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We find that a major chemical effect of ionizing radiation on peptide

derivatives of the aliphatic Q-amino acids is the formation of labile "amide-

oL like" products which are readily degraded to yield ammonia on mild hydrolysis.

_The N-acetyl derivatives of alanine, valine and leucine, for example, give

T E

G(NH5) values of 3.8, 3.0 and 2.7 (molecules/100 ev) respectively on irradia-
tion with Coéo y-rays in vacuo; -the irrédiated solids were dissolved in water
in the absenc¢ of oxygen and hydrolyzed for 90 minutes in 2 N HCl to effect a’
o . quantitative liberation of amménié which was then assayed after the method ofT
Conway.l |

Lo | - A detailed study of other reaction products from N—acétylalanine has

. been made to obtain evidence as.to the mechanish of'the‘radiation-indgced degra-
dation. Organié acids weré assayed by gas—phaée chrom-afography2 and by’partition
3,4 | |

. " chromatography. * In certain runs, the acetylalanine was "spiked" with

o ' b o ' ' :
b CHBCONHCACHJCl OOH to facilitate product identification; the radiometric tech-

niques have been described. 'Carbonyl products were determined as the 2, k-

v L5 6 '
: .dinitrophenylhydrazone derivatives. »? A colorimetric method was used to set
a limit on the yield of lactic acid. Gaseous products were 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, L
model E-3, was used to measure the production of spin centers in the irradiated ‘!,
solids.

The evidence is that the obsérved radiolytic degradation of acetyl-

alanine cannot be représented simply in~terms of the rearrangement

3
RCONHCH(CI%)R —~"—> RCONH,, + E-R )

Cty

since we find G(acrylic aéid)i< 0.2.  The possibility that the N, 0 shift

N\

\ .
‘ 1 : : .
RCONHCH(CH5)R —~—> R-C-0-C-R o - (2) '
: _ - , _

3.

occurs in high yield and leads to ammonia formation through subseguent hydrbly—

sis of the labile iminb ester

: ﬁH H : : :
2 H0 + R-C-0-C-R —nm—> ROOOH + M, "+ CHyCH(OK)R - (3) . :

3 | \

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

the production of dehydropeptide via
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PR RCONHCH(CHB}R ——n> R—C—N::»?»R + Hy(2H) RS
LV o . ' ) ) . . ) -

_is relatlvely unlmportant in view of the fact that we find G(pyruv1c a01d) ~ 0.kh;

the dehydropeptldes are hydrolyzed ouantltatlvely to yileld carbonyl and amﬂonla

> RCOOH + Nﬁj N CH5COR : (5)

. under the conditions of hydroly31s emoloyed here. 1 Addltlonal eV1dence that the
aehydrogenatlon reactlon h occurs in low yield is glven by the gas-yield data
I which show G(Hy) = 0.k 8

We do find that proplonlc acid is produced as & ma jor product G(propionlc

PR W

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

lation in accord with present observations is given vy:
RCOMHCH(CH, )R —~—> RCONH QCH(CH5)R S (-3 W

followed by the abstraction reactions

> RCOMH,, + RCONHC ( CH

')R' - (7

RCOI;IH + RCONHCH(CI—%)R 5

(CH )R - RCONHCH(CH R ——> i, (CH SR+ Rcormé_(éE{})R_f (8 j-'
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td give amide, fatty acid and the 1{ng—lived Q-carbon radicals which have been

9,10

observed .in irradiated peptides at ﬁ)om temperatures through EPR spectroscopy.

On dissolution in water (oxygen-free€), the Q-carbon radicals, RCONHC(CH5§R, under-
go dimerization to yield the a,_a-diﬁminosuccinic acid derivative.'’ The formu-
‘lation of reactions 6, 7, 8 ia'intehded only to convey.the nature of the over-

- all reaction stoichiometry.12 iIonic or "hot" radical intermediates presumably

are involved'since cage effectg in the cohdénéed medium would lead to preferen-
tial radical—recombination. /1. | |
We.estimate from EPR me&suremeﬁts that the yield of the long-lived C-
éafbon radicals is raughly'G ~ 5¥ This value andvthe propiq?ic acidvyield valge~'

of G=1.2 aré somewhat lower ﬁhan wyuld be predicted from the reéction sequence

5\

6,-7, 8 on the basis of G(amide)~3.8.. The epperent discrepancy may be under-
\stood if a fraction of the CH(CHB)R radicals are removed through radical-radical

interactions in the spur-regions of ‘high radical concentration. That the "emide"

v

- type of radiolytic degradation of the peptide chain is not confined to the N-acyl-

amino acid configuration is shown by theffact'that‘the G values for ammonia and

propionic acid from poly-DL=alanine are aimost identical with'those_obtained with
N—acetylalanine.' 4
It has been suggested thaﬁ the long-!ived C-carbon radicals are pfoduced
15,1k

. e

in peptide radiolysis through side-chain cle&%agq .

—> RCONHC(CHB

RcéNﬁcH(CHB)R R+ H @

Rl |

followed by

- .‘H‘+-RCONHICH(CH5)R ——> RCOMHC(CH, )R + K, . (20)




where H formed in réactiOn 9'mdy havg exceés kinetic energy. However the low
§e K G(HQ) values observed in the vy-radiolysis of_éimplé peptides, polypeptides and

AT . -
protein,8 does not support the concept that réaction 10 represents a major

b, ' .
T source of (-carbon radicals. On the other hand, reaction 9 followed by

{ . H.+ RCONHCH(CH,)R ——> RCOM, + (.IH(CHB)R | (1)
T | (or the equivalent heterolytic steps.involving e” and 1) would satisfy the
| requirement»of main-chain écission. Note thatvtﬁe stoichiometry of reactions
9, ll.followed by 8 is.equivalent fo that given by the reaction seguence 6, 7, 8.
A o _Detailed~reports éf‘fhese studies will appear in.forthCOming publications.

Ackhowlédgément is duebtogy?§§.81byl A. Cole for assistance in some of the measure-
f\ménts. |

. This wofk“was'performed under the auspicés Qf the U. S. Atomic Energy .

~

4+ Commission.
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Makes any warranty or representation, expressed or
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or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
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As used in the above, "person acting on behalf of the
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