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Photoionization of aromatic amino acid at different pH values™
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Abstract The photoioization of aromatic amino acid in solutions of different pH values were investigated by 248
nm laser flash photolysis. The results showed that the photoionizations of tyrosine and tryptophan were affected by pH
value of solution, but phenylalanine was not. The ionization was in favor of monophotonic process at high pH value and
of biphotonic process at low pH value. The mechanisms of pH effect an photoionization of tyrosine and tryptophan were
the deprotonation of phenolic hydroxyl group and the deprotonation of > NH on the indole ring respectively. Our results
explain the discrepancy of values for the yield of hydrated electron obtained by other investigators.
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Three aromatic amino acids, tryptophan (Trp) , tyrosine (Tyr) and phenylalanine (Phe), ex-
hibit significant absorption in the UVB (280—320 nm) region, their chromophores are substituting

aromatic groups. The UV photochemistry of these three amino acids, especially Trp, has been inves-

tigated intensively during last three decades'' ™.

[6—9

Various photoionization measurements have been

[10—

carried out employing either low intensity I or high intensity 9] Jaser UV excitation. But great

variation in the values of quantum yield @, _ of photoionization exists, even in those values obtained

[13,15,17]

by one group . The mechanism of photoionization was reported to be monophotonic in some

studiest 21315190 biphotonic (two-step) in others! 1416

. In this work, the pH effect on the pho-
toionization of aromatic amino acid was investigated by laser (KrF 248 nm) flash photolysis. The vari-

ation in the values for quantum yield of photoionization is explained.
1 Experimental

DL-tyrosine(Tyr), D-tryptophan (Trp) and L-phenylaanine (Phe) obtained from Sigma Co.
were used as received. The pKa values of Tyr, Trp and Phe are listed in table 1. Aromatic amino
acids (symbolized by HA) in aqueous solutions exist as H,A* at pH 1.4, HA at pH 6.4 and
A~ (Trp.Phe) or A[ - H* ]*~ (Tyr) at pH 11.4 respectively. All samples were prepared in triple
distilled water and deaerated by high purity nitrogen for 20 min. Laser photolysis was performed using

* Project supported by the Postdoctoral Science Foundation of China.
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an apparatus described in reference [20].

Table 1 Laser power density index of the absorption intensities of photoionization of

aromatic amino acid by 248 nm laser light in solutions

pKa[w_u] Laser power density index"
Aromatic amino acid
—COOH,—NH, ,—OH 1.2% 6.5" 11.4%
Tyr 2.2,9.1,10.1 1.79 1.5 1.0
Trp 2.4,9.4 1.67 1.4 1.2
Phe 1.8,9.1 1.9% 1.9 1.8

a) Estimated to be accurate to £ 0.1; b) pH value; c,d,e) determined at 410 nm, 330 nm and 320 nm respectively.
2 Results and discussion

On 248 nm laser photolysis of N,-saturated neutral and alkaline aqueous solutions of aromatic
amino acids relatively strong absorption changes were observed. The absorption specira recorded im-
mediately after laser pulse were characterized by a strong and broad band at 400—600 nm and a
bleaching band at 300—400 nm (figs. 1 and 2). The absorption at 600 nm decayed in deaerated so-
lution within 2 ps following first-order kinetic law (see insets of figs. 1, 2 and 3). The strong and
broad absorptions were not observed from photolysis of N,O-saturated aqueous solutions of aromatic
amino acids. Hence, the strong absorption band at 400—600 nm resulted from hydrated electron

(e>) (A., =720 nm). The appearance of e_, is the direct evidence for photoionization of aromatic
aq max pPp aq P!

amino acid. The reaction can be presented by

nh
HA—> A+ ey +H  (n=1lor2). (1)

In addition, photodissociation of aromatic amino acids can also occur, and produce the radical A",

ho L .
HA— A"+ H'. (2)
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Fig. 1.  Transient absorption spectra from photolysis of Fig. 2. Transient absorption spectra from photolysis of

10~ mol- dm~* Trp aqueous solution. pH 6.5: [1, 80 ns 1072 mol* dm™* Tyr aqueous solution. pH 6.5: &, 80

(saturated with N,), &, 0.1 ps (saturated with N,0);
pH11.4: M, 50 ns (saturated with N,), &, 0.1 ps
(saturated with N,O). Inset: dependence on time of the
absorbance at 560 nm, pH 6.5 (1), pH 11.4 (2).

ns ( saturated with N,), &, 0.1 ps (saturated with
N,0), [, 50 ns (saturated with N,); pH 11.4: W,
0.1 ps (saturated with N,0) . Inset: dependence on time
of the absorbance at 600 nm, pH 6.5 (1), pH11.4(2).
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03 The decay of hydrated electron is due to iis reaction

.! with substrate (untransformed aromatic amino acid),

Y
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ez + HA > HA'". (3)

If photoionization is a monophotonic process,

Absorbance
o=}
T

the amount of hydrated electrons increases linearly
with incident laser intensity ( /), namely the quan-

tum yield @, _ is constant. The amount of e, is in

L

1
300 400 500 600
Wavelength/nm intensity, if photoionization is a biphotonic process .

proportion to I; squared, and @,_ varies with laser

Fig. 3. Transient absorption spectra from photolysis of Under various laser intensities, the absorbances
1072 mol* dm~? Phe aqueous solution saturated with N, at at 650 nm ( Ags) for photolysis of Tyr solution were
pH 1.2 (0] 0.1 ps), pH 6.5 (A 0.1 ps) and pH 11.4 determined at 0.1 ps after the pulse. In alkaline so-
(A 0.1ps). Tnset: dependence on time of the absorbance Jpion | the plot of Ags, against the laser intensity is a
at 600 nm, pH 1.4 (1), pi 6.5 (2). straight line as shown in fig. 4. According to equa-
tion lgdgso = nlgl;, the calculated laser power density index (n) was 1.5 for neutral solution and 1

for alkaline solution respectively. It is obvious that both the mono- and biphotonic pathways exist in

the process of photoionization in neutral solution of Tyr,
but only monophotonic pathway exists in alkaline solu-
tion of Tyr. So, the pathway of photoionization is
changed by pH value of solution. In addition, it has
been found that the photoionization of Tyr in neutral so-
lution is a monophotonic pathway under low intensity <
laser, a biphotonic pathway under high intensity laser
(see fig. 4). The same results were obtained from Trp

and Phe, suggesting laser intensity can affect the pro-

cess of photoionization of ar ic ino acid.
P of aromatic amino acid 00 03 Lo

mas
The strong absorptions in the range 400—600 nm Wk
were not observed from photolysis of N,-saturated acid Fig. 4. Dependence on laser intensity of the ab-
aqueous solutions of aromatic amino acids. This is due sorhance of Tyr at 650 nm 0.1 pis after laser pulse. pH

to the fast reaction of e, with proton (H* ) forming hy- 6.5 (curve 1), pH 11.4 (curve 2).
drogen radical (H'), -

ey + H'—>H". (4)

The absorbances at A ,,, of the radicals of aromatic amino acid were determined by changing laser
intensity . Laser power density indexes obtained are shown in table 1. These indicate that photoioniza-
tion pathways of aromatic amino acid are mainly biphotonic. By determining the absorbance at A, of
A’, the obtained values of laser power density index of photoionization should be those of photolysis

(including photoionization and photodissociation, eq. (2)), thus the experimental values may be a
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little smaller than actual ones.

Using the same method, laser power density indexes of Trp and Phe photoionization were ob-
tained in neutral and alkaline solutions respectively, and are listed in table 1. Although pKa values of
NHj" for three aromatic amino acids are in the range of pH 6.5—11.4, only changes of laser power
density index of Tyr are marked with the increased pH value. This may be due to the pKa (10.1) of
substituting aromatic group of Tyr is in the range of pH 6.5—11.4.

Cowgill studied pH effects on fluorescence quantum yield ( @y) of aromatic amino acid and their
derivatives . The results showed that, with increasing pH, @y of Trp and Phe increased acutely at pKa
of —NH;" and —COOH, and that of Tyr increased at pKa of —COOH, but decreased at pKa of
—NH; and —OH (in the range of pH 9—10)!?'!. We suggested that —OH (deprotonation) in-
duced decrease conceals —NH; induced increase of Tyr’s @p. Trp’ s Py starts to decrease at pH
11.0 resulting from excited > NH of indole ring deprotonated[m . The density of electron cloud of the
excited molecule is lower than that of the ground, thus acidity enhances and pKa decreases. There-
fore, when the substituting aromatic groups deprotonate, the fluorescence quantum yields of aromatic
amino acid decrease. We consider that an additional deactivation pathway might exist for the excited

aromatic amino acid, namely, photoionization via a monophotonic process.

It has been demonstrated that when guanine deprotonates from N1 (chromophore) the ionization
potential decreases, thus the transformation of photoionization process from bi- to monophoton under

(22,21 DeFelippis et al.!?*! determined the oxidation potentials of Tyr

248 nm laser pulses will occur
and Trp in pH 7 and 11 solutions, and the values in pH 11 solution are much smaller than that of pH
7 solution. This is consistent with our results of photoionization of Trp and Tyr. The pH doesn’t
change the process of photoionization of Phe because there is no active hydrogen on its substituting

aromatic group.

In conclusion, besides the wavelength of excited light, pH value of solution and laser intensity
will affect the processes of photoionization of aromatic amino acid and cause variation in the measure-
ment of quantum yield of photoionization. Therefore, only under the same condition, the same quan-

tum yields of photoionization of aromatic amino acid can be obtained.
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