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Exposure of lyophilized native globular proteins to 
about 30 Mrads causes aggregation of the protein mole-
cules. There is no evidence of extensive degradation of 
these globular molecules. Similarly, if the S-carboxy-
methylated form (i. e., a form devoid of disulfide 
linkages) is exposed to the gamma ray, no indication 
of marked degradation of the polypeptide chain ap-
pears, and again the molecules are prone to aggregate. 
On the other hand, lathyritic collagen exhibits a defi-
nite lowering of its molecular weight under the same 
conditions1. G A R R I S O N 2 suggests that in the more 
complex amino acid residues the long-lived spin centers 
might be located on side-chains. In the case of irradiated 
globular proteins, recombination of these radicals to 
form new intramolecular bonds may be favored by con-
straints due to the secondary and tertiary structure. 
M A R C I A N I and T O L B E R T 3 recently reported that solid 
lysozyme irradiated with 26 Mrads and fractionated 
on BioGel P-60 shows absence of polymeric forms 
upon SDS Polyacrylamide gel electrophoresis after re-
duction and alkylation, indicating that "most of the 
polymers" are due to disulfide bond formation. Since 
such a finding is incongruous with the observation that 
aggregates of S-carboxymethylated globular proteins 
are not prevented from forming even though the 
— S —S— bonds are reduced and alkylated and thus 
are not available for intermolecular disulfide exchange, 
a reexamination of the relative role of carbon bond 
and sulfur bond formation upon irradiation was at-
tempted. 

118.3 mg bovine ribonuclease (HI A) and 20 mg 
DL-aspartic acid [4-uC] were dissolved in 12 ml dist. 
HoO and lyophilized. Approximately 25 mg of the re-
sulting material was sealed into glass tubes, evacuated 
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and irradiated dry in a 60Co source with 10, 20 or 
30 Mrads. The tubes were opened in air, the contents 
dissolved in 0.1 M aspartic acid and dialysed first 
against 200 ml 0.1 M aspartic acid (4 hours), next 
200 ml dist. H20 (6 hours), next 0.025 M aspartic acid 
(3 hours) and finally twice against 200 ml dist. H20 
(3 hours each). Similarly, 116.8 mg ribonuclease and 
36.2 mg L-cystine [35S] were dissolved in 400 ml H20 
(to which 5 drops of conc. NH3 had been added) and 
lyophilized. Samples of dried protein were irradiated 
as before and thereafter were dissolved in 0.03 M 
cystine — 0.1 M HCl. They were dialysed first against 
the same solvent (4 hours), against 0.03 M cystine — 
0.1 M HCl twice, (3 hours each) and finally against 
0.1 M HCl twice (3 hours each). 

Radioactivity measurements allowed calculations of 
the amount of aspartic acid or cystine covalently linked 
to the enzyme. 

Dose in Mrads Amino Acid 
DL-Aspartic L-Cystine 

10 0.20 1.09 
20 0.57 — 

30 0.80 3.15 

Table 1. Percent amino acid bound (to ribonuclease) from 
total amino acid added. A small amount of physically bound 
amino acid (i. e., that held by non-radiated but dialysed pro-

tein) has been subtracted in all cases. 

Table 1 shows that the chances for a disulfide con-
taining amino acid to be covalently attached to a pro-
tein are approximately 5 times that for aspartic acid 
if the two amino acids are available in an equal molar 
proportion. Since there are always many more moles of 
non-disulfide containing amino acids within a protein, 
one has to expect that polymer formation upon gamma 
irradiation of dried proteins results mainly from the 
generation of intermolecular carbon bonds rather than 
from disulfide interchange and that a decrease in mole-
cular weight of globular proteins is prevented by gene-
ration of similar intramolecular bonds. 
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