SEQUENTIAL AssAavs IN A HYBRID

pounds in water, the studies were performed
in 60% methanol. The results are in general
accord with the known specificity of the
aminopeptidase.
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Sequential Assays of 4 Amino Acids in Grains of Wheat, Rye, and

of Their Hybrid.*
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The chemical characterization of organisms
in ways that may be related to their biological
evolution may be taken as a primary objec-
tive of comparative biochemistry. A review
of peptide analysis(1) listed characterization
of proteins for biological differentiation as a
principal discernible goal, along with elucida-
tion of amino acid residue sequence. Quali-
ties of an ideal N-terminal agent were also
prescribed. The agent with many of these
attributes has proved to be fluorodinitroben-
zene (FDNB), which has been successfully
applied to problems of structure(2). FDNB
has received somewhat less use in character-
ization(3). It has become apparent that a
mote powerful mode of characterization might
be obtained from a method employing quanti-
tative sequential analysis. It therefore proved
to be desirable to employ phenylisothiocya-
nate(4) subtractively(5). Many data have
been accumulated by this procedure. A hy-
brid of wheat and rye(6) afforded an oppor-
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tunity to investigate chemical characteriza-
tion as related to biological type. For this
purpose, subtractive quantitative sequential
peptide analysis was applied to seeds of
wheat-rye hybrid (Triticale) and to its par-
ents.

For the grains of corn, wheat, and rye, most
amino acids have been found not to differ
significantly in total content or in proportion
in N-terminal and N-penultimate positions
(7). As wheat and rye seeds, however, were
significantly different in their quantitative
contents of total and N-terminal lysine, ly-
sine was chosen for simultaneous assay in
wheat, rye, and the hybrid. Assays of leucine
were also performed as a basis of comparison
inasmuch as the differences in leucine content
appeared to be significant. It was further-
more of interest to check on the C-terminality
of leucine. Inasmuch as lysozyme is known
to contain N-lysine(8,5) and C-leucine(9,10),
and the cereals comtain N-lysine(7), such
analyses permit comparison of whole cereal
protein with lysozyme. Methionine and phe-
nylalanine were also studied.

Materials and methods. The parent strains
were Triticum aestivum and Secale cereale.
The hybrid, Triticale, was generously sup-
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plied by Dr. J. G. O’'Mara of the Genetics
Department. The seeds were ground in a
Wiley mill to pass a No. 40 mesh sieve. Mois-
ture contents of the wheat-rye hybrid and its
wheat and rye parents were 8.4, 9.1, and
8.7% respectively.

The italicized figures (Table I) comprise
values obtained from the hybrid and from
its parents. Results on any one line were ob-
tained in a simultaneous set of assays. The
non-italicized values represent a non-parental
strain of wheat (Rival) and a non-parental
strain of rye (spring rye).

The methods have been mostly described
(5). Hydrolyses were conducted in excess
3 N hydrochloric acid in an autoclave at 15
b pressure for 16 hr. No significant differ-
ences in results were found when redistilled
hydrochloric acid was used under these condi-
tions. Each hydrolyzate was filtered at pH
4 as recommended by Horn, Blum, Gersdorft,
and Warren(11).

Assays were controlled by simultaneous as-
say of the same amino acid in an hydrolyzate
of Armour crystalline lysozyme (Lot No.
003L1) with aliquots of the same organism
and same medium. The standard deviations
(Table I) are calculated from the estimations
performed in quadruplicate at each of 5 lev-
els.

The critical subtractive lysine assay method
has been shown to be applicable to an N-
lysine protein [lysozyme(5)] and to peptides
with interior lysine [ACTH(12), bacitra-
cin hydrolyzates(13)]. The use of such
methods on unfractionated proteins is further
justified by recent results in studies of chy-
motryptic proteolysis of lysozyme. The
present type of analysis on unfractionated
mixtures of peptides from proteolysis indi-
cates that 2 of 3 phenylalanine residues in
lysozyme are opened at their carbonyl end
and that 2 of 3 tyrosine residues in the lyso-
zyme molecule are opened at their carbonyl
end by chymotrypsin(14). In a study of
aromatic peptides isolated individually from
the action of chymotrypsin on lysozymie,
Acher, Laurila and Fromageot(15), employ-
ing several techniques of structural assign-
ment on isolated peptides, also found 2 of 3
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phenylalanine C-residues and 2 of 3 tyrosine
C-residues opened by chymotrypsin. Aminoid
residues opened by chymotrypsin, as reported
in both types of study, comprise those of ar-
ginine, aspartic acid (asparagine), glycine,
and isoleucine.

- Results. The results are presented in
Table I.  No significant difference is found
between each of the 2 strains of either wheat
or rye. Significant amounts of free or N-
terminal amino acids of those reported can-
not be present except in the case of lysine,
inasmuch as the other 3 amino acids show
after one aminoid treatment a decrement
which is less than experimental variation. Ly-
sine also canmot be present in the free state
inasmuch as the value following C-terminal
treatment is the same as that for the un-
treated material.

Discussion. Wheat, rye, and wheat-rye
hybrid all contain N-lysine. In this respect,
they are closely related to corn, soy, and 2
blue-green algae. They differ from one of
the known N-lysine proteins, lysozyme, in
lacking valine in the N-penultimate position
(5). They now appear to differ further from
lysozyme in lacking C-leucine(9, Table I).
The value of a quantitative subtractive N-
terminal method for characterization of un-
fractionated proteins is demonstrated by these
results. Conventional tagging procedures fol-
lowing fragmentation of unfractionated pro-
teins would not permit conclusions on the se-
quential location of each type of amino acid.

The results with leucine indicate that the
content of this amino acid in the hybrid is
not intermediate between those of the par-
ents. This relationship applies for the total
content or that in the N-terminal position or
in the N-penultimate position. The total ly-
sine contents and the terminal lysine contents
are, however, intermediate for the hybrid.}
This result suggests that some amino acids,
and/or some amino acids in particular posi-
tions in the protein portions of the organism,
are more intimately involved with biological
specificity than othersS. Whether or not these

! The total N value is also intermediate.

§ This finding supports a similar earlier interpreta-
tion of the importance of basic amino acids, ¢f. Block,
R. J., Yale J. Biol. Med., 1935, v7, 235.
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contents are fundamentally part of the geno-
type or part of the phenotype is of interest.

The answer to this question also bears on
whether protein or nucleic acid is the heart of
the genetic apparatus. Evidence can be cited
for the importance of either type of structure
(16,17). It is, therefore, possible that either
protein or nucleic acid or both may function
as ultimate determinants of biological speci-
ficity, or both may be manifestations of a
more fundamental structure, or perhaps,
interactions of structures. The present re-
sults, like those of Knight's study on
tobacco mosaic virus proteins(16), indi-
cate that amino acid-containing structures
play a central role in some of such determina-
tions. On the other hand, the limited diver-
sity of types found in cereal seeds(7) by
these criteria, as well as statistical analyses of
amino acid composition(18), suggest that no
very elaborate structural code would be re-
quired for the nucleic acids to determine types
of protein.

Summary. Wheat, rye, and a wheat-rve
hybrid have been analyzed for leucine, lysine,
methionine, and phenylalanine. The assays
have included total, N-terminal, N-penulti-
mate, and C-terminal proportions of these
amino acids. In all cases, only lysine is N-
terminal. C-Terminal assays permit the con-
clusion that this lysine is all terminal, and not
free. The proportions of total lysine and N-

StiMuLATION OF LATENT VIRAL INFECTION

lysine in the hybrid are intermediate between
the values in the parent strains. The compar-
able result for leucine is not intermediate.
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Previous investigations have demonstrated
that tissue cultures of minced chick embryos,
maintained for 11 to 14 days in a simple me-
dium of inorganic salts and glucose, can be in-
fected readily with psittacosis virus but do

* This investigation was supported by a research
grant (C-2223) from the National Cancer Institute,
National Institutes of Health, Public Health Service.

not support the multiplication of this agent
(1,2). Following inoculation, such a latent
infection can be maintained successfully for
periods up to 15 days, the duration of cell sur-
vival under such conditions(2). Moreover,
it has been established that viral multiplica-
tion can be induced at any time during this
period by the addition of embryo extracts or



