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Study of the photolysis of folic acid and 6-formylpterin in acid aqueous solutions

Andrés H. Thomas!, Gustavo Suaréz Franco M. Cabreriz®y Raul Martind®!, Alberto L. Capparelf*1

2 |nstituto de Investigaciones Fisicopicas Teoricas y Aplicadas (INIFTA), Departamento dér@loa, Facultad de Ciencias Exactas, Universidad
Nacional de La Plata, CONICET, CIC, Casilla de Correo 16, Sucursal 4, (1900) La Plata, Argentina
b Departamento de Qmica, Facultad de Ciencias Exactas, Centro de Investigacion y Desarrollo en Procesos Cataliticos (CINDECA), Universidad Nacional
de La Plata, CONICET, CIC, Casilla de Correo 16, Sucursal 4, (1900) La Plata, Argentina

Received 3 January 2000; received in revised form 25 April 2000; accepted 1 May 2000

Abstract

Folic acid and 6-formylpterin solutions of pH in the range 4.5-6.0 were photolysed at 350 nm at room temperature. The photochemics

reactions were followed by UV-VIS spectrophotometry, thin layer chromatography (TLC) and high performance liquid chromatography
(HPLC). In the presence of oxygen, folic acid is photochemically cleavaged yielding 6-formylptergamihobenzoylglutamic acid.
As the photolysis proceeds, 6-carboxypterin arises from 6-formylpterin, as observed when solutions only containing the latter compour
are irradiated in the presence of oxygen. In the absence of oxygen, folic acid is not light-sensitive. However, when oxygen free solutior
of 6-formylpterin are irradiated, a ‘red intermediate’ is observed, which is thermally oxidised producing 6-carboxypterin on admission of
oxygen. The quantum yields of substrates disappearance and of photoproducts formation are reported. © 2000 Elsevier Science S.A.
rights reserved.

Keywords:Folic acid; 6-Formylpterin; Photolysis

1. Introduction methenyltetrahydrofolylpolyglutamate is present as the
light-harvesting antenna in DNA photolyases, which are
Folates and pterins are heterocyclic compounds widespreaitivolved in DNA repair processes [11-13] after UV light
in biological systems. Folic acid or pteroylglutamic acid irradiation. Ability of pterin derivatives to photosensitise
(Fig. 1), a conjugated pterin, is a vitamin of the B group DNA cleavage has been reported. In this way, photoinduced
and acts as a coenzyme in reactions related to the synthesisleavage of thymus calf DNA [14] and cleavage of plasmid
of puric and pirimidinic bases [1]. Pterins participate in rel- DNA [15] have been observed.
evant biological functions [2,3], i.e. some pterin derivatives  Despite the few reports on photochemistry [16—19] and
are present in butterflies [2] as natural pigments. Biopterin photophysics [20-22] of pterins found in the literature, much
acts as a coenzyme in metabolic reactions involving the is still left to be known on the photochemistry of folic acid
hydroxylation of aromatic rings. and pterins. To our knowledge, only one study, analysing
Reports showing or suggesting that pterins are involved photochemical products of folic acid, has been reported in
in different photochemical processes are frequently found literature [23]. In this study, performed at pH 7, Lowry et al.
in the literature. Light sensitivity of pterins derivatives is [23] employed indirect methods to identify photoproducts
well known [4,5] and they have been found in photosen- suggesting the formation of several pteridinic derivatives.
sitive organs such as the eyes [6]. Moreover, it has beenp-Aminobenzoylglutamic acid and 6-formylpterin were pro-
suggested that pterins may play some role in photosyn-posed as photoproducts. No information of the reaction path-
thesis [7] and may act as blue antennas in superior plantsways or the effect of absence of;Cas well as quantum
[8] and other organisms such as the fund¥sycomyses efficiency, were reported.
blakesleeanug9]. Also an increase of the concentration In previous communications, we reported a laser flash
of biopterin in human skin with pigmentation disorders photolysis study on folate at pH 11 in dioxygen free so-
[10] has been observed. The folic acid derivative 5,10- lution [24] as well as the photolysis of 6-carboxypterin in
alkaline and acidic aqueous solutions [19]. In the latter
"+ Corresponding author. Tekt54-221-4257430; fax:54-221-242333.  Study, we reported the quantum efficiency of photodegrada-
E-mail addressalcappa@dalton.quimica.unip.edu.ar (A.L. Cappareliit)  tion of 6-carboxypterin and that of the formation of pterin
1 Member of CONICET, Argentina. (an observed photoproduct) and the effect of i® these
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with oxygen-free nitrogen for 20 min. Rayonet RPR 3500 A

OH
jiN CH o 0 lamps (Southern N.E. Ultraviolet Co.) were employed.
HNS /5]/ S Photolysis products were identified by analysing the
H N/Kﬁ N NH—®_KNH absorbance change during irradiation, thin layer chromatog-
2 o raphy (TLC) and high performance liquid chromatography
HO (HPLC).
Absorption spectra of the solutions were recorded at reg-
ular intervals of irradiation time. Experimental difference
Fig. 1. Molecular structure of folic acid. (ED) spectra were obtained by subtracting the spectrum at
time t=0 from the subsequent spectra recorded at differ-
) . . ent times. Each ED spectrum was normalised relative to the
photochemical reactions. It was observed that acid and alka-myaximum absolute value of the absorbance difference yield-
line forms of 6-carboxypterin show different photochemical ing the normalised experimental difference (NED) spectrum.
behaviour. _ _ _ _ NED spectra show significant differences as function
Amide group in pterins moiety suffers deprotonation to pH and Q@ concentration. However, for each particu-

the corresponding fenolate in alkaline media. The aim of |5 experimental condition, NED spectra presented similar
this work is to study the photolysis of the acid forms of ¢4t res at different irradiation times.

pterin p-aminobenzoic acid  glutamic acid

folic acid and 6-formylpterin by UV-A light (320-400 nm). Reference difference (RD) and normalised reference
Thus, f[he pH conditions (5.0-6.0) were chosen, so that only jiference (NRD) spectra were obtained from aqueous
the acid forms are present. solutions of commercial standards. The RD spectra were

In the present work, products of photolysis of folic acid  ¢5jcylated as follows: the absorption spectrum of the reac-
and 6-formylpterin were identified ant_j quantified and the {gnt of given experiment (folic acid or 6-formylpterin) was
role of O, was analysed. Quantum yields were also cal- g hiracted from the spectrum of standard solutions of the
culated. Kinetic considerations and mechanistic aspects arggmmercial compounds, assumed to be possible products

discussed. of the reaction g-aminobenzoylglutamic acid, pterin, xan-
thopterin, leucopterin, 6-formylpterin, pterin-6-carboxylic
acid and 6-methylpterin). These spectra were recorded us-
ing solutions of equal concentrations for both compounds,
at concentrations similar to that of the photolysis experi-
Folic acid (Merck) and pterins (Schircks Laboratories) ments. The NRD spectra were obtained by normalising RD
were used without further purification. Other chemicals spectra as described above.
from Sigma-Aldrich were used as received. The pH of  The procedures described previously were carried for all
solutions was adjusted to 4.5-6.0 by adding drops of con- experimental conditions reported in this paper. The compar-
centrated solutions of HCI or NaOH. The ionic strength was json petween NED and NRD spectra allows characterisation
approximately 103M in all the experiments. k¢, values of the photolysis products.
were determined from absorption changes. Measurements 1 c experiments were performed using DEAE-cellulose
were performed at room temperature. The experimental ab'plates (10Qum) and aqueous NAC! 0.3% (w/v) solution
sorption changes at a given wavelength can be fitted by thegg g|yent. Irradiated folic acid solutions (#3504 M) and

2. Experimental

following equation: irradiated 6-formylpterin (1.510-4M) and aqueous solu-
A Ka tions of pteridinic derivatives standards were developed by
A=10"x {€a+ (eb — €a) [m“ (1) exposing them to 350 nm light. Under the present condi-
a

tions, pterin derivatives show blue fluorescent spots, while
Here,ea and gy are the extinction coefficients of the acid folic acid andp-aminobenzoylglutamic acid do not fluoresce.
and basic forms of the species involved in the acid—baseln Table 1, rfs obtained for several standards solutions are
equilibrium andK, the dissociation constant. A more de- reported.

tailed description of Ky determinations can be found in

the literature [25-27]. Table 1
UV-VIS spectra were performed on a CARY 3 (VAR- Rfs obtained for several standards solutions in TLC runs
IAN) spectrophotometer, using a program for smoothing and compound rf
averaging signals. Measurements were made using quartzp -
. terin 0.49
cells of 1cm optical length and double cells of 1em (for g carpoxypterin 0.17
irradiation) and 0.2cm (for absorbance measurements) ofes-Formylipterin 0.42
optical path. Folic acid 0.00
The continuous photolysis of folic acid and 6-formylpterin G'Memy'pte””h o 0.48
solutions were carried out in the presence or in the ab- &Hydroxymethylpterin 0.53
Xanthopterin 0.38

sence of air. Deaerated solutions were obtained by bubbling
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HPLC (Konic Instruments 500 B) was employed for moni- and the 6-carboxylic group in 6-carboxypterin are not re-
toring the reaction and identifying photoproducts, using a ported in literature. We have, therefore, determined the later
C18 Spherisorb S5 ODS2 (250 6 mm) column. Three  pKj values (7.33 and 3.05, respectively).
different eluent were used. Eluent 1: 10% AcetronitrilgtH
(60:40) (solution 1), 90% aqueous solution of 20 MM potas- 3.2. Photolysis of folic acid in the presence of O
sium phosphate (pH5.5) and 2.5 mM EDTA (solution 2).

Eluent 2: 7% solution 1, 93% solution 2. Eluent 3: 5%  |mportant changes in the absorption spectra of folic acid
methanol, 95% aqueous solution of 50 MM sodium acetate so|utions were observed after irradiation, as shown in Fig. 2.
and 5mM citric acid (pH5.2). A Lambda 1000 Bischoff  The NED spectrum in this case is similar to the NRD spec-
HPLC spectrophotometer was used as detection systemyym obtained by subtracting the spectrum of a standard
For irradiated folic acid SOlUtionS, eluent 2 at 340 nm was solution of folic acid from the Spectrum of a standard so-
employed for monitoring pterin derivatives and folic acid, |ution of 6-formylpterin andp-aminobenzoylglutamic acid.
whereas eluent 3 at 280 nm was employed for identification The NED and NRD spectra were obtained as described
and quantification op-aminobenzoylglutamic acid, which  jn the experimental section. The agreement observed be-
does not absorb at 340nm. For irradiated 6-formylpterin tween the two spectrum (Fig. 2b) suggests that, under
solutions, eluent 1 at 280 nm was used. these irradiation conditions, the folic acid molecule under-

The quantum yields of folic acid and 6-formylpterindisap- goes cleavage and oxidation yielding 6-formylpterin and
pearance and 6-formylpterin and 6-carboxypterin formation p-aminobenzoylglutamic acid.
were determined in experiments performed under different  TLC experiments show the presence of two fluorescent
conditions. A chemical actinometer, ([#¢NHz)sBr]?") components in the irradiated solutions. The rfs observed
was employed for the measurements of photon rates [28].correspond to 6-carboxypterin and 6-formylpterin used as
When possible, the initial concentration of reactants was ad- standards. In experiments performed at different irradiation
jUSted so that more than 99.99% of the incident radiation at times' it can be noticed that 6_Carboxypterin appears in a
350nm was absorbed. The evolution of the concentrations|ater stage than 6-formylpterin.
of reactants and phOtOprOdUCtS dUring the irradiation time Presence of 6_f0rmy|pterin and 6_Carboxypterin in ir-

was followed by HPLC. Aqueous solutions of commercial radiated solutions of folic acid are confirmed by HPLC
standards were employed for obtaining the corresponding

calibration curves. 24
The oxygen consumption during the photolysis was 21 \ .a)
measured with an ©selective electrode (Orion, model ' \ :
37-08-99). The experimental set-up for these measurements 18 ‘
was described elsewhere [29]. g 15
Photolysis, in the presence of furfuryl alcohol (10 mM) 'g 1.2 At
(Riedel-de Haén) were carried out. This compound has a é’ 0.9
high reactivity with singlet oxygen [30] and because of that 0.6 it R
greatly reduces its concentration during the photolysis. In 03 4
this group of experiments, folic acid, 6-formylpterin and 0.0
6-carboxypterin concentrations were determined as a func- 10 ‘ b)
tion of irradiation time by HPLC measurements. Results are \ / \
compared with those obtained in the absence of the selective § 0.5 iz fhed TR :
singlet oxygen scavenger. 8 o0 \ / i / \
3 J : \ {
< 05
3. Results and discussion < o
3.1. pK;s study -1.5 L B —
200 225 250 275 300 325 350 375 400 425 450

Folic acid and pterins exhibit several dissociation A (nm)

Equ_lllbrlum s. As re_portEd by Albert [25] for S‘_averal pterin Fig. 2. (a) Evolution of the absorption spectra of irradiated solutions
derivatives, the amide group is relevant only in the present of folic acid (450uM at pH 6.0), as a function of time. Experiment
pH conditions, as the Kys of other functional groups of  performed in the presence of,OSpectra were recorded every 2min,
pterin moiety (i.e. 2-amino group) are lower than two and arrows indicate the changes observed at different wavelengths. (b) (——)
carboxylic groups lower than 4.5. ThK&B of amide groups NED spectrum obtained by subtracting the initial folic acid spectrum

f foli id d6 b teri det ined . from the corresponding spectrum after 8 min of photolysis. (-----) NRD
ot fofic acid an -carboxypterin were aetermined previ- spectrum obtained by subtracting the spectrum of a standard solution of

ously [27] and are 8.10 and 7.88, respectively. To our knowl- folic acid from the spectrum of a standard solution of 6-formylpterin and
edge, the K5 values of the amide group in 6-formylpterin  p-aminobenzoylglutamic acid, at the same concentration and pH.
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Fig. 3. Evolution of folic acid and 6-formylpterin concentrations in ir- 0 2 4 6 8 10 12 14 16 18 20 22
radiated solution of folic acid 600M (pH=6.0) as a function of time. t(min)
HPLC analysis of first 5min of photolysis.
Fig. 4. Evolution of folic acid, 6-formylpterin and 6-carboxypterin con-
centrations in irradiated solution of folic acid 6aM (pH=6.0) as a
experiments performed using eluent 2. The presencefunction of time. HPLC analysis of 22 min of photolysi#) Algebraic
of p-aminobenzoylglutamic acid is detected employing addition of folic acid, 6-formylpterin and 6-carboxypterin concentrations,
eluent 3. for each time.

Folic acid, 6-formylpterin and 6-carboxypterin concen-
trations were measured as a function of irradiation time by
means of two sets of HPLC experiments. In the first group of
experiments, concentrated solutions of folic acid (>p80
were irradiated. Second group was performed on folic acid
and 6-formylpterin mixtures.

The first group of experiments show that, in the first 4 min
of irradiation, the evolutions of the concentrations of folic
acid and 6-formylpterin follow a zero order rate law, as
shown in Fig. 3. In this first stage, no significant increase
of 6-carboxypterin concentration is observed. Under these
concentration conditions, it can be assumed that, in this time

6-formylpterin and 6-carboxypterin are the main photoprod-
ucts. In a later stage of the photolysis, the 6-carboxypterin
suffers photodegradation itself as reported in the literature
[19]. Therefore, the slightly decrease of total concentration
of pterins, observed after 30—-40 min of irradiation (results
not shown), can be mainly associated to the photodegrada-
tion of 6-carboxypterin.

The second group of experiments were performed in such
a way that only a low proportion of the incident light is
absorbed by folic acid, whereas a higher proportion is ab-
sorbed by 6-formylpterin. In the experiment shown in Fig. 5,

range, the whole light is absorbed by folic acid. The quan- 80

tum vyield associated with the disappearance of folic acid L /A
was measured and a value of 2 B)2 was obtained. On 70 [ S /

the other hand, a value of 210~2 was also obtained for 5 .

the quantum vyield of 6-formylpterin formation. Therefore, /

—@— folic acid 1
—m— 6-formylpterin |
—A— 6-carboxypterin

consumption of folic acid to lead 6-formylpterin is the only
process that take place in the analysed time range.

After 4 min of irradiation, important increases on the rate
of photodegradation of folic acid and on the rate of formation
of 6-formylpterin are observed, as shown in Fig. 4. This facts
coincide temporally with an increase of 6-carboxypterin
concentration. As it will be shown below, 6-carboxypterin is
a photoproduct generated from 6-formylpterin. Therefore,
beginning from approximately 5 min, some significant pro-
portion of light is absorbed by 6-formylpterin. Thus, the
chemical transformation from folic acid to 6-formylpterin 0 1 2 3 4 5
seems to be enhanced trough participation of excited t(min)

6-formylpterin. ' . o i .
A n be seen in Fig. 4. during the first 25min of Fig. 5. Evolution of folic acid, 6-formylpterin and 6-carboxypterin con-
S Ca g.- 4 g centrations in irradiated mixture solution of folic acid @B!) and

irradiation, under these conditions, the total concentration e.formylipterin (53:M) (pH=5.8) as a function of time. HPLC analysis
of pterins inpM are almost constant, thus indicating that of 10min of photolysis.

concentration (uM)

7 8 9 10 N
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Fig. 6. Time evolution of the @concentration in irradiated solutions of : E‘
folic acid (156wM) and 6-formylpterin (20@Q.M). -0.6 I \ / b o

-0.9 RV I NRD spectrum

— : | 7 T i T
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a mixture solution of folic acid (48M) and 6-formylpterin A (nm)
nm

(53uM) was irradiated. An initial rate of consumption of
?'76““M/mm IS eSt'mated_' und_er these COﬂdlthl_’lS,_taklng. the Fig. 7. (a) Evolution of the absorption spectra of irradiated solutions
intensity absorbed by folic acid as 25% of the incident light o 6-formylpterin (112.M at pH 6), as a function of time. Experiment
and the quantum yield previously calculated (2192). performed in the presence of,0OSpectra were recorded every 2min,
However, a rate of 20.,@M/min was obtained for the first ~ arrows indicate the changes observed at different wavelengths. (b) (——)

minute of photolysis. These results confirm that absorption NED spectrum obtalqed by subtracting the |r1|t|al 6-f0rmy|p_ter|n spectrum
from the corresponding spectrum after 8 min of photolysis. (-----) NRD

of .Ilght by 6-formylpter|n induces the conversion of folic spectrum obtained by subtracting the spectrum of 6-formylpterin and
acid to 6-formylpterin. 6-carboxypterin at the same concentration and pH.

In another set of experiments, a significant decrease on
O2 concentration, during the photolysis was observed, in- 3.4. Photolysis of 6-formylpterin in the presence of O
dicating that photooxidation of folic acid is taking place. ~
As shown in Fig. 6, after a few minutes of irradiation, an
increase on the rate of consumption op @& observed.
The degradation of folic acid induced by 6-formylpterin
and the photooxidation of 6-formylpterin may explain this
observation.

The spectrum of 6-formylpterin solutions changes steadily
with the irradiation time as shown in Fig. 7. As can be seen
in Fig. 7b, the NED spectrum is similar to the NRD spectrum
obtained by subtracting the spectrum of a standard solution
of 6-formylpterin from the spectrum of a standard solution
of 6-carboxypterin.

3.3. Photolysis of folic acid in the absence of O As observed for irradiated solutions of folic acid, TLC
experiments show the presence of two fluorescent compo-

Completely different results are obtained in experiments nents in the irradiated solutions of 6-formylpterin. The rfs
performed in nitrogen saturated solutions. No significant correspond to 6-carboxypterin and 6-formylpterin used as
changes in the absorption spectra of folic acid solutions standard.

(450uM and pH=5.8) were observed during 50 min of Moreover, HPLC measurements show that 6-carboxypterin
irradiation. Moreover, TLC experiments carried out on ir- arises from 6-formylpterin photolysis. No other photoprod-

radiated solutions show that no fluorescent products areucts were detected in the first minutes of photolysis. Evolu-
detected. tion of concentrations, as a function of time, can be appreci-

HPLC measurements performed on an irradiated solu- ated in Fig. 8. The measured quantum yields associated with
tion of folic acid (600uM and pH=5.8) show that folic the disappearance of 6-formylpterin and with formation of
acid concentration does not decrease after 30 min of ir- 6-carboxypterin are 40102 and 3.%& 102, respectively.
radiation. Accordingly, no new substrates were detected. As shown in Fig. 6, @ consumption is observed during
Therefore, folic acid does not undergo any chemical photolysis. These results show that 6-formylpterin suffers
modification under irradiation at 350nm in the absence photooxidation on 6-formyl group to lead corresponding
of O,. 6-carboxy derivative.
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time. HPLC analysis of first 2min of photolysis.

3.5. Photolysis of 6-formylpterin in the absence of O

Solutions of 6-formylpterin present a yellowish colour.
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Fig. 10. (a) Spectra of 6-formylpterin solutions (3341, pH=5.0). (1)

Spectrum of non-irradiated solution; (2) Spectrum of 10min irradiated
solution, under anaerobic conditions; (3) Spectrum of 10 min irradiated
solution, under anaerobic conditions, and then aerated. (b) (——) NED
spectrum obtained by subtracting the initial spectrum (1) from the corre-
sponding spectrum (3). (-----) NRD spectrum obtained by subtracting the
spectrum of 6-formylpterin and 6-carboxypterin at the same concentration

When a deaerated solution of 6-formylpterin is irradiated and pH-

with UV-A it becomes orange-red in a few minutes. As can
be appreciated in Fig. 9, photolysis of 6-formylpterin, un-

der anaerobic conditions, leads to the formation of a ‘red tion at 480 nm. Commercial available pteridinic derivative

compound’ with a longwave absorbing band of low extinc-

0.8
0.7

400 450 500 550 600

| Ao

0.5 - \N oo

0.4 N

Absorbance

03 P EO— . \ B N S P SPP

0.0 T T T T T T T T

200 225 250 275 300 325 350 375 400 425 450
A (nm)
Fig. 9. Evolution of the absorption spectra of irradiated solutions of

6-formylpterin (20QuM at pH 5.8), as a function of time. Experiment
performed in the absence of,OSpectra were recorded every 2min,

standards, not present such spectrophotometrical character-
istics and, therefore, NED spectrum of this photolysis does
not agree with NRD spectra obtained from commercial stan-
dards solutions.

Spectral changes take place after aeration of irradiated
6-formylpterin solution in the absence obOas shown in
Fig. 10. NED spectrum, obtained from subtracting the spec-
trum of non-irradiated solution from that of an irradiated
and then aerated solution, is in agreement with correspond-
ing NRD spectrum, obtained by subtracting the spectrum of
6-formylpterin and 6-carboxypterin standard solutions (Fig.
10b). These results suggest that this ‘red compound’ suffer
spontaneous oxidation to 6-carboxypterin on admission of
oxygen.

TLC runs of the previous experiments are very similar
to those observed for experiments performed in the pres-
ence of Q, indeed the corresponding 6-carboxypterin spot
can be observed. In the same way, HPLC experiments
show the decrease of 6-formylpterin concentration and in-
crease of 6-carboxypterin concentration (results not shown).
The quantum yield, associated with the disappearance of
6-formylpterin, was measured and a value of-4D 2 was
obtained.

From HPLC measurements, non-photolised concentra-
tion of 6-formylpterin was obtained for different irradiation

arrows indicate the changes observed at different wavelengths. (a) 0.2cmtimes. Then corresponding spectra were obtained. Subtract-

optical length; (b) 1.0cm optical length.

ing these spectra from the spectra of irradiated solutions,
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conditions, 6-formylpterin solutions.

Fig. 12. (a) Time evolution of folic acid concentration in irradiated
solution of folic acid 57QuM (pH=6.0) in the presence of furfuryl
under anaerobic conditions, the spectra of the ‘red alcohol (10mM); (b) Time evolution of folic acid, 6-formylpterin and
compound’ was obtained. assuming that conversion to ‘red 6-carboxypterin concentr_atlons in irradiated _mlxture solution of folic acid
) . (41M) and 6-formylpterin (33wM) (pH=6.0) in the presence of furfuryl
compound’ is the only pathway of 6-formylpterin consump- - ;conol (10 mm).

tion. This spectrum is shown in Fig. 11.

3.6. Photolysis of folic acid and 6-formylpterin in the 3-5). These results suggest that singlet oxygen is involved in
presence of singlet oxygen scavenger direct photolysis of folic acid and that 6-formylpterin gener-
ates singlet oxygen accelerating the decomposition of folic
Pterins derivatives are able to produce singlet oxygen acid.
[31,32]. Photolysis, in the presence of furfuryl alcohol, ase-  On the other hand, photooxidation of 6-formylpterin to
lective scavenger, were carried out to investigate if singlet yield 6-carboxypterin is not inhibited by furfuryl alcohol
oxygen are involved in the mechanism of photodegradations (Fig. 12b) suggesting that singlet oxygen seems to be not
of folic acid and 6-formylpterin. involved in this reaction.
As shown in Fig. 12a, folic acid photolysis proceeds at a
comparatively very slow rate under these conditions. In the
experiment shown in Fig. 12b, a starting solution containing 4. Conclusions
folic acid (41p.M) and 6-formylpterin (33.M) was irradi-
ated. It can be appreciated that folic acid does not suffer Scheme 1 summarises the results obtained. In the absence
significant degradation. As observed in these experiments,of oxygen, folic acid is photostable, whereas excitation
evolution of folic acid concentration differs strongly from in the presence of oxygen leads to cleavage and oxida-
those corresponding to the analogous experiments, whichtion of the molecule, yielding 6-formylpterin argamino-
were carried out in the absence of furfuryl alcohol (Figs. benzoylglutamic acid as photoproducts. Singlet oxygen,

p-aminobenzoylglutamic acid

H,N—R
o o o o o
N
LG N hv 0, / un /”]/C” h.v 0, HNJt[/ ])Lo'
ENN MR IS RI H N/L\N Sn
HN" N" N o=0025 N NN ®=0.040 2
folic acid 6-formylpterin 6-carboxypterin

Scheme 1.
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probably produced by electronically excited states of folic [3] G. Hopkins, in: J.E. Ayling, et al. (Eds.), Chemistry and Biology of
acid molecule, is the oxidant agent which start the degrada-  Pteridines and Folates, Plenum Press, New York, 1993.

tion reaction. No other photoproducts were detected under 4 H-S. Forrest, H.K. Mitchell, J. Am. Chem. Soc. 77 (1955) 4856.
our experimental conditions [5] E.L. Patterson, M.H. von Saltza, E.L.R. Stockstad, J. Am. Chem.

. . . . - . Soc. 78 (1956) 5871.
This degradation reaction of folic acid is accelerated in (6] A. Pirie, D.M. Simpson, Biochem. J. 40 (1946) 14.

the presence of 6-formylpterin. This process requires pho- [7] R.C. Fuller, G.W. Kidder, N.A. Nugent, V.C. Dewey, N. Rigopoulos,
toexcitation of 6-formylpterin, not requires the absorption of Photochem. Photobiol. 14 (1971) 359. _
||ght by folic acid and is inhibited by Singlet oxygen scav- [8] J. Maier, H. Ninnemann, Photochem. Photobiol. 61 (1_995) 43.
S . [9] N. Hohl, P. Galland, H. Senger, Photochem. Photobiol. 55 (1992)
enger. Therefore, excitation of 6-formylpterin leads to the
generation of singlet oxygen that induces the degradation of[10] k.u. Schallreuter, 3.M. Wood, M.R. Pettelkow, M. Gutlich, K.R.
folic acid. Lemke, W. Rodl, N.N. Swanson, K. Hitzemann, |. Ziegler, Science
To propose a detailed mechanism of folic acid photodegra- 263 (1994) 1444. _
dation, further research is in the process in our laboratory, [11] A- Sancar, G.B. Sancar, Annu. Rev. Biochem. 57 (1988) 29.
In another direction, further investigations, to get a com- [12] JL. Johnson, S. Hamm-Alarez, G. Payne, G.B. Sancar, K.V
, vestig » 10 getac Rajagopalan, A. Sancar, Proc. Natl. Acad. Sci. USA 85 (1988)
plete view of the ability of the different pterins for yielding 2046.
singlet oxygen in agueous solutions, are under progress. [13] J.E. Hearst, Science 268 (1995) 1858.
Photooxidation of 6-formylpterin to 6-carboxypterin occ- [14] K. lto, S. Kawanishi, Biochemistry 36 (1997) 1774.
urs through at least. two steps. In the first one. the exci- [15] C. Lorente, A.H. Thomas, L.S. Villata, D. Hozbor, A. Lagares, A.L.
tation of the molecule leads to the formation of a ‘red . 2Pl in press,
.a lon o . e, e L orma lon 0 are [16] R. Baur, M. Kappel, R. Mengel, W. Pfleiderer, in: R.L.
|n.termed|ate . In .the second step., the_' intermediate reacts  kisliuk, G.M. Brown (Eds.), Chemistry and Biology of Pteridines,
with oxygen yielding 6-carboxypterin. Singlet oxygen seems Elsevier/North-Holland, Amsterdam, 1979.
to be not involved in this reaction. [17] W. Pfleiderer, M. Kappel, R. Baur, in: W. Pfleiderer, et al. (Eds.),
As it was proposed in literature [16,17], the long wave- Biochemical and Clinical Aspects of Pteridines, Vol. 3, Walter de

. . . Gruyter, Berlin, New York, 1984.
length absorption at 480-500 nm of low intensity Seems 10 |1¢1 1 ' iitsky, T.A. Lyudnikova, E.A. Mironov, I.V. Moskaleva, J.

be characteristic for 6—acy|-5,8—dihydropterins. These com- Photochem. Photobiol. B: Biol. 39 (1997) 43.
pounds suffer spontaneous dehydrogenation to correspond{19] G. Suérez, F.M. Cabrerizo, AH. Thomas, A.L. Capparelli, J.
ing 6-acylpterin on admission of oxygen. Due to its spectral Photochem. Photobiol. A: Chem. 132 (2000) 53.

features and reactivity, the ‘red intermediate’ detected in our [20] C. Chahidi, M. Aubailly, A. Momzikoff, M. Bazin, R. Santus,

. . . Photochem. Photobiol. 33 (1981) 641.
experiments could be 6-carboxy-5,8-dihydropterin. Further ;1,5\ | edbetter, w. Pfleiderer, J.H. Freisheim, in: J.E. Ayling, et al.

investigations to obtain more evidence in this way are under (Eds.), Chemistry and Biology of Pteridines and Folates, Plenum

progress. Press, New York, 1993.

[22] J.W. Ledbetter, W. Freisheim, J.H. Prleiderer, Photochem. Photobiol.
62 (1995) 71.
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