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Abstract: The reactivity and site of attack of OH radicals with the simple peptides acetylglycine, acetylglycylgly-

cine, diglycine, and triglycine in aqueous solutions were studied using the technigue of pulse radiolysis. The re-

action rate constanis K(OH 4 P) were found to be markedly dependent upon pH in the range 4-10 for Gly-Gly

and Gly-Gly-Gly, but independent of pH for Ac-Gly and Ac-Gly-Gly. This dependence of A/(OH + P) on pH~
was shown to correspond to the state of protonation of the terminal amino group.  These results were used in the in-

terpretation of the optical absorption spectra of the intermediates produced, e.g.,OH + *NH;CH;CONHCH,COO~

— *NH,CH,CONHCHCOO- 4 H;0; OH + NH,CH,CONHCH,COO~ — NH,CHCONHCH;COO~ + H,0;

OH + CH;CONHCH.COO~ — CH.CONHCHCOO- -+ H,0. The acid-base properties of the radicals were

followed and pK values derived. The radicals Ac-NHCHCOO~ and Ac-Gly-NHCHCOO- have absorption

naxima in the region 250-270 nm and extinction coefficients ¢ ~14,000 M~1cm™1; theradicals +H,-Gly-NHCH-

COO~ and NH.CHCO-Gly-O— (and their triglycine equivalents) have maxima at ~260 nm and ¢ values of
~12,000 and ~5000 M~1cm™, respectively. At biological pH values, products from attack at both positions

can be expected for the decomposition of these simple peptides. High selectivity for the reaction of eaq™ with

Gly-Gly and Gly-Ala has been observed, leading to almost quantitative (~80%,) reductive deamination: €.~ +

+*NH;CH,CONHCHRCOO~ — NH; -+ -CH;CONHCHRCOO-. The .CH;CONHCHRCQO ™ radicals have
maxima at ~435 nm and extinction coefficients of ~1200 Mt cm L.

Some of the major functional groups in proteins
are peptide linkages, ~CONH-, amino, carboxyl,
—-S-S-, and —-SH groups. In a recent article, the radia-
tion chemistry of aqueous solutions of some of these
compounds was teviewed by Garrison.? A systematic
study using the technique of pulse radiolysis is pres-
ently being employed as a complementary and more
direct probe to identify the sites of attack by ey
and OH radicals on the molecular structure of these
compounds. Up to date, the pulse radiolysis of aque-
ous solutions of some aliphatic acids,® amides,* ali-
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Figure 1. Dependence upon pH of the overall rate constant for
reaction of OH radicals with glvcine, diglycine, and triglycine.
Data for glycine are derived from ref 14.

The radicals predominantly dimerize, since the major
product is the a,e-N-acetyldiaminosuccinic acid de-
rivative (G =~ 1.6 at pH 3.0, Oy-frece)

2CH,CONHCHCOO~ —> CH,CONHCHCOO~ (2)
CH;CONHCHCOO™

Disproportionation takes place to a smaller extent,
and is presumed to lead to the formation of the dehy-
dropeptide. Other peptides, such as diglycine, have
been assumed® to undergo similar reactions with the
OH radicals. In systems containing O, the radicals
rapidly react with Q., yielding peroxy radicals, and
leading eventually to cleavage of the peptide bond.

While the rate of reaction of e.,~ with the acetyl
derivatives of aliphatic amino acids is relatively slow,
e.g., ke~ -+ Ac-Gly) ~ 107 M~! sec™' at pH 6,
the reaction of e.,~ with peptides in their zwitterionic
form is much faster, with £ > 3 X 108 M~*sec !

€oe~ -+ NH,CH,CONHCH,COO~ —>
NH; + -CH;CONHCH;COO~ (3)

In the presence of OH radical scavengers, the yield
of reductive deamination piz reaction 3 was found
to be G(NH;) = 2.5. Deamination of simple peptides
was also observed by the esr technique on radiolysis
of peptides in the solid state.®

In this work the mechanism of reaction of OH
radicals with acetylglycine (Ac-Gly), acetylglycylgly-
cine (Ac-Gly-Gly), diglycine (Gly-Gly), and triglycine
(Gly-Gly-Gly) as well as the spectral, acid-base, and
kinetic properties of the resulting radicals were studied.
From the correlation of the rates, /(OH 4 P), and
the spectra of the free-radical intermediates as a function
of pH, selectivity in the site of attack of OH radicals
on these simple peptides was found. In addition, a
spectral method for the study of reductive deamination
of peptides by e~ was developed.

Experimental Section

A Febetron (Field Emission Corp.) 705 pulsed radiation source,
producing an eleciron beam of 2.3-MeV energy and single pulses of
~30-nsec duration, was wsed in this work. Full experimental
details with respect to the pulsed xenon lamp light source, double
monochromators, dosimetry, and water purification have been
described elsewhere.’ Analytical reagent grade chemicals were

(8) J. Liebster and J. Kopoldova, Radiat, Res., 27, 162 (1966).

(9) For a review, see F. Friedberg, Radiat. Res. Rev., 2, 131 (1969).

(10} M. Simic, P, Neta, and E. Hayon, J. Phys. Chem., 73, 3794
(1969).

supplied by Calbiochem and Cyclochemical Corp. Sclutions were
buffered using perchloric acid, potassium hydroxide, sodiam tetra-
borate (2-5 mM), and potassinm phosphate (~1-3 mM). Doses
of 2.4-20 krads/pulse were used and were derived on the basis of
gle.s™) = g(OH) = 2.8. Owing to the relatively high dose per
pulse, the concentration of solutes was chosen on the basis of
known radical-radical and radical-solute rate constants.l* The
OD values were read at ~1 psec and extrapolated to zero time.

Results

The hydrated electrons and OH radicals, generated
in the radiolysis of water, react readily with peptides

H.0 —w—> e.q, OH, H, He, and H,0;

These reactions were studied separately under well-
controlled conditions. The OH radical reactions were
examined in NyO-saturated solutions (1 atm, [N2Q] ~
2.5 X 10~ M) when the e,,~"s are converted (2 98%))
into OH radicals, according to reaction 4, where ky ~

€aq” + NO —> Nz + OH "l- OH- (4_)

6 X 10° M—1sec—.1! Under these conditions virtually
all the reactive species are OH radicals. The H atoms
(~129) initially produced are expected to react with
these solutes, similar to the OH radicals; their con-
tribution was taken into account. The e,,~ reactions
were examined in presence of excess tertiary alcohols
(+-BuOIl or r~AmOH) to scavenge the OH radicals.
The transients produced from these alcohols have low
extinction coefficients above 250 nm, and corrections
were made in all cases for their absorption.

Reactions of OH Radicals. Determination of £(OH
+ Peptides). The rates of reaction of OH radicals
with the peptides were determined in the presence of
N.O (1 atm) using the potassium thiocyanate
method.'213 The OH radicals react with CNS— ions to
produce -(CNS);~ radical anions with Ag., 500 am.
The intermediates produced from the reaction of OH
radicals with the peptides do not contribute to the
absorption at 500 nm under these conditions, The
ratios of reaction rates were determined from

kKOH 4 P) oD [F]

K(OH + CNS-) OD; — OD[CNS-]

where OD, is the absorption at [P] = 0. ‘The con-
centration of CNS~ was kept constant at 2 mAf, while
the concentration of the peptides was varied up to
0.1 M. The absolute rates were calculated taking
K(OH + CNS-) = 1.1 X 10% M~1isec %,

The variation with pH in the rate constant k(OH +
S) for diglycine and triglycine is shown in Figure 1;
in addition, the k(OH 4 glycine)} values! are shown
for comparison. The rates of OH with the protonated
forms of *Hy-Gly-Gly and +H.-Gly-Gly-Gly were mea-
sured and are in general agreement with those given
here; however, no rates were determined for the re-
action of OH radicals with the deprotonated peptides.
The large increase in the reactivity of OH radicals
with increasing pH can be seen to correspond with

(11) M. Anbar and P. Neta, Int. J. Appl. Radiat. Isotop., 18, 493
{1967).

(12) G, E. Adams, J. W. Boag, }. Currant, and B. D. Michael in
“Pylse Radiolysis,” M. Ebert, J. P. Keene, A. J. Swallow, and J. H,
Baxendale, Ed., Academic Press, New York, N. Y., 1965, p 131.

(13) J. H. Baxendale, P. L. T. Bevan, and D. A. Stott, Trans. Faraday
Soc., 64, 2389 (1968).

(14) G. Scholes, P. Shaw, R. L. Willson, and M. Ebert in ref 12,
p 151,
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Figure 2. Absorption spectra of intermediates produced on pulse
radiolysis of 0.04 M N-acetylglycine in the presence of N:O (1 atm),
dose = 2.4 kradsfpulse: at pH 3.0, ®; pH 8.5, O; pH 134, 0.
Insert: ODag vs. pH curve of transient.

the pX for deprotonation of the amino groups of
these compounds. A similar deactivation of o« hy-
drogens by -NH;* groups, toward OH radical attack,
has been observed-for some longer chain amino acids
(e.g., a-aminobutyric acid, valine). The actnal & values
for the different ionic forms of the peptides investigated
are presented in Table L.

Table I. Rates of Reaction of OH Radicals with Simple Peptides,
at Various pH Values, in Aguecus Solution

" K(OH 4 8),
Soluie pH Tonic form M1 gec™t
+
Glycine 1.0 H,-Gly-OH 1.6 X} 107 =
+
5.2 H:Gly-O~ 1.6 x 107®
10.8 H-Gly-O~ 5.0 x 100%
+
Diglycine 4.2 H.-Gly-Gly-0~ 4.4 X 108
10.5 H-Gly-Gly-0~ 5.2 X 100
+
Triglycine 5.4 H-Gly-Gly-Gly-O- 7.3 X 108
10,6 H-Gly-Gly-Gly-O~ 5.0 X 10°
Acetylglycine 8.7 Ac-Gly-O~ 4.2 X 108
Acetylalanine 9.2 Ac-Ala-O- 4.6 X 108
Acetylglycylglycine 8.6 Ac-Gly-Gly-O~ 7.8 X 108

= Reference 11.  ? Reference 14.

Optical Absorption Spectra of Intermediates. The
transient absorption spectra which result from the
" reaction of OH radicals with Ac-Gly were found 1o be
strongly dependent on pH over certain pH regions (see
Figure 2). In acidic solutions, at pH <4, the ab-
sorption maximum is at 265 nm with a high extinction
cocflicient, g 14,000 M~! cm™! (see Table II). A
shoulder at ~310 nm indicates the presence of either
another fransient or another absorption band of the
same transient. At pH 6.0 a shift of ~10 nm in
the maximum takes place and the small shoulder
now becomes a pronounced peak at ~320 nm. The
decay rates of both peaks have been found to be
identical, however, supporting the notion of only one
transient with iwo absorption bands. Above pH 12
another change in the spectrum takes place. The ab-
sorptiont in these alkaline solutions shows a mixed
decay, which was not resolved.
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Figure 3. Absorption spectra of intermediates produced on pulse
radiolysis of 0.01 M N-acetylglycylglycine in the presence of NoO (1
atm)}, dose = 2.4 krads/pulse: atpH 3.2, e; pH 8.6, 0; pH 13.2,
O. Insert: OD vs. pH curve of transient monitored at 280 and
295 nm.

The reaction of OH radicals with Ac-Gly-Gly results
in spectra very similar to those of the Ac-Gly transients
Figure 3). Here again the first change takes place
between pH 3.8 and 6.0, with the same pK as for the
Ac-Gly transients {pK 4.5). The second change takes
place above pH 10; this occurs at a considerably
lower pH than for the Ac-Gly transient. The OD
vs. pH curve indicates the beginning of a plateau
around pH 13.5.

The spectra of the intermediates produced from the
reaction of OH radicals with Gly-Gly and Gly-Gly-Gly
are shown in Figures 4 and 5. Although they dem-
onstrate certain similarities with the specira of the
transients from Ac-Gly and Ac-Gly-Gly, the nature
of the intermediates and their dependence upon pH
are quite different. At low pH the main peaks for
Gly-Gly and Gly-Gly-Gly are at 260 and 263 nm,
respectively, with high ¢ values, aithough not as high
as those of the acetyl derivatives. From the change
of OD with pH at a fixed wavelength (sec inseris in
Figures 4 and 5), two overlapping curves representing
two different changes are considered to be present
in the pH range 4-9. These two overlapping changes
are assumed to represent proton disscciation from
the carboxyl groups of the corresponding radicals and
change in the site of attack by OH radicals (see below).
Exact pK values cannot be derived under these condi-
tions, yet approximate values can be obtained if one
assumes that the first change covers the same pH
range as for the acetyl derivatives, namely dissociation
of the carboxyl groups. These approximate pK values
are listed in Table IT.

Above pH ~11.0, another change occurs in the
absorption spectra and extinction coefficients of the
transients. The nature of this change will be dis-
cussed below.

Reactions of e,,~. In neutral solutions, the acetyl
derivatives of the simple peptides studied have a con-
siderably lower reactivity toward ¢, (k ~ 10" M—!
sec™?) than their counterparts when the amino group
is protonated. The reaction rate!! of +H,-Gly-Gly-O—
and “Hy-Gly-Ala-O~ toward e, is ~3 X 10 M~
secl. Using an appropriate concentration of OH
radical scavengers, it was possible, under our experi-
mental conditions, to observe the intermediates pro-

Simic, Neta, Hayon [ Reactions of e.q~ and OH Radicals Qrftk Peptides
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Table I  Absorption Maxima, Extinction Coefficients, Decay Kinetics, and pK Vakes of Intermediates Produced from the Reaction of

OH Radicals with Simple Peptides in Aqueous Solytion

PKy
f——Solute%—\
Solute pH Amax, 1ML €, M-1cm1 2k, M1 sec! Suggested radical Radical -COOH -NH,*
Acetylglycine 3.0 2635, 310 14000, ~3900 1.1 X 10? Ac-NHCHCOOH
Al 4.6 3.7
8.5 255, 320 14000, 4800 8.0 X 108, Ac-NHCHCOO~
7.0 X 108
13.4 265 10000 X >13=
Acetyleglveyl- 3.2 270, 310 13700, ~3900 6.7 X 108 Ac-Gly-NHCHCOOH
glycine ) 4.5 3.6
8.6 260, 320 13000, ~3760 2.6 X 168, Ac-Gly-NHCHCOO~
2.4 X 108
13.2 295 13000 + . ~]2a
Diglycine 2.8 260, 310 11500, 3000 1.4 % 100 Hy-Gly-NHCHCOOH
+ if ~5 3.06
~6.0 6.3 % 108 H-Gly-NHCHCOO-
. ! ~Ta 8.1
1G.0 260 4700 4.5 ¥ 108 NH,CHCO-Gly-O~
13.5 260 8700 + ) >12.6°
Triglycine 3.8 263, 340 12900, 3500 6.2 > 108 H,-Gly-Gly-NHCHCOOH
+ I, ~5 3.26
~6.0 5.0 X 108 H,-Gly-Gly-NHCHCOO~
~Te 7.9
8.9 265 63500 4.5 X 108 NHgC‘HCO-Gly-GIy-O‘
13.3 - 285 9200 >13.3=

= These are derived pH values for 50% change in the nature of the intermediates.

duced from the reaction of e,
Gly-Ala.

Figures 6 and 7 show that the transient spectra
produced from the reaction of e,,~ with Gly-Gly and
Gly-Ala at pH ~7.0 have maxima at A ~435 nm. In
the presence of NyO (1 atm), these absorption maxima

with Gly-Gly and

8000

A0 0t 260 am

~0.2

£, M'emt

4000 —~

1
250 300 350 400

Figure 4. Absorption spectra of intermediates produced on pulse
radiolysis of 0.1 M diglycine in the presence of NoQ (1 atm), dose =
2.4 kradsfpulse: at pH 2.8, O; pH 10, A; pH 13,5, O. Insert:
OD:e0 vs. pH curve of transient.

disappear, which is as expected, since under these
conditions >95% of the e,,~"s should react with N,O.
The residual absorptions below 300 nm (Figures 6
and 7) are probably due to partial reaction of H
atoms and OH radicals with the peptides.

Since the reaction of e,q— with the chloroacetyl de-
rivatives of glycine and alanine is expected?® to lead
to guantitative dechlorination, these compounds were
irradiated in presence of 1.0 M -BuOH to observe
the absorption spectra and determine the extinction
coefficients of the -CH,CO-Gly-O~ and -CH,CO-
Ala-O~ radicals

ey~ + CICH,CONHCH,COO~ —>
CH,CONHCH;COO + CI- (5
€4~ + CICH;CONHCHCOO™ ~m>

CH3 .
CH;CONHCHCQO~ - Cl- (8

CH;

The equivalence of these radicals with the transients
produced from the reaction of e,;~ with Gly-Gly and
Gly-Ala confirms the proposed reductive deamination
which these peptides undergo on reaction with e,;~. In

T T C T 7T T T T o4
0.0. 0t 260nm

12,000,

0.3

F 0000

= =
bl Ho2 &

I N R NS W S I
% i 13
4,000 oH
o
o t i
250 300 350 400 e

a,am

Figure 5. Absorption specira of intermediates produced on pulse
radiolysis of 0.01 M triglycine in the presence of NyO (1 atm), dose
= 2.4 krads/pulse: atpH 3.8,8; pH8.9,0; pH 13.3,0. Insert:
ODegs vs, pH curve of transient.

addition, the efficiency of deamination was obtained
on the basis of the extinction coeflicients derived from
the chloroacetyl compounds. The per cent deamina-
tion is given in Table IiI.

The decay rates of the deaminated radicals are of
the order of ~2 X 10° M~ sec ! (see Table IIf). It
is possible that a fraction of these radicals decays by

Journal of the American Chemical Society | 92:16 | August 12, 1970
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Table IT.  Absorption Maxima, Extinction Coefficients, Efficiency of Deamination, and Decay Kinetics of Intermediates Produced

from the Reaction of e, ~ with Simple Peptides

Suggested radical €, M1 A
Solute pH Amoz, M om! 2k, M~tsec™!  deamination
Cl-Ac-NH= 7.0 400 +CH,CONH; 1100 3.0 X 1008
Cl-Ac-Gly-O~ 8.5 435 -CH;CO-Gly-O- 1150
+
H:-Gly-Gly-O- 7.0 435 - CH:CO-Gly-O- 1.8 X 10%¢ 80
CiAc-Ala-O— 8.5 435 -CH:CO-Ala-O~ 1200
+
H:-Gly-Ala-O— 7.5 435 -CH,CO-Ala-O— 1.3 X 10® 75

¢ From ref 4. ? Obtained in the presence of 1 M ~BuOH (as an OH radical scavenger), using e values derived from corresponding chloro

derivatives,

reaction with the ~BuOH radical formed under these
conditions.

[Lelelé] o

0.D.

So0— o.05

£,Memt

1 1 fa)
300 490 500 500

A, nm

Figure 6. Absorption spectra of intermediates produced on pulse
radiolysis in the presence of 1.0 M -AmOH and argon (1 atmy): 0.02
M diglycine, pH 7, O; 0.02 M N-chloroacetylglycine, pH 8.5, O.
A represents results for Gly-Gly in the presence of N2O (1 atm), and
@ the difference in absorption between OPa: and Y{ODx,o).
Dose = 19 krads/pulse.

Discussion

In the study of the reactions of e,,~ and OH radicals
with molecules containing the peptide group —-CO-NH-,
there are two classes of compounds which need to
be discussed separately: (a) the peptides with an amino
group in the terminal position, and (b) the acyl de-
rivatives, lacking that amino group. The selectivity
in the sites of attack by e, and OH radicals on peptides
is markedly dependent upon the presence of the amino
group and the state of its protonation.

The site of attack of the OH radical on the acetyl
derivatives can be inferred from the reactivities of
the related compounds. For insiance, in the case of
Ac-Gly, the attack on the end methyl group is expected
to be considerably fess favorable than on the methylene
group, Le., ki > k.

OH + CH,CONHCH,COO~ —>
.CH:CONHCILCOO- + H.0 (7)

OH 4 CH;CONHCH,COO- —>
CH,CONHCHCOO~ + H,0 (D)

From the results obtained in the determination of
the site of attack of OH radicals in simple amides,*
it was established that the amide nitrogen activates
N-methyl groups, such that hydrogen abstraction from
the N-methyl group is an order of magnitude (or more)
faster than from the a-methyl group, e.g.

OH + CH;CONH; ~—> CH:CONH:; + H,0 {8a)
OH + CH,CONHCH, —» CH,CONHCH, + H;Q (8b)
The predominance of reaction 1 observed in this work

is also in agreement with the products determined
from the <y radiolysis of aqueous solutions of Ac-Gly,

1500

1000

g,MTem™

500

o]
300 400 500 600

},nm

Figure 7. Absorption spectra of intermediates produced on pulse
radiolysis in the presence of 1.0 M #~BuOH and argon (1 atm):
0.025 M glycylalanine, pH 7.5, O; 0.025 M N-chloroacetylalanine,
pH 8.5, ©. A shows results for Gly-Ala in the presence of N.O (1
atm). Dose = 19 krads/pulse.

The observed change in the absorption spectra of
the transients in the pH range 4-6, Figure 2, is similar
to the acid-base equilibrium previously observed? for a
number of other carboxy radicals

pKa4.6

CH,CONHCHCOOH CHCONHCHCOO- + H* (9)

This pK value is higher than the pK value of the parent
compound (pK, = 3.67), indicating again the ability of
the unpaired electron in the « position to the carboxyl
group to decrease the acidity of the carboxyl group.

A simdlar reasoning and interpretation are found
to apply for the intermediates produced from the re-
action of OH radicals with Ac-Gly-Gly, Figure 3.
From the pX value obtained for deprotonation of the
carboxyl group of the transient (see Table II), it seems
that the unpaired electron is in the « position to the
carboxyl group, Ac-Gly-NHCHCOQO~. There is at
present no direct evidence to support abstraction from
the ~-NH-CH,-CO- group, e.g., the formation of Ac-
NHCHCO-Gly radicals from Ac-Gly-Gly. The ab-
sorption spectra of both types of radical could, however,
be quite similar. '

Simic, Neta, Hayon | Reactions of e.q and OH Radicals with Peptides
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The change in the transient spectra in alkaline solu-
tions of Ac-Gly and Ac-Gly-Gly cannot be related
to the dissociation of the OH radical

Kiig
OH + OH- ———> O~ + H,0

since the changes are observed (Figures 2 and 3) at
different pH values. One could speculate that these
changes may be related to a possible enolization of
the peptide group

OH~
~CONH- == ~C=N-
OH

and a change in the reaction mechanism (e.g., addition
of OH or O to the double bond). Alternatively, the
peptide hydrogen nearest to the free electron may un-
dergo acid-base reactions. The onset of this change is
at lower pH for Ac-Gly-Gly than for Ac-Gly, possibly
due to a lowering of the pK in conjugated peptide
groups. It is hoped that further work will clarify the re-
sults in this pH region.

As emphasized above, the presence of terminal amino
groups, as in Gly-Gly and Gly-Gly-Gly considerably
affects the reactivity and the site of attack by OH
-radicals. Since the reactivity of Gly-Gly and Gly-Gly-
Gly at pH ~5.0 is 20-40 times that of glycine, Table I,
one can predict that the OH radicals do not attack
the +NH;—CH,- groups but rather abstract from the
~NHCH.COO~ and perhaps the -NHCH,CO- groups.
The deprotonation of the carboxyl groups of mono-
functional radicals {e.g., simple acids® and the acetyl
derivatives presented above) is usually a simple sig-
moidol OD vs. pH curve, but a more complex curve
is obtained for Gly-Gly and Gly-Gly-Gly (see inserts
of Figures 4 and 5) in the pH range 3-9. In addition
to the acid-base equilibria

. oK ~5.0
H,+-Gly-NHCHCOOH ——=
H~Gly-NHCHCOO- + H* (10)
pK ~B.0

H,*-Gly-Gly-NHCHCOOH
H,+Gly-Gly-NHCHCOO - + H* (1)

a change in the site of attack is proposed to take place
with increasing pH. Since deprotonation of the -NH;*
groups increases the overall reactivity not only of gly-
cine but of Gly-Gly and Gly-Gly-Gly (Figure 1), the
deprotonated amino group now activates the a-CHy
group for abstraction by OH radicals

OH + NH,CH,CO-Gly-O~ —
NELCHCO-GIy-O~ -+ H,O (12
OH + NH.CH,CO-Gly-Gly-O- —>
NH,CHCO-Gly-Gly-O~ + H,0 (13)
The pH at which this change takes place is dependent

on (a) the pK of the parent compound and (b) the
difference in the rate constants for reaction of OH

radicals with the protonated and deprotonated amino
form of the peptides. For example, in 0.2 M Gly-
Gly, about 0.5% or 10—% M of the peptide is present
in the deprotonated form at pH 6.0. However, &(OH
+ +H,-Gly-Gly-0~)}/k{(OH + H-Gly-Gly-0~) ~ 12,
therefore about 6 % of the OH radicals already reacts
pia reaction 12 at this pH. Although the inifially
formed radical is NH;CHCO-Gly-O-, subsequent equil-
ibration at these pH’s

. "+ .
NH,CHCO-Gly-0™ = NH,CHCO-Gly-0-

could take place. Hence, this change in the site of
attack at near-biological pH’s is expected to lead to
significant changes in the nature of the products pro-
duced from the decomposition of peptides and proteins.

The spectral features of the +Hy-Gly-NHCHCOO-
radicals (two absorption bands and high extinction
coefficients) are very similar to those of the radicals
observed from the acetyl derivatives (e.g., CH;CONH-
CHCOO) and from amides (e.g., CH;CONHCH,),
and differ substantially from those of the NH,CHCO-
Gly-O— radicals. It is conceivable that with increasing
length of the peptides andjor with an increasing re-
activity of the side chains, the fraction of these radicals
will diminish and radicals from the side chain or
“NHCHCO- radicals may be produced to a greater
extent.

The changes observed for Gly-Gly and Gly-Gly-
Gly in alkaline solutions, Figures 4 and 5, may be
similar to those suggested above for the acetyl deriva-
tives.

Reductive deamination has been shown to take place
on reaction of e,,~ with Gly-Gly and Gly-Ala in aque-
ous solutions, with the formation of the corresponding
acetyl, - CHyCO—, radicals

ear~ + NH,CH;CONHCH,COO~ —>
NH, + -CH,CONHCIHLCOO~ (3)

From the determined extinction coefficients for these
radicals, it was established that 80 and 75% of the
€.q s deaminate Gly-Gly and Gly-Ala. These acetyl
radicals have characteristic absorption maxima at ~4335
nm and extinction coefficients of ~1200 M~ cm™1
The esr spectra of some of these radicals have recently
been observed in irradiated agueous solutions, and
confirm the pulse radiolysis results mentioned above.
The rest of the e, s may be converted to H atoms or
add to carbonyl groups, e.g.

ta— - NH,CH:CONHCH,COO-
H -+ NH,CH.CONHCH,COO~
ItIHsCHg[CNHCHgCOO‘ + OH-

OH

+H:0

(15) P. Neta and R. W. Fessenden, J. Phys. Chem., 74, 2263 (1970).
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