation of an aqueous solution of UA (2.0 mM) and dA (14.0 n&f), in the presence of oxygen, with 

a medium-pressure 450W Han&a mercury arc lamp encased in a corex sleeve (transmitting wavelengths greater 

than 270 nm) produces lHimidaxok+4(5)-carboxalde&yde (ImCHO) (equation 1). This is the sole photoproduct 
of UA detectable when the photolysate is analysed by revemed-phase HPLC monitoring the column effluent at 254 

(E)-UA IInCH 
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nm. The identity of the aldehyde, collected by HPLC from a scaled-up photolysis, was confirmed by MC 

analysi~‘~ including comparison with an authentic sample prepared by manganese dioxide oxidation of 4(5)- 
hydroxymethyl-lH-imidaxole. ” The aldehyde is formed in the absence of dA, but only at a 20% rate with the 
pmine present. The presence of dG also catalyzes the reaction at a level commensurate with that observed for dA 

(see below). Experiments with UA and dA in phoephate buffer of varying pH (from 5 to 8) showed no sign&ant 
difference in the yield of aldehyde formation. 

The source of the oxygen incorporated into the aldehyde was probed by irradiating UA in methanol in the 
presence of ‘*q (Nal$ was added to increase the yield of aldehyde; see below). A CI-high resolution mass 
spectrum of the isolated aldehyde gave m/z 99.9443 (C,H,N,‘*O = 99.9444) with 75% incorporation of oxygen- 

18 determined by using the molecular ion (M+H+) of the ImCHl*O at 99 m/z (CIMS). Though the formation 
of ImCHO can be envisaged as arising from the addition of singlet oxygen (‘Oz, to give an initial dioxetane, 
several facts do not support this hypothesis: i) singlet oxygen is known to react efficiently with the imidazole ring 
in histidiue,12 ii) independent generation of ‘0, with rose bengal gave no evidence for the formation of ImCHO 
from UA, (though UA was degraded), iii) 40 did not enhance the yield of the aldehyde nor did the addition of 

sodium azide retard the reaction; these reagents are now classic probes for singlet oxygen chemistry.13*14 
Interestingly, the presence of sodium azide was found to actually enhance the yield of ImCHO. The 

presence of the salt also improved the mass balance (ie after 4 h aldehyde accounted for 36% and 16% of 
degraded UA in the presence and absence of azide, respectively).15 Catalysis by dG is also facilitated by the 

presence of the axide, with the ImCHO accounting for as much as 55% of reacted UA under these conditions. 
Quantum efficiencies (more accurately “quantum utiliitions” because multiple absorbers are present) for the 

formation of ImCHO are presented in Table 1. 

Table 1. “Quantum Utikation” for the Formation of ImCHO in the Photolysi&b of UA and F~rines.~ 

Reactants f I’M3 *x104 

UA/dA 0.71 (* 0.7%) 
UA/dA + 1.39 (& 2.5%) 

UA/dG 0.85 (* 4.1%) 

UAldG + 2.94 (* 1.9%) 

l Using 266 nm light from a Continuum Nd:YAG laser, pulse energy 4.7 mJ. b Compsrable results were obtained 
from the photolysis of UA/dA in the absence and presence of NaN3 with the 308-nm light from a Lurnonics EX- 
700 Pulsemaster XeCl excimer laser, pulse energy 14.6 mJ. ’ 2.0 mM UA and 14.0 mlb4 purines. Purines are the 
major absorbers of light at these wavelengths. All data are the results of duplicate measurements. 

Since singlet oxygen is not involved, we are left with two possibilities for the oxygen source, ir; the 

superoxide mdicai anion (q-3 or ground state molecular oxygen (30& In fact, we have elsewhere shown that 
UA generates superoxide when irradiated at wavelengths > 270 nm.16 Involvement of superoxide was tested by 

irradiiting UA and UA/dA in the absence and presence of superoxide dismutase (SOD). The enzyme had only 

a minor effect on the rate of the oxidation.” We thus propose that ground state oxygen is involved and that the 

cleavage of UA involves single electron transfer (SET) processes. 



The key species is the UA radical cation, formed either by direct photoio&ation*4 or by ekctron transfer 
~UA~~~yg~~~~~~s. S~g~~~~~8~~~~g~UA 
~catioaaad3~was~i~byindq#nrk?ntlygsrrraatig~UAradical,~bytbeoxiciptianofUA 
through visible light excit&ioi~ of the highly c&&on af%nic dye, nitro b&e tc&tw&ium (NBT)? XPLC analysis 

~~that~Ois~~undgtlres?cdM3itiowand,whenN~3was~,inyieMsas~~ 
as689fL Ris ~y~~~a~~q~of~-.t6 F~,~~~~~~t~ 

oxidativc clci%wge of photogeneG&!d oldin radical c&tiol&t9 Azidc cataIysis c&d deriwt from its ability to tmp 
Uws UA radical cation and inhibit cwnpetitivc hydrolysis. There is good precedent for tide” functioning in this 
fole.‘Eo A complete m&a&m is shown in Scheme 1 and includes both the chemistry resulting from direct 
excitation of UA as well as that arising fkom initial purinc c~citation.~~ 

GA hV * 

dA hv ) 

UA + 

VA” 0, Uk’ 4 O$- 

dA’ 92 ) dA” + O$ 

dA” - Uk+ + dA 

RH +L In&IX-H 
HO4I 

The gaw&ity of this purineassisted photooxidative cleavage of UA, and its pot&ai role in the photolytic 
binding of UA to nucleic acids, art currently under study. 
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