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At present calcium <fL-leucovorin (V) has not 
been obtained in a pure state; however, a fraction 
has been obtained with a high rotation, lowered 
microbiological activity, and polarographic activity4 

identical with I (see Table I). The purification of 
V is now in progress. 

TABLE I 

i" i n I V V 
(«]D +14.2G - 1 5 . 1 + 2 8 . 3 

c, %b 3.42 1.82 3.53 
CF assay,c 800 1040 1340 576 

after acid 40 40 40 31 
PGA assay / 550 1070 890 247 

after acid 1050 970 700 721 

" As the calcium salt. b Concentration in water calcu­
lated for the anhydrous calcium salt. c In 7/mg., using 
anhydrous I as the standard for Le. citrovorum 8081. d In 
7/mg., with II as the standard for 5. faecalis R. ' The 
solution of citrovorum factor (1 mg./ml.) was furnished by 
Dr. John C. Keresztesy. 
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HIGH ENERGY HELTOM-ION IRRADIATION OF 
FORMIC ACID IN AQUEOUS SOLUTION1 

Sir: 
Several years ago Fricke, Hart and Smith2 meas­

ured the amounts of hydrogen and carbon dioxide 
formed by X-ray induced reactions in aqueous solu­
tions of formic acid over a wide range of pH values 
and solute concentrations. To account for the ob­
served gas yields, they suggested that under certain 
conditions both oxalic acid and formaldehyde may 
be formed in addition to hydrogen and carbon di­
oxide. Recently, as part of a general study3'4 of 
the radiation induced synthesis of organic sub­
stances in aqueous solutions, we have found that 
oxalic acid, formaldehyde and at least eight other 
organic compounds are produced by high energy 
helium-ion bombardment of hydrogen-saturated 
aqueous formic acid solutions. The present pre­
liminary communication describes briefly the ex­
perimental techniques and observations. A more 
detailed report of this work will be forthcoming. 

Air-free aqueous solutions of C14-labelled formic 
acid6 were irradiated in all-glass target cells with the 
40 Mev. helium-ion beam of the 60-inch cyclotron at 
the Crocker Laboratory. Hydrogen gas was bub­
bled through the solution during exposure and then 
passed through dilute sodium hydroxide solution to 
recover carbon dioxide which was subsequently as­
sayed as BaC14Os. After irradiation the target 
solution was distilled to dryness in vacuo at room 

(1) The work reported in this paper was performed under Contract 
W-7405-eng-48A with the United States Atomic Energy Commission. 

(2) H. Fricke, E. J. Hart and H. P. Smith, / . Chem. Phys., 6, 229 
(1938). 

(3) W. M. Garrison, D. C. Morrison, J. G. Hamilton, A. A. Benson, 
and M. Calvin, Science, 114, 416 (1951). 

(4) W. M. Garrison, and G. K. Rollefson, Discussions Faraday Soc, 
11, (in press) (1952). 

(5) We wish to thank Dr. Bert M. Tolbert for supplying the HC"-
QOH used In these experiment!. 

temperature. The HC14HO in the distillate was 
isolated and assayed as the methone-formaldehyde 
derivative.3 A two-dimensional paper chromato-
gram of the non-volatile fraction was prepared8 and 
radioautographed. One major spot typical of ox­
alic acid and eight other spots of lesser intensity 
could be seen in the original radioautogram. The 
region containing the major part of the activity was 
eluted with 0.1 N hydrochloric acid. The activity 
in an aliquot of this solution co-precipitated quanti­
tatively on lanthanum oxalate after repeated wash­
ing and recrystallization from dilute nitric acid. 
To further identify this major non-volatile product 
as oxalic acid a second aliquot was cochromato-
graphed with added oxalic acid on a silica column 
by a partition chromatography method similar to 
one recently reported.7 An exact correspondence 
of oxalic acid titer and C14 activity in the eluant was 
observed. A 300-microcurie sample of the HC14-
OOH used in these experiments was analyzed in ex­
actly the same way as the bombarded solutions; 
the control showed no activity other than HC14-
OOH. Decay of the activity in the products could 
not be detected over a period of several months. 

Each of the 10 ml. target solutions contained 300 
microcuries of HC14OOH and were 0.009 N in total 
formic acid. The helium ions incident on the solu­
tion had an energy of 35 Mev. Bombardments 
were made at a beam current of 0.10 microampere 
for a period of 3.0 minutes to give a total exposure 
of 0.005 microampere hour. Yield data are sum­
marized in Table I. 

TABLE I 
G (molecules/100 e.v.) 

Product 1 2 
Carbon dioxide 0.75 
Oxalic acid 0.023 0.027 
Formaldehyde 0.61 X 10~8 0.56 X 10~3 

We wish to thank Mrs. Jeanne Gile-Melchert 
and Mrs. Harriet Powers for their assistance in the 
column separations, Mr. Boyd Weeks for his help 
in the target assembly, and the staff of the 60-inch 
cyclotron at the Crocker Laboratory for the bom­
bardments. 

(6) A. A. Benson, J. A. Bassham, M. Calvin, T. C. Goodale, V. A. 
Hassand W. Stepka, THIS JOURNAL, 72, 1710 (1950). 

(7) W. A. Bulen, J. E. Varner and R. C. Burrel, Anal. Chem., 24, 187 
(1952). 
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DIFFERENCES LN THE QUANTITATIVE AMINO ACID 
COMPOSITION OF INSULINS ISOLATED FROM 

BEEF, PORK AND SHEEP GLANDS 
Sir: 

Recently insulin preparations from different 
animal species have been successfully fractionated 
by countercurrent distribution.1 Each prepara­
tion appeared to contain a major, or A, component 

(1) B. J. Hsrfenlst and L. C. Craig, THIS JQPRN.IL. 74, 3083 (1B62), 

Jqprn.il
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and varying amounts of minor components. In 
the system studied the partition ratios of the major 
components of beef, pork and sheep insulins ap­
peared to be identical within the experimental 
error, but this by no means proves that these com­
ponents are identical, particularly with a solute 
of the size and complexity of insulin. It indicates 
only that their physical properties are remarkably 
similar. From the standpoint of a critical evalua­
tion of the experimental methods available for 
separating intact proteins and in order to find out 
whether or not the purity of a given preparation 
can be established with any degree of reliability by 
countercurrent distribution, it is important to 
compare these purified A components from the 
different species in the most searching manner. 
We have therefore compared their quantitative 
amino acid compositions by ion exchange chro­
matography. 2 Striking differences have been found. 

Analyses of products from hydrolyses carried out 
for 24 hours have shown that there are six amino 
acids which are present in different amounts in 
insulins prepared from the three species mentioned. 
These are given in Table I. Otherwise the amino 
acid compositions of the three preparations were 
identical. Minimum molecular weights of 5734, 
5778 and 5704 were calculated for beef, pork and 
sheep insulins, respectively, from the amino acid 
compositions using the closest integral values for 
the number of residues of each amino acid. Since 
molecular weight determination by the method of 
partial substitution3 on beef insulin has indicated a 
value in the range of 6,000, these minimum values 
were used as a basis for the numbers of residues of 
the six amino acids in Table I. All of the other 
amino acids are also present in approximately molar 
ratios when these molecular weights are • used. 
Recent studies4 by physical methods, however, 
have indicated a value for the molecular weight in 
the range of 12,000. 

TABLE I 

Amino 
acid 

Serine" 
Threonine" 
Glycine 
Alanine 
Valine6 

Isoleucineb 

Beef 
Amino 

acid resi­
due per 
100 g. 

protein, 
%• 

4.38 
1.71 
3.92 
3.60 
8.10 
1.30 

" Corrected for de 

Resi­
dues 

2.89 
0.97 
3.94 
2.91 
4.68 
0.66 

compo 

. Pork . 
Amino 

acid resi­
due per 
100 g. 

protein, Resi-
g. dues 

4.21 
3.10 
3.89 
2.67 
6.31 
3.02 

sition du 

2.79 
1.77 
3.94 
2.17 
3.68 
1.54 

ring h 

' Sheep . 
Amino 

acid resi­
due per 
100 g. 

protein, Resi-
g. dues 

3.16 
1.71 
4.70 
3.72 
8.34 
1.36 

ydrolysis. 

2.07 
0.96 
4.70 
2.99 
4.80 
0.69 

. » In 
the case of beef insulin the amounts of valine and isoleucine 
increased to molar proportions when the hydrolysis periods 
were increased to 48 hours and 96 hours, respectively. 

Sanger6 has obtained evidence by paper chroma­
tography that four of the amino acids in Table I 
may be present in different 'amounts in beef, pork 
and sheep insulins. Lens and Evertzen6 supported 

(2) S. Moore and W. H. Stein, J. Biol. Chem., 192, 663 (1951). 
(3) A. R. Battersby and L. C. Craig, T H I S JOURNAL, 73, 1887 (1951); 

E. J. Harfenist and L. C. Craig, ibid., 74, 3087 (1952). 
(4) P. Doty, M. Gellert and B. Rabinovitch, ibid., 71, 2065 (1952); 

H. Gutfreund, Biochem. J., 50, 564 (1952); J. L. Oncley, E. Ellenbo-
gen, D. Gitlin and F. R. N. Gurd, J. Phys. Chem., 66, 85 (1962). 

(5) F. Sanger, Nature, 164, 529 (1949). 
(a> J. Lent and A. Bvertien, Siechim. Biophys. Acta, S, 332 (ISSS). 

his conclusions. Other than these results, all 
studies based on physical methods, physiological 
activity and immunological specificity7 have not 
shown species differences in purified insulins. There­
fore the quantitative differences reported here must 
result in very slight physical and physiological 
differences. Species differences are well known to 
occur in the larger proteins. The results reported 
here suggest that similar species differences will be 
found in the smaller protein or peptide hormones. 

(7) D. A. Scott, / . Biol. Chem., 92, 281 (1931); D. A. Scott and A. 
M. Fisher, Trans. Roy. Soc. Canada, 34, 137 (1940); P. Wasserman and 
I. A. Mirsky, Endocrinology, 31, 115 (1942). 
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THE ACTION OF CARBOXYPEPTIDASE ON OVAL­
BUMIN 

Sir: 
It has been shown by Desnuelle and Casal1 and 

also by Porter2 that the ovalbumin molecule con­
tains no N-terminal amino acid residues according 
to the Sanger dinitrofluorobenzene (DNFB) 
method.3 This finding might be accounted for in 
several ways: (I) end-to-end cyclization of the 
ovalbumin molecule; (II) internal cyclization of 
the N-terminal portion of the molecule; (III) 
masking of the a-amino groups due to combina­
tion with the non-protein moiety of the molecule 
(carbohydrate4 or phosphate6); (IV) steric hindrance 
limiting the reactivity of free a-amino groups. If 
(I) were correct it should not be possible to demon­
strate the presence of any free C-terminal residues. 
However, the present experiments in which the 
substrate specificity of carboxypeptidase6-10 has 
been utilized indicate the presence of alanine as a 
C-terminal residue in ovalbumin. 

A 3 % solution of 4 times recrystallized oval­
bumin was incubated at pH 7.4 with a suspension 
of commercial crystalline carboxypeptidase (Worth-
ington) at a concentration of 0.08-0.15 mg. per ml. 
In order to rule out contaminating proteinase 
activities the experiments were repeated after three 
additional crystallizations of the enzyme.11,12 No 
difference in results was noted. Aliquots of the 
reaction mixture were removed at intervals and 
adjusted to the isoelectric point of ovalbumin 
(pH 4.7) by the addition of 0.01 N HCl. Four 
volumes of absolute ethanol were then added and 
the alcoholic suspension was boiled for 5-10 min. 
The coagulated protein was removed by centrif-

(1) P. Desnuelle and A. Casal, Biochem. Biophys. Acta, 2, 64 (1948). 
(2) R. R. Porter, Biochem. J., 46, 473 (1950). 
(3) F. Sanger, ibid., 39, 507 (1945). 
(4) A. Neuberger, ibid., 32, 1435 (1938). 
(5) S. P. L. Sorensen, Compt. rend. trav. Lab. Carlsberg, 18, No. 5 

(1930). 
(6) J. Lens, Biochem. Biophys. Acta, S, 367 (1949). 
(7) W. Grassman, H. DyckerhofE and H. Eibeler, Z. physiol. Chem., 

189, 112 (1930). 
(8) A. R. Thompson, Nature, 169, 495 (1952). 
(9) J. Ieuan Harris, T H I S JOURNAL, 74, 2944 (1952). 
(10) J. Ieuan Harris and C. H. Li, ibid., 74, 2945 (1952). 
(11) F. W. Putnam and H. Neurath, J. Biol. Chem., 166, 803 

(1946). 
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