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1. xmncwcTXON 

4 General 

Development of a conprel2ensive radiation chemistzy of sqyeOWJ protein 

systems has been united by a nunber of eeriaental factors • One of the uLajor 

problems arises fron the fact that the ccvplex chemical ccapoeiti.on of protein 

offers a multiplicity of loot for parallel reaction. The magnitude of the 

analytical problens involved in characterizing these reactions is indicated 

most directly by studies of the amino acid coapositton of bydrolyzates prepared 

frcei irradiated protetn solttttona. Although the aromatic and heterocycUc Con-

atituents and, in particular, the sulfur moieties appear to be the most sus-

ceptible to indirect action, the evidence is that the over-aU reaction of 

protein involves a diversity of amino acid residues even at the lowest irradi-

ation levels. (1-3) In fact, quite r cent studies of the r.iatton-ir4uced 

inactivation of enzymes containing a maximal nuber of free -811 grots show 

that an appreciable fraction of the absorbed energy is not accounted for simp].y 

in terms of the destruction of suLThyth7l fwtcttora (1,5) !  Whil such studies 

of the lose of components and functions of protein structure have provided 

empirical estimates of the "radiation sen.sttivtty' of amino a*id li  residues, 

still, most concepts regarding the nature of the products and. the mechanism of 

the reactions involved are largely based on various t,pes of indirect evidence (6). 

The present paper describes a direct approach to the study and measurement 

4 

	

	. of radiation-induced modifications in the co-valent structure of protein. The 
reactions to be considered are largely those of the N-C bond *ich, in its 

various clittcal forms, represents the single most reanxrefl configuration of 

protein structure. 

1. 2 De,repment of the Present Approac 

Of the variow3 types of ccrnpo'uths containing the N-C linkage, certainly the 
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a-tino acids bVe received the greatest attention in rJ.ition chcith3try. With 

the exception of crteirie, all Ewlino aith3 of the t,pe xCi(R)COON undergo 

oxidativo deednation in aqueous eolution to yield emonia, cz*keto acid, and 

byrojen peroxide (6). ?rinal7 aliphatie e4nea indrO analogous reactions with 

t02,2ULtiOfl of cnnia and the coreaponding aldehyde or ket one a The net reaction 

for cleavage of the N-C linkage of primary emma canpotuida is repr'eented to a 

tiot approxiaation by the equation: 

++ y -L---- 	IL + XCOR + 11202  

On the basis of a detailed stuf of nethanisn in the radiolyeis of the 

c-cmino acids (7), we were prozpted several years ago to investigate the radio- 

lytie oxidLLtiQn of certain of the simpler secondary eminos • We ionnd in th 

case of diethy1ari.ne, for ep1e, that a priicip1e c&er-ail reactiofl in oxjgen-

ated solution yields CtIVI lemma end aetadebyd.e (8) 

+ 02 + 	 R 	
+R001i + 11202s 	 (2) 

and subseqwnt sties of various N-a3J1 amino acids hairs established that the 

above reactton is generally characteristiC of this class of ccpoux4s. For cx-

enple, sarcosine (Nnethyl glycmne) and praline (p oil 	2carbOXyliC acid), 

both undergo degradation as represented by equatiOn 2. $ach reaction is chemi-

ce.ily qutte analogous to the iadiation4nduced deeminattan Of primaxy amine, 

as given by s*atOn 3. end, as fill be d scwu3e(t, presua)y involves similar 

interaediate processes. 

Nou, in  our initial cam unication (8) on r dation4ndiccd degradation of 

secondazy aninse vta reaction 2, ie also suggested that a cor )aponcUng r.ction 

viz 

ECQN11Ca(R)2  + 02  + U0 	1C0U + 10R + U202 0 	 (Y) 

could be of iniportance in the radiolystu of aqous pepttdrn systems iotwith 

st.an&ing earlier repOrts that various I 	titted. canines had been toux4 to be 
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1e1ativv inert to the gction ot iQnizin( re4latim in Vq=OAA 40141*z9 ng 

tter c,c1wic 	b"ed. primxI4on the finding thAt nxu=U pro&wticaIn 

çenated 901utimø of such iZyUXL&$ reprevents, only a fr=tlou Cof the arni 

r1s1& obtc4m4 	t 	-t1no aids undca,  identicia couditions(p). Rawvor, 

in tel"Ma of çtXorn t, 	reut f "fr&' 4OU1a iu1& not pftvide a 

•tic1udai1 rauti= at tbo pepUdo tik4, for ex 

1uXe, uouts th Jd& products but been 	ttttei do44 prior to 

*v* 	t1gtc4 the etfect aX 1pot-4rii tic* hrniolts on a 

"riety ,  Of c1e ret4e, 	tu4 find t!*tt the toti. 3rte4 of 3$bez1ed 

wConia A* in ftat tce4h that aouifta trait the tree a-dno acid und4r the 

±Uon (10). 

By aMI097  Vt+lh tettona i, * emoidmw it ttkey tb4 the rWAtUz-

induced aeeot4ttom of tortloxV oftints an& qmtermry ratmet eci4ø 

S.iwves 	øf' te , 	tt&r 
+ vo -w--> (n)aZ + WOfl + 	 (1k) 

+ 00  + flO-'v—  (9 + XO1 +%02 + 	(5) 

The aa*ont Pravoto 	frcn titbt ethe }*n bo4m obaeø (34,), ut 

the prauoOa formd :14 the e*itio of 	1tivs in 

e4 	tic. (i4 he !Ot been 

ahOit 	4* to the ftet that ft 	3*D UbOV 7, $ 

th f'Or d4tio'3 of' the WC bond twolves tormatloa o 

)z' PrImry n4r, muoh zctto ta be 	OM4 by the 

4 	
•toithien4rtz7. 

+ 	----- 
Ion+.OL 

aznj + o4e) freit Vx-lmaxy  
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necordai7 aminer, iCreLU3e Cbxup1 tth pH over the re 8 to 10 Und thoti 

1we1 off abciv )?U  10 to U; hower, the 	rJeld ot z'atton 6 Is re1a. 

I 	 tive),r 10w even at the b1hent dX V&41ULL (u). 

The budu j) the Present jroach to thO eluci44tion  Of  chni in the 

radio1yEt8 o. Q1Oflat4 voliztionz of protein. is that raction At the loci or 

N..0 linkagoo may bo genermlized In.te=s of the over-au equationt  

	

0 + 	—/vv --  (a)u + Won 	 (p) 

there(1)2N-Cfl()2  represents any of the 4ow1 	tttutod. pritnavyp eeoth, 

ary'p vzd tertizr zno tonfigamtiOne of prote1n mo3ecu1u structure. Zote 

thai regaraless of the te or ezter3t of 	tttixtion, a reactive cz'bozy1 

turct1.ort is obt4nt an one of the o&uta of retion P aa vritten, The cheni- 

cal torn ot the nit 	n-co itzinir.g product is specitiedj howve, by the natuxe 

ot the N4 1in1ze As wiU be shOwn in oubsequent, setiOns o this pamr,. re 

t tp I', tthe  th othez 1$ely r*3Ated rwtionso AOUnt for a 

pziciai fraction of the enezr ObaorbeA in so1ixtonø of certin proteins.  

eltiiuxr :1coat, evi4once of the vo-Wity of this coneiml Oi,roeh to the 

HeItUm-Ohemical Atuay Of aveous Protein OY'Stens ha been Mortnd on brie1,y-

trn te to tm (e,3715) the VreS4Mt MOr Em1itte ar4 exteii tbeae o1-

ervatin en& OtTers the d. 11e4. er  iental ?roue. 

MY 

3. )4A.terials ani Zza4 tion 	iticn*3 * -'-- 	-'.------.--. 

Solutiono o ,ejr (Worthinton Biochmiml Corpq tvipe 	xtalize.) 

re prepareA by adUns sollid. in sulcesolve Wall. mo=ts to UstU1e., cte 

that bt been aajusted to 91t 5 or be3or vith X40041 a mpetla .ti• r provide4 

ettc zdxizs without muoing rn4t. fomins. In eetcttn experlmant the Mziu 

zolutlooa vere 4ir,od in aellophwao atnt acldlile4 te' (9714 to 5). 

.1 

	Ali- 

quota of the utock uolutions vere Mjurted to a partimilar p9 va1ae by a4&ttio 

of 	or Z0t inmwUatalyprlor to the4ieMon 
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e1th uc4 it thcô o tiOloo (&tn., Uzo yroco ssed) 1uvt selected 

becatwe of its iv ø4e and con1. emytAnt, The stock Oolutiorw ('o4te3 

5%) wre routinolydzed. aeainot running vuter at 3600 for 13 to 24 bourn to 

zwom ip1tt prot3 an& traces of t2e nirnni4 .th*l co ntrtion *s  40-  

tezi.. by  drying  an a2.i.cwt to constant velatt at 3.0OC. The 	4ut4ic 

*4t (Pthcvt c1rnics) 	treate in a alzijAr mmer., Solutl=z Of yvaOt cJ. 

cooi doWdrogemwem, pactoiobu4n, c4 	 (Nztz'iticrni Lio1ie4cs1 

y adAW the tez'i 	an xocet'ed 41z*ct2r to t41y 	. 

tiliCt vater i ttete1 prior t4.iz4i*4 

at 	itr,tb.,zto .(rAstm=  OrMae Chemiftle) vao w;ed at 

a cocentrtion ot I zn/iI 5r N b oc.ortc acid.,UT&dUtimo ve maM vith 

,trczt ettr a 42000 cwje or a 100 curie source. ,  oe-rtoø for the 

U3et1 viure 1.4 x 1016eV/41/flhtfl WA 7-2  z OcY/mI/min rectiveii.' 

The goitions (10 z1) vore eoaed, undor mMm (5  ini) at I atAospbare in z4aled. 

rymx ubes. Contert* vere r4d at UtormU to PrWftnt 4etLon 

tho *xUon during MOOSUM. 

The 	 he. 	Of moat carawl OQ)OUfld. ahow 4Oti1 

the oam absorotton Watrm. in i*1. sodlun by4oxt4e and bie vary,zUdUm 

extscti '00emoients 	 max 

Etous iacId.e the 	ia$ona a.. crtain ot1er. toz con 	... 

uazotux,-~Uon (17). The tact thA the W'Otna Provoruez  

in UUALtm coi 	a'e Qlaafttlaaz 1AdQI=deAt' or the 

tQ 

	

	uatw'e of R (iith tI. exctiona yt3)  Ø bocu Wri=4 C1t4 . the 01"ci  

OA-tion  of øtttiro O±' .ObLC cqVounft w4, in the pzeAent in4tenftp pr(YV141 

the baøia for a. 	4tive and dizect mauMomtt or tota c tiziri p4qm 

in iru4iatod protn. vViAtaw3 o 
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pheVW4dxmzow deriva#vas 

of the h 	0 	3i .t PrOAXOtAS VOrO roic by treatir the irrti4lAted 

pei 00iUUOflit21 	nitr.fThdrn21e-i3'd.rOC1*10r10 ci4 eoixbio 

afte' zcti poroad& a cri in &,etion 2 The protein 

pnThdflea tod4 be (ntitative17 dcteiined in 4MCQntG 60murai as 10 

molo after rov of etxcs reert (2,wDfl?fl) br 301mt eztrctic*i or b7 

OJ *n Wdrodblorio 40JA 4 treatc. 4t 	to iv a 401  t thro 

o34 *=osa of ret aver the eaUMUA CarbouYl 	xtt (A 4e Of  

1. 	 or 6p1e, gives, a :ca 	 Of 1-6 * 

aGcC)ott) 	 tota, 	ohato 

teerttwo to itwwe  cØto  Va&ctjqn#  w4 vm thsn tto4 with 

of oqI 	o Aieth eth; 	e 4 to 6 itmcttio ie 	to o' 

move all uot 2'F 4-DM. In tbo dialysis proce4wo the initial lWarodbl4w10 

aøl4 oonoontration vas lwreao*4 to 3. U to inrno that the 001utlOnO vex-* eøttLe 

an  10mIS  as Uw0acted 	 The soiutionr vee Uaiyzet in 00110 00 
 

m* 48%4=t xv=aas Vaer itn 

exce3 of 	no znã•thg 1fl'tør to aa4aia vat roore4 for oete 

Ation. Ubr cano4rttoms of 	re ioitt fo' roftsone noted. in 

$octin 	Atter zzov. of *weactett rcnt U7 awtrwtiOu OV dJxi, 04 

arri4te 1jrot of the protein 001utien vø 4e OWrOxIzatO4 3. -425 
in 

yotasojgm bjdxOA&eO  a44 the OOZ9tiOn apectra. of the wotein he'daZouOa 

jemeaoo*therau 

tte (17) Aiotof the rn 	ate8 solutiona wore alvWa cArie'. 

VEF 
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2e2.2 jr1 .react on of2j 4-dInItEMbAWIt  azine with o1* Of the 

proteine eti4ieø, popsInp cbniotrp;ein, and .lactogi..obulin in unirradi.ated 

solution ahow negligible retention of 2,4-DWH after d.ia4ai8 or e.raction as 

outlined. in 3ectiOn e2.1 thiirradiated gelatin eolutions, paticular1y at the 

higher concentratione (i e , above a i) ethibt xneaeurble rec4ings at 10 IUIA  

even after prolonged 	1rsin or ezhatwttve OXtr5Ctiofl of the gelattn4, I4ini- 

trpbenfthyd.t'acinO eoiutione, Uatever, or a particular etock eolation, the 

backgronr4 correction is reprodacible and introduced an uncertainty of lees 

than %. A.Uqwts of the unirrWUted solutions (In all caeeu) vere carried 

throngh the deribe& pz'ocedurea in parallel with the irrediatod uxpi.e, and 

calculations of oarbonl yie]4s are based on the differential apectx'a 

AU of the proteins atttted tiMexo a elcnt rkreaction" vith 2, i.-DNP 

U the zcat in prcaent in large excess, or if the reaction nxixture in allowed 

to stand for long periods (2) hours) prior to dia1yis or extraction. 1eating 

aecelet'ates the reaction, and teneratW'es above 350C vere avoided.. We have 

not insdred into the nature of the dark reaction, althougb odat.ion of protein 

by ,kN?U ana.(or) foreation of hydrazi& derivativeO vculd seeni to 'be Wvely 

proccasca flgux'e 1 illuatrates the effct of concentration on reactions of 

2, 4-DWt vita irradiated and unirradlated solutions of gelatin; these data vare 

obte.e thrOugh use of the oxtraction proc*dwe- 

Lwpu two neanient: The absorption spectra of the "protein 

Pbeny1hydrazone(s obtained from pepin and gelatin are shown in E. 2. That 

these are pretadnaIntly, unco igated. pbany1hydrazones is evidenced by the sbae 

of the absorption cuz'e. The presence of appreciable eacunts of the phenyl 

braonea of conjugated carbonyla, particularly the l,.dtcarbonyls, vould be 

manifested by a px'onounf30d. shift in 	to longer wave lengths (17). 

4ost of our quantitative attLte.s on the rield of total carbozrmyl O(>C*O)1 
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1nvo1vc1 the pe1n and C.,elatin yts arid, wiless othr4Ee noti, the va].uea 

of G(>CzO)t hin 	orted vere,  Ca1C.th)t1, WiiI1 2.I. . iO arm the c•xt1ntion 

oeffi.ci4nt of the (R)2CNric6li4(KO2 )2  onfin'at1on at 450 	in 1.25 N NaOH. 

• 

 

This vct1ue 	rat9 an uve i-~Cge of the molu1ai e b1nctioi coeffleientG re 

ortd tor a wi& variety of authentic monecaruy1 rivt1ves (11,18). Valuea 

• of G(>CO)  for 	rai different rotin tuc1er c. tane,r iet of frr:ifttion 

• 

 

conditionw are given in TObI le I!IE in •Mbc j,tent r o:Cere.ncep. to the eftect of a 

artiular expQrin zental parcieter on it rr.ay be un1emt3 otheir-

*w1be Etated,, that all othcr variables doiifoxvt to thefe 8tandAx'd reference con.' 

dition. 

Valueo of G(>c*O) t we'e fot ;xid to be e&'.onti113j tnd.opendent of dose at 

levela below lOev/i, p irtdci tti, ctnt tratt procedurt was wed. 

Pertinent 	for galatir2 are 6hc1wi In rjifr . 3. If dialyuia was iiployd to 

remoe exaess 2, dDWX reagent, t&n the tlea zlured G(>Co)t value for 	atin 

was found to 1eroaro aradua lly vith Lnreaing dose ahovø approxbnately y • x 1019ev/mls 

W:ationz of pepoin, oowM the o -ano, eftect but at a 	it hihz' dot3e •  PM- 

suwblyo  after prolonged 	 of theac aolutions, the mo1eu1ar 

ditrbutin of th z'0ut frnnento ia ouch that a measux'b1e fractior of  tho 

r]j%ZOfl( clerivattres 	 in th diaiyals . step alms dth the ex 

cots 	 Althou the e1'teit of protein concntztion on G(>Co),  vas not 

stulioa in areat &tai1, ve th4 &tabtith that (itiitta1) carbcnyl Ybulds from 

• ppsin and çe1.tin d,o not dcrca& preefttbly with doomasing 1)DQteln concen- 

tration vntil con.centrationo be1o': 0.1% are reache. Carbonyl ylelda fran 
• 	 13 

• • ge1tth arc 	ential ormthnt over th age 0.1% to 3.0%. 

• 	Table 1 hrxrs the effectz of vexiouo eAded solutes on wrb anyl yte]4 	• • 	 • 

frcii pepo ino Neither 	0orNafl. t conentraticas high an 0.1 M 1iavo ay 

•pprciabl affect on caoj. prod , tIori The abrne of an, attenuation by 
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chloride ion is of particular interct fran the rac3iation biological stand.-

point. In rogaxd to the effects of 	cysteine, we observe that a molar 

concentration approzh.ately ten tirco that of the protein is r cjuircd. to die-

crease G(>C=o) t by 50. large difforeuces in the effect of pI on carbonyl 

ild.s frci ppuiu and gelatin solut ions vero found as shown in Table IC. Xt 

is to be noted that pepsin is stable in. acid. solution and inactivated rapid].1 

at p11 values above neutrality (16).. 

Beferonco should be nte4e to the fact that the G(>C=o)t value of O. 5 re. 

ported for alcohol deb •enac (ab1ti IA) is subject to considerable un 

certainty. We consistently found vith this particular syctem that 

terenta1) absorption speetrun of the product phenrlh$razones indicated 

apprecab1e cuounts of 1 1,2-dicaxony1or conjugated carbonyl derivatives (vith 

unknown extinction coefficients). The naturo of this'pberinenon is not under-

stood, but it seems likely that it is related to the finding that the (wi. 

irradiated) alcohol debydrogenase containe acste k to 5 unccnjugated càrbonyi 

groups as evidenced by reactiOn iith 2, l-Df reaction. 

2.3 !_stituant Carbonyl Coupounds 

In the inia1 stases of this work various 4ttes,ts were made to b'lyze 

the protain 	zones directly to the constituent bjdrazone derivatives but, 

unlike the classical case of the 1-4initropheny1 derivatives (19), the dinitro-

PhenylhYdrazones 

 

(as ntg1t be wpected) undergo extensive 4eeoupor4tion and 

rearrangement under conditions rectuired to bring about Cceplete hydrolytic 

cleavage of protein.. However t  as will be described in a foUowing parereth, 

we found in a aeries of quantitative control studies that the constituent 

carbonyl product conpound.e are theiee1ves relatively atable undar the condi-

tions Of conventional acid hydrolysis. Accordingly, the constituent carbonyl 

cnpow4a were first liberated by hydrolysis in 2-4 N UC1 and then treated 

'iith 2, 1 .DiW11 to obtain the individual hydrazone derivatives for subsequent 
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I V 	nui)u.lat1 OIl 

rfne irivdlatvzkt oolutione, wzwe ir'ocI util hythoer iozide' (tri an 

aiiquot) could not to dctcctcd with titiiura sulfate rc-azontj  made i N in 

flCl, and then hyth'oiyzod in vacua at 950C  for a. peio. of 13 to 24 hours. The 
14 

1iyciroIrzate t 	rieut1izea with 10I1 in a. xiinbiitu voltirne Owd placed on a 

c1urnn of Dotiu-O (iiydrogan foxa) This was than 	 hed irith tr to rect 

a sILVle separation of t carborripz'od.uctt actions. Aldebydes s  ketonea, 

and ca.rbol ac1ds (fratiou I) papa directly tiuowh the  ca1tun vith. little 

or no xetentioz*, and wre coUetec1 toethar for subsequent aLrsitse The 

nitrn-conttix4ng eazboy16, eogop Eldebrto o*w41no ac4s0  aiuo cr4eto 

acithi, etc, (frion xx) axo rtiued on the Oalu= alorz, vith the wtrjed 

tznino acida • YractlQn I was treated iitb excogs 2, 1)NLU tia, a.ftor etun4J.n 

Zor 3 to 4 hours (to allov for cc1e-te rction), hydrazone products plus un 

roacteil raet vere juantitativeiy extracted 4th chlorofom or ether. 

$eparAto licjtot: Of the etraQted mLture viere chromtograpiic4a on  

paper (Idiatman No. i) by 10, of the eolvent systema  (a) butanol ta.turateJ with 

CjUOU.3 wzllonia (b) he)t0 (DOt.) &tz8t0d with Mothanol (20) 	O 

firøt z*ethod ecrts the earbonyl acid hrdrzo ; the second, thQ4 £eArttü8 

the "neutra.1' 	azonee, Let, tboce of tcamAJAe1Wde j, acetaldohydo, eta, 

AU the 'irrmUated protein solutions e iet in this vay Cave a emplex 

mixtwe of heto ac1•.a as the p inaal cziponent of iration 1, 

most of our 4etilod et4ieø of ci4to aeLd products were conth4 to the 

eiatn erstn be(*we of its by cer±nø-t1eonine content, These 4dro 

• 	'JdflO ucids 401d eu aiitount Of PYMJLO a.c14 and cz.ketQbutyric ac4 

ree<tivelr bwing cot1 aci4 i a1y513 of rotoin (21) eM, in the 

case of pepsiu, the yiolda are such. aeto scioualr interforo with the 

measurement of cketo aci.s deriv4 frcvn iudiatton.-c mical reaetone. 
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The tper cccrve of 	. Ethow3 a enitotric traeing of a trpical 

eoren of the ct-kcto acid hiUthZoei0olaUd frci an irr4iated. 

01 

	

	
e1atin $oluticin. The 1o;er curve viras obtained 'ith an ccJuA1 Voluse of the 

wirdixte1 centre]. o1ution wider identical condi.tiOn& Theec tiig 

are preentec.t here pr iziiarily to iiuitrte the ord.ere of =1,2~,nitlde or the 

pii.ncipsl peake. The cctuti rtrcis, particularly those of the )ydz'a-

zonea tsciate. frct Irradiat ed solutionst are eoiiderab1y niox'O 00 ,,Vlex vhen 

ecanned vsutUr. 

Thia 	 arides not only trom the et that tzetton I c ntatna a 

rL1ictme or  c-keto acid 	 but also frc*t to 	t that each indIvidu1 

c -kto acid yie1da two ioweric ( ta-treø) bt4razonea with 4iftexezit R.  Values o  

Aith<u.h one  foi tun.AUr pe inate, the relAtive re]4s Of the two axe izt 

f1ueiee. br twperat=ep eoLvent., conratton, t±xtte of ate4i1%3, etc. (22). 

Therefore, IdentifIcAtions oouX not be i*x4 vhoUr on co-ebotorebiC 

st4ten of pr4wt Ant aut4yentia hyxzone 4•rttrttvea. As a eoxreitive prom 

ceftroo the  a.kqto e.eia 	I'azonos wtre e1uteL i1th .thanol a nd than 4r4ro 

enAtt ovéz' ?t02  uudr 140  1b1 Presoure for 16 houxe to cbtan the cormapond-

Ing , aazdno• acie whIth vere then re uaator1ie4 (23) Through obrioue 

citbination& of thoce two roced.ure, wo aueceeded In idontffint the foflawing 

acida owng the .r . ationehciIcat p rcd=ts of fraction X frat golatint oxalacetic, 

aketoglutaric1 groriic, pyravlc p  aut pheny3,pyrwic. /1ji•hou 	 acid. 

(ar4 	etobutric) is obaerv4 in the control, it is recAily aratflt  CYCfl 

q.uAUtatively fraa$i. 14 that the uiount 14 conaiar ircreed by irra&. 

lation Incidentally.. the yield. of 1t1obut3rric a4i4 

control on the hydrolysis con&ttion8 airzce this part icular carbonyl, aei4 

am,earu to be derived vholly fan, the hj4ro1jttC aea4tion Of thxeonine. 

Althowh U values for Individxial  -keto acida in the pz'od.ut idrtiuC were not 

detêrtdnod hecawe of the cctni1Icationu intrQd.ucet by ci trs 
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the cafbined rie1c1 or aketo acid functioii ira Ieaur?d by a moflitior or 

the apctrophotcietic proceLltwe outiine4 in Section 2,2 • A no&LfiecI jrocedu.r 

14 	 is required since the 	i=,iars of the o-keto acid iiyc1razon, unlike the 

trans-iocm-ersp do not show thc c1rarictor1itio 1ythzoe coioxttion in 

Iilute (1.25 N) codium 	od4e* Howeverp it has been shon e1w1iere (22) 

that hyrazoea or the variou3 c-keto acids do have very wb.Alar cbaorption 

spectra in 0,25 I4 Ne.11CO3  ith v1uo 
I 
 a o) 	(580 n) and £ that are eeentiaUr 

independent of the relative eonoentration of the cis-trans i3J Appli-

cation of this xodlfie4 proce4ure to th x-keto acid hydrazones. derived from 

gelatin Sives 	 •4 G(>CiO)c This relationship 'wU3 funL to hold. COZI 

atant in the ease of, golatin (1% io1ut*on) for dooaee up to eyrozixately 

I x 1020ev/ml 

In the later stoZep of this %rOrk we foundthat 	togbita.rio aeit 

(unlike all Othe aketo aei1s .it4io6) give but one hzazone (yiaorner) 

in the a 	eritiGned. octraction procedure.. This tiflinp together vith the 

ruet that the bydrazone of 1tog1utarie ieit is well separated •catorapb' 

ica11r frcm ,,other product specine enAble4 us to measure the effeot of dotage 

and other variablos on the riel4 of this particular carbonr1 aet4, As shown 

in vils ', cx-hetoglutax'ie a4id production fraa gelatin (1% aoiution) in 

direct1r poortionai. to d.oso over the z'ane stud tea. $infl4' results 'were 

obtained vth 1acto1obu1in (0.1% solution); no preferrential ozidatioA of 

the N'.ter'intnal amino add leucino couI4 be detected even at toes as las,' as 

I ix 

Zn the iñtr4uøtory paragraph of this section we stated that the id.enttt 

Of the z-keto aoi& pr'oduts is retained during aid lVdrolypia.. EvidenceXor 

this is as follows: (a) pyrxvie and c-ketobutyric acids are the only -keto 

aciLs observei in hydroly7Atea of unirra4iated controls; (b) a ttioA of any one 
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of tho prothtct acLd to in Uvt1 or unirriiatca toiut1oiis just P rior. • to 

1,ljdro1y3i doe5 not rei1t in any 	iLficant c1zr4e in the 	ctn 3 of the 

other c ponent of fraction r; t (c) no evidence ra foufl ton the orriation 

of a-keto acidr, by reotiofl of 1&1,ra fo 1d1 	or eta 	ys1e () an 

tnereae in the time o hyfroiyi roi it hours to 6 hours d.oeø not intro.uce 

a meaurab1e cha in 	 it houl alEo be noteô ire that 2UtiOU 

of vaniou ttinb ecith3, glycirie, gixtd etø, to Ir .tatd protein 

aoiutlon (1 ij =Aao aci4/ng protein) d.oec not ret.t in AJ preforcrxtia. 

chznge In the xtony1 proct Utrtb1AtiQn 

2 	Amnotiia ui Anie Grow 
r 	 - 

St 	ot itroe 	4- 	 ltwgely to the &elatin rteni. 

Line procsae. .o1ath- (ection 2-4) sø ow4 to be varticular4 ouitables 

.ejnee mot Q ti - ide 	of th lutu4fle imd aUi*ziUG 

the pat eolW,en-sre removod rgh hydrOlYsis in the auctnring 

OCOø (24) Vmoditibd Ptit1s  9000i'ally CO tth 4nde g..- 	in rnaffii. 

icut nber to rnak t* 	i0ncba4c43 .pr4ctiou of "ani4&' .Ainetion 

at the lc*rr irradiation 

Analyses were 	 - or free an 	t" nmonta, both teore ana after 

irradiation. An appropriatd tUot of oaeh sourtioxi we made aIha1.ine to 

oltli1tn, diUei, m4 then- .&i - til10d-- in VmCuO into a *oeiver con - 

taming I nil of 0.1. 11%$0j,  at the te etux'- of U-qui4 nitrogen (control 

aAa4ats.established that a*.Ldea grO not h7tholyzo4 appreciably 4uring thi -e 

mAniilulstiOfl). The di tillate tme tbei iolted., tb, and azzcyad. for 

cnioniQ by 	of the ITesslor Ze4Ot±O1t. A 0,0cond aliot of each eolution 

na nia*io 1 ! in :i .i and heated for 9-0 -mmthce e;t 9C to Ubrtte :uonia 

frci* eni4e .linkagee (25);rubsequent -treataent Vae then as 4ribe1 for 

anoxiin.. Figure 5- givee typical hydroiyao data ror -Control and ira&iated 

olutiona of gelstn, en4 Pig. -6 shwa the do yte)4 zClatiOrihi38 for the 
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and i'io etcni 	Tir corxn4tht G v1i 	m-c jilcludel in Table II. 

Th 	ibiitT t1& DArt of th 	niL& 1  .f tion i naniz in tho above 

i 	fr 	 action of iC 1inko 4arin the hro- 

1rai8 va3 inveztiated in txiie thtL3±1 since both paroxidos anti carbonyla Ufl&?Z 

e2tain conditions are IMMM to d 	øino sci4 vith formatiO34, of iionia. (6). 

however, it vas foimti that the i4d.ition of hydrosen pero3d40 9  anti c-3eto aQid.i 

in 

 

evio=ts aodAmlent to fe t1iit.a the rejective Proauct G values doeu not 

change the óbervt ad& r4. Aio, thce in no affect of . a4d&4 fxee £ittno 

aeis In iairo exceu 	ng ein> sj$vjg iroten)0 

ua detorxined by the titaniva aulfato met I total 

eroxL& (I4. + ROOfl) va Measured. joetri(rnCL1I. The 
&tatlM procedures 

emplay04 	these r centlr given in a sori es of reports on the protilLotion Of 

orii* ezid.e in the x4ió1rd of acQu$ aoiuttOna of adno eci4, ep 

tt, r4 reatdJ cóune (21).. in the reent a1imttOn aaze &tftizu1t 

a cnuntec& in the ute of the i4id.o møthed for eáQD8mønt of total 

peroadde in Irradiated gelAtin olition* WhOrOaB most of the rettma, tthiie4 

in reference 27 give Ava aowxb1,y s table solutions of X on a&4.ttiora of II in 

excesa k  i foim4 in the caae o gelatin t tbaorptiofl of 	at 0 r4i 40. 

crea4 on atemding ,with c if,th'i.e of approAmtely 30 minutes. however, 

since the roaction of I .  4th poroxi4es in these 00trn3  10 rci4. 	,ze& to 

the f4Lng rectictx, exrapotton cota4 be cnployed to obtain the initini 

con.centrtions, Perodde data are iueludbd in Tablao.. 

• • 	•:. 	. 	., GtEaAL COMXOt18 

The over-LU choralcal ehane produeod, in vater by aheorpttOn of hiiib 
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We 	 7 -rvs t1to 100-v yielda as g±cn by the approxtmtiona  

G(z)(QiL), a(s) 	0 ) iiawnt proposala that the ro1vat. 

1txi 1111 	nt an e1truate £o o the 11 atax (28,9) # not 1~0
•$L Lx tr 

	

	 vie the iiyat=s under conolderution both 

With 0 to 1. the eqtdiurl= syateu U + 

1Q 	 4zi 	rje rowt4on As 	et$ Dy ec*ticn 1 

ar b 	 iu Urm xt tho jzwq atoop (w) golloftd by the inter 

(7) 

	

+ C1:i 	 + IV () 

+ 	+ 	 ()2uu + *Q1i + 	 ($) 
 AQ  

(10) 

Xt i* to b ntL ti*b gtopM J.44 	Q :ifl1 a 

Utive Ot t bz ' motlon OX Wiwi (J)2 (4j 	ntu'e o the teeate 

	

in tbi tp i 	 in'u roluW146 41utsøion on 

OZ 044 14tA L1TA in the avortao4tal partio 	taLrUr the r*t 

ene Zc 	Ljoz inY1va4t . Z'4$tLon 1 in the 	10440 oi 02W*ue4 

, 	 t1: 	b1xe 	 nL ie othtatim 
10 

$WM'4A'jZO4r in 	U, The 	t4: 	 indicaUs on the baats 

or the re"UQA *  o0qmUc 10 ttizt 1*øt halt of the available (Z n4icals. 

two zAw4 by 4ttQp at 20 1n1ta %Vlor the 4pacribaA owidiUon*r k4, 

• 	 in the c1eiie 

.rnj oalivo liak 	it in en a=t the 'AIrn 0(I1 ) 	3 

ca 	eZ 12*it t)2' the collective, 	 or 	n /(A4 tninet) 

2iAQ groiWoo The nzajor .fruetiozz .o the tot1 aw onic. yie34, 	
' 

to attrlbuU4 prl=14 to iva4tion at the paptide bc*d as 	 by4p %u3,tIcft . 
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It might be amtiCIj?r.Ud o the har.1 of zetion th th c ;foLnedL iiL4 

of c-keto acids thouid 	othte tho 	 ania yi1d more cioo1y tbi 

is indimted by Tbie It vhiah zhcr G(0) 	G(N15). We flote, hvr, 

that the xt1 	O) vL Is lxuzed on exAlyaiO or rbony1 frtion I 

(Section 2.3) 	doce not inOlude 	 02 the fl3ib1 nitin 

Qntii CaZbOti &iV.tiVøS. OZI&LtLOZI in retwtion 3 of the pzqtide ñ.in 

at tho 1oi of lyzine ana arginine roziduoup for 	'woni4 ri43$. itren- 

cobti.ntnS ito eci, zt thece voula 	in ciyL fvetion U. 	A* .  

zenttod. . tim e 	met p3•t . rztho. are being 4evelopedfor the &tiie 

uza1raiC ot ivaction xx,. but at the Progent time the ot that o='be caM. is 

that *4zQ1 products ,  am dMitoZr 	ent, Of to=zeo part of the Uc 

ereprncr btn G(>CO)c c4 	xiut 	tt*ibttted to th. fact th.t ther'e 

ib sawlaO ot carboqyi, ziø durUg iroldø of the ite iutins 

(tootnotø 7) # Uver , ther 	ex' to be othr mo b*i 	ietion in 

yo1v.• pox. euLe, there is erri& ce that otive cleavaze of the ctid 

eqution 	$t41 of the od4At1.on of alycim anlwdride itote (iO)Ut 

pamlUl aetio of the typot 

OCR + C2- --> 1 	+ .RC(()U 	 (a) 

t 	 AtQOw3 icaotionø have been in-rcie& In intczpx'etinj z'$iatLon.' 

induced oxlAa- tionaot vrio .ox4c opecios (20). .Alco (as a coroll=7 of 

reaction 3), it iut be acc'ne4 that rcatton of the guii&tno SraV of 

inc 

+ 	+ ;--- 	2  + I 	+ 	(30) 

to the rie14 of uri4e" carioz44 tIrroth IWd=lynis of vandim 

under the uabiol emiditiona aVloyedo EvWnoo th&t &Aaaic4l cl=cp corrca 

onU.ng to 3b oceu.ru in the zLio1rctr, of oMpnmtod solutiono of arpinino to  
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to be otuL iz the,,  o2r 'Utitux (30), 1.thouh w 1v).ire nut w yet 

iAd erpeciria cc trjbut±on :Qf reactiona of thia t'i)o in PrOteLl artoma, 

Th tCt ti=L ulaelvao c -ednøaluida my bo 2o=cd in maction 3b.4 in 

other ciewmo.,  reactionsof ot *dn U UzImass (ofrein, 

tid 	th 3ii 	Ox~enfling theo atu4ieo to iTiOlVAO .il  Ot the  

njtrqgO4.aoijt.~4njl carbonyl proauctso tiore am of,  courcø otier c4b10 

o,ci&tiOfl rzoctio= j,4,)jOh do not itro1vo the ZC IiMmapj  but vhich .ø YWA. 

cu$zo 	wi& m4mo lotone,rvattv: QZ44mtion or te alcohol Arnotton 

t .er.no u4 thmoulne vw1A be oI? this type. OxM.%Uvez:to. or excMatic  

*ncI btezoqLie 	-inu (31) may OU0.  .ntbUt: to + 

of 4tiQ U, A Wrly &,tatUd atWq of the 	 of the Vorious  

of the ProMit VM-k* 

tattit., 
Apropos of tbia general i*oct  lot the imzltipUøitr of raOil 1o4 in 

tiouot tether. or not 

oi thee 1o4 un&rao prefomutial ttttse b) 011 4i 	erore otc 

lot bOC440 WMIV04o PrOM, tbO 4u 	el4 444 of PIP. 3 aza 60  it is soon 

that the poetion Or cuaonia, amide lp WA the 

e)tin fav Stalotly Pro0vtAoml to 4oaa 	the zwoo at%Ued f  and that 

OUMS extrMPOIAtelO, thtou& the 	 •8inoe 	frt eri 

niental. point in 	3 ao=ospondo to the ttnttion frm. wtor of less than 

one OR rualea per protein zolt*le, w amelwo that the dbiservo4 oher4aat 

obAnee uAse rrm. tnital reactions thAt occur in pael. Date. obtain$ 

vith 1ac g1o1iultn (etion e.3) alool lead to a SWUW •40001uson, in 

t•t 	 of the poot cketo aci& hydmz onos chø () 
no uearrabXe 

ve'tatiort in roltttve Y1,01A With doeo1 wA (b) no evidence A* pxferntial 

oxttion of loucIze, the NMtexdnai. ocid. 
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Althoh the e1.tiu'e ccitribution 	variow reaction loci of protein 

vult be expected on a ttrietir chedcL basis toviul with p11, it in in-

te'etthg to rinä. (Table IC) that the 	nitu-e of the effect at pi on 

for pepsin in considerably greater than for gelatin .t pH vaS above neutral-

ity. While gelatin maint4n& a. relativeli exteiiaed contumtiOfl over the pI 

raflLc3 	 enin is 	 tA'ed at )I1 7 and above to give a raxz4 coil 

like co igrLLtiOn (ib). The co axatiYe eecta of P11 on G(>Cø)t in these 

two -systems wuld augaost that r iatiøn-han4cal tt4iEus may hAve uef4 

applications in t.hø St ,AY Of jroteiri tructurea in aqueous oplution., 

tererie has bee2l nia4e to the ftCt that .atep 9 of the eçhaitht outlftie4 

ab4 	d.oe3 it eciy the fl,tuX'C of the tnt e.iutQ or. 	On eaottti ot 

tcx (R)2N-cI re.ical6 tth 	For NC link&goa coi Xning e.t 1eaet one It  

attche4.to nitrogen, tito alternate paths for step 9 can be viitten ¶L%e 

u.1iløt tonnilation tnvo'os i!oen abstrcttofl vtth foruatton of a dih3rdo 

prodct 2  

nNXt-00)2  + 	 + Hops 

folloed by 

02 

On the other hzit an orge.nic pemw rt4icai may be iicilvei 

- 

and 	nt,y le4 to the tme prrAuct stoi&icmetry vU. 

+ no2  —; x .ç(o0E)1 + 02 

+ 	Mr .4 ECO1 4 Ya' 
or poosibly thrcuh 

+ - 	 + 

- 

(90 

(9b) 
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With pr±iry ain (n it), it i tlifficuJt to differelitiatc retioii of 

ti 9, 9b, eince both the 	rO.ro in 	xliato c.nt1 the text tie. 

rived frQ1 th eoxy .tv1iea1 rcxent ta:enoiy iLlbiie ehe co1 Au3. 

on the other bana, it ti 	vpjear 	to tiitniJLh ttei iztezU.te3 

in reO.O.tlono jIwQJvjzg the pcTtMos borc1, (it Rca). I'n. tha ça 	the .e- 

bypepticL, CoCR, øre mcxb 	t.bLe in 	o1u1in  

it 	ara that they 	be 	e:tint ctnet Uy frc in tcrdibe3 

tierive1 ot the orinic 	Ozi;3. Cli the baU3 of thii 	 we 

have obtinea proliminoxy rcault2,  011 ccrtz;th of the 	er 

	

na cyclic dipeptides -vAlich in4icrte thet both 	tions ci be of ireart.nce, 

en]. that the 1.tiv cc LhLttio 	af 	.i 9 	9b AØ iotezthet by the 

itcl Properties of the w-dwl acIA (4o) iv1veio. 

Altho 	1ati1y 	-liv4 	 crc. known to be r4uce4 

in the radiplysis of various aaUoaci4, 	ti'te3 and roiatc. covounda (274 

the evidenCe i thAt MOOt Or the peroxy r,,roV s dot*404 in Outh CeOeG OXO not 

at the crbon oit.ton, and 
I 

am nat r•t]j invo1ve3. as major intei'w4atea 

in o:i&ttve elv 	ot the N-C boxt. Those unino txidS zit Ø1e ?e1jtia*8  

that iwfa been fe4 to givp reitivoly bicN yields Of OM-nic iroeoxi4s 

have r,.Idr--QIw4ns that pos - eat ithar c tertio.ry crbor, atua or 4t ieat4 two 

a&ext rnetby1cne oU • Thc rolativel tic hri( £3) that is 

foriaod in the rvAiolysio of WW8,0nutf.4 Sclatin Solutions 4th OO.) (3tiOn 

25) ju Drcd., thereforc, to be 	 eiteI iith 34ch !chain 

Lratio1uJ. 

the hai of the initi]. 	 rcratn th r eti'rity of the 

,ept14e iink,je (8), it 	u'ent tht the 	ie ti'tenn 	te e10 ccJ4 

Lt be of frortauce i the 	io1i or iwothin 1 the 	t eolid eat 
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coCn + 

:- ) CoNCi+I 

ii in c. aubsequent paper (13) It Was 	 tiat irr,d1;tct io1i epn on 

tto in 'ater 	th3 	4a1ect1r-I&1t prothictr e tinia the oiut  

cr1cy1 nttiO. 	'i' ob 	ttc htr-o bec rortect t: otr 1b- 

ortorie (33,3i-) . At th rrnt ti 	are. &p1yiz8, the a1icl pro-- 

tcd In the '<tozit vot'k to ft A.0tatled øtur of cotitucn 

oz.-,bmV1. produc tz deri"I frn '4" prcrbc1r oilring y-1rmti4tiOn. Of 

the 	1.idm rUitc btzin4 t 	tth 1ttin,1, Prhaps th6 aot in.. 

	

:.tjo t1At () tt e1ttv rIoi& 	th va1!iOuø 

tiviiiti tC) tCt Qtet3 ttfl17 L% b 3Ge o 

QZOfl and that (b) *s ojvmtra OP cbnri  adMgfrm both vac0te4 ai4 

oiittied røte'niii etr'ør øti front the trn4in ahot in 'jg • i4 A 

prelbAuary r4port on thiG 1Wi?k is.  in preparmtIM. 

cttou a imdziugm4iatioxw,  an ampQUnas containingpr,=T emi0e# 

cona 	Ln4 	 aul. 	tiöu bx4 oorlfig=tiona are 4,orreiated. 

in tørta  Ot relmi4a ma I CUU11=4 involvl4a thO XM U41060 an,  the 10ct10 e 

uE' It jo 1%t4 that L jj*jor 4tChCfl.tøUichanges in 

rothin 'ot 	wat be tht xett4 in  t. 	oi' a gonaml ve4U. reactions 

+ 02  + 10 	XNR i- ECO + %-0,26  uA'U%"V  %H-GM12 OW  raylva
ent Wr 

ox the yariwr 	atbu.to4 N'O jjzji i~,,,~gps of otein molequl= a tructuro. De 

til4 ec)erzaental tt4i o 44iQn pr tuata deriwd 1%'1 variOud such 

iot 	 correlations wl.th. at Ues of fl4y prøtin ce given. 
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TABLE I 

Production of Reactive Carbonyl Function in the 7-ray 
Radio1yiB of Oxygenated Protein $OlUtiOflOa,Q 

IA: Values of G(>c=o) t  for variouB proteine 

Pepsin 	 1.20 
Gelatin . 89  

1actoglobu1in 	 .85° 
achyiotr?sifl 	 1.25 
Ioast aløohol iehydrogenaoe 	' .5 

lB Effect of added. aolutes on G(>C=0)t for pepstn 
- 	.- 

aC1, 0.1 M 	 1.15 
Na sob , oS M 	 1.27 
cyteThe, 5 x 	 1.15 

.5x10. 	 .85 
5x10 

02.-free 	 .25 
-- 	 :VV• 	 V 	 :V 	 - 	 -- 

IC.: zffect of PH on G(>CaO) 1 for pepsin ant e1atiA 

H 	V 	 V 

GelatinPepsi 

pli 1..3 	 1.34 

300 	 V .87 	1.25 
5.0 	 •.8 	1.20 
74 	 1.52 V 

9.0 	 1.04 	2.21 

8 Uless otherwise stated., d.ose3&ev/xi, protth doncentrationwO.541 s p5. 

• 	b Each of the reported valuei3 represents an average of at least to ind.ependent 
rneasurments. 

For a 0.3 solution. 
Carbonyl prod.uction in orgen-free solution is attribue.d to disproportionation 

reactions of the type 2RNII-CI
f. 
 - 	HCHI + RNC and. subsequent h$rolyatu 

of the clehydro product (Cf. 	7). 
e Not measured. 	

V 

V 	 V 	
V 	 V 	 V 	 V 	 • VV V 	 VVV V •VVVVV_V 	 •VV 	 •VV 	 ----rr--_ V- 	 - 
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TABLE II 

- 	 = 

Product Yje1d.s in the 7-ray Pdio1yi 
of Orenated.• solutions of Gelatna 

100-ev yield, G 

Total e8.rbonyl .89 

(cz_etog1utaric) 

Total oonia 1.25 

kaide •95 

oe 30 

Hyxogefl perode 124 

Organic peroxide .38 

a Gelatin ooxeentration1%, 	x 1019ev/mi 
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OO2NGE$ 

1 This vork ,mau perforiied unior the &uopices of the U • S. Atadc ergy Coiimi esiori. 

Yields are repoz-toa- a,3 100-ev yields or G values. flose vs deteinod by 

conventional techniques uiii the value G(11e+3  )=i .6 for the Fricke d.osiioter. 

Platinizn black was used to r€nove hyd.oen peroxide in a nunber of runs. Con-

trol exerinentE established that if the solutions were eritrifued prior to 

bydro1yis, no untøward effects were tntroduced by the pla.tintuii b'ack treat- 

nient 

Oxa.lseetie acid. underoe dLcarboxylation during the hydrolysis step and hence 

ontributee to 'the rwtc acid. yield. Uawever, in several of the .runø 

oxa1aetLc acid vas ieo4ed separately (as. the 1.razoue) In ainute aâounts.. 

We are prsxtiy investiating the use of 12.di ino.)+-iitrohenzene (3) in 

the anal,ystz of these cc*1ex mixtures of -keto acits. 

6 Reference 22 ehaws this to be the case for p vie, OQ.1ACCtiQ and a-ksto 

gluterie aelds. We bays funit that the same velues also apply vithin ±% 

to the tsouera of glyoxrlic, cetobutyric and mecoxalic aida. 

ccvery of eMed. 	etoacid.o (1yoxyUc and cz-ietogiutaric) from both 

irradiated and tuirrad.±ated systems was approximately 85%. 

8 This indicates also that the observed cz-ketoacid.a are not produced In any 

apprecisle atuourit through liydro1rt&c deconposition of rad4ation-produeed 

4ydroy acids. 

rdraen peroxide does, horever, deereace the observed yield of c-ketoacid.s 

and for this reason was routinely removed tri the irradiated solutions prior 

to hydrolysis as described in Section 2.3. 
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FOOTNOr2ES (eontinu.ed) 

10 The l00-ev yieid for total, uiide , 	freo oumon1a are de1gnatd 

1119t' G(Nfl)a and 	ipectv1y.  

The praline residue represonts an important emiiple of a tertiary e'nino 

configuration vhicth through reetiQn 4 may also contrIbute to the iidrio 

carbonyl Content of fraction XI. 

12 Qmiitative data on w=onia fortuatlon in the jthotolysis and (cathode ray) 

radiolyaia t acylamino acids s4p1e peptides in aaQUs solutIon are 

jiven in tha older 1iteratue. (ref. 36).. Athoui the 4.istintion between 

diret and indirect action was not made in these early stuAiea, it is of 

interest to note that dehydxo prMe of the te 0N*0Rincl4ed among 

the poible reantion .lntezrne&tatea. 
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FIGUE.E LEENDiS 

Fi. 1. Effect of irradiation on the reactionc of 

2, 4-dinitrophenyThyth'azine pith gelatin. 

Fig. 2. Absorption spectra of 2,4-dinitr.pheny1hydrazine 

and derivatives. 

Fig. 3. 1 Carbonyl r.roduc.tion fr 1% gelatin as a 

function of time of irradiation. 

F4.g. 4. Deimitcnetrtc tracing of ticaI chromatograai 

of c-ketoactd 2,-1initrophenyThyd.razones 

trcn geiatin (i) aktogIutaric acid.; 

(2) glyorlic acid; (5) Wrtvj.c acid; 

a-ketobutyri9 acid; (5) phenyipyruvic 

Fig. 5. Tpicai by&roiyoi dnta for control and 

Irradiated 1% gelatin. 

Fig. 6. Ainnionia production from 1% gelatin aa a 

function of time of irrc1iation. 
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