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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 
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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-
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ligation and the supernatant, after being concen­
trated on the steam-bath, was subjected to paper 
chromatography for identification of the amino 
acids released. In most cases two-dimensional 
chromatography was used with 80% phenol-
water as one solvent system and 70% propanol-
water as the other. The papers were sprayed with 
0.3% ninhydriti in water-saturated w-butannl and 
heated at 105° for 5 min. Controls of enzyme 
alone and of ovalbumin alone incubated under 
these experimental conditions were completely 
negative. 

After :>0 min. of incubation at 37° the only amino 
acid that could be demonstrated was alanine. 
After 60 min. of incubation only alanine could be 
detected immediately on heating of the paper. 
However, 24 hr. later very faint traces of several 
other amino acids became visible. After 120 min. 
of incubation the yield of alanine as estimated by 
the spot comparison method13 was about 20% of 
the theoretical value calculated on the basis of one 
mole of alanine per mole of ovalbumin. Because 
the method of protein coagulation used here prob­
ably causes significant losses of free amino acids, 
this yield can only be taken as a minimum value. 
At 120 min. five other amino acids could be defi­
nitely identified, although present in much smaller 
amounts than the alanine. According to their Rv 
values in several solvent systems these were: 
valine, aspartic acid, glycine, glutamic acid and 
leucine (or isoleucine). 

Subsequent incubations were carried out at 25° 
in an attempt to slow the reaction and establish, if 
possible, the sequence of appearance of these extra 
residues. Again at 25° the only amino acid re­
leased in short incubations (1 hr.) was alanine. 
Longer incubations (5 hr.) yielded larger amounts 
of alanine together with small amounts of the same 
five residues mentioned above. In one experiment 
the only amino acid that could be detected in 
addition to alanine was aspartic acid. 

Since very little detailed information is available 
concerning the action of carboxypeptidase on intact 
proteins it was necessary to consider the possibility 
that the enzyme might be splitting open a cyclic 
molecule and then removing the C-terminal residue 
thus made available. If this were the mechanism 
an N-terminal residue should simultaneously be­
come available (unless, of course, the non-protein 
moiety formed the bridge between N-terminal and 
C-terminal residues). The Sanger DNFB method3 

was applied both to native ovalbumin and to car­
boxypeptidase treated ovalbumin. No N-terminal 
residue could be demonstrated in either case. 

It is concluded that alanine, at least, is a C-
terminal residue in ovalbumin. The absence of 
free a-amino groups,1'2 which has been confirmed 
here, is not due to end-to-end cyclization of the 
molecule but probably due to masking by the non­
protein moiety. 

It will be noted that the amino acids removed 
from ovalbumin by carboxypeptidase in the longer 
incubations are without exception to be found as 
component amino acids in the small peptides re-

(13) R. B. Fi»b«r, D. S. P»r»oj>» nod G, A Morrinon, Natttre, »91, 
784.(1848). 
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moved from ovalbumin by the B. subtilis enzyme 
of Linderstr0m-Lang and Ottesen.11-16 While this 
may be coincidental it suggests very strongly that 
the peptides cleaved from ovalbumin when it is 
converted to plakalbumin occupy a C-terminal 
position in the intact molecule. In support of this 
hypothesis we have observed that the action of 
carboxypeptidase on plakalbumin no longer yields 
alanine predominantly as it does in the case of 
ovalbumin. Kinetic experiments will be necessary, 
however, to explore the possibility that one or 
more of the 5 amino acids appearing subsequent 
to alanine may also be C-terminal. 

(14) K. Linderstr0m-Lang and M. Ottesen, Comfit, rend. trav. J.ah. 
Carlsbcri, 26, 403 (194B). 

(15) M. Ottesen and C. Villee, ibid., 27, 421 (1951). 
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THEVERATRINEALKALOIDS. XXXIV. THE TRANS­
FORMATION OF ISORUBIJERVINE TO SOLANIDINE 

Sir: 
Studies on the tertiary veratrine bases indicate 

that all those thus far studied are members of a 
closely related group of hexacyclic substances 
which includes the potato base solanidine. All 
possess formulations of 27 carbon atoms and when 
subjected to selenium dehydrogenation, furnish a 
characteristic basic degradation product, 2-ethyl-5-
methylpyridin e.1 ~3 

Previous studies on isorubijervine, C27H43NO2 
{Veratrum albumlA and Veratrum vivide?) have 
shown that this alkaloid possesses a 3(|S)-hydroxy-
A5-stenol character and the data at hand suggested 
that it, like rubijervine,6 may be a hydroxy-solani-
dine.7 Recently we have demonstrated this by the 
direct conversion of isorubijervine to solanidine by 
a method which appears to avoid any ambiguous 
stereochemical inversion. 

Treatment of isorubijervine [m.p., 236-238°; 
[<*]-"JD +9.2° (c 1.1 in 95% EtOH)], in pyridine 
with ^-toluenesulfonyl chloride preferentially 
yielded a primary mono tosyl derivative (II), 
m.p. 270-273° dec ; H30D - 3 6 ° (c 1.5 in abs. 
EtOH); Anal. CaICd1IOrC84H49NO4S: C, 71.92; 
H, 8.70; S, 5.65. Found: C, 71.95; H, 8.58; 
S, 5.53. I l was further characterized by oxidation 
with aluminum /-butoxide to the corresponding 
A4-3-ketone (III), m.p. 316-319° dec ; Anal. 
Calcd. for C34H47NO4S: C, 72.17; H, 8.37; S, 5.67. 
Found: C, 71.92; H, 8.37; S, 5.52. Oxime, m.p. 
302-304° dec ; Anal, Calcd. for C34H48N2O4S: 
C, 70.31; H, 8.33; N, 4.82. Found: C, 70.10; 
H, 8.38; N, 4.82. 

Treatment of II with sodium iodide in diethyl 
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