GRAIN SORGHUM PROLAMINE FRACTIONS AND COMPONENTS

ACKNOWLEDGMENT

The authors thank Allen J. St. Angelo for arranging the
feeding experiments, Paul Pradel for technical assistance,
Wallace K. Bailey for supplying the peanuts, and Robert L.
Ory for valuable discussions.

LITERATURE CITED

Albanese, A. A., “Protein and Amino Acid Nutrition,” Academic
Press, New York, N.Y., 1959, p 376,

Anaggglaraman, K., Carpenter, K. J., J. Sci. Food Agr. 20, 703
(1969), ’

Association of Official Agricultural Chemists, Official Methods
of Analysis, 10th ed., The Association: Washington, D.C., 1965,
p 203,

Bjarnason, J., Carpenter, K. J., Brit. J. Nutr. 23, 859 (1969).

Blount, W, P., J. Brit. Turkey Fed. 9, 55 (1961).

Borchers, R., Ackerson, C. W., J. Nutr. 41, 339 (1950).

Conkerton, E. J., Frampton, V. L., Arch. Biochem. Biophys. 81,
130 (1959).

Dau;s6agnt, J., Neucere, N. J., Yatsu, L. Y., Plant Physiol. 44, 471
(1969).

Dechary, J. M., Econ. Bot. 24, 113 (1970).

Dimler, R. J., Chem. Eng. Prog. 65, 20 (1969).

Ellis, G. P., Advan. Carbohydr. Chem. 14, 63 (1959).

Evans, W. R., Bandemer, S. L., Cereal Chem. 44, 417 (1967).

Grabar, P, Williams, C. A., Biochim. Biophys. Acta 10, 193 (1953).

Horn, M. J., Agr. Res. 17, 4 (1969).

Kensler, C. J., Natoli, D. J., in “Aflatoxin” Leo Goldblatt, Ed.,
Academic Press, New York, London, 1969, p 333.

Lee, S. L., Cucullu, A. D., Franz, Jr., Pons, W. A., Jr., J. AGr.
Foop CHEeM. 17, 451 (1969).

Mann, G. E., Codifer, L. P., Jr., Dollear, F. G., J. Acr. Foop
CHEM. 15, 1090 (1967).

McCollum, E. V., Davis, M., J. Biol, Chem. 23, 247 (1915).

McOsker, D. E., J. Nutr. 76, 453 (1962).

Moore, B, Stein, W. H., Methods Enzymol. 6, 819 (1963).

Newell, J. A., Mason, M. E., Matlock, R. S., J. AGR. Foop CHEM.
15, 767 (1967).

Osborne, T. B., Mendel, L, B., J. Biol. Chem. 32, 369 (1917).

Osner, R. C,, Johnson, R. M., J. Food Technol. 3, 81 (1968).

Razo,%P. B, R., Norton, H. W., Johnson, B. C., J. Nutr. 82, 83
1964),

Ve(n%h'a, A. W, Tappel, A. L., J. Amer. Oil Chem. Soc. 35, 135
1958).

Waldroup, P. W, Harms, P. H., Poultry Sci. 44, 1066 (1965).

Woodham, A, A,, Dawson, R., Brit. J. Nutr. 22, 589 (1968).

Received for review March 9, 1971,  Accepted September 22, 1971,
Reference to a company or product name does not imply approval
or recommendation of the product by the U.S. Department of Agri-
culture to the exclusion of others that may be suitable.

Physical Chemical Characterization of Grain Sorghum Prolamine

Fractions and Components

Alfred C. Beckwith* and Richard W. Jones

The prolamines of grain sorghum have the unique
property of forming gels at low protein concentra-
tions in a variety of solvents. Differences in the
solubility properties and amino acid composition

of prolamine fractions are described, and evidence
is presented to show that protein from sorghum
prolamines undergoes noncovalent interaction even
in such solvents as 6 M guanidine hydrochloride.

American grain sorghum hybrids were previously
described (Jones and Beckwith, 1970). We noted that
the prolamine class of protein from these hybrids readily
formed gels in alcohol-water systems, as well as in such
solvents as dimethyl sulfoxide and 8 M urea solutions. In
the alcohol-water system the addition of 1.5 M guanidine
hydrochloride (GHCI) prevented gel formation, whereas the
addition of sulfhydryl blocking agents or disulfide bond-
breaking compounds did not influence the gelling phenomena.
As a continuing study of the properties of these proteins, we
wish to report observed differences in solubility properties
and amino acid composition between two fractions from the
prolamines of the three hybrids used earlier. In addition,
the sedimentation equilibrium behavior of these isolates was
examined as a function of protein concentration and pH in
solutions of 6 M GHCI which is considered to be strong
noncovalent bond-disrupting agent,.

The proximate composition and proteins of three

MATERIALS AND METHODS

For quantitative measurements, the GHC! used was an
ultra-pure grade obtained from Mann Research Laboratories.
All other standard chemicals used in preparing solutions or
solvents were reagent grade.

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

PROTEIN ISOLATION

The method used to extract the prolamines from grain
sorghum flour has been presented earlier (Jones and Beckwith,
1970). The prolamine fraction is dispersed in 959 ethanol
and then cooled to 9-10°C. After centrifugation at this
temperature, the solution is treated with decolorizing carbon
to remove red pigments. Evaporation of the alcohol yields a
white protein preparation used as one fraction in these studies.

The fastest migrating gel electrophoretic component of the
prolamines (Jones and Beckwith, 1970) was isolated from a
0.5% w/v solution of decolorized prolamine in 60%, v/v
tert-butanol-water containing 1.5 M GHCI to prevent gelling.
Water (1.8 vol) is slowly added to the solution at room
temperature, After centrifuging at about 10,000 X g,
the centrifugate is dialyzed against water and then freeze-
dried. The crude product is taken up in 6 M GHCI (8-10%;
w/w total protein concentration) and passed over a 96 X 5 cm
Sephadex G-150 column at 25°C with a flow rate of 10 ml per
hour using 6 M GHCl as eluent. The first 1020 ml of effluent
are discarded and the next 200 ml are collected, exhaustively
dialyzed against water, and then freeze-dried.

Amino Acid Analysis and Electrophoresis. The method-
ology was described in our earlier report (Jones and Beck-
with, 1970).

Ultracentrifugation. A Spinco Model E ultracentrifuge
equipped with RTIC control, photoelectric scanner attach-
ment, multiplexing accessory, and spherical mirror optical
system was used to examine sedimentation equilibrium be-
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The amount of free ammonia obtained during the amino
acid analysis is shown in Table I to indicate that the aspartic
and glutamic acid residues probably exist chiefly in the amide
form in all three preparations. Like other cereal prolamines,
these preparations are also characterized by their large
amounts of residues possessing aliphatic side chains.

To minimize pressure effects and to eliminate the possibility
of solvent redistribution during sedimentation analyses, 6 M
GHCI was the best solvent in which to compare the sedi-
mentation equilibrium behavior of the single component and
the 959 ethanol-soluble protein. From the results shown in
Figure 1 it is quite likely that the ethanol solubles would con-
stitute a paucidispersed system in the ultracentrifuge. There-
fore, the main purpose for examining such a possible mixture
in the ultracentrifuge was to note changes in the weight
average molecular weight for the nonredistributed solute at
different pH values and initial protein concentration. It was
assumed that a sedimentation analysis of the 3.5 cm band. in
Figure 1, under similar experimental conditions as employed
with the mixture, would indicate a minimum molecular
weight value for the proteins of sorghum prolamines.

Table II presents the weight average molecular weight
values obtained in neutral GHCI for the 95 %7 ethanol-soluble
mixture as a function of initial protein concentrations. For
the most concentrated solution shown in Table II, the apparent
weight average molecular weight ranged from 36,400 at the
meniscus to 165,000 at the bottom of the cell, and for the
most dilute solution these values were 22,300 and 140,000,
respectively. It has been estimated that the precision of a
single weight average molecular weight value is =2.5%. The
molecular weight values given in Table II show a definite
decrease with decreasing initial protein concentration. As a
first approximation, a linear extrapolation of M,~! values
obtained from Table II to infinite dilution would indicate a
minimum weight average molecular weight value of about
36,000 = 4500,

When the 6 M GHCI solvent was made acidic with either
0.1 M citric acid or 0.001 N HCI, ¥, values showed no change
with changes in initial protein concentrations. For six
protein solutions in acidic 6 M GHCI ranging in protein
concentrations from 0.487 to 0.152 mg/ml, the M, value was
85,200 = 5200. The average M., values ranged from
42,300 at the meniscus to 380,000 at the bottom of the cell.
Clearly these results, when compared to those obtained in
neutral solution, indicate that sorghum prolamine proteins
can likely undergo strong noncovalent interactions to form
association product, as well as being a paucidispersed system.
In neutral solutions the presence of a few ionized carboxyl
groups acting as solvent interaction sites might be sufficient
to induce dissociation of larger units as the protein con-
centration decreases. '

For the single component (3.5 ¢cm band in Figure 1), the
equilibrium molecular weight showed no dependence upon
pH at 25°C in 6 M GHCI solutions. Molecular weight
values for this component at four different initial protein
concentrations are shown in Table III. For the two most
dilute solutions in Table III, the apparent molecular weight
was constant across the liquid columns, indicating that in
these solutions the protein was sedimenting as an ideal
solute. For the next most concentrated solution, the if.
values in Table III described the apparent molecular weight
over at least 909 of the liquid column. The analysis, how-
ever, did indicate that some higher molecular weight material
was present very near to the bottom of the sector cell. The
computer analysis for the most concentrated solution shown

Table II. Weight Average Molecular Weights for 95
Ethanol-Soluble Proteins from TE-77 Grain Sorghum

Initial protein
concentration, mg/ml

le for nonredistributed
proteins, g/mol

0.212 65,400
0.179 60,400
0.146 59,000
0.110 44,600
Table ITI. Weight Average Molecular Weight

for a Single Component from TE-77 Prolamine

‘M, for nonredistributed
component, g/mol

Initial protein
concentration, mg/ml

0.408 27,500
0.320 22,000
0.270 22,000
0.136 20,500

in Table III clearly indicates that the molecular weight
changes with position in the liquid column. For this solu-
tion, Mwapp values ranged from 20,000 at the meniscus to
43,600 at the bottom of the cell. This range of molecular
weights, in addition to the appearance of minor bands in the
gel electrophoretic pattern (Figure 1), could be interpreted as
evidence supporting at least a monomer—dimer association—
dissociation reaction at sufficiently high protein concentra-
tions. On the basis of the amino acid composition given in
Table I for the single component, a single chain peptide
containing two isoleucine residues would have a molecular
weight of 17,100, Using the data in Table III, a linear extrap-
olation of M..pp~! vs. initial concentration to infinite
dilution yields a {7, .,p value of 18,000 = 1400, which is in
excellent agreement with the estimate based upon amino acid
composition.

Finally the authors wish to call attention to observations
made by Wu et al. (1970). These workers noted that the
optical rotatory dispersion properties of sorghum prolamines
do not change during the formation of gels in 607 v/v
tert-butanol-water solvent. While the addition of GHCl to a
1.5 M concentration prevented gel formation, the optical
properties changed only slightly. These workers noted that
in 6 M GHCI! solution the secondary structure of these
proteins was changed markedly. In view of these observa-
tions and the results presented above, it appears that the
proteins of sorghum prolamines can undergo very strong
noncovalent associations which can persist in solution even in
the presence of high concentrations of GHCL
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