
UCRL 8719 

UNIVERSITY OF 

INDIRECT ACTION OF IONIZING RADIA liON ON SOME 

ORGANIC COMPOUNDS CONTAINING THE C-N BOND . 

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 correct 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 warranty, 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. 



. 

-............ ,_. ---·--h ... ~---..- ---- ---~ ....... _ .... ,. • to 

UNIVERSITY OF CALIFORNIA 

Lawrence Radiation Laboratory 
Berkeley, California 

Contract No. W-7405-eng-48 

INDIRECT ACTION OF IONIZING RADIATION ON SOME ORGANIC 
COMPOUNDS CONTAINING THE C-N BOND 

Warren .M. Garrison 

April 1959 

Printed for the U. S. Atomic Energy Commission 



UCRL-8719 

INDIRECT ACTION OF IONI2:ING RADIATIO't':f ON SOME ORGANIC 
COMPOUNDS CONTAINING THE C-N BOND 

By Warren M. Garrison 

Crocker Laboratory and Lawrence Radiation Laboratory 
University of California, Berkeley, California 

ABSTRACT 

Observations on the indirect action of ionizing radiation on compounds 
containing primary amine,. secondary amine, N -alkylamide, and peptide
bond configurations are correlated in terms of related mechanisms involv
ing the C-N linkage aa the locus of chemical change. The radiation chemis
try of aqueous solutions of various amino acids and proteino is considered 
in detail from this viewpoint. Effects of oxygen and other solutes are dis
cussed. Particular reference is given to: (a) studies of the radiation-induced 
oxidation of protein in oxygenated solution, (b) studies of radical-radical 
reaction in oxygen-free protein solutions containing a simple cl4-labeled 
organic solute such as CH3cl4ooH. 

INTRODUCTION 

Of the various classes of oreanic compow1ds containing the C-N bond, 
certainly the a-amino acidll and derivativea--largely bocauoe of their bio
logical import--have received the greatest attention in radiation chemiotry. 
Thia paper develops certain opccific aspects_ of mechanism in the radiolysis 
of aqueous a.rnino acids, both free and co1nbined ao native protein. The 
treatment is based on various literature sources and on infor1nation derived 
from investigations at this laboratory. 

The latter have involved (a) detailed radiation che1nical studies of p.J.rtic
ular chemical bonds and groups in the eimpl~r compounds and (b) paroJlcl 
stmlieo of correaponding processes aa they occur in increaaingly cor:nplc:::: 
systems. One of the apccific objectives of this research haa been the devel
opment of mcperimental approaches that will provide detailed and precia.c 
information on the loci of radiation-induced reaction in protein systcmn. 

It has often been noted that the radiation chemistry of even the t::implcr 
aquo-oreanic syotcma may be complicated connidcrably by the fact thcct a 
multiplicity of products can be formed. Further, thcoc products may be 
encountered in small amount and at low concentrations. Fortu;1utely, the 
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use of cl4.tabeled materials in conjunction with appropriate radiometric 
and chromatographic techniques can greatly facilitate the experimental study 
of these systems. In large part, the cons~derations presented herein have 
been derived through various applications of such methods. 

THE INITIAL REACTION 

Studies of radiation-induced reaction in aqueous solution are generally 
conoistent with the theory that the earliest detectable products of water de
composition include H atoms, OI-I radicals, Hz., and Hz.Oz. The initfal 
chemical reaction is conveniently described in terms of the notation • Z 

H20 ~ H, OH; Hz• Hz. Oz. 

The 1 OO•ev yields of the initial products are denoted by Gw(H), Gw(OH); 
Gw(Hz)• Gw(HzOzh the yields oi final products are denoted G(product). 

GENERAL ASPECTS OF INDIRECT ACTION 

The following brief summary of the intermediate processes of indirect 
action will serve to establish the viewpoint of. subsequent discussion. 

In oxygen-free solutions, the removal o£ H and OH in reactions with 
organic solute may involve simply the hydrogen-abstraction steps 

RH + H - R + Hz.o 

RH + OH - R + Hz.OG 

However, with certain solutcsa.other (competing) processes aucb as dis
.Placement, 

:RH + H- R'H + R"o 

and addition, 

lUI+ H-- R', 

can be of importance in the removal of both li and OH. Regardless of other 
possible intermediate steps which often complicate the picture, ultimate 
removal of the organic free -radical intermediates involves either dispro-
portionation, · 

Z.R- RH+R'H, 

and (or) combination, 

2.R- R .. R, 

depending on the nature of the solute. It is tobe noted that products of 
radical combin:1tion in aorne systems may be relatively unimportant in 
determining over-all product Gtoichiometry and yet may be of considerable 
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interest \vhen considered in relation to the question of reaction mechaniGm. 
Often, information on. the n<:!.ture of the free-radical intermcdiatco can be 
d~duccd directly from the chemical structure of high-molecular-weight prod
ucts formed in radical-combh1.ation processes. 

In oxygen:J.ted Dolution, reactions of H atoms with solute can be effec ... 
tively blocked by the competing process 

H + o2 - H02 , 

whereas reaction between OH and organic solute is unaffected,· The chemis
try of the oxygenated system, then, ·is determined primarily by the propc1·ties 
of intermediates formed via 

R + 0 2 - R02• 

For certain systems this reaction may simply be written 

R + 0 2 - R 1 l-l + H02• 

In such cases the ultimate radical-removal step involves only 

2H02 - H 20 2 + 0 2• 

Generally, howeve1·, removal steps involving both H02 and ROz must be in
.voked. 

Some specific applications of these conSiderations to the radiation 
chemiotry of nitrogenous compounds are deacribed in the following sections. 

OXYGEN-FREE SOLUTIONS 

The major effects o£ indirect action on a.-amino acids of the general 
type RCH(NHz)COOH result in the formation of I'·U-13, RCHOCOOH, RCHzCOOH 
and Hz as principal products. Smaller amounts of RCHO and COz ·have also 
been found. 3-8 

Quantitative data are most complete for the particular case of glycine. 
Radiolyoia studies have been made with ;,c-rays, y rays, (3 rays, and cy
clotron-produced helium ions. The radiation chemistry of the o::cygen-free 
solution has been shownO to be in accord with the m.echaniarn 

HzO~ H, OI-l, H 2, H 20 2, 

H + NH2CH2COOH- Hz+ NH2CHCOOH 

- NH3 + CH2COOH, 

OH + N1-I2CHzCOOH- H 20 + NH2CHCOOH, 
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2NH2CHCOOH- NHCHCOOH + NH2CH2COOH, 

H 20 + NHCHCOOH- NH3 + CHOCOOH. 

Substantiating evidence !or the formution of the proposed intermediates 
CH2COOH and NHzCHCOOH came from detailed chromatographic stu<liea o! 
the high-molecular-weight product £1·action. U The entb:e spectrum of 
nitrogen-co'ntairrlng products was examined by a procedure which was es
sentially a modification o:£ the method of Moo·1·e and Stein. 9 Tho irradiated 
glycine solution containing NH2cl4HzCOOH or NHzCH2cl4ooH \vas added 
to a Dowe:::-50 column (hydrogen form) and the radiolysis products plus 
parent glycine were eluted by hydrochloric acid in progressively increasing 
C01'1Centration (0-to 4 N). Effluent samples were dried to yield the hydro
chloride oo.lto, and product peakro were determined by assaying for cl4 
activity and (or) by titrating the hydrochloride salt with 0.01 N sodium 
hydro::dde. Figure 1 ohowa a typical elution curve for oxygcn .. free o~zs· M 
glycine solution irradiated with ~0-Mev helium iona. A qualitatively cirn
ilar curve waa obtained with Co· 0 'V ·rays. An interesting feature of these 
chromatographs ia the relatively large number of products peaks ()bserved 
at a radiation dose corresponding to a removal of less than one percent of 
the parent solute. Two of these activity peako from their appro~drnate 

· pooitions were suspected o'f being aspartic acid and diaminosuccinic acid 
respectively •. An e;,:a.ct correspondence between the cl4..J.abeled product and 
authentic carrier il'1 titratable amounto \vas oubaoqucntly oboervcd in both 
caeca, These elution curves are reproduced in Fig• z. The nonnitrogcnous 
organic -acid fraction which pas sed through the ion-e:-rchnuge cohunn with 
little or no :fractionation or retention (peak 1,. Fig. 1) was subse'qucntly 
separated by partition chrom:.1to3raphy on a ailicic acid colw-nn thro\.lt?;h 
application of 1ncthoda adopted from the proccdu1·e of l'.-1arvel and Randc. 10 
Activity peaks were foWld in the regions corrcoponcling to acetic, glyo::~c:ylic, 
and succinic acids. Subsequent co-chromatographs of each fraction with the 
appropriate authentic carrier confirmed these identifications. The shnplest 
eJcplanation for the formation of succinic acid, aspartic acid, and diamino-. 
succinic acid is that small fractions of the CHzCOOH and NHzCHCOOH 
radicals undergo the competing combination reactions 

2CH~coor-I- succinic acid, 
1.. 

NH2CHCOOH + CH4!COOH- aspartic acid, 

2NH2CHCOOH- diam~nosuccinic acid. 

It is noted that the formation of succinic acid via dimcrization of CHzCOOH 
is a principal reaction in thc3 radiolysis of o::r.:ygcn-frcc acetic acid solutions.ll 

The above considerationo ouggcGted the po8sibility that loci involved in 
the inclil-ect action of racliation oa protein molecules could be aaccrto..inecl 
tlu·ough study of radical-radical reactions L""l protein solu,tiona containing a 
second organic solute. For e;cample, in the 1·acliolysis of oxyc;cn-free 
oolutions contaJ.ning protein molecules RH and a oimplcr orga1~ic solute 
R 1 II, there is a given probability of radical combination of the type 
R + R' - R - R'. If the nature of the radical R' is Y-11.own from indep@ndent 
st11dies, inform~:.tion on the configuration of the protein radical R could be 
obtained through identification of products formed in co;'l.ventiona.l hydrolysis 
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of the modified protein R • R'. It h obvious that the use of cl4 ... labeled 
solutes, R' H, would greatly facilitate such studies, We have at thh lab• 
oratory undertaken studies of the radiation chemistr~ of a number of pro• 
tein systems in which \~e second solute, R' H, is cl -labeled acetic acid, 
(c14H3COOH or CH 3C oqH), This solute species as mentioned earlier 
yields the radical CHzCOOH Ol:l H and (or) OH attack. Reactions of 
CHzCOOH with radicalB derivod from pepsin, gelatin, and ~-lactoglobulin 
have been studied. 12, 13 

The oxygen-free solutiono4containin~ acetic acid and protein at con• 
eentrations o£ 1o·Z M and 10.. Mto 10·!) M. respectively were irradiated 
with 40-Mev helium ions from the Crocker-Laboratory eyclotr'l~· Irra• 
dlation techniques have been described ln earlier publications. The 
irradiated solutions were distilled to dryness in vacuo to recover c14 ... 
labeled acetic acid, The residue was rediosolvecl"1.'nl N hydrochloric acid 
and dialyzed for 3 to 4 hours in cellophane agalnat rumil"ng water in the cold. 
The c14 activity decreased rapidly to a limiting value which did not change 
appreciably after about Z hours. (There was negligible retentf~n o! cl4 
activity in duplicate manipulations of unirradiated protein- C H3COOH 
solutions). The dialyzed material was made 4 N in hydrochloric acid, e• 
vacuated, and hydrolyzed !or 24 to 36 hours at a temperature of about 90°C. 
The hydrolyzate was tak1en to dryness in vacuo and chromatographed on . 
Dowex-50 as described above. Elution curves obtained with gelatin, pepsin, 
and j3-lactoglobulin are reproduced in Figs. 3, 4, 5 respectively. Each 
chromatograph shows a aeries o£ distinct cl4 ... activity peaks. The fraction 
desicnated peak A in each figure was found to co-chromatograph with au
thentic aspartic acid. A typical curve is shown in Fig. 6. An aliquot of 
fraction A !rom pepsin was treated with nitrous acid to obtain the corre
spondinc; hydro:cy acid. The material was then chromatographed on the 
silicic acid column with 35o/o butanol (v/v) in chloroform, Correspondence 
between cl4 activity and authentic malic acid tite1· ·was observed. The 
simplest e:u:planation for the formation of cl4-labeled aspartic acid under the 
conditions of this otudy is th.at CHzcl4ooH radicals combine with protein 
radicalo containing the -NH·CH-CO- configuration. The fact that a series 
of cl4.Jabcied nitrogen .. containing r-roducto la produced in the radlolysio of 
protein-CH3cl4ooH solutio·na suggests that the formation of aspartic acid 
represents but one path of the general radical-radical reaction which can 
be written 

CHzCOOH 
I 

·NH·C(R)·CO· + CH2COOH- ·NH-.C(R)-CO· 

where R represents any of the amJ.no acid residues. An extensive study of 
the relative contributions of these varioua poaoible protein free radicals lo 
being made. In this regard it is noted that peak A, as would be e:!pectcd, 
ia the major cl4-labeled product from gelatin, since thio protein contains 
a large proportion of glycine reaidues. However, the fraction of alanine 
reGidues lo also relatively high. In attempting to measure the relative con
tributions of -NH-CH-CO- and -NH-C(CH3)-co .. in the formation of oboerved 
products we were eurprioed to find that aspartic acid and methyl aopartic 
acid are not completely resolved on the ion-exchange column, at least undar 
the conditions employed in this study. Analysis of such unresolved amino
acid pairs is now being made after converaion to the corresponding hydroxy 
acids by nitrous acid treatment. Partition chromatography on the silicic 
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acid colwnn 10 io then employed to effect a. separation. 

OXYGENATED SOLUTIONS 

The indirect action of radiation on amino acids in oxygenated solution 
can be represented to a first approx.lm.ation by the net over-all reaction! 7 

RCH(NH2)COOH + 0 2 + H 20 ..... .._ RCOCOOH(RCHO + C02) + NH3 + H 2o2 

The following detailed reaction schemeS has .been derived primarily from 
studies of oxygenated glycine solutions: · · 

H2o-- He OH, H2, H 2o2, 

H + 0
2 
~ H02, 

OH + NH2cH2COOH- NH2GHCOOH + H 20, 

0 2 + NH2CHCOOH- NHCHCOOH + H02, 

H 20 + NIICHCOOH- NH 3 + CHOCOOH, 

2H02 - H2o2 + 0 2• 

It is noted that reaction of NHzCHCOOH with Oz to give the irnino intermediate 
NHCHCOOH merely represents the simplest p.ath for removal of NHzCHCOOH 
1·o.dicalo consistent with the fact that am1nonia and glymcylic acid are for1n.:ad 
in approxim.ately eqttal yields in oxygen-saturated solutio11. 7 .Formation of 
an unstable peroxide intermediate via 

0 2 + NH2CHCOOH- NH2CI-I(02)COOH, 

H02 + NH2CH(Oz)COOH-- NH2CH(02H)COOH + Oz 

followed by 

H20 + NH2CH(02H)COOH- NH
3 

+ CHOCOOH + H2o 2, 

would of course lead to the san1.e stoichiometry. 

Cleavage o! tho C-N bond by the indirect action of radiation is not con .. 
fined to the primary amino configuration. Secondary amines, for example, 
undergo radiation-induced reaction in oxygenated solution to give primary 
amine and aldehyde, 14 · . 

RNHGH2R1 + 0 2 + H 2o- RNH2 + R 1 CHO + H 2o 2, 

and one of the reactions involved in the radiolysis of aqueous solutions of 
protein under appropriate conditions apparently leads to cleavage of the 
peptide chain to form the carbonyl and amide functions: 

-6-
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!.!:vidence for the h~tter r~diu.t:ion-L.1duccd oxidation h~o bce11 derived largely 
fl'mn utudL~o of c•:n·honyl p1·oduct:ion in o~cygenated solutionB of pepdn tmd 
gclu.tin.. 15, 16 The carbonyl function io found to be aosociated with high
molecular-weight (nonclialyzable) products which on conventional acid 
hydrolysis yield a series of a.~keto acids. Carbonyl compounds in addition 
to the simple a-keto acids are aloo observed. 

Because of the probable irnportance of these reactions in radiation 
biological phenomena, we havq;: undertaken extensive etudiew of the produc
tion of> C=O bonds in the radiolysis of oxygenated protein systems. 

Irradiationo were made -with Co 60 y rays at a dose rate of 
- ZX !ol7 ev/ml/min. Th'e solutions were exposed und:=r one atmosphere 
of o:.:ygcn in sealed Pyrex tubes mounted in a rnotor:..dJdven reel situated at 
standard distance from thE:I source. 

Immediately after irradiation each of the protein aolutiono (5 mg/ml) 
was treated \vith pl<.J.tinu:r:n black to destroy hydrogen peroxide and then 
treated vr.rith Z, 4-din.it:rophenylhydrazine-hydrochlo:ric add solution to form 
the hydrazone deriv~ . .Uv1;HJ. (Control runs established thn.t protein oxidation 
is not irn.dtlced by the addition of platinm:n black to these sy~tem.o. ) The so• 
lution w.w.s dialyzed x·apitdly i:-1 cellophane aga.in.nt running water in the cold 
to rc:move excess roa.eent ~!l.d posr;ible re<:':'.ction products of low n•olecular 

. weight. P .•. n approp:ri'iD.tc>: a.H:quot of the dialyzed protein was then added to 
mctha:,:l.ol-potassium hydro::;ddo G(~Jution for spectrophoton•etJdc analysis after 
the method ox L<::,ppi.n aud Clark. 17 .f!. ... typic.21 a.br:wrpt~.on curve (filled ch·cles) 
for b.· radiated pcpnin ~olu.tion t:1:eated L.J. this rac::.nnol" ia ::.>ho'V-vn in Fig. 7. 
Similt~l· curveo were obta:l.ned with gelatin. The .:;.b::;orption Bpcctrun:l o:f a 
reprcr;cntativc mcn:.ocarho:nyl det"ivative {acetaldehyde 2, 1,',-d.initll.·ophenyl
hydrazon.e) is sho\·;n. fo:t pv.;,·poscE; o:f compa.:dc10i:l. The- upper curve (open 
circlca) showr; the abs:o:J.·peicn spectru.m of 2, 4-dinitrcphenyUJ.ydrazine !'l':!a

g·ent under iucn:d.co.l con.·ditions. The absQr:ptiort cu.rva of ir1'adiatcd pepsin 
t1·c1atcd v;ith 2, 4~(Hnit:rophenylhydl·azine is cccn to h:s ch.::~r··~cte:dstic of the 
> C==N ·l'-H1-C6H,~(t .. YOz)z chi'm:nophol·e. L:::.ppin an.d Clu.rk. have: sho\"v'l"ll for 
mcmocarbonyl 2, 4-dinitit·oplllenylhydr<J:<~ol"J.co th:J.t the po::lition of the ahso:t.·ption 
mo..:dmur.o. (as v.rcll as th.c value E;~j.J.:J;.) ia nearly indcpcnd··3nt of the sh·ucture 
of the cm.·bonyl cor:npou:u-1. If the .:~ccnl:ald·3hydo dc:dva'l:ive i1a1 used a.s a rri:cmdard, 
an initial yield of 1.2 ca.:t·bonyl g:.:oups in obt::1.incd per 100 cv ab::>orbcd in the 
pepsin solution. Pcpnin in m1i:n·adio.tcd con.trolo ohowcd nce;liziblc roteution 
of 2, 'l-<li.nit:rophenylhy.r.:h·aziao. Unin·adiatod gelatin solutiono, em the other 
h~nd, ahvays ohowcd a IJIJD,:J.ll retentior1. 

To eliminate vnriou.o uncer.tair.rHcs involved in the above dotermin:?..tion, 
a method "\vao dcvolopcd to n1c<::.sm.·c G(> C=O) directly in tcl'"me of -G(2~ 4-
dinitroph.cnylhydrazb.c). Th.D pJ::'otc:in Golnt:l.ona we:11:e treated with 2, "'1-dinitro
phcnYlhydr<:lzino -hydrochloric a.dc:~\, ;cmd after rc2.ction wa.o cornplctc, any 
e:o;:cens reagent wa.s rcn>ovcd fo2· ZLooay by cucceo1JiV'J c:~traction3 '.:vith cq11al 
voltuJ:lCD of ethe1·. T:1'.:; tinlC :required for ctoichi.oi.nd:ric :~.•c<:.ction was dcter
rnin;:)d in t>eparate hinetic ctudh;c. Figu:r·e 8 sho'vvs th8 optical dengiti'2s (in 
methanol~pot2.~Juium hydro:~ide) of co:(\trol and ir:r<:;.diated gelatin oolutioas as 
a function of the in.id.al conce.ai::ra.tion of 2» 4-d.inHrophenylL'l.ydr6zine. The 
data. of Fie. 8 give -G {2.. ~~dinitrophenyJ.hych:a.zine) = L 5. This value ia 
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cooentially the oame ae that obtained by the method in which acetaldehyde 
2, 4-dinitl·ophcnylhyd:razone ie used ao a reference standard. Figure 8 also 
ohowo that there is come interaction between unirradiated protein and 
2, 4.dinitrophenylhydrazine reagent. 

Part of the carbonyl function measured by the above techniques has been 
found to be.aoaociated with a.-keto acida liberated on hydrolysis of the irradi
atedand dialyzed protein. In these atudies the i1;radiated protein solutiono 
were hydrolyzed in 4 N HCl (h1 vacuo) for 24 hours prior to treatment w·ith 
2, 4-dinitrophcnylhydrazine reag~ (We fot,md it neceosary to add the 
hydrazine reagent after hydrolysis, since hydrazone derivatives are gener
ally rather rapidly destroyed by beating in mineral acids.) The. hydrazone 
deriv2-tives were emtracted with chloroform and examined chromatographical
ly. 113 It was found that the irradiated samples yield a series of a·keto acids. 
The relative yields of these products roughly reflect the amino acid com
position of the initial' protein. It is of interest to note also that control runa 
with unirr.adiated pepsin showed the presence of measurable amou11ta of . 
pyruvic acid. This apparently ariseo from the decomposition of aerine dur
ing acid hydrolysis. .Pyruvic acid was observed only in trace amounts in 
gelatin hydrolyzateo, preo\.unably because of the lower serine content of the 
latter. Most of the keto acid identification studies were therefore madc.3 on 
the irradiated gelatin system. The following keto acid products have been 
identified: oxaloacetic, a.-ketoglutaric, glyoxylico pyruvic, and phenyl
pyruvic. Identification was based on the fact .that in each caoe the 2, 4-dinit:ro
phcmylhydrazone derivatives could not be distinguiohed chromatographically 
from the correoponding authentic material •. rypical chromatographs of the 
c-kcto acid hydrazones recovered from an irradiated gelatin solution and an 
identical control solution are ehov-m in Fig. 9. As a second inclcpcndcnt 
method of idcnti.ficc;;.tion, each of the separated keto acid hydrazones was con
verted into the correopon.ding an~ino acid by catalytic hydrogen<:tion. Chro
matographic characterization of the amino acid in each case co:nfirmed the 
original product identification. We also considered the possibility that 
tran::nnutatio1t rcactiono may occur during hydrolysis once a particular keto 
acid has bee1'l released. If such a reaction did occur it would, of couroc, 
introduce an uncertainty in the identification of the initial carbonyl producto. 
The reoulto of a series of co·ntrol runs, howe·ver, vitiated this possibility. 
(See aloo reference 19). Carbonyl products in addition to thooe associated 
with the a.-keto acid fraction have also been observed. Studies of these other 
fractions are in progress. . 

Sub:Jtantiating evidence for the proposed radiation-induced o:iddaHon of 
the peptide bond has also been obtained from ctudies of the amide content of 
reaction products formed by y-ray-induced o:ddation of aqueoua gelutin. 20 
Commercially available lime-process gelatin was found to be particularly. 
suitable for this study since moct of the amide groups of the glutamine and 
aoparagina rcoiduea of the parent collagen are removed through hydrolycis 
during the manufacturing proceoo. Urunodified proteins, in ccncra!, contc.in 
amide croups in sufficient number to maok the radiation-induced reaction at 
the,lower radiation do::;ages necessarily invoked in studies of initi.:l.l rc.3.ction 
products. Analyses were made for "fl-ee" ar.o.monia and for amide grou.ps, 
both before and after irr2.dh!.tion. A."lalytical mcthodo e:;;scr~tin.lly were those 
developed by Vickery. The data indicate th.:~.t the formation cf amide groups 
(G"::" 1) correoponds to one of the principal reactions involved in the ra.diolysis 
of aqueoun solution:; of gelatin. The G value for thio product g::-oup is ve1~y 
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clooe to thut obtained for total carbonyl formation under equivalent irradiation 
conditions. Although the simplest explanation for this correspondence would 
seem to involve the postulated reaction we cannot conclude at the present 
time that othar undefined reactions do not contribute to the amide yield as 
meaaurcd. Ammonia formation (G o:r 0. 3) may be attributed to a radiation
induced oJddation of terminal and (or) side-chain amino groups. 

This work was performed under the auspices of the United States Atomic 
Energy Commission. 
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LEGENDS FOR FIGURES 

Fig. 1. Typical elution curve of nitrogen-cont3.ining products forrncd in the 
heliv..m -ion in·~::1iG.tio:.1 o£ 0. 25 M glycu1.c solution containing 
NH2Cl4r~2cooH. (*) Diar£lin.osuccinic acid ia eluted in two fractions. 
(F14 qn1. Weol~s and Garrisor:t.. 8) 

.Fig. z. · Co-elution curves of authentic aspartic and diruninoeuccinic acida 
with cl4_~p.belod products frorA glycine. (Fro:m Weeks and 
Garrison. U) 

li"ig. 3. Typical elution curve of C 14 ... labeled compounds obtained from 
irradiated gelatin-CH3clilooH solutions after dialysis and hydrolysis. 
(From Weeks, Cole, and Garrison. 13) 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Typical elution curve of C 14 -labeled compoWlda obtained from 
irradiated pepain-C!·i3cl4oo.H solutions after dialysis and hydrolysis. 
(From Wecka, Cole, and Garrison, UCRL .. 8265, April, 1958. ) 

14 
Typical elution curve of C -labeled compounds obtained from 
irradiated i3-lactoglobulin .. cH3cl4ooH solutions after dialysis and 
hydrolysis. (Fron'l Weeks, Cole, and Garrison. 13) 

Co-elution curve of authentic aspartic acid with C 14 activity from 
peal-tAo£ Fig. 4. (.E'rom Vi!eeks, Colee and Garr1son, UCRL-8265, 
April, 1958.) 

Fig. 7. Abaorption spectra of hydrazone derivatives. (From Ja.ylt;O and 
Garrison, UCRL-026 5, April, 19 50. ) 

Fig. 8. Effect of irradiation on the reaction of 2, 4-
6
dinitrophenylhydrazine 

with gelatin. (Fro1n Jayko and Garrison. 1·) 

Fig. 9. Chromu.togram of 2, 4-dinitrophcnylhydrazones of a.-keto acids from 
6 control and irradiated gelatin-solutionso (From Jayko and Garrison. 1 ) 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 


