
Lawrence Berkeley National Laboratory
Recent Work

Title
RADIATION CHMISTRY OF COMPOUNDS CONTAINING THE PEPTIDE BOND

Permalink
https://escholarship.org/uc/item/8cd7r47q

Authors
Garrison, Warren M.
Weeks, Boyd M.

Publication Date
1962-04-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/8cd7r47q
https://escholarship.org
http://www.cdlib.org/


UCRL-10192 

University of California 

Ernest 0. 
Radiation 

lawrence 
Laboratory 

TWO-WEEK LOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two wee~s. 
For a personal retention copy. call 
Tech. Info. Diuision, Ext. 5545 

Berkeley, California 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain cotTect information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any waiTanty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



for publication in Radia;t::i9ft Research 

UNIVERSITY OF CALIFORNIA 

Lawrence Radiation Laboratory 
Berkeley, California 

Contract No. W-7405-eng-48 

UCRL-10192 

RADIATION CHEMISTRY OF COMPOUNDS CONTAINING THE PEPTIDE BOND 

Warren M. Garrison and Boyd M. Weeks 

April 1962 · 

I 



Radiation Chemistry of Peptides 

A fev years ago we proposed. that. ma.jox- aspects of the radiation chemistry 

of a. wide diversity of organic nitrogeneous compounds both in the solid sta~ 

and in aqueous solution could be correlated and generalized in terms of a 

camm.on locus of reaction (1•4). · These earlier considerations of mechanlsm 

are consistent with the viewpoint tha.t t;he fo:rmation of tree-radical inter­

mediates and molecUlar products tran eom.po~ds of the t;vpe R.aN...CH(R)2 ee.n be 

characterized in terms of ehemioa.l ch,snges involving the aliphatic carbon atom 

adJacent to the n1 trogen function. SUbsequent applications of this concept to 

the radiation chemistry of prilna.ry amines; seconda.:cy' emines, N...a.l.kyl amides, 

and peptides have been made, and in a. more recent report we have given detailed 

chemical eVidence of the validity of this a.pproa.ch to the st~ of the in­

direct action of ionizing radiation on the variously' substituted N-c bonds of 

protein in o.xygenated solution (5). In the :present 'J;>rtpe:::- we are concern~ 

more specifica...Uy vi th the radiation-induced reactions of the peptide bond in 

simpler chemical compounds1 both 1n solution and in the solid sta.te. The 

;r,r .. acylam.ino acids provide a convenient model for such studies. 'nle chemiea.l 

and physical properties of the a.cetylated amino acids ax-e tad.rly well defined 

and, in a.ddi tion, there is cons.idera.ble li teratur¢ on analytical methods for 

the separation and. determination ot this particular class ·of . peptide. In 

ta.ct1 the techniques of partition chron1atograpey were ori~ developed. 

by l4a.r'tin and Synge (6) tor the ex.press purpose ot an&.:cyzina protein hydro-

l:yzates :f'ollOlting acetylation. 

Reactions in A~ueous Solution 

~ radiation-induced. oxidation. of peptid.es in oxygenated $ol.ution can 

be represented (5) in terms of the reactions ... • 
acorm~ + OR _,.....> Rcorm-c~ + Hao 

(/J 

.RCOIW:...C~ + 02 + lfa 0 > BCON~Ia + RCOR + R02 • 

(l) 

(2) 



..:z_ 

The relative importance ot reactions l and. 2 in the over-all radia.ti~n chem­

istry of a particular peptide syste'lll will1 ot course, depena 6n the nature .of 

the substitutions., a. However, even for aqueous protein solutions, reaction 

. of type l and 2 represents the single most important path tor removal of 

hydroxyl ra.d.icals. In the 1-re.d.io}¥sis of OJcygena.ted gelatin solutions, for 

example, 'both amide and carbonyl prod.uotEJ are tormed with G ~ l (;). It is 

noted that step 2 represents an over..a.l.l reaction and does not specify' the 

nature of the intel"lllediate involved. in tlle reaction of' RCOl'm..Cl'\a 'With 02 to 

yield the acid amide and the corresponcling carbonyl pr~u.ct.. .As discussed 

elm~1here (5h the simplest representation of the intemediate processes .of 

l"ea.ction 2 ;tnvolves the formation of the dehydropeptid.e 

(3) 

followed by 

(4) 

On the other hand, the pero~ radical acomr-c(o2)~ '~!JAY' 'be f'ormed. and undergo 

reactions of the we 
(5) 

The' prodUct of ; represents a byd.mted ~peptid$ Which @composes accord ... 

ing to 

'· 

RCONR-C( OH)l\, -~> 1tC01\TR'" + RCOR. • ~ ~·"""2 
(6) 

Recent stud.ies of OJcygenated acetylaJa.nine and a.cetylglycine systems indicate 

that reaction 2 occurs largely thr®gh the :f'o:nnation. of the peroxy re.dica.l~> 

It is :found. tbat the rate of to:nna.tion ot pyruvic acid bydl:'a.zone1 on addition 

ot 2, 4-d.ini trophenylb;ydrazine (21 4-IOO?H) to sn irra.dia.~ aeetyl.alanine solu­

tion1 a.:pprox:i.nlate$ that given. by a. <:ont~ol. s9lution of authentic pyruvic acid.. 

Dehydroacetylalardne; mr,coN==C(CR_;)COO:t:t, is :relatively stable toward.$ carbonyl 
' 

reagents eueh as 2,4-DNPR Ul:ld.e~ stan&l.rd ~ical conditions (7)• However,. 

,. 

\ . ' ~ 
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we cannot positively identi.t'y the initial product as~ ;pyruvic acid, since 

the hydrated d.ehydropeptid.es BCO!m..C( OR)~ e.lso react rapidly ·1rl.th 2,4-DNPH (8). . . 
Current· studies should. resolve this ambiguity. The reaction sequence 1-2 is 

i®ntica.l with that pl."'opose4 t)a,rller for th4 ra.d.iation-ind.uoed. deamina.tion of 

the free o:-amino acids (2). a:rhe nature o~ the intermediate fo:rmea on reaction 

of' r~C(R)COOII with o2 via. step 2 is, hmrever~ not read.U:y subjected. to ex­

J;>erlnlental inquiry, since tor prim.aey amines both the d.ehydro intermediate 

(i.e.1 l\I&;C(~)COOH) and the intemedie.tes derived trcm the peroxy :radical 

represent extremely labile fonns. 

In the radiolyl'lis of oxygen-tree amino acid t?o'lutions, removal of 

~C(R)COOH occurs almost exclusively tht'ough disproportiona.tion to give . ' 

rm=cH(R)COOH vhich immed.iately :hydrolyzes to ezmn.onia. and o:-keto acid: d.1.mer1· 
. . 

zation ot lm:aC(B)COOR e.lso occu:::os but 1n quite low yield (2). !Jlle role o_t . . 
correspolid.ing r¢actions in the radiation ehemist17 of peptidea in oxygen .. f'ree 

solution a.J."e now under stu..c'cy (9). ~ical da:ta. for the acetyle.ted amino 

acids are described below. 

O'.lcy'gen•free o.l M solutions of a..cetylglycine containing added 
. ~ . . . ' .~ 

~CONRC B2COOH were irre.diated in evacuated. P:fl"eX amp~s 't-rith Co · 1-re.ys 

under conditions 'W'hieh have been previou~Ply described (2). Aliqu<>ts of the 

irre.d.iated. solution were analyzed directly by. the method. ot partition cll."t'alla­

togra.phy adapted. in this la.boratoey frau the original method of Martin and 

Synge (6) and. the later modif'ica.tions of l<!arvel and. Rands (lQ). \-later adsorbed 

on silicic acid. acts a.s the immobile pbase~ cllloroform containing ino:res.sing 

~amounts ot butyl alcohol ws uaed. .as the developing liquid.. A t:J¢cona. series 

of aliquots vas b;yd.rQl.yzed in 2 ! hyd:rochlorlc acid for tou:t' hoUl·s at l00°C. 

The spectrum of nitrogen produCts in the byilro~a.te 'm1$ then examined. chrana.­

toe;ra.phieally on l)owex 50 (hyd:rogen tom) a.t't~r Moore and. Stein (ll) • Hydro.-



chloric acid in continuo\\$~ increasing concentration ( 0 to 4 !) 1-ras used a.s 

the ¢luting agen-t;. An~ical details including the radiometric techniques 

have been given (2). 

Figure 1 shOt<rs a typical. elution cUl"V'e for a h\Yd.rolyzed. fraction.. Peak I 

contains the organic acid products which pa.ss cllrectl.y through th~ a.c:td form 

of Dowex 50 ~rl.th little or no retention. Peak !I co-~tographs Vith au­

thentic aspartic e.cid. The major peak III is comprised of glycine liberated 

in the p5)stirrad.iation cydrolysis ot unrea.cted. solu.te.. Peak rl aJ:1d. ·the. smaller 

adjacent peak correspond to the meso and racemic forms of diaminosuccinic acid. 

Eicaet corre$l)ond.ence between authentic disminosuccinic acid anti EJ.Ctivity trcm. 

both peaks "Wa$ obtained cbrom.a.togra.phica.~ • .Although the relAtive Yields of 

these tvro pea.k.S vary somewhat from: one irradiation to the next.; the total 1,ie,JA 
··. ·-~ : ,I' 

of diamirtosuec~c acid is quite reproducible. 

Figure 2 shovs a product spectrum. for ~ol.yzed a~tylglyc1rie solution 

as :revealed 'by partition chromatOgraphy.. Peaks III and r1 have been id.entif'ieCI. 

as the aeetylated isomeric roms of diaminosuccinic acid. ·The· activity of 

peak I eor:t"espond.s to tree glyoxylic a.cid.1 and it is noted. that tM· magnitude 

of this ;t;eak ve.r:te~ 'With the time interval between !~ation and. chroma.to­

gra.pbie separation. ~surna.bly;, the ·la.bi~ l)l:'ecursor ot gly'ox;rlic acd.d co­

Chrom.a.tographa Vi th acetylglycine or vi th the product peak$ ni and IV. · 

Analysis. for total glyoxylic acid. production was made :tollatdng acid hydro­

lysis of the irrad..:1s.ted solutions. In effect, this sm.ounted to re-chran.a.to­

graphing pea.k I of Fig. l on silicic acid. Aa shown in ·Table I.- glyoxylic acid 

is the major o:rga.nic n.eid product; althou.$h formic acid is also found in lmr 

yield. 

The Commy .d.iftus1on methcxt (12) ·"WaS used to determine free anunon!a in 

the unhyd.rolyzed solutions. The ditfu..sates ~re assayed by means ot the 

Nessler reaction. 'l'h¢ ~Ul"ed 1.':r:ee tilmnl0l1ia Yiel.ds we~ un1fomly l~r and. 
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1 did not increase appreciably above the llm1 ting value Vi th prolonged diffusion 

times. "Amide-like17 ammonia. was libe~ted by eyd.rolyzing the inad.iated solu­

tions !!!, vacuo at 100°C in the presence of 2 ! hydrochloric or acetic acid. 

Aliquots were ta.~n at intervals; chilleC1.1 and asseyed for tree tunm.onia. 

Essentially 1 identical amide yields were obtained under the two eondi tions. 

Hydrolysis tim.es required to reach the limiting values were a.pproxilllately ; 

hrs io and 24 hrs. for hydrochloric end acetic acids respectively. 

Yields. of major products fo~ed in the r·radiolysis of oxygen·fl~e solu­

tions of glycine and a.cety~lycine a.re compared 1n Table I. Although these da.te. 

were not taken under id.entiea.J. conditions; they serve to illustrate the nature 

. of the differences involved in the radiolytic response of' the two systems. It 

is clear tha.t a. principal. effect of acetylation is manifested in a. pronounced 

increase in the yield of the diamino derivative ana in a conccmitant decrease 

in the over-all yield ot the degra.d.a.tion ree.ctions. _Q.ua.lita.tively similar re­

sults have been obtained With acetyla.Janine and a number of other acetyle.ted 

amino acids and related C0111pouncls. .I!Jy analogy vi th the ]llechaniSlll proposed tor 

ra.diolysis of ~gen•tree amino acid ~lutions (2); w may write tor .the 

acetyla.ted derivatives 

RCONR·C(R)COOH 
~ 

2 RCONH...C(:R)COOH -~>a RCONH..C(R)COOH (7) 

-.,;:..>a ,RCON=C(R)COOit + RCO:tm-cH(R)COOli (8) 
• 

RCONii..C(R)COOH + ~02 -.;;.>a RC011H..C(OH)(R)COOH + OH. (9) 
' 

On this basis, formation of' '1amide·lika" ammonia on postirra.diation hydrolysis 

ot the peptide solutions~ be identified with a hydrolytic decomposition of 

the dehydro.peptide exJ.d./or its bydra.ted. derivative through reaction of type 

4,6. CUrrent studies of the rate of hydrolytic release· of emmonia and carbonyl 

products indicate that both tY,Pes ot inte~diates could. he contributing. Re­

ductive cleavage of' the N.C bond Via,.· 

,. 

' 



,.; . 
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li + RCONH•CH(R)COOH -;.~;:a RCO~ + .CH(R)COOH (l.O) 
.·;. ~ ; ~; ',, ~ 

. :;_ · .. > ROO + NH.aCH(R)COOH1 

. 
(11) . 

d.oos not appear to be involved. to any a.ppreeie.ble extent in the a.queous acetyl ... 

glycine system.. This conclusion is based on the finding that degra.da.tion pro-

. ducts containing the CB.aCOOH radical vi~ glycine, acetic acid, succinic acid, 

and aspartic acid are found only in lw yi~ld (Table I). 

The possibility that chemica.l change akin to the Strecker reaction (14) 

might be involved in the postirradiation hydrolysis of these systems has been 
' . 2. 

considered in sane detail• Reactions of monocarbonyls 'With glycine; alanine;; 
I 

etc., are known to lead to transamination of the type RCHO + ~~1~ > 
I , 

RC~~ + ECHO 1n neutral or alkaline solution (15).~ Hovever, under the con-

ditions of acid., hy-drolysis su.ch reactions are au;ppressed1 although on pro• 

·longed heating, sqme evidence ·tor transamination 1$ obtained (16) ~ S:lmiJ..ar 

conclusions were ~ched. in the earlier study of carbonyl products formed. in 

the radiolysis of o~genated l)eptide solutions (5) • liO'WVer1 the. i.liru:n1no 

acids f'o.rmed. in o.x;ygen-t:ree solutions have been tound. to be som.e'ttbat more 

reactive towards monoearbonyl canpo~.. Hence, e.l:though the G value for 

carbonyl· :production remains constant <>n prolonsed hydrolysis1 the identity 

ot the carbonyl. product traction is not retained. knd; turthe~ore, Et.t the 

longer hydrolysis times, some additional ammonia appears--presumably through 

hydrolysis of sminoaldebyde$ formed via transamina.tion. Simil~.r reactions 

bave been observed bettreen 11 2-dicarbony-ls and monoamino acids, under the 

same condition. The problem herei ot eour.se1 is that R x-eduction of ~cetyl ... 

glycine at the acetyl group tollat~ed by dimeriza.tion of the reduced radical 

species would yield a 11 2-dicarbonyl d.erivativ~ whiCh may not be detected as 

such by our · sta.nd.a.rd method.s tor carbonyl ana.l\Ysis (.5) • These $Spects ot 

the problem. are nat'l!' being investigated. 

Reaction ill: the SOlid State · 

Frail the nature o£ the reactions ·observed in our ixli tia.l 11.ttudies on the 
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radiation-induced cleavage ot the N-C bond in aqueous :peptide systems, we vere 

led to the conclusion tnat the observed reactivity of the a-carbon locus might 

also be a factor in the radiation chemistry of the solid state. And, as part 

of these earlier studies, we found through application of the analytical methods 

developed for aqueous protein systems that irradiated. solid pepsin and gelatin 

(evacuated) on dissolution in w.ter do indeed. yield high-moleOUla.r-weight can­

pounds containing the carbonyl function (}) • Subsequent hydro~sis of the 

product~ $bowed the constituent carbonyl compounds to include a-keto acid$. 

Hence, we tentatively proposed that dehydrogenation followed by the hydrolysis 

step 4 could be involved. Meanwhile, ·caputo and Dose (16) in a comparative 

study of solid proteins and their corresponding model bydroly'Zates found that 

proteins, unlike the bydrolyzates, eXhibited amide-like function e.s a major 

radiation chemical change. caputo and Dose also established that the product 

tragm.ents (separated electrophoretic~) contained carbonyl groups, and they 

concluded that debyd:ropeptides were involved. The more recent studies of' 

Alexander and Ranrl.lton (17) end lloWes and. Moss (18) appear to gene~ con­

finn the idea tha.t a. major chemical effect of ionizing radiation on protein in 

the solid state leads to degradation of the peptide chain wi tl,l f'ormat~on of 

amide annnonia and co.rbonyl products • both in the presence and in the absence 

of oxygen.. However, concepts of the nature of the elementary processes in-

volved remain largely specula.tive. 

The initial proposal that the alip~tic carbon atom a to the 1m group 

represents a maJor locus ot the direct action of ioni~ing radiation on cam-
' 

pounds contaJ n:i ng the peptide bond wa.s derived strictly fran chemical. evidence 

based on a comparison of' products fo~ed in a~eous solutions and in solid 

systems. Although characteristic ESR spectra of irradiated peptides had been 

observed, it was not until several yea.rs later that these spectra. were in• 

tel1Jreted (19;20). ':be ESR studies of a. variety ot irrad:la.ted proteins# 
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simple peptides, !i-aJ.kYl.amides, and l'l-a.eyl.amin.o acids indicate that the species 

RCONH..C(R)2 represents the principal me radical 'product a.t ;room temperature 

(19-2)). 

The ESR spectra. ot acetyl.glycine and ~eetyl.alanine have been attributed to 
~ . , I 

CH_;C01>111...CHCOOH (doublet). a.nd. cn,corm:-c(CE}).COOH (tetraplet). respectively. The 

fact that these radical ~pecies are stable in the absence of' oxyeen for pl•o .. 

longed. );>eriods of time makes it )?Ossible to distinguish, e.t least in part, their 

separate contribution to the over-all chemistry of the :.trre.diated solid. T'.a.ree 

different experimental trea.tment,s are i_nvolved: ~l) irrad.io.tion !a _vacuo, dis-

. solution in o~n ... free -water;. en> irradiation _!a vacuo, dissolution in ox:;-
. . 

gena. ted t-.'9.ter; (]D ii-rad.ia.tion and. dissolution in the presence of oxygen.. Now 1 

it has been ShO"'w"'D; in the case of the a.cetyla.ted amino a.cid.s1 that re.d.icaJ.s of 

the type RCONH...C(R)COOH; as formed i,n a.q:®ous solution, react a.J.m.ost exclusively 

in the absence of oxygen to give (acetyl) disminosuccinic acid via step 7; 

'Whe~a.s, in the presence of: dissolv~ OX$'gen, cleava.ge of· the N-C bond occurs 

through reaction ak:i.n to step 2. YieJAs ot diaminoaucoinio acid a.nd ammonia. 

from solid a.cetylglycine under the three prescribed experm~ntal conditions are 

SUI:mla4'"1Zed. in Table II. These data, obtained by direct application of the 

analytical methods described earlier in the section on aqueous ~stems, sUbstan­

tiate the ESR assignment of cn,cotm .. CHCOOR as the l<;?ng•lived. ra.dica.l species, 

and also are in accord 'id. th the mechanisms outlined. here. COl.il)?&21.son of the 

diaminosuccini~ acid. yields under cond.ition I and II gives Q-::::: 1 .. 2 as a ntin1mum 
. . 

value fo-r the yield. of C~CONH...CHCOOR in the solid state. 
. . ·.. I 

cB3cmm-c~coon: ~ c:a,coNB:-cHCoo:a + H• (12) 

It is also seen tran Table II that- the loss in d·lwnhlOSUccinic acid is ba.le.need 

by a. corresponding increase in amide ammonia. .on cl'langing the aX:Peritl.enta.l con­

dition from case I· to case n.. ~a finding 1s in~ quantitative agreement ·with 

the concept tha.t 1-ea.etion ot CR_;CONR..CRCOOH 'rJ.th o2 lea.d.s to cleavage of the 
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l'f .. c bond. The fact that the amide yield is it).erea.sed even more if o;,cy-gen is 

present durlng irradiation ( eond.i tion ni) may be attributed to a.n interference 
.. 

oi' 02 With racucaJ. or charge recombina.tiop and/or to :reaction or 02 "With ex-

cited states which are othe~dse removed .fa vacuo. A more complete ma.te~al 

balance is required to distinguish the ·various :possibilities. 

The formation of amide ammonia. with G ~ 2.0 under the condition in vhich 

both in"ad.ia.tion and dissolution $J:'e made in the absence of ox.,men cannot be 

represented simply' in. te:z:ms of the dehydrogenation reaction 

(13) 

.AI!. sh(Y.m in 'Xa.ble II.; the combined. yield o: glyoxylic acid. plus fc>rmald.ebyde 

co~esponds ·to a- G value of approxintately o.6!h 'l'bis accounts tor less than 

one-halt the •cte yield.. Fw.--ther.m.ore; SO!'lle glyoxylic acid and ammonia 

(G · ·.: -0•2) are· detected prior to hydrolysis, and this suggests the possibility 

that part of the carbonyl yield arises fr<:m1 the molecular ree.rre..nseaent 

,,., . Cll_;COmi...CX12COOR ~ CR_;CRO + NR=CRCOOH. (14) 

Studies of the c14 •labeled degra.d.a.tion products fomed in the ra.diOlysis ~f 
CH_;CO!mc~c14ooa indicate tllat a. major traction of the 1'amide" ammonia pro­

duced in excess of the carbonyl yield. 4\.rtses fr<:ml proceSS¢& tnvolviJls direct 

(15) 

tollotred. by ittlmed.:ta.te hydrogen abstJ."actio:n reactions <:>t t.ha products of. 15 'With 

neighboring acetylglycine molecules.. Evidence has also beet) f'ound for degrad­

ation of the Ii-C bond through intramolecule.r re~ement.. ltowver, the 

major re~em¢nt process in ~ · a.cetyla.ted e:nin<:> a.cid.s is the . decarboxy­

lation reaction 

(16) 

'Whicll1 of' course, is cllAra.eter;l.stic of organic acids in ~er.aJ. .. -b~th in radio ... 

lysis end. photolysis (24) 10· 
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Fina.lly; 1re should. like to mention briefly some observations that indi· 

ca.te that the hydrogen-bond. systems ot solid peptid.es are involved. .in the 

co-valent chemistry of radiol.ysis. Uatf:. the G vaJ:u.es for production of long.; 

lived. ra.dica.1s of the type -Nlt-c:a .. in the ,. .. radiol.ysis of' simple peptid.es; 

N ... a.cyla.mino ac:tds, N'-al.lsylamides1 etc., are in the order of unity (20,21,23); 

in sane instances, even ldgher values have been reported. on the other hand; 

G values for radica.l. production in native protein are ttnif'orml.y quite low; in 

most cases the production ot ,a, resonance center requires some 1(; ev or more 

(25)• Of course, pert of this effect me.y be attributed to differences in the 

radia.ti011 chera.ica.l contr:l.bu"&;ious of the various side chains vh::.ch be.ve not, in 

all cases, peen oe;parately studied in silllple j;!eptide systems. However, 

lllyumen:f'el 'd $.nd ~J.me.nson (~5) have shOwn that t~J.el-ma.l denaturation of pro .. 

tein prior to i~adiation resUlts in e. striking increase in the yield of reso­

na.nt centers por \ll'dt of absorbed. energr. ~y find that ·thenne.l <l:t.s:ruption of 

the hydrogen-bond network increases the free .. rad.ical. yield b;y several hund.t'ed. 

times. a.n<t have interpreted. this effect ~ evidence tor electron or hole migrt::~.­

tion. 'tle l)ropose an alternate expl..n.na.tion. Consider the schematic :rel)resen­

tation of the a-helix configu.I1lt1on in. lJAtive prot$in containing the radical 

sites (a.h (b) as shown in I 

0 

...Clt(R) ~-N..Ctt­
. ~(a). 

, 
0 
II 

·CHR•C•N...Ctt(R)-. 
I I ' 

11: • 

: 
0 

~ /1 . 
...C(R)..C•U...CR(R)• 

I 
(b) . li 

' 

;: ... :·.· 

·:· ;•.'' 

r , • ' . 
>..~ ;, . 
:··.· 

0 
If 

...cH(R)..C-XJ=C(R)• ,. 
.5 
l 

-cR(R).C=N-ctt(R)-
4 . . . 
8 

' ..C(R)=C.,..~t•CH( R)-
' ' . u 

On the basis of tho spur model (26) the rad.iee-1 sites in the solid are takeu 

to be to:r.m.ed. in distrl'lllutions that are confined. Intera.etion of (a.) end (b) 
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can occur '\d tbout appreciable change in the poei tion of atomic nuclei. 

Chemically, the net effect is e. disp~oportionation reaction 
• 

~ -cOI'lH...C(R)-' · .. >- -comt .. CH(Rr + .-CON=C(R)-; J 

accompanied by enolization of the inte~ing byd.rogen-bond bridge.. The lAtter 

chemical clwlge1 incid.entally1 provides a. co-valent mecha.nism for the loeallzed 

disru;ption of' the hydrogen-bond eonf'igw;-ation ot irra.diated. protein. Consicier 

The point here is that in these simJ?le model compounds.~~ radical. H combination 

ee.n:not occur simply through electron re-a.rra.ngement as is possible in the 

polypeptide structure, although both system$ have J~ peptide bond in the trans 

configuration. On the· other hand, it .is readily shown that the. amino ac;td 

anhydrides as simple peptides containing the · cie; eonfigura.tion can undergo 
. ·. ......._. 

radical d.is:proportionation and. enolization• A similar tonnulation can be 

witte11 for the nucleic acids. Chemica.l evidence for l'adiat:ton-ind.uced enol! ... 

?.ation of the }zy\1.rog~n ... bond he.s recently been obse~d in studies of the 

mdia.tion synthesis of' pyrad.ne-like derivatives fran ?mine> acid a.nhydrid.es 

in the solid st~ate (27). These prelim1na.ry concepts vill be. treat~d. in detail 

in a :f'ortbcom.ing pu.blicat1on on the ro~ of hy4rogen-bonds in the eo .. vaJ.ent 

radiation ¢henl.istry qt peptide systems • 

I . 



-12-
'• '-~· <W< ""'"' o ' '' 0 •• ''•'·-·~ 

:Rad.iation-ind.uced reactions of p:eptid.es in solution end :in the solid 

state are described.. It is shown that the origine.lllropoaal ~gardins the 

, .. reactivity o:f' the ~mr..cn:(R~·· locus is ill accord w.f:th the mo:l."e recent 

chemica.l ~physical evidence~ A specific ra.d.ia.tion•chemiea.l role is 

assigned, to the hydrogen-bond. struetu.re •. 

'' '··: 

. ~ 

: . ~ 

·,:·_ .. ·: . 

. -:: ·. ,· 
'·, ~ . 

' ' 
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Product Yields in the 7-Rad.iol.yais · of O~gen•free 
Solutions of Glycine and Acetylglycine 

.Ammonia 

Glyo~lic Acid 

Acetic Acid 

Piaminosuccinic Acid 

Aspartic Acid 

4.; 
2.4 

1.; 

..... oe 

a Molecules per 100 ev absorbed in water 

b Com;Ued from data. reported. in references 2 · and 13 

c Measured after hydrolysis 
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Yields ofNitrogen-containing Products inathe 
r-Bad.iolyais ot Acetylglycine~ Solid 

te;per:tl!lental Conditions . .Ammonia 

I 2·0 

:5·2 

m 4.4 

a. · Dose=l x 1021 ev / f!J1J. 

b ~1olecuJ.es per 100 ev absorbed in solid. 

c Measured after eydrolysie 

... · .. 

Diaminosuccinic Acid 

o.6o 

.)2 

< .. 12 
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l. This lTOrk ws perf'o:rmed. under the auspices O't the ttnited States . . 

2 As point~d out in ret. 5; one cannot assume _!: Rt:!~ that ~:rod.u.ct 
groups fanned on rad.iolysifi of protein and other peptid.es ~ un­

reactive during postirradiation treatment. It is quite likely' that 

part .of the reported "rad.i~tion sensitiVity .. ot the more labile 

amino ae:td residues may be attributed. to 11da.rk11 :reactions 'between 

. these residues and the initial products~ .Reactions of carbonyl 

groups (and other unsaturated. li~es) l-Tith substances $uch as 

tr,ii>tophane, b.istidine1 and sulfur ....containing moietie.s are well­

known, and these eoul.cl contribute t9 ~ ob~rved cbeluieal. and 

biological ,propert;ies of irradiated proteins. 
' . 

.·· . 
··.:· 
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LEGEWS FOR FIGURES 

, Fig. l Typical elution curve (~rex 50) ot irradiated a.cetylglycine 

~olution, · bydro:cyzed. (lrleek$1 Cole;; ·and. Garrison, ret. 9). 

Fig. 2 · 'l'ypica.l elution curve (silicic acid) ot 'irradiated 

acetylglycine eolution1 \11lhydr.oly~$4 (Weeks, CoJ.e1 and. 

· Garrison, ret.. 9) • 
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II 

Acetyl glycine 
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