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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
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.
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,ﬂ:PRQDUGTIOM OF AVIDE QROUPS AND AﬁHONIA IN T{L RADIOLXSIS OF A JEUUS
e . SOLU?ION& oF FROT&IN

| ' Minifred Bennett and Warren M. Garyison
"fgoréékaffLaBBratoryb La&fégpé Radiation Laboratory; Berkeley, California
:*3¢_'Réc6nﬁ sﬁudies”at this Labcﬁatdry have indicated:?? thét a principal -

reaction in the raclolysia of aQueous aolutions of protein under certain

* jihcondibions involves elsavaga of the peptida chain te form the earbonyl

;‘:virand anide functions as r@pregentea by the equation '

40—%«3&(&)—- 0, ¢ Haowm;; ~-f‘0ﬁ&1 + RGO- + ;4262 o . o (1:) .
"Eviﬁenca for this type. of raaiatian—inducad cxidatian has. been derived

.‘:51argaly from studies of carbonyi production 1n cxyganated s6lutions of pep-
'551n anﬂ gelatin. The carbonyl function is found to be aasociated with high |

'molecular w@ight (non—dialyzable) nroducts which on Gonvantxonal acia hydro-ﬁ

.‘31ysls yield alserias of anketo Acids. A carrelation of these resultq in -’

h terma af a detailed mechanlsm for re&cticn (l) uas been rzven elsewhare.g_:

Subs%antiatlng evi&ence for the reactxon a3 wrltt@n bas now veen

u*}obtalned frem studies of tha amida contant of reaction products formad by

‘ybraywinducad axid&tion of aqueous galatin. Gammﬁrcially available limg-

R proceas gelatin wag found to Yo particularly suitable for thia study since

“m@st af the ‘amide groups of the glutamlne and’ aaparagine resxduas of the-
parent collagen are removaﬁ through hydrolysis durinp the mnnufactur;ng
' process.3_ Bnmodified protelna, in gensr&l, contain amide graups in suffi—

cient namber to mask reaction (1) at the lawer radietion dasages necﬁssarily

 .~invcked in suudies of initwal raacti@n products.

Analyaea uare made f¢r "free“ ammenia and for amide groups, both before

: and after 1rradiation. Fhe stockvsolutions»(B.S per centvgelatin, purified-



-l

calfskin, Bastman Lot 60-9630) had been previously dialysed to reduce the
ammonia content to a minimum value. Analytical procedures were, in brief,
as follows: 4&n appropriate aligquot of the solution was made alkaline to
shenolphthalein and distilled at room temperatﬁre in vecuo into a receliver
which contained 1 ml of U.1 N sulluric acid at the temperature of liquid
nitrogen. The distillate was lsolated, thawed, and then essdyed for ammonia
by means of the Hesslor reaction. A second aliquot of eaech soluhion was
made 1 N in hydrochloric acid and heated for one hour at 95°C to liberate

b

émmonia from amide linkages. = Subsequent treatment was then as described
for ammonia. 4 series of control rung showed that the liberation of amide-
ammonia was aggsentially guantitaltive under the mild hydrolysis conditions
employed. Prolenged hydrolysis leads to ths gradual break-down of various
labile amino acids with the formatisn qf what in thig study wonld hs "aryi-

556

fact® ammonia, An increase of 25 par cent in the mmber of amids groups
in an irradiated solution a3 compared to the carresponding control solution
could easily be observed with the method outlined abowve. Data showi in
Table I were obtained on golutions that had been irradiated until the amide
and ammonia content had reached valwes that were at least three times those
of the control.

4 2000 curiE'0060 Yepray sources was uged in the irra&iations. Solutions
(15 ml} wesre exposed under oxygen (5 ml) at one atmosphere in sealed pyrex
tubes. Contents were sﬁaken at intervals to prevent depletion of oxygen in

18 ev/ml/min,

the solutions, The dose rate was 2,5 x 10
The data of Table I indicate -that the formation of amide groups (G==1)
correzponds t0 a principal reactlon in the radiolysis of agueous solutions

of gelatin. TFurther, the & value for this producte-group is very closs to

that obtained for totzl carbonyl formation under eguivalent irradiation



-3-

‘s 2 L < . .« X
conditions. IThe simplast explznation for these resalts wnuld ssem tn in-
volve the postulated reaction (1j. Ammonia formetion wu. .30 may ve
attributed to a radiation-induced oxidation of terminal and/or side-chain
. 7
amino groups.

This work was verformed under the zusgsieces of the Udnited 3tates Atomic

Energy Commission.



Table 1

4

Prad

iction of amlde proaps aud ammonls in the veray radiclrois
of agueous gelatin solutions

Amide Groupa
Ammonia

P

5 2

Serie

0.9 2,1

Yield per 17 ev absorbed energy.
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