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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 
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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 
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W'ini£red ·..s~rinett and 1ia-rren M... Garl'ison · ... 
·. Cr~c~~:·LabOt-ator;y, La;~_ncf! Radiatiort La.boratGry;-ller~eley, Caiifornia 
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~~· ' ·. . . .·. . ... ·.• . 1 2 . . 
.R$o.Emi S~ild1-es ·at th~ Laboratory have indicated ' that a principal . 

r~ctibn ;in .the ttidiolysia of aq,leous .solutions Qf protein under oertain 
.... . . ' ' ' 

··"": 

' conditions involves. oleavag~ .~ot the. peptide ohain to form the carbonyl 
I ' 

. a-rid amide funotiq.tl$ as repr~uented by th~ eqQ.atioii 
.. . . . ....... . ' '' . . . . ' ' 

•. 1· 

(1) 

· Evidence for 'th:i.$ type of radia.tiop..induced ox:i,dation has been derived 

.. larg~ly J'rottl. s~udiea o.f carbonyl,, production in oxygenated solutions o£ pep--· 

s,in and· gelatin~ The carbonyl function 1s found to be ~ssooiated with high 
.• . 

moleeular. we,_ght. (non~ialyzabie) prOd~~s which on oon;entiona.l acid hyd:ro-·· 
. ·' ' .. . •' 

' . 
iy-s'is Yield a oeri~s o( ~-keto aoids. A oor~l:fltion ~£ the6$ .result,~ in ' 

' . . ' . ·.' . ' ·' ,, 

te~ns .(}! a ·d~_ta-iled mechanism for reaction 'l) has. been given elsewh&ra. 2 . 

. SUbfitsnttittiig evidence t'or ,the reacti.on as Wx-ittgu 'ha~:-noll heeli 

·oots.ine4 .tro:n studies <>£·the amide oorttent o.f reaction pr.o4ucts rormed by 

y..ray:-in<i'uced oxid~~~on of aqueous gelatin. COmmercially available ·lime-
. ' . . 

process g.elAtin was found t-o be particularl;f suitable for thiS study since 

'· mGSt of"the amide groups 6t the glutamine and Q\Sparag:ine residues of the· 

parent. GOllageu fire removed. tJlrou.gh hydrolysi-s dUring the manufaeturi~ ·' 
. . . • .f . . • . 

:process.3 IJnmodifiad pr;teina, :1.~ ~rmer&l; co~tain amide groups in sUrti­

c:Le~t nUm.oer 1;0 ma•k. r~action ( 1} e.t f.he. lo';fer radiatian dosages nec~searily 

. . invoked :in atlldie's of initial rea.ct'iGJn produets~ 

',-' 
.An.:1.lyaea W"ere made f.Qr llfree" aliiim'i)nia ana for 4mida groups, both before 

'' .... 
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calfskin, Eastinan Lot 60-9630) had b0en previously dialyzed to reduce the 

ammon:l.a content to a minimum v-alue.. Analytical procedu,res were, in brief, 

as follm-rs: An appropriate aliquot of the soltltion was made alkaline to 

phenolphthalein and distilled at ro::nn temperatl.lre ~ vacuo into a receiver 

which contained l ml of 0.1 _1.:! sulfuric acid at the temperature of liquid 

nitrogen. 1'l1e distillate Has isol;,.ted, thawed, and ther. G.3::.ayed for 3-mmonia 

by means of the Ne5slor reaction. .A second aliquot of each soltttion was 

made l J1 in hydrochloric acid and heated. for one hour at 95°C to 1 ibera.te 

ammonia from amide linkages.4 Subsequent treatment was then as described 

for ammonia. A series of control runs shm.,ed that the liberation of amide-

ammonia HHS essentially quan!:.itat .. ive und~r the mild. byd:.:"olysts conditions 

employed.. Prol9nged 1'1yd.rolysis leads to the grad1lal break""'ilown of various 

labile amino acids with the f'orr:wtbn or what in this study ,.,rould b~ n arti­

fact" ammonta. 5 ' 6 An increase of 25 t::l!-)r cent ln tte number of amide groups 

in an ir:raciiated liiola'~,.ion 83 coot~Jared to the (~jr:responding c:ontrol solution 

co1.1ld e;}.sily bA observed with the method outlined above. Data shown in 

Table I were obtained on solutions that had b1~en irradiated until the amide 

and ammonia content had reached va) 'H~s that ;.rere at least thr1-::e tim~s those 

of the contro:l-. 

A 2i)()Q curi:e· co60 y;-ray sou..rce was u13ed in tho irradiations. S"lntions 

r (10 J'll) ;-Jere exposed under oxygen (5 ml) at one atmosphere in sealed ~yrex 

tubes. C·:mtents wore shaken at interwds to prevent. depletir)n of oxyeen in 

the soluti•)!lS.. The dose rate was 2.;: x ).:}8 ev/ml/min. 

'fhe data of Table I indicate ·that the formation of atnide groups (a-:::::1) 

corresponds to a principal reaction in the radiolysis of aqueous solutions 

of gelatin. Further, the G value for this proo:uct.-e,Toup is very close to 

that obtained for total carbonyl format.i.on under equivalent irradiation 



nd 't' 2 co l. 1.ons. 

-3-

The slmplest expl<.>r:atior. for thf'!sC' :resJ.lt:J ;..YIJ'lld ~·~~er:; t.o 1.:1-

volve the postulated reaction (l). Ar~~~onia for:nGtion <~.~ _J.3) :f1~y oc• 

attributed to a radia.tio:1-induced oxidr-~ti0n of terrnlnr:.l and/or sidt~-Jha.in 

. 7 am1.no groups. 

This work was performed under tbe a•J..s;;icos of the United State$ Atomic 

Energy Cormnisaion. 
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Table I 

:=::::::::::::::::::::::===:=:::::::: ____ =======-= 
Pr.:Jd.tt{;t,i·.lH o.f amtde grv·~vJ £l:1d arnmon lr;. in the y-rn .. ~,. ~ildi':ilc/'"!1is 

of aqueoun gelatin s )lut::l.ons 

Amide f.h"O'lPS 1.0 ± .1 

Ammonia 

* Yield per lC:J ev absorbud enton·g.v. 

,\' :~ )* Yield .... 

Series 2 

o. 9 ± .. 1 
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