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terest with respect to biological specificity phenomena to find on
very simple models that salt formation can be accompanied by
selectivity and specificity.

We first applied the method of selective precipitation to the
amino acids of gelatin. We hydrolyzed gelatin completely, and,
employing three different metal complexes, we estimated the
content of glycine, proline, and hydroxyproline. Proline, for
instance, was precipitated by means of rhodanilic acid out of the
mixture of about 15 amino acids in the gelatin hydrolysate. The
purity of the precipitate is striking and demonstrates best the
high selectivity which is attainable.

Gelatin has often been used to test new methods of protein

TABLE 5

PER CENT/
PROTEIN AMINO ACID PER CENT MOLECULAR RATIO
WEIGHT
Gelatin Glycine 25.5 0.34 6
Proline 19.7 0.17 3
Hydroxyproline 14 .4 0.11 2
Alanine 8.7 0.10 2
Leucine-isoleucine sl 0.055 1
Arginine 9.1 0.052 1

analysis. It belongs, therefore, to the few proteins the constitu-
ents of which are rather well-known. Table 5 is a combination of
the figures obtained by Dakin (3) and by ourselves (14). The
complete hydrolysis of water-free gelatin should yield 119 per cent
of split-products. Until recently, 92 to 93 per cent had been
accounted for. Our method has made it possible to account for
103 per cent.

We have begun to apply this method to enzymatic hydrolysates
of proteins, and in certain cases obtained selective precipitates of
peptides.  Without going into detail regarding these peptides,
it might be pointed out that the possibility of isolating homogene-
ous peptides in large amounts is a good argument for a regularity
inrthe arrangement of the amino acids in the protein molecule.

Let us examine now our knowledge of protein structure in the
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light of the information obtained on gelatin with the newer meth-
ods. To this end we consult again our table for the content of
glyeine, proline, and hydroxyproline in gelatin. The figures are
given in percentages of weight. In order to find out how many
molecules of these three amino acids there are in 100 molecules of
all the split products, we must divide the weight percentages
by the respective molecular weights. This calculation shows the
remarkable result that glycine represents one-third of all the
amino acids of gelatin, while proline represents one-sixth, and hy-
droxyproline one-ninth. The numbers of molecules for the three
amino acids, which together represent 60 per cent of the gelatin
constituents, are thus found to exist in a simple arithmetical
ratio. This relationship can not be fortuitous and must represent
a regularity in the structure of the protein itself. Other constitu-
ents of gelatin also appear to conform to a similar regularity.
But their percentage is relatively small and the consequent ex-
perimental error greater. It may be of interest to look for other
proteins which show similar regularities. In the case of another
scleroprotein—silk fibroin—, glycine, alanine, and tyrosine form
more than 60 per cent of the total split-products. These three
amino acids occur, according to the best available analysis (4),
in the molecular ratio 8 to 4 to 1 which means that in the protein
every second amino acid residue is glycine, every fourth is ala-
nine, and every sixteenth is tyrosine. Finally, a long time ago,
Kossel and Dakin (16) found that several protamines give 87 per
cent of arginine. The calculation has shown that two out of three
amino acids in these protamines must be arginine residues.

The relatively simple composition of protamines and the preva-
lence of arginine as a constituent led to the opinion that the
protamines differ from the other proteins in having a relatively
simple structure. The protamines were therefore thought to be
composed of sets of three amino acid residues, two of which were
always arginine. It was later found that the fiber proteins gave
x-ray diagrams, and it was attempted to explain these by the
periodic repetition of simple structural elements in the proteins.
Such hypotheses were disproved by the complicated analytical
figures for the proteins. Today, however, it is possible to extend
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the Kossel-Dakin hypothesis in a modified form to the more com-
plicated proteins. We do not expect to find a simple elementary
constituent which by manifold repetition confers upon the protein
molecule a simple periodicity. The analysis of gelatin indicates
that each of its predominant amino acids has its individual pe-
riodicity, but all of them have the figure three as the common fac-
tor. Similarly, in the case of silk fibroin the periodicity of the
main amino acids has as the common factor the figure two. Thus,
we find in both these proteins the single amino acids occurring
in periodicities which are expressed by arithmetical series.

The presence of so complicated a periodicity explains why the
problem of x-ray photography is so different for proteins than in
the case of substances with simple periodicity.

The immediate task of the chemist is to test the validity of this
concept of protein structure with regard to other proteins. The
difficulty of this task cannot be underestimated; we hope, how-
ever, that with the aid of proteolytic enzymes and the method of
selective precipitation we may succeed in penetrating further into
the structure of these most complicated substances of nature—
the proteins.
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