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ABTACT.
It has been shown that the quantus yield of the photoche-

mical onversion of adenine and the corresponding nucleosides
and nuoleoside 5'-phosphates in liquid (pH 5.6 d 2.0) and
frozen aqueous solution do not exceed 10-4.

The quantum yield of the photoconversion of guanine-con-
taming nucleosides and nucleoside 5'-phosphates in liquid
aqueous solution (pH 5.6) after removal of oxygen by passing
through %itrogen and in the frozen state do not exceed
0.3 x 10O. The quantum yield in oxygen,containin liquid
aqueous solution increase to 0.3 x 10-, i.e. to values com-
mensurate with the quantum yield of pyridine photolysis.

INTROUDUOTION
The UV-induced biological effects in cells, viruses and

infectious nucleic acids arise mainly from the photochemical
conversions of the nucleic bases. Hitherto it was the photo-
chemioal breakdown of the pyrimidines which had received the
most attention largely because of their considerably larger
quantum photolytic yieldA tbhan those of the purines /1,2/.
Recently, however, a number of papers have been published
showing that in some cases the photo-efficiency of purine
conversion can be comensurate with that of the pyrimidines.
The photoinduced reaction of adenine and guanine occuring
at the C(8) atom /3, 4, 5/. Pyrimidine-commensurate quantum
yields are also observable in oligo- and poly-deoxyadenylic
acids/6, 7/. Consequently data on the photochemical stabili-

ty of purines in aqueous solution/8, 9/ require thorough
investigation from both a inetic and mechanistic standpoint.
The results of such study may prove fundamental for elucidat-
ing the mechanisms of certain photobiological processes such
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as 'U-i.d.uoed inactivation or mutation.
The present paper reports the results of an investigation

into the photochemical stability of adenine and guanine deri-
vatives in liquid and frozen aqueous solutions.

NATL, A METHODS
Adenine (Ado) and guanine (Gua)-contain-ing ribo- and deo-

xyribonucleosides, and nuoleoside 5'-phosphates (pA, pG, dpA
and dpG), kindly supplied by Dr. H.Maurer (Zellatofffabrik,
DBR) were used without additional purifioation as they satis-
fied the usual criteria /10/.

The compounds under investigation in 0.35 ml portion of

10-3 M solutions in bidistilled water made up just before the

run were placed in 10 cm polythene-stoppered quartz tubes
(2.5 am i.d.) and irradiated in a special chamber at 220 and

-196° with the uinfiltered light from a block of six 15w low

pressure Hg vapor lamps emitting over 80% at 254 D.

The quantum yields were evaluated by comparing their rates

of photolysis with those of uridine/11/under optically equ-

ivalent conditions. The incident light intensity was 16 /=2/h
The spectra of solution in the 200-350 rane were taken on

a Specord (Carl Zeiss, Jena) spectrophotometer. After irradi-
ation the mixtures were subjected to thin layer cellulose
chromatography using the following systemos n-butanolsethanols
water:concNH40H (6020os2s:1 ,v/v); n-butanolsethylietbylketon:
watersconc. NH40H (40:30:20:10, v/v); isopropanolswatersglaci-
al acetic acid (70S10s20, v/v), or on a Sephadex LH-20 column
in ethanolswater (1s1, v/v). The mixtures from the irradiated
adenylio and deoxyadenylic acids were chromatographed on a

DEAe-Sephadex A-25 acetate column using a sodium acetate solu-

tion (pH 4.9; linear gradient 0.05-_. 0.3 M) for elution. The

course of the elution was monitored by means of UV-absorption
at 254 m. Spectra of the reaction mixtures and of the sepa-
rated fraction were, as a rule, taken at pH 2, pH 5.6 and pH 9.

AND IUSXSI0N
The couse and the rate of the photochemical conversion

of the nucleic acid components depend upon the irradiation
conditions.
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The factors of greatest Importance bein the followings
1. The physical state of the systes. Obviously if two

molecules of the substance (as in the case of p7rimidine di-

merization) are required to form the product, the frozen sta-

te which could fix the suitable orientation of the molecules

should give rise to an increase in the quantum yield of the

reaction. When each molecule independently undergoes photo-

conversion (as in the case of the photohydratation of pyrimi-

dine) the reaction will not be affected by ch ae in state.

2. The pH of the solution. Changes in the solution pH

are accompanied b,r changes in the ratios of the ionic forms,
reactivities of which usually differ rather widely.

3. The composition of the solutions the isotopic compo-

sition of the water, the presence of sensitizing agents, qu-

enchers of triplets and radicals, etc. have a considerable
effect on the reaction. Of great importance is oxygen, whose
concentration in the water under usual conditions is 104MI
which is often comparable to the concentration of the sub-
stane irradiated.

In view of this we irradiated the compounds in the liqu-
id (220C) and frozen (-1960C) states at pH 5.6 and 2.0 both
in the presence of oxygen and after its removal by passin

nitrogen through the reaction mixtures.

The photolysis products may differ from the initial com-

pounds in their spectral characteristics. If such difference

is great, one can Judge of the nature and fate of the reacti-

on already from the spectral caea in the reaction mixture

occuring in the course of the irradiation. If it is not so

great it can in most cases augmented by changing the pH of

the solution while taking the spectrum . Finally, if the

spectrum does not cne daring the photoreaction, the reac-

tion does not take place or it is not accompanied by chane

in the chrowphore, which in the case of nucleotides mean

that it in the sugar or phosphate residues which are affected.

However, the prodncts my then be revealed in chromatograph-
ing the reaction mixtures.

PHOTOLY8is 33U DZIS VATITM

Fig. 1a shows the UV spectra of adenosine before and af-
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Fig.11. Spectrae uf alu.ous solutions of deoxyadenosine (a)
an eoxytanosine (b') aftev irradiation at 220C ( ^ = 254
nm). "'lie solid, dashed, dot.-dashed and dotted lines refer to
soliI.iosi bufore Irradiation and aftor absorption of 350,600
and 1(00IF/mole, respectively.

ter irradiation in a frozen aqueous Solution. Table I presents
the decrease in optical density at 260 u after irradiation
of the adenine derivatives.

It can be seen that bona fide spectral caes are detec-
table in all the derivatives investigated when the absorbed
energ is 750 3inatein per mole. The cnes greatly depend
on the pH of the solution being analyzed, evideing the pre-
sence of U.V. absorbing produots in the irradiated solutions.
However, since these photoprodnots were not further analyzed,
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the oha eo in the speotra are only qualitative reflection
of the photoconversion of the adenine -nuleus.The quantum

yields estimated from the spectral data are given in Table 2.

TABLE 1. Decrease in optical density at 260 nm of solutions
oi aideine derivatives #fter absorption of a dose of 750
E/mole (absolute error -1.5%).

TABLE2. Estimated quantum yields of photolysis of aqueous4
Iii%&ons of adenine derivatives (absolute error -0.20a10-4)

Irradiation s Quntum Yield.,-x10+
conditions Ado A dA pA pdA

Frozen aqueous
solution, pH
5.6, 196C 0.6 0.9 0.5 0.5 0.2

Liquid aqueous
solution, pH
5.6, 220C 0.5 0.3 0.5 0'4

Liquid aqueous
solution, pH 2,
22°0 0.5 0.4 - - -
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Irradiation spH of solu-: Decrease in optical density
conditions stion under-:_ _

sgoing spec-:
:tral measu-: Ado : A : dA : pA pdA

rosen aqueo- 2 4 8 2.5
us solution,
pH 5*6 5.6 3 2 4 2.5 1.5

-196°C 9 5 5 4 2.5 1.5

Liquid aqueo- 2 3 2 2 3 2
us solution,
pH5.6 5.6 2 1.5 2 3 2

220C 9 4 1.5 2 3 2

Liquid aqueo- 2 4 3 - - -
us solution,
pH 2 5.6 3 2 - _ -

220C 9 1.5 1.5 _ - _
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It should be noted that no' U.*V aDsorb spots (other tha

those of the intial oompounds) were found on thin-layer

chromatograpby of irradiated Ada dA,only an intense fluo-

rescence being observable at the start of ohromatogra. With

Sephadex LH-20 the irradiated adenine solution (800 B/sole)
yielded five new compounds absorbi at 254 nm emerged from

the oolumn before adenine, but their total optical density
was less than 3% of that of the initial solution. After irra-

diation of pA and dpA solutions (800 3/mole) only initial

compounds are observed in chromatography on DEAE Sephadex

A25.
Thus UV-irradiation of adenine, adenosine, deoxyadenosi-

ne and the corresponding 5'-phosphates in both the liquid and

frozen aqueous solutions had very little effect on these com-

pouinds. Even on assuming that some of the photoproducts could

have had spectral characteristics only slightly different

from the original compound the quantum yields did not exceed

10-4.
PHOTOLYSIS OF GUANl D IRITVES

Because of low solubility of guanine only guanosine, deo-

xyguanosine and the corresponding 5 '-phosphates were irradiat-

ed. Irradiation of both the frozen and liquid aqueous soluti-

ons through which nitrogen had been preliminary passed bro-

ught about spectral chanes that did not exceed those for the

adenine derivatives. However, when the solutions not purified
of oxygen were irradiated appreciable chae in the spectra
took place (Fig.1, Table 3). Chromatography on Sephadex LH-20

of the irradiated oxygen-conta deoxyguanosine solution

(600 3/mole) revealed a number of compounds, soe of which

displayed marked absorption at A > 250 na as well as the ini-

tial substance. The structural determination of these pro-

ducts which is now in progress will aid in the elucidation of

the reaction mechanism. But already stage it is quite appa-

rent that the presence of oxygen is a prerequisite for the

reaction to take place.
The photochemical conversion of guanine derivatives are

not stimulated by the heavy metal ions, because passage of

the solution through the Chelex-100 bed does not affect the
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TABLE 3. Deorease optical density at 260 u of solution

of guanine derivatives ffter absorption of a dose of 600
13/mole (absolute error - 1.5%)

TABLE 4. Estimated quantum yields of photolysis of Iqueous
solutions of guanosine derivatives (absolute error -0.25w10-)

rate of UV-induced alterations of deoxyguanosine.
It should be stressed that since the photolytic products

are able to absorb radiant energ at A. 250 nu they may un-

1371

Irradiation spH of solu-s Decrease in optical density (%)
conditions stion under-s

sgoi spec-s
stral measu-s G s dG s pG s pdG
s resent s s s a

Liquid aqueo- 2 14 18 5 12
us solution 5.6 9 14 5 11
pH 5.6, 2206 9 7 18 7 12

Liquid aqueo 2 1.5 1.5 1.5 2
us solutions 5.6 2 2 2 3
pH 5.6, 220C, 9 1.5 3 2 1.5
irradiated
after passing
through nitro-
gen for 60 mwi

Frozen aqueous 2 1.5 1.5 1.5 1.5
solution, 5.6 1.5 1.5 1.5 2
pH 5.6, -1960C 9 1.5 1.5 1.5 1.5

Irradiation conditions s dGQGydG
Liquid aqueous solution,
pH 5.6, 220C 2.2 3 1.2 1.8

Liquid aqueous solution,
pH 5.6, 220C, irradiated
after passg through
nitrogen for 60 min 0.30 0.5 0.3 0.5

Frozen aqueous solution,
pH 5.6, -19600 0.25 0.25 0.25 0.3
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dergo further conversions under the cnitions of the irradi-
ation experiment. MoreoTer, their forUation is not accompani-

ead by a proportional reduction of the absorption at 250-280

nm by the reaction sixture. Nevertheless, the quantus yields
of the photoconversions of guanine derivatives in the presen-

ce of oxygen (see Table 4) as estimated by the decrease in

the optical density attains a value of 0.3x10 3, which is

omenurate with the quantum yields of the photoconversion
of pyrisidine in nucleio acids /12/.

It is noteworthy that the results obtained are consis-
tent with the increase in photolability of purine derivatives

caused by substitution at C(2) /8,9/. At the aeas time our

data are in disagreement with reported earlier that oxygen

inhibits the photoohemical conversion of purines substituted
at C(2) and C(6).

Since oxygen is usuaUy not removed when irradiating bio-
logical objects (cells, viruses, etc.) it is evident that pho-

toconversion of the guanosine residues in polynucleotides
might be one of the essential factors in the biological ef-

fects of UV-irradiation.

*Shemyakin Institute of Bioorganic Chemistry Ac. Sci. USSR, Moscow 117312,
ul Vavilova 32, USSR
+ To whom correspondence should be addressed
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