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THE RADIATION-INDUCED OXIDATION OF PEPTIDES IN AQUEOUS SOLUTIONl
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Radiolysis of compounds of the type RCONHCHR, in dilute aqueous solution

2
containing O2 leads to formation of labile peptide derivatiyes-which are readily
degraded on ﬁild hydrolysis to give ammoﬁia and carbqnyl compounds as charac-
teristic products.gA It has been proposed2’5 that such oxidation in the case of
peptides derived from the'éimpler amino acids, glycine and alanine, is initiated
by a preferentiai attack of the OH radical at the carbon-hydrogen position & to
the nitrogen function. The over-all reaction scheme includes the radiation-

L
induced step

-+ ;
followed by
OH + RCONHCHR, ——————>’H20 + RCONHéRe ‘ (2)
0, + RCONHCR, ——> RCONHC (0,3 )R, (3)

2 e

The reducing species e;q and H are scavenged quantitatively by O2 to form-

5

- ’ . : - + .
0 and HO2 which are related by the equilibrium H02-Z~é> O2 + H . Pro-

2

posed reaction modes for removal of the intermediate peroxy radicals include
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—re > + L

RCONHc(og)R2 > RCON=CR,, + HO, (W)

HO, * RCONHC(Og)RQ —_— RCONHC(OOH)R2 + 0, (s)
+ — +

H,0 RCONHC(OOH)RQ > RCONHC(OH)R2 1,0, (6)

where RCON=CR2 represents a dehydropeptide and RCONHC(OH)R2 the corresponding

hydrate. Such compounds readily decompose on hydrolysis

‘ + —_— + + -
RCON=CR,, + 21,0 > RCOOH + Ni, * R,CO (7)

RCONHC(OH)R2 + H.O0 ———> RCOOH + NH5 + Reco‘ (8)

2

The above reaction scheme requires that the ammonia and carbonyl yields be in
the relationship G(NH5) = G(RQCO) = GOH where the latter term represents the
100 eV yield for OH production in the radiation induced step, 1. We have meas-
ured ammonia and carﬁonyl yields in the y;ray induced oxidation of N-acetyl-
glycine,5C glycine anhydride, N-acetylalanine and alanine anhydride in oxy-
genated 0.1 M solution and we find for eachvsystem, G(NH3) =~ 3 which value %Sﬂw
consistenf with recent measurements7 of the maximal yield for the production
of OH radicals in water under <y-rays. On the other hand, we also find that
carbonyl production in theée simple peptide systems is not in accord with the
quantitative requireﬁents-of thé proposed oxidation scheme; the initial

. \
carbonyl yields are ﬁniformly low with G(RZCO) < 0.8. There is then the
question as to whether this apparent discrepancy arises from a) an incorrect

formulation of the locus of initial OH attack or from b) unspecified complex-

ities in the chemistry of removal of the peroxy radicals RCONHC(OE)RQ.
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To obtain specific information on this point, we have employed Felll

instéad of 0. as the scavenger of intermediate radicals formed in the radiolysis

2
of N-acetylalanine' and N-acetylglycine. Heavy metal ions such as Felll and
CulIl oxidize organic free radicals in aqueous solution by electron transfer

and by ligand transfer. Such reactions in the case of the peptide radical

RCONHCR2 would correspond to:

. . + .
RCONHCR2 + Felll ————0> RCON=CR2 + Fell + H (9)

i} X . +
RCONHCR,, + FeIII + H,0 —> RCONHC(OH)RP + FeIl + H (10)
respectively. . We nbte that the organic products of reactions 9, 10 are identi-

cal with the postulated products of reactions k4, 6.

Experimental
.Solutions containing the acetylamino acid (Nutritional Biochemicals{ oy
twice recrystallized) plus ferric sulfate (C.P;) werée adjusted to the desired
pH with sulfuric acid, evacuated, and.then irradiated with 0060 y-rays to a

8

dose of not more'than ~5 X lOl eV/ml. Above this value the dose-yield curves

were no logéer linear.» Dose was determined with the Fricke dosimeter,

eFeiII = 2130 at. 305 mp and 220C. Immediately after irradiation, an aliquot

K was passed through a Dowex 50 column (1 em x 10 em), acid form, to remove iron.
The eluant Qas made 2 N in hydrochloric acid, heated,té lOOOC for 60 minutes,
cooled, and assayed for a—keto acid and aldehyde through use of the 2,k4-dinitro-

phenylhydrazine reagent.9 A second aliquot was made 2-§'in sodium‘hydroXide

and allowed to stand 24 hours in the outer compartment of a Conway diffusion

e e ————
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cell to liberate ammonia which was collected in 0.1 N sulfuric acid in the inner
compartment, and assayed by the standard Tollen procedure. Control runs estab-
lished that product hydrolysis and ammonia transfer were quantitative under

these experimental conditions.

Results and Diécussion

Ammonia production (Fig. 1) in 0.1 M acetylalanine increases ébruptly
from G(NHB) = 0.7 to G(NH5) = 4.3 with increasing concentrations of FeIlI up to
~10_-3 M. The ammonia yield then falls gradually to a limiting value of G(NHE)
%.5.3 at thé highef_FeIII concentrations. We also find under these conditions
that pyruvic acid and ammonié are formed in equal molar yields. Yields of
glyoxylic.acid and ammonia from acetylglycine also show this samevquantitatife
relationship. Aldehyde yiélds from these systems are low, G =~ 0.1.

At the higher (FeIIIl)/(peptide) ratios, the reducing species ®.q and

H are preferentially scavenged by Felll and the yield for peptide oxidation e

through OH attack is in accord with

5G<peptide) =»G(NH5) = G(RCOCOOH) = 3.2 = Gog * GH202 .

/
Hydrogen peroxide formed in the radiation-induced step, 1, reacts rapidly with
Fell to give an additional yield of OH radicalslo

—

FeIl + H,0, ———> Felll + OH + OH (11)

2
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The maximum in the yield curve shown in Fig. 1 is attributed to the onset of

the reaction

H + RCONHCHR, ———> RCONHCR. + H (12)

2 2 2

in competition with
. | , .
H + FelIl ——> Fell + H - (13)

at the lower (FeIlI)/(peptide) ratios. The RCONHéRé radicals from both reac-
tions 2 and 12 are then available for oxidation by FeIII. This effect is shown
more clearly in Fig. 2 which gives ammonia and pyruvic acid yields as a function

3

of acetylalanine concentration over the range 10 M to 1.5 M, in the presence

of 0.05 M FeIIl. The limiting value for peptide oxidation at the highef acetyl -

alanine concentrations is given by

, e

-G(peptide) = G(NHS) = G(RECO) = b0 = Gog * GH202 *+ Gy

We conclude that the reaction of OH and H radicals with these peptide’
‘derivatives of the sirpler amino acids, glycine and alanine, occurs essentially
quantitatively at the Q-position as formulated in reactions 2,12.ll The present
data also establish the quahtitative oxidation of RCONHéR2 radicals by FelIl
via reactions 9, 10. In the case of acetylalanine such oxldation appears to
occur almost exclusilvely through ligund tranc(er (reuction 10) sfnce measwrement.s

of the optical absorption of the irradiated solutions (after removal of FelIll)

reveal negligible absorption-above 230 myu when read differentially against
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unirradiated control solution. Absorption by control solutions containing
authentic acetyldehydroalanine12 (egho = 6050) show that G Qalues of >0.1 for
reactioﬁ 9 would be detectable. To our knowledge the optical properties of
acetyidehydroglycine'have not been described.

The low carbonyl yields'obtained when 0, is used in place of FéIII as

2
the radical scavenger are interpreted here as evidence that other more complex
degradation reactions occur in parallel with the dehydrdgenation and hydroxyla-

tion reactions, 4-6. The nature of these more complex branching reactions of

the peroxy radical RC'ONHC(OQ)R2 is presently under study.

,
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Legends for Figures
Fig. 1. Effect of FelIll concentration on the yields of ammonia (9) and pyruvic
acid (A) from 0.1 M acetylalanine and of ammonia (0) and glyoxylic acid (4)
| from 0.1 M acetylglycine.
Fig. 2. Effect of acetylalanine concentration on yields of ammonia (0) and of

pyruvic acid (&) from solutions containing 0.05 M FelII.

, &
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