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Radiolysis of compounds of the type RCONHCHR
2 

in dilute aqueous solution 

containing o
2 

leads to formation of labile peptide derivatives which are readily 

degraded on mild hydrolysis to give ammonia and carbonyl compounds as charac

teristic products.
2 

It has been proposed
2

' 3 that such oxidation in the case of 

peptides derived from the simpler amino acids, glycine and alanine, is initiated 

by a preferential attack of the OH radical at the carbon-hydrogen position a to 

the nitrogen function. The over-all reaction scheme includes the radiation

~~ 
induced step 

(l) 
' ·•.41t 

followed by 

OH + RCONHCHR2 (2) 

(3) 

The reducing species e and H are scavenged quantitatively by o
2 

to form aq 

o
2 

and H02 which are related by the equilibrium5 H02 < > o2 
+ 

+ H Pro-

posed reaction modes for removal of the intermediate peroxy radicals include 
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RCONHC(0
2

)R2 ---> RCON=oCR2 + H02 

H02 + RCONHC(02 )R2 > RCONHC(OOH)R2 + 02 

H
2

0 + RCONHC(OOH)R
2 

> RCONHC(OH)R
2 

+ H2o
2 

(ll) 

( 5) 

( 6) 

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

hydrate. Such compounds readily decompose on hydrolysis
6 

RCON=CR
2 

+ 2H
2

o > RCOOH + NH
3 

+ R2Co 

RCONHC(OH)R2 + H20 --~> RCOOH + NH
3 

+ R2CO 

( 7) 

(8) 

The above reaction scheme requires that the ammonia and carbonyl yields be in 

the relationship G(NH
3

) = G(R2CO) = GOH where the latter term represents the 

100 eV yield for OH production in the radiation induced step, l. We have meas-

ured ammonia and carbonyl yields in the ~-ray induced oxidation of N-acetyl

glycine,3c glycine anhydride, N-acetylalanine and alanine anhydride in oxy-

genated 0.1 ~ solution and we find for each system, G(NH
3

) ~ 3 which value ~s···ea 

consistent with recent measurements 7 of the maximal yield for the production 

of OH radicals in water under ~-rays. On the other hand, we also find that 

carbonyl production in these simple peptide systems is not in accord with the 

quantitative requirements of the proposed oxidation schemej the initial 
I 

carbonyl yields are uniformly low with G(R2co) :5. 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(o2 )R2 . 

. ··-~------ ·- ·- --------:~·-· --~-----~-~ ~~' --:-:c- ··--· -- ---·- ---------:--:-------
_. _______ . ____ :..:.. _ _.:._ ---------· - ------------ --.----------
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To obtain specific information on this point, we have employed Feiii 

instead of o
2 

as the scavenger of intermediate radicals formed in the radiolysil:> 

of N-acetylalanine and N-acetylglycine. Heavy metal ions such as F~Ili and 

Cull oxidize organic free radicals in aqueous solution by electron transfer 

8 
and by ligand transfer. Such reactions in the case of the peptide radical 

RCONHCR
2 

would correspond to: 

HCONHCR2 + Feiii 
. 

RCONHCR2 + Feili + H20 

+ 
> RCON=CR2 + Feii + H 

+ 
---:> HCONHC(OH)R2 + Feii + H 

(9) 

(10) 

respectively. We note that the organic products of reactions 9, 10 are identi-

cal with the postulated products of reactions 4, 6. 

Experimental 

Solutions containing the acetylamino acid (Nutritional Biochemicals~ ~~ 

twice recrystallized) plus ferric sulfate (C.P.) were adjusted to the desired 

. 6o 
pH with sulfuric acid, evacuated, and then irradiated w1th Co -y-rays to a 

18 
dose of not more than ~5 X 10 eV/ml. Above this value the dose-yield curves 

were no longer linear. Dose was determined with the Fricke dosimeter, 
( 

E:Fe~II = 2130 at 305 miJ. and 22°C. Immediately after irradiation, an aliquot 

was passed' through a Dowex 50 column (1 em X 10 em), acid form, to remove iron. 

0 6 . The eluant was made 2 N in hydrochloric acid, heated to 100 C for 0 m1nutes, 

cooled, and assayed for CX-keto acid and aldehyde through use of the 2, 4--dini tro

phenylhydrazine reagent. 9 A second aliquot was made 2 N in sodium' hydroxide 

and allowed to stand 24 hours in the outer compartment of a Conway d1.ffus.i.on 

- " 
~--- ··---- ----- --· ---------------- ... ;-----------.------- --;--- ~~~-------------
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cell to liberate ammonia whic.h 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 anunoni.a transfer were quanti.tati ve under 

these experimental conditions. 

Results and Discussion 

Ammonia production (Fig. l) in 0.1 ~ acetylalanine increases abruptly 

from G(NH
3

) = 0.7 to G(NH
3

) = 4.3 with increasing .concentrations of Feiii up to 

~lo-3 M. The ammonia. yield then falls gradually to ~ limiting value of G(NH
3

) 

= 3.3 at the higher Felii concentrations. We also find under these conditions 

that pyruvic acid and ammonia are formed in equal molar yields. Yields of 

glyoxylic acid and ammonia from acetylglycine also show this same quantitative 

relationship. Aldehyde yields from these systems are low, G ~ 0.1. 

At the higher (Feiii)/(peptide) ratios, the reducing species e and aq 

H are preferentially scavenged by Feiii and the yield for peptide oxidation 

through OH attack is in accord with 

-G(peptide) = G(NH
3

) - G(RCOCOOH) ~ 

I 

Hydrogen peroxide formed in the radiation-induced .step, l, reacts rapidly with 

Feii to give an additional yield of OH radicals 
10 

--~:> Feiii + OH + OH (ll) 

---~--~-~___:___·~- - -----~ ···-----
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The maximum in the yield curve shown in Fig. l is attributed to the onset of 

the reaction 

H + RCONHCHR2 

in competition with 

~. ; 

H + Feiii 
+ 

---:> Fell + H 

(12) 

(13) 

at the lower (Feiii)/(peptide) ratios. The RCONHCR2 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 ~to 1.5 ~~ in the presence 

of 0.05 ~Felli. The limiting value for peptide oxidation at the higher acetyl-

alanine concentrations is given by 

-G(peptide) lLO __ 

We conclude that the reaction of OH and H radicals with these pepticle 

derivatives of the simpler amino acid.s, glycine and alanine, occurs er:lsent:i.ally 
I 

quantitatively at the 0:-position as formulated in reactions 2,12.
11 The present 

data also establish the quantitative oxidation of RCONHCR2 radicals by Feiil 

via reactions 9, 10. In the case of acetylalanine such oxidation appears to 

occur nlmont excJus1ve1y through li.r:1.1nd tranllf'er (reaeti.on 10) :;lncc meastu·t·mcnt.:; 

of the opttcal absorption of the lrradlat(~d r,olutions (after removal of Felli) 

reveal negligible absorption: above 230 mj.l when read differentially against 
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unirradiated control solution. Absorption by control solutions containing 

. 12 6 ) authentic acetyldehydroalamne ( E
240 

= 050 show that G values of >0,.1 for 

reaction 9 would be detectable. To our knowledge the optical properties of 

acetyldehydroglycine have not been described. 

The low carbonyl yields obtained when o
2 

is used in place of Feiii as 

the radical scavenger are interpreted here as evidence that other more complex 

degradation reactions occur in parallel with the dehydrogenation and hydroxyla-

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

the peroxy radical RCONHC(o2 )R2 is presently under study. 
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IJegends for Figures 

Fir;. 1. Effect of Feiii concentration on the yields of arrunonia (0) and pyruvic 

acid (A) from 0.1 ~ acetylalanine and of ammonia (0) and glyoxylic acid (6) 

from 0.1 ~ acetylglycine. 

Fig. 2. Effect of acetylalanine concentration on yields of ammonia (o) and of 

pyruvic acid (A) from solutions containing 0.05 M Felli. 
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