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Warren M. Garrison, Michael E. Jay};.o, Boyd 111. Weeks} 
Harvey A. Sokol, and \HnifredBennett-Corniea 

La\-]rence Radiation Laboratory 
University of California 
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Dece!llber 1966 

We find that a major che!llical effect of ionizing radiation on peptide 

derivatives of the aliphatic ct-a!llino acids is the for!llation of labile "a!llide-

like" products which are readily degraded to yield a!ll!llonia on mild hydrolysis. 

The N-acetyl derivatives of alanine, valine and leucine} for exa!1l_ple, give 

G(NH
3

) values of 3.8, 3·0 and 2·7 (molecules/100 ev) respectively on irradia­

tion with C060 
"I-rays in vacuo; the irradiated solids were dissolved in water 

in the absence of oxygen and hydrolyzed for 90 !ninutes in 2 NHCl to effect a 

quantitative liberation of a~nonia which was then assayed after the method of . 

1 Conway. 

A detailed study of other reaction products from N-acetylalanine has 

been made to obtain evidence as to the !llechanism of the radiation-induced degra-
, 2 

dation. Organic acids were assayed by gas-phase chro!llatography and by partition 

chromatography.3,4, In certain runs) the acetylalanine was "spiked" with 

CH
3 
CONHCt~CHdc1400H to facilitate product identification; the radio!lletric tech­

niques have been described.
4 

Carbonyl products were deter!llined as the 2, 4-

dinitrophenylhydrazone der iva ti ves. 4,5 A colorimetric method 6 
viaS used to set 

a limit on the yield of lactic acid. Gaseous products \-}ere pumped-off following 
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complete dissolution of an irradiated sample in degassed "Water on the vacuum 

line. Gases were analyzed by mass spectrometry. A Varian EPR'spectrometer, 

.model E-3 J was used to measure the production of spin centers in the ir,radiated 

solids. 

The evidence is that the observed rad1olyti.c degradation of acetyl-

alanine cannot be represented simply in terms of the rearrangement 

H 
I 

RCONHCH (CR
3

)R -~> RC01'11
2 

+ R-R 

CH2 

since we find G(acrylic a~id); < 0.2. The possibility that the N, ° shift 

\ 
. NH 'H 

II I 
RCONHCH(CH

3
)R -""""-> R-C-O-C-R 

. I 
CR' 

3. 

(2) 

occurs in high yield and leads to a~~onia formation through subsequent hydroly-

sis Of the labile imino ester 

WH H 
II I 

R-C-O-T-R -~-> RCOOH + N!-I
3

'+ CH
3

CH(OH)R 

CH
3 

1s negated by the fact that G(lactic acid) < 0.2. Similarly, we conclude that 

the production of dehydropeptide via 

1 
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, J 

RCONHCH (CH
3

)R . (4) 

is relatively unimportant in view bf the fact that we find G(pyruvic acid) ~ 0.4; 

the dehydropeptides are hydrolyzed Quantitatively to yield carbonyl and ammonia 

o 
II 

R-C-N=y-R --> RCOOH + NH3 + CH
3 

COR 

CH
3 

under the conditions of hydrolysis' employed here. 7 Additional evidence that the 
\ 

dehydl'ogenation reaction 4 occurs in low yield is given by the gas-yield data 

() 4 8 which show G,H2 = O .. 

We do find ~hat propionic acid is produced as a major product) G(propionic 

acid) ~ 1.2. It is clear that main-chain scission occurs and the simplest formu-

lation in accord with present observations is given by: 

. 
RCONHCH(CH

3
)R -~-> RCONH + CH(CH

3
)R' (6) 

followed by the abstraction reactions 

. . 
GH(CH

3
)R + RCONHCH(CH

3
)R .,...---> CH2 (CH

3
)R + RCONHC(CH3)~ (8) 
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to give amide, fatty acid and the l:ng-liyed ex-carbon radicals -which have been 

observed in irradiated peptides a~ ;:)om temperatures through EPR spe<;!troscopy. 9,10 
. 

On dissolution in -water (oxygen-freE'), the ex-'carbon radicals, RCONHC(CH -)R, under-
, . . 3 

t · t . ld th d .'. ., . d' d . t· 11 h f go dimeriza ion 0 Yle e cx,.CX- 19.ffilnOSUCClnlC aCl erlva lve. T.e ormu-

. lation of reactions 6, 7, 8 if, intended only to convey the nature of the over-

. all reaction stoichiometry.12 [Ionic or "hot" radical intermediates presu.rnably 
\ 
1 

are involved since cage effech in the condensed medium would lead to preferen-

tial rad.ical-recombination. 

We estimate from EPR meesurements that the yield of the long-lived ex-
, ; 

carbon radicals is roughly G rv 3,' This value and the propionic acid yield value· 
. \ 

of G=1.2 are some-what lo-wer than -w';uld be predicted from the reaction sequence 

61 .7, 8 on the. basis of G(amide) .. "j, 8.'" The apparent discrepancy may be under­

\stood if a fraction of the CH (CH
3

)R ~"adicals 'are removed through radical-radical 

interactions in the spur-regions ofh:lgh radical concentration. That the "amide" 

. typr= of radiolytic degradation of the F'~ptidechain is not confi,ned to the N-acyl-

amino acid configuration is shown by the fact that the G values for ammonia and 

propionic acid from po1y-DL:':'alanine are a:;'.'11ost identical with those obtained with 

N-acety1alanine. 

It has been suggested that the long-.\ .. i ved ex-carbon radicals are produced 

" :'13; 14 in peptide radiolysis through side-chain c1eayage, . e. g., 

RCONliCH (CH3)R > RCONHC(crI
3

)R + H 

followed by 

(10) 

(. 

I 

V 

----~--~--------------~ ~ 
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where H' formed in reaction 9 may have excess kinetic energy. :j{owever the low 

G(H
2

) values observed in the,),-radiolysis of simple peptides, polypeptides and 
8 . 

protein, does not support the concept that reaction 10 represents a major 

source of a-carbon radicals. On the other hand, reaction 9 follmled by 

(11) 

(or the equivalent heterolytic steps involving e- and H+) would satisfy the 

requirement of main-chain scission. Note that the stoichiometry of reactions 

9, 11 followed by 8 is equivalent to that given by the reaction sequence 6, 7, 8. , . 

Detailed reports of these studies will appear in forthcoming publications. 
tl~",vQ', . 

Acknowledgement is due to Miss Sibyl A. Cole for assistance in some of the measure-

\ \m.ents. 

This work. was performed under the auspices of the U. S. Atomic Energy 

Cominis sion. 
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