March, 1976}

NOTES 813

BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN, VoL. 49(3), 813—814 (1976)

Lumiflavin-sensitized Photooxygenation Accelerated by Adenine. II.
The Photolysis of “C-labeled Reactants
Akio Yosuimura and Shunji Kato

Institute of Chemistry, College of General Education, Osaka University, Toyonaka, Osaka 560
(Received August 26, 1975)

Synopsis. Radioactive tryptophan, histidine, meth-
ionine, and guanine were photolyzed in the presence of
lumiflavin either with or without adenine, and the reaction
products were compared chromatographically. Adenine
accelerated these lumiflavin-sensitized photooxygenation reac-
tions, and no effect of adenine on the reaction products was
shown.

In a previous paper,!) it was reported that the lumi-
flavin-sensitized photooxygenation of indoles is greatly
accelerated by the addition of adenine when the reac-
tants are present in very low concentrations. At that
time, fluorometry was succesfully used as a highly
sensitive method to follow the reaction; however, there
remained an open question of whether or not adenine
simply accelerates the oxygenation of indoles without
altering the basic pattern of the reaction. In the present
work, the effects of adenine on the lumiflavin-sensitized
photooxygenations of tryptophan, histidine, methionine,
and guanine, and on the reaction products have been
examined by the use of 1*C-labeled reactants.

Experimental

The lumiflavin was prepared as has previously been de-
scribed.)  dl-Tryptophan-3-14C (3.76 mCi/mmol), [-histi-
dine-4C (U) (216 mCi/mmol), and /-methionine-1-14C (5.81
mCi/mmol) were purchased from the Daiichi Pure Chemicals
Co., While guanine-8-4C hydrochloride (5.4 mCi/mmol) was
obtained from the New England Nuclear Co.

The photolysis was carried out as has previously been de-
scribed (at 435.8 nm and 30 °C).» After the paper chromato-
graphy of the reaction mixtures on Toyo Roshi No. 51A
paper, the autoradiograms were prepared by exposing Sakura
Industrial X-ray film (type N) (8.4x30.5 cm) for several
weeks. The radiochemical counting was carried out using a
liquid-scintillation counter (Beckman LS-250) for sections of
the paper-chromatograms in 5-ml solutions of 2,5-diphenyl-
oxazole in toluene (4 g/l), or conventionally using a gas-flow
counter (Aloka TRM-1) with a paper-chromatogram scanner
for each strip of the chromatograms. The initial concentra-
tion of tryptophan-3-14C was determined by fluorometry,»
while the other 14C-labeled reactants were measured by the
use of the liquid-scintillation counter.

Results and Discussion

The reaction mixtures of the lumiflavin-sensitized
photooxygenation of 10 uM tryptophan-3-1%C in the
absence and in the presence of adenine were developed
on filter paper with l-butanol-acetic acid—water (4:1:
2). The autoradiograms for the samples at different
reaction periods (from 209, to more than 909, decom-
position) showed that tryptophan decomposed to several
reaction products and that the patterns of the products
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Fig. 1. Autoradiograms for the photoproducts of 10 uM
tryptophan-3-14C sensitized by 2.5 yM lumiflavin in
the absence and presence of adenine.
a) Adenine 0. Before irradiation.
b) Adenine 0. Irradiation 280 min (929, decomp.).
c) Adenine 0.2 mM. Irradiation 82 min (989, de-
comp.).

were not changed with the degree of the decomposition.
Therefore, Fig. 1 shows the autoradiograms for the
reaction mixtures in which the photolysis was almost
completed in the presence and in the absence of adenine.
In both chromatograms, six spots of the reaction
products were observed; no difference was detected
between the patterns of these reaction products with and
without adenine. Similar results were obtained when
1-butanol saturated with water was used as the devel-
oping solvent. Thus, it was concluded that adenine
does not alter the final products in spite of its great
accelerating effect on the reaction rate. At pH 8.0,
where the reaction quantum yield was about twice as
much as that at pH 7.2, the photoproducts also consisted
of plural species which were not altered whether adenine
was present or not.

In the previous work,) the reactions were followed by
fluorometry, by which indoles were analyzed with high
accuracy even in micromolar concentrations without
any interference from adenine. The radioactive-iso-

TABLE 1. ACCELERATING EFFECT OF ADENINE ON
THE LUMIFLAVIN-SENSITIZED PHOTOOXYGENATION
OF SEVERAL 14C-LABELED REACTANTS

Reaction Fraction of reactant remaining

Reactant time —_—
(min)  without adenine with adenine®

Tryptophan 27 0.81 0.25

(10 pM) 82 0.53 0.02
Histidine 75 — 0.56

(0.8 uM) 165 0.88 0.24
Methionine 21 — 0.6

(1.0 uM) 64 0.9 0.2
Guanine” 90 0.72 0.16

(8.0 uM) 150 0.56 0.05

Lumiflavin 2.5 pM, phosphate buffer 0.05M, at pH 7.2.
a) Adenine 0.2 mM. b) AtpH6.9.
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Fig. 2. First order plots for the photooxygenation of 8.0
wM guanine-8-14C sensitized by 2.5 M lumiflavin in
0.05 M phosphate buffer at pH 6.9.

" Adenine: @ 0 mM and A 0.2 mM.

tope-tracer method is good for the kinetical treatment of
the reaction as well as for the product analysis. There-
fore, the effect of adenine on the photolysis of non-
fluorescent 14C-labeled reactants under dilute condi-
tions was examined. Among the nonfliorescent amino
acids which undergo photodynamic action, histidine
and methionine were chosen; the effect of the addition
of adenine on the lumiflavin-sensitized photooxygena-
tion of these reactants was investigated: The results
are summarized in Table 1. The accelerating effect of
adenine was observed as in the case of tryptophan.
Besides several amino acids, guanine also undergoes
photodynamic action.? It was similarly examined
whether or not the photodecomposition of this purine
derivative is affected by another purine derivative,
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adenine. Since guanine is hard to dissolve in water
(5 mg/l), guanine-8-C hydrochloride was first dis-
solved in 0.1 M hydrochloric acid and then diluted. The
pH value of the sample solution containing 8.0 pM
guanine and 2.5 pM lumiflavin was adjusted to 6.9
with a 0.05 M phosphate buffer. The accelerating
effect of the addition of 0.2 mM adenine on the photo-
sensitized decomposition of guanine was also observed
on the autoradiograms, as is shown in Fig. 2 and Table
1. When guanine was decomposed by equal quantities
of both solutions with and without adenine, the effect of
adenine on the reaction products was also examined.
Successive reactions were observed to occur, but the
identity of the products was observed at every stage of
the reaction.

On the basis of the results mentioned above, it was
concluded that the addition of adenine accelerates the
lumiflavin-sensitized photooxygenation of not only
tryptophan, but also of many reactants, and that it
does not alter the reaction type. Similarly, the en-
hancement .of photodynamic action may take place
in vive, because flavin dyes and adenine are general
substances in bioorganisms.

The authors wish to express their gratitude to Dr.
Sadaaki Komura for his help in the measurements of the
radioactivity using the apparatus of the Institute for
Protein Research, Osaka University.
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