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, Gamma re.diolysia of po],vpeptides under oxygen. 1eads to chemical
: . degradation of the peptide chain vith the remarkably high o:qrgen consumption :j,»
of about one molecule per 2 eV absorbed. enerwe The chemlcal evidence, both |
- qualitative and qua.ntitative is consistent with & reaction mecha.nism in which L _. :
excited states of the polypeptide eggregate undergo chemic_:a.l quenching by :‘ L
molecular oxygen. S . :
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Excited states mblving delocalized v electrons of the extended -
hydrogen bond system (CO--HN)n of polypeptidés have been proposed as L
intermediates in the proéesses of energy transfer, photogynthesis, vision
.and cercinogenesis (1-6). Meaéurements of semiconduction ectivation energies
indicate that the excited levels are 1.5 to 3 eV above the ground stete in
ary proteins (7). Mason (6) treats n-electron delocelization 4in polypeptides
in terms of a triplet-stéte excitation which is assumed to involve enolization
of the peptide bond, i.e, ~co(oﬁ)=n~ or sc(n)qc(on)-m or both. Mason elso
supposes that such states fgpresent 'essex;tie.l mtemediatea in the rediation-
induced denaturation of protein. DNow, M—lying excited states of the peptide
bond system as envisaged here would not be expected to lead to net chemical
change in the radiolysis of peptides in vacuo. There is, however, the possibility
that these excited states may be chemically reactive toward molecular o:mgen’.
Yet, the available evidence obtained from the work of Alexander ax;d Hamilton (8)
and Bowes and Moss (9) indicates that the radiation-induced destruction of
anino acids in solid proteins i1s not significantly greater under oxygen than
it 3s in vacuo. But, in the one study (8) the irrediations were made at the
very high dose rate or ~5 x 10 eV/gn/min and in the other (9) the solids
were irradiated in a compacted form. In neither case would we expect the .
oxygen effect to be more than miniml. We have, therefore, re-examined this
question by irradiating ; polypeptide, gelatin, end a polyamino acid, poly-
D,L-alanine (10) as highly dispersed fluffs (average bulk density ~.05gm/cc)
in vacuo end in an oxygen atmosphere under vy-rays at the relatively low dose-
rate of 1 x J.Ol eV/en/min, _

Thg very striking result shbwn in Table I 1s the remarkadbly high G
values for oxygen upteke and for oxidative degradation of both gelatin and |
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poly-D;L-alanine. Chemical analysis of the irradiated peptides following v

2 3 hour hydrolysis in 2N hydrochloric acld established ammonia and a-ketoacid(s)
| a8 principel degradation products. The quantitative procedures were those
developed in our previous studies of the radiolytic oxidation of polypeptides
in aqueous solution (11). Oxygen upteke and esrbon dioxide production were
followed mess spectrometrically. The observed G(-Oa) values correspond to

an energy .remurement of only 15*5 and 2.0 eV per molecule of oxygen removed-
by gelatin and poly-D,L-alanine r.espectively.' These energles exre much 1ower. . |
than can be explalned in terms of hmnol&tic or heterolytic dissoclations of
specific groups or bonds. ' | '

~ Evidence agalnst a chain reaction as the ceuse of the high G(~02)

values is as follows. We note first that in the radiolysis of 'polypeptides '
 4n aqueous solution (11) the radical species RCONHCR2 are formed by OH

attack and axre degraded in the presence of oxygen via.

B0 |
> Rc:omx2 + RCO + HO, - (1)

RCONHCR,, + 0, > néoxmc(ée)ne
Thel emmonia yie_ld from oxygenated peptide solutions approaches b\;.t never

- exceeds the primai-y yield of OH radicals derived from thé radietion |
decamposition of water. Neither RCONHC ((.:92)19!2 or HO, radicals sbstract H .

" from the lebile C-H position @ to the peptide bond end no chain oxidation o
is observed in aqueous systems. Now, the redicals Rcoxména are also '
produced in the radiolysis of go1id peptides in v__gg_ug_ (12, 13). The
formation of emide ammonia end carbonyl yroducts reported in part A -

Table I involves the radiation-induced step 2.’ . |

)

H
t
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ncomﬂ%—)acoﬁnféma o - T T @,
followed by R _ _ S
~ RCONH + RCONHCER, > RCONH, + RCONESR, .~ . - . . (3)
éma + RCONECHR,, =——emes> CE_R,, + RCONECR, -~ () _,

2
where RCOHNCR, represents the long-lived radicals observed by ESR
methods (14) 4in irradiated peptides at room temperature. Exposure of
the irradiated peptides to air during the dissolution process results ’ o
as in the radiolysis of the oxygensted solutions, in the degradstion of
RCOI*IH&R2 radicals via reaction 1 to give the product yields shown in -
port A Teble I. These product ylelds are in essential accbrd with the
ESR measurements (ih) of RCONH&RQ yields and here egain weﬁ.nd r;d &idence

for chain oxidation. Since neither RCONHC (("2)1{2 nor HO, ebstract B from

2
the labile C-H position we conclude that the high G values for oxygen‘
consumption shown 4in part B Table I do not arise from a chain oxidation |
under the conditions of the present study. | v

Both the qualitative end quantitstive evidence 1s in sccord with
the idea that the greatly enhanced degradation yields obtained in the »
radiolysis of highly dispersed polypeptide under oxygen is z;elated to the
mobility and to the chemical feactivity towards oxygen of low-lying
excited states which are chemically undetected in vacus. We represent the

oxidation of the excited stafe of the peptide bond system in terms of the

schematics H°a% s ‘ ' ‘- |
v OH .
~H - c «C - KBv ‘ ~ (5)
~m-?£.m + o //"‘? ) i .
rJ R -

R ) ’- o
o : e 6)
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- vhere on hydrolysis the emmonia 18 derived from I and I, a-ketoacid from - .
I, end cerbon dioxide from III. The megnitude of the observed G values for- L

reactions 5; 6 prompted us also to glve particular attention to the que.xititative

basis of the present work. Dose was determined by extrapola.tion on the basis
of the ratic of the electron densities of the solids end the Fricke dosi-.
meter (15). The validity of the extrapolation for the low-density solids
end the geometriles uaed here was exteblished experixnenta.ll,v in a series of
control runs in which the density and the volume of the irradiated samples

' was veried from ~,025 gm/cec to 0.6 gn/cc and from lqc‘c to 80 cc respectively.
The possibility that not all of the observed chemical change arises as &
result of the direct action of the radiation on the polypeptides was examined
in some detail. The fact that the degradation ylelds in oxygen are indepen- '
dent of pressure from 650mm down to 20m indicates that energy ebsorption by
oxygen is not a major contributing factor. At 20mm pressure the oxygen in |
the gas -pha.se Plus that absorbed on the solld peptlde represents less than
1% of the mass of the total sample (16), The possibility that part of the
energy abgorbed by the pyrex cell is transferred to the peptide through
excited states of oxygen is negated by the observed pressure independence
end by the observation ’tbat addition of & glass-fibre plug sbove the peptide
sample does not result in any change in the degradation yields. There is |
elso the question as to whether or not the gmide and carbonyl yields given
~4n Table I includes some contributions)from "dark-resctions” induced in the
hydrolysis step. Both peroxides and carbonyl compounds for example, are
known to degrade amino acids m the Strecker reaction with formation of

| exmonie under certain Qonditionn (17). We found, hawe'verw,’ in a series of

controls that added hydrogen peroxide, organic peroxides and carbonyl

/
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compounds in emounts corresponding to &:340 do not ‘lead.'to'd:dda.tion of the =
peptide chain under the ectd hydrolysis conditlons employed in this study. . .

|

Ve also found that treatment of the irredieted polypeptide with 0.1N Nia, 80, J
‘to destroy peroxides prior to hydrolysis does not. 1ead %o any diminution
“in product ylelds. These findings arein accord with earlier oberservations
(11) on the negative rBle of derk-reactions in the chenical determination .-
of radistion-induced oxidation in aqueous peptide systems (18). .. ..
| e ‘Werren M. Garrison
. Michael E. Jejko
4 " . ‘Winifred Bennett-Corniea.

University of California " .. . P
Lawrencé Radiation Laboratory e - R

Berkeley, C#lifomia R



| Table 1. Product yields m the—'y-radiolysis of gela.tin e.nd poly-D:L-alanine

o vfr“in the solid state. A, 1rradia.ted :l.n va.cuo a.nd then exposed t° OWGen prior
& vv.""ﬁ'to chemicel manipula.tion. B, 1rre.die.ted in oxygen et & pressure of 50man
: ,‘_Dose = 184 x 105 Aevlgn.' G = mo].ecules per 100 eV a.bsorbed ener@. A

20

c(>c o) - G(rE,)  6lcay) _G(402.5';

3"1“1“ 232 Bat.s | 653 —

| ly-D.L-alaninehB: 3 5.6 % .5 hlzol -

B-.--Oxzfgen %mosphere | _ o o
| oly-Di-leatne 2.3 *7 2.9 £ l7 38t 52349
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Table 2. Effect of oxygen pressure on.product yiélds in the y-radiolysis . a
of gelatin., Dose = 1.4% x 107° eV/gm. . G = molecules per 100 eV absorbed .

energy.

G(>C = 0) (maj) ‘:'G(‘oe)"'

vPressure (omBg) - S

20 4 . 179 % .9 . k21 %18 - :70.8.
5 - - - .- 18.84.9 " k2580 - T2kt .5
600 - - - 164 E1.0 . %0.0# 25 e

'
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~ One percent solutions of gelatin (Eastman, lime processed) and poly-D,
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