NaCl, water, 709, ethanol, and 0.1 N acetic acid. The
nitrogen content of his extracts varied from 0.4 to 7.7%, and
two-thirds of the nitrogen remained in the residue. Although
his work is on oat flour while our results are on the individual
dry-milled fractions, the percentages of total nitrogen ex-
tracted by water and by 709 ethanol in his study are com-
parable with those in Table II. On the other hand, the
percentage of total nitrogen extracted by 1 M NaCland 0.1 ¥
acetic acid was much higher in our studies. Our higher re-
covery of globulin may be a result of the higher concentration
of NaCl used. In addition, there may be differences among
the oats used for extraction. Our nitrogen recovery calcu-
lated from Table II was not far from the 82.7% value re-
ported by Ewart. Starch gel electrophoresis in 8 M urea of
his 7097 ethanol extracts of oat flour showed three bands, the
same number as we obtained from Wyndmere break flour.
Five bands were observed in starch gel electrophoresis by
Elton and Ewart (1962) from their oat flour dispersion in
aluminum lactate buffer, which dissolved only 23 % protein.

Waldschmidt-Leitz and Zwisler (1963) isolated albumin,
globulin, and avenin from defatted oat flour and studied the
amino acid composition. Because their nitrogen recovery
was very low (less than 5%;), their results may not be repre-
sentative. For this reason, no comparison was made between
their results and Table V. The amino acid composition of
Wyndmere oats in Table IV agrees quite well with com-
positions reported by Hischke et al. (1968) for seven varieties
of oat groats and with the mean amino acid composition of
289 oat groats as established by Robbins ez a/. (1971).

The availability of high-protein oats, the favorable solu-
bility properties of oat proteins, and their well-known nutri-

Grain Sorghum Glutelin:
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tive value indicate a bright future for low-cost, high-protein,
and highly nutritious food products being made from oat
fractions.
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Isolation and Characterization

Alfred C, Beckwith

Glutelin accounts for more than half of the total
protein content in three grain sorghum hybrid
flours. A procedure has been developed to isolate
this major fraction of highly insoluble proteins.

Changes in glutelin solubility, gel electrophoretic,
and chromatographic properties accompanying the
cleavage of protein disulfide bonds are described.

grain sorghums, Jones and Beckwith (1970) noted that

less than half the total protein nitrogen in the flour
fractions was extractable protein nitrogen. A method has
now been developed for isolating the major protein fraction,
hereafter called glutelin. This glutelin is not extracted from
flour with common neutral or weakly acidic solvents. Basic
solvents were not employed, to avoid possible chemical decom-
position of macromolecules. Physical-chemical properties
of the isolated glutelin were roughly determined, as well as
those of the product left after disulfide bond disruption.

In describing the protein composition of three hybrid

Northern Regional Research Laboratory, U.S. Depart-
ment of Agriculture, Peoria, Illinois 61604,

MATERIALS AND METHODS

Guanidine hydrochloride (GHC], Eastman Organic Chem-
icals white label grade) was recrystallized by the method of
Kolthoff ez al. (1957). When used in reaction solvents, GHCI
was further purified by the procedure of Wu and Dimler
(1964). B-Mercaptoethanol, also purchased from Eastman
Organic Chemicals, was redistilled under nitrogen. The
fraction boiling at 153-155°C was collected and used as a
disulfide bond reducing agent. Acrylonitrile (Eastman’s
yellow label) was used as a sulfhydryl blocking agent without
further purification. Sephadex G-150 crosslinked dextran
was purchased from Pharmacia Fine Chemical Inc. Twice-
recrystallized hog pancreas a-amylase came from the Mann
Research Laboratories. The stated activity of the enzyme
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Neville Prentice

Invertase was present in soluble and insoluble form
in barley axis, scutellum, shoot, and rootlet, but
was absent or at a low level in the degermed caryop-
sis. The shoot tissue contained two soluble in-
vertases which were isoelectric at pH 4.1 and pH
10.0, but the axis, scutellum, and rootlets contained
only one soluble invertase, and this was isoelectric
at pH 9.5. The soluble invertases have been ex-
amined also for pH optimum and stability, thermo-

stability, molecular weight, and Michaelis constants;
the insoluble enzymes have been examined for all
these properties except molecular weight and iso-
electric pH. The apparent molecular weights of all
soluble invertases as determined by gel filtration
were 92,000 = 3000. K., values for soluble and
insoluble enzymes were in the range 2 X 103 M
t09 X 10~ M.

grain is the formation of sugars from endosperm

carbohydrates for use by the developing seedling. In
germinating wheat and barley seed, glucose is converted to
sucrose in the scutellum (Edelman er «/., 1959) and sucrose is
then transported to the axis, where it is rapidly utilized
(Palmer, 1969).

Jones and Armstrong (1971) have shown that in germi-
nating barley, a-amylase increases with increasing levels of
applied gibberellic acid until a maximum level of enzyme
activity is reached. This maximum level was determined by
the level of maltose, glucose, and other low molecular weight
substances near the aleurone cells. Removal of these sugars
by way of sucrose synthesis in the scutellum and sucrose
utilization in the rootlets and shoots should stimulate enzyme
formation in the aleurone cells.

Radley (1969) has shown that if sucrose accumulates in
barley scutellum, further breakdown of carbohydrate in the
endosperm declines, since gibberellin production in the scutel-
lum, and hence gibberellin-dependent enzyme synthesis in the
aleurone cells, stops or continues at a low level.

Invertase (p-fructofuranoside fructohydrolase, E.C. 3.2.-
1.26) of the barley kernel, an enzyme likely to be involved in
sucrose utilization in the axis, has received little attention.
Hoffmann and Giinzel (1955) demonstrated increasing activity
in aqueous extracts of tissue obtained at various times during
germination. Most of the enzyme was in the seedling tissue.
Nolte and Kirchdorfer (1954) viewed the increase in the
water-soluble invertase activity to arise from the release of an
extracellular enzyme by a hydrolytic cleavage of an intra-
cellular one. Data obtained with three barley varieties
indicated that activity of the soluble enzyme is influenced by

One of the important processes in the germination of

Barley and Malt Laboratory, Plant Science Research Divi-
sion, Agricultural Research Service, U.S. Department of
Agriculture, Madison, Wisconsin 53705.
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nitrogenous fertilization of the plant, and that the level of
activity is a varietal character. The results of Nolte and
Kirchdorfer and of Radley suggest that invertase activity of a
variety may be meaningful in relation to good malting quality
for which optimal modification of endosperm constituents is
necessary. Before such a relationship can be properly
examined, a better characterization of the enzymes would be
appropriate.

This paper describes some properties of soluble and in-
soluble invertase and the distribution of these enzymes in
tissues of two barley varieties.

MATERIALS AND METHODS

Barleys and Malt Rootlets. The barleys were Larker, a
midwest 6-row type, and Piroline, a 2-row type. Malt root-
lets from kilned Larker malt were furnished by the Kurth
Malting Co., Milwaukee, Wis.

Germination Procedures. (a) One-hundred-and-seventy
grams (dry basis) of each barley was steeped in running tap
water at 16°C to 459 moisture and germinated at 16°C in
the dark until rootlet length was about 1 cm. This required
7 days for Larker and 6 days for Piroline. (b) Larker barley
was washed thoroughly with sterile distilled water. Fifty
kernels were placed in a sterile Petri dish which contained two
sheets of Whatman No. 1 filter paper moistened with 5 ml of
the water, and germinated as before for 96 hr. Twelve-
hundred kernels were germinated and stored at —25°C.

Preparation of Tissue from Germinated Barleys. For the
separation of component tissues, Larker and Piroline barleys
were germinated by method (a). Kernels were thawed and
separated into rootlet, shoot, degermed caryopsis, and embryo
tissues. Piroline embryo was separated into axis and scutel-
lum. All tissues were lyophilized.

For large quantities of rootlets, Larker was germinated by
method (a) and lyophilized. For large quantities of shoots
the Larker was germinated by method (b), and the shoots were
excised and lyophilized.



