Biophysical
Chemistry

e

ELSEVIE

R Biophysical Chemistry 962002 15-19
www.elseviercom/locate/bpc

Charge transfer between tryptophan and tyrosine in casein: a pulse
radiolysis study

Ravi Joshi, Tulsi Mukherjee*

Radiation Chemistry and Chemical Dynamics Division, Bhabha Atomic Research Centre, Mumbai 400 085, India

Received 1 October 2001; received in revised form 18 January 2002; accepted 21 January 2002

Abstract

Charge transfer from tyrosine to tryptophan radicals in bovine milk casein, as observed using pulse radiolysis
technique, is reported. The reactions of casein with hydroxyl, azide, Br ang £Cl O radicals have also been studied.
Radical transformation was found to take place at a rate 0k 1® s . The effect of pH, oxidising radical and the
proximity of tyrosine and tryptophan on this radical transformation, as well as repair of the casein radical by
ascorbate, have also been studi@d2002 Elsevier Science B.V. All rights reserved.
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1. Introduction achieved by reaction with the azide radical, which
) ) ) ) has no absorption beyond 300 nm, as well as by

The pulse radiolysis technique has previously the Br,~ radical. This charge transfer is affected
been used to demonstrate radical transformation by the distance, the difference in redox potential
involving charge transfer in simple model peptides petween the donor and the acceptor, the solvent
[1-3 and proteins3—€]. Many protein reactions  stryctural reorganisation accompanying the trans-
involve charge transfer, including those initiated fer etc. Charge transfer from tyrosine to tryptophan
by light or ionising radiation. One possibility is  radical also depends on the three-dimensional
that proteins might act as semiconductors when strycture of the protein molecule. In erabutoxin-b,
electrons are removed by the action of electron the tryptophan radical did not transform into the
acceptors. Efficient intramolecular charge transfer tyrosine radical until the —S—S— bonds were bro-
was found to occur between tryptophan and tyro- ken, despite the close proximity of tryptophan and
sine after one-electron abstraction from tryptophan tyrosine [3]. This showed that peptide bonds do
units of small peptides and proteins in agueous not provide a channel for electron transfer and that
solution. Selective one-electron abstraction can be djrect contact between the two reaction centres is
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tophan (164) and tyrosine (165) in its linear ——
polypeptide chair7].

. 0.012 | -
2. Experimental
The pulse radiolysis system using 7-MeV elec-
trons has been previously descrid&l Dosimetry 0y
0.008 0-000) 55160 150 20

was carried out using an air-saturated aqueous < N
solution containing %107 mol dm® KSCN me (us)
(Ge=2.6xX10"* n* J* at 475 nm[9]). The

kinetic spectrophotometric detection system cov-
ered the wavelength range from 250 to 800 nm. 0.004
The optical path length of the cell was 1.0 cm.

The width of the electron pulse was 50 ns and the

dose was 14 Gy. Case{®5% purity) from bovine

milk was from Sigma and was used as received. oooo Lt — v 0 .
All other chemicals were of analytical reagent 350 400 450 500 550
grade. The pH values were obtained by adding A (nm)

2x10"2 mol dnT3 phosphate buffer or NaOH.

High-purity (>99.9% N,O from BOC India Pvt Fig. 1. Transient absorption spectrum obtained frog N O-sat-
Ltd was used as required. The bimolecular rate Urated agueous solution containing caséinx10™* mol
constants were calculated by plotting the pseudo- 9™ ) Na (1>10°% mol dm ®) at pH 6.3 at(a) 15; (b) 60;

. . . and(c) 180 ps after the electron pulse. Inset: kinetic traces at
first-order rate of formgtlon of _the solute radlcz?ll pH 6.3 at(a) 410 and(b) 510 nm for the above solution.
or decay of the transient against the respective pose=14 Gy.

solute concentration. Uncertainty in the measure-

ment of the bimolecular rate constant wad0%. radical measured both at 410 and 510 nm, at pH
10.5, have been found to be X720 dm?
3. Results and discussion mol~! s~1. At pH 10.5, no significant radical

transformation was evident. Transient absorption

Casein reacted with the azide radical at pH 6.3 at 510 nm was found to decay at a rate of
to yield transient absorption maxima at 410 and ~1.2x10* s !, with first-order data fitting at pH
510 nm at 15us after the electron pulsgFig. 1). 10.5 also. The casein molecule precipitates at pH
The rate constant for this reaction measured at 410 <5.8, and at pH>11 it is not of much relevance
(first part, a fast stegpand 510 nm is 5.% 10° to study such reactions.
and 3.1x10° dm® molf! s, respectively. In Similar radical transformation was found to take
addition to a rapid increase in absorptidfirst place when casein reacted with a stronger one-
step at 410 nm, a delayed increaésecond step electron oxidant, the Br radical, at pH 6(Big.
in absorption has also been observed. There was2), also at the same rate of X40* s *. The
simultaneous decay of absorption at 510 ¢tmyp- bimolecular reaction rate constant measured by
tophan radical and increase in absorption at 410 observing the decay of the Br radical at 360 nm
nm (tyrosine radical (inset of Fig. 2. This radical is 1.5x10° dm® moli?* s . The trichloromethyl
transformation, which is due to charge transfer, peroxyl radical (CCl,0,), which is known to
takes place at a rate of 2&L0* s, as measured mainly react by addition and electron transfer,
by both the decay rate of absorption at 510 nm reacted with casein to show similar radical trans-
and the increase at 410 nm. This radical transfor- formation at the same rafdigure not shown. In
mation rate agrees well with that reported for this case, decay and growth of transient absorption
tryptophan—tyrosine dipeptidgl0]. The rate con-  at 460 and 410 nm, respectively, were found to
stants for the reaction of casein with the azide take place simultaneously. The 460-nm transient
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Table 1
Rate constants for the reaction of casein with oxidising radicals
0.016 Radical pH A k
(nm) (dm® mol~* s%)
N3 6.3 410 5.5 10°
0.012 6.3 510 3.x10°
10.5 410, 510 1.%10%°
a Bry 6.8 360 1.5¢10°
o CCl;0, 6.8 410 5. 108
< 0-008 "OH 6.8 410 2.6¢10%°
0.004 observed in earlier reports with model peptides
and proteins.
The reaction of caseiff1x10* mol dn 3)
0.000 A S S R with the azide radical in the presence of ascorbate
350 400 450 500 550 (5X107° mol dn3) at pH 6.8 shows both the
A (nm) tryptophan—tyrosine and tyrosine> ascorbate

radical transformation§Fig. 3). The tyrosine rad-
Fig. 2. Transient absorption spectrum obtained fro;m N O-sat- ical of casein has been found to lreacl:t with a_.SCOI’-
urated aqueous solution containing casdibx10~4 mol bate at a rate of 5410° dnm? mol* s*, causing
dm~3) and KBr (1x10~* mol dn13) at pH 6.8 at:(a) 10; the transient absorption for the tyrosine radica
(b) 18; and(c) 210 s after the electron pulse. Dosd4 Gy. 410 nm to decrease and that for the ascorbate
radical (at 360 nm to increase(Fig. 3 and inset

absorption observed in this case is due to the It should be noted that the transient absorption at

tryptophan radical, which has also been observed

by us in the reaction of tryptophan and bovine — T T
serum albumin with the Cg@ID radical in a '
glycerol, propan-2-ol and water mixture. The tran-
sient absorption produced by GCLO at 460 nm is
under further investigation, but is due to the
tryptophan radical only, as has been observed with
tryptophan alone. The reactions of casein with the 4
"OH radical do not show such radical transforma- g 598
tion, since it is known to react by addition, electron <«
transfer, etc., and not by selective one-electron
oxidation. Casein reacted with OH and GC} O 0.004
radicals with a bimolecular rate constant of
2.6x10'° and 5.%x10% dm® mol! s, respec-

tively, measured at pH 6.8 and 410 nm. In the o000 L— 1+ 1. A
reaction of casein with the OH radical, the tran- 300 350 400 450 500 550
sient absorption corresponding to the tryptophan A (nm)

radical becomes a clear absorption maximum at

40 ps after the pulse, whereas for the tyrosine Fig. 3. Transient absorption spectrum obtained froET N O-sat-
radical, it does not change. The rate constants forg:ﬁf‘igj S?‘J(i?ioff';t;’gn?‘g;‘{:‘r:g";%cgf‘bsigxlfof5 mg:
the reactions studied are given in Table 1. Th|§ dmfz)’apr 6.8 at:(a) 10; (b) 60; and(c) 775 us after the
study suggests that reaction with one-electron oxi- electron pulse. Inset: kinetic traces for the above solution at
dants only shows the radical transformation as pH 6.8 at:(a) 360; (b) 410; and(c) 510 nm. Dose-14 Gy.
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360 nm decreases in the absence of ascollbage of casein with CC] @ suggests that even for the
1). In this case, the concentrations of casein and radicals that do not form adducts as final products,
ascorbate used were selected to simultaneouslysimilar radical transformation takes place. The
observe both the radical transformation and repair transformation of transient absorption for reactions
of the tyrosine radical by ascorbate. of casein with N, By and CGl © radicals and
as-Casein is a linear polypeptide having two at the same rate clearly shows that this is due to
tryptophan and eight tyrosine amino acid moieties. charge transfer from the tyrosine to the tryptophan
Its three-dimensional structure is not well-defined, 54ical. This study further consolidates the hypoth-

making it difficult to comment on distance-depend-
ent charge transfer. However, the adjacent trypto-
phan (164) and tyrosine (165) residues in its
linear polypeptide chain seem to favour charge
transfer from tyrosine to tryptophan. In aqueous
solutions, tyrosine and not tryptophan is supposed
to be at the molecule—water interface because of
its nature. However, at neutral bulk pH, from a
thermodynamic point of view, tryptophan should
be oxidised first, with a subsequent charge transfer
from the tyrosine to the tryptophan radical. Fur-
thermore, the pH inside and over macromolecules,
such as proteins, may vary from the bulk, resulting
in altogether different reactions. For example, the
small pockets within and over lysozym@ pro-
tein) are known to have pH values far different
from the bulk. Even the folding of the linear
polypeptide chain cannot be ruled out as reducing
the distance between the other tryptopHd®9)
and other tyrosine residues.

In the present study, if the reaction of the azide
radical with tryptophan and tyrosine residues is
considered for simplification, then at pH 6.3,
nearly ~50% of the azide radicals directly react
with each of them. This is based on the compara-
tive value of the rate constant of the reaction of
tryptophan’tyrosine with the azide radical, multi-
plied by the number of tryptophdtyrosine resi-
dues in the molecule. Although there are different
reports on the reduction potential of the tryptophan
and tyrosine radicals, the reaction is thermodynam-
ically favoured(AG°= —8 kJ mol™?) in the for-
ward direction at neutral pH11,14. The rate
constant for the formation of tryptophan and tyro-
sine radicals at pH 10.5 is the same. Since casein
has a higher number of tyrosinéeight than
tryptophan(two) residues, the majority80%) of
the azide radicals directly react with tyrosine, and
a two-step reaction for the formation of the tyro-
sine radical has not been observed. The reaction

esis that radical transformation from tryptophan to
tyrosine in a protein molecule depends on the
difference in the redox potential of the donor and
the acceptor, as well as on the proximity of the
two. This charge transfer also depends on the pH
of the solution, which decides the state of proton-
ation, and thus the reactivity of tyrosine with
oxidants. This further suggests that even in a
polypeptide chain, such as casein, tyrosine amino
acid retains its chemical characteristics.
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