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Recent Developments in Corn Protein Research

Jerrold W. Paulis

Corn grain consists predominantly of zein and other alcohol-soluble components that are deficient in
lysine. Protein of high-lysine corns such as opaque-2 and floury-2 contains a smaller proportion of these
alcohol-soluble proteins. Recent studies were carried out by our laboratory of the structure of zein and
its genetic variations as means to identify various races and ancestral lines of corns. An alcohol-soluble
fraction was isolated from the reduced glutelin and shown to be distinct from zein by amino acid analysis
and electrophoresis. The increase in this lysine-deficient but methionine-rich alcohol-soluble glutelin
fraction in su, lines enhances the methionine content of the grain—a desirable characteristic in feed

formulations.

Corn is a principal source of food for millions of people,
particularly in Latin America and Africa. It is an excellent
source of carbohydrates, but its protein quality is relatively

Northern Regional Research Center, Agricultural Re-
search, Science and Education Administration, U.S. De-
partment of Agriculture, Peoria, Illinois 61604.

poor because it is deficient in the essential amino acids
lysine and tryptophan. Mertz et al. (1964) showed that
the endosperm of corn seeds homozygous for the opaque-2
(0,) mutant gene had a higher lysine content than normal
endosperm. Mutation at the 0, locus dramatically alters
the relative amounts of the different endosperm proteins,
which vary in amino acid compositions. This finding that
introduction of the 0, mutant gene into corn improved the
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Table II. Amounts of Alcohol-Soluble Protein Subunits
in Reduced Glutelins from Normal and Opaque-2 Maize®
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Table III. Amino Acid Composition of Alcohol-Soluble
Reduced Glutelin Preparations and Zein?

N 0,
(1) amount of glutelin, 37.5 46.2
% of total protein
(2) alcohol-soluble protein 17.8 7.8
subunits in reduced
glutelin, %
(3) alcohol-soluble glutelin 6.7 3.6
in total protein, %
(1x 2)
(4) zein in total protein, % 45.8 24 .4
(5) zein + alcohol-soluble 52.8 28.7

glutelin subunits, % of
total protein (3 + 4)

¢ From Paulis et al. (1969).

may be its direct ancestor, whereas tripsacum is less closely
related.

Figure 6 shows that zein polypeptides from ground en-
dosperm meals of single kernels of various races of corn
exhibit sufficient differences in the IEF pattern to fulfill
the conditions for being considered almost perfect traits
for racial classification (Paulis and Wall, 1979a). Detailed
studies of IEF patterns of zeins from the corn races might
be useful in following their introgression into the present
hydrids.

ALCOHOL-SOLUBLE REDUCED GLUTELIN (ASG) VS.
ZEIN

In an effort to study the residual glutelin after albumins,
globulins, and zein proteins were removed from core en-
dosperm meal, it was found that the addition of mercap-
toethanol to an 70% ethanol-0.5% sodium acetate solvent
removed protein from normal and an opaque-2 counterpart
corn (Table II) (Paulis et al., 1969). This protein was
thought to be zein-like in solubility, but later it was termed
alcohol-soluble reduced glutelin (ASG) based on the def-
inition that all proteins remaining after removal of salt and
alcohol protein were glutelins (Paulis and Wall, 1971). In
normal corn, ASG accounts for about 20% of the glutelin
or 8% of total protein; about half this yield was obtained
from opaque-2 corn.

The observation that an alcohol-soluble fraction of
glutelin (ASG) can be extracted from reduced glutelin was
also made independently by Landry and Moureaux (1970).
They referred to this fraction as G;. Differences between
normal and opaque-2 corn in amounts of ASG subunits
were confirmed by Sodek and Wilson (1971) who referred
to this fraction as zein-2.

SGE patterns of alkylated-reduced (A-R) glutelin
showed an absence of lower migrating bands after ex-
traction of the protein with 70% ethanol (Paulis et al.,
1969). This slow-migrating protein had a mobility similar
to that of A-R zein. High-lysine SGE pattern of A-R
glutelin contained less of this slower migrating protein than
did normal corn.

Later, a comparison of SGE patterns of different A-R
glutelin preparations showed that the ethanol-extracted
product yielded about four slow-moving electrophoretic
bands that corresponded in mobility to that of A-R zein
and two bands having greater mobility (Paulis and Wall,
1971). The 70% ethanol insoluble A-R glutelin exhibited
bands with more rapid migration than those of the zeins.

The ethanol-soluble fraction of A-R glutelin was much
different in amino acid composition than the ethanol-in-
soluble A-R glutelin (AIG) (Paulis and Wall, 1971). The
ASG contained much less lysine, arginine, aspartic acid,
and glycine and more proline, leucine, methionine, and
half-cystine than the AIG. It was also not identical to A-R

g/100 g of protein

water- water-
soluble insoluble
ASG ASG

»
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[®]

amino acid zein

e
RN
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lysine
histidine
ammonia
arginine
aspartic acid
threonine
serine
glutamic acid
proline
glycine
alanine

valine
methionine
isoleucine
leucine
tyrosine
phenylalanine

¢ From Paulis and Wall (1977a).
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Figure 7. Effect of 70% ethanol extraction of alkylated-reduced
glutelin on Sephadex G-200 chromatography [Paulis and Wall
(1971)].

zein as evidenced by its higher content of histidine, argi-
nine, proline, glycine, methionine, and half-cystine and its
lower amount of aspartic acid, alanine, and leucine (T'able
III). 'The presence of 3 times more half-cystine in the ASG
than in A-R zein may account for a high degree of disulfide
cross-linking, which could render the protein insoluble in
70% ethanol before disulfide cleavage as compared to
native zein’s solubility in 70% ethanol.

When A-R glutelin is passed through two columns of
Sephadex G-200 in 6 M guanidine hydrochloride, it is
resolved into six components (Figure 7). In this solvent,
the ASG fraction of A-R glutelin elutes like the last two
fractions, corresponding to molecular weights of 25000 and
17500. The second to the last fraction, peak E (M, 25000)
corresponds to the elution position of A-R zein (Figure 7).

My colleagues at the Northern Center asked how ASG
exists in the microscopic structure of the glutelin matrix.
Wolf (1973) made an interesting observation that some
parts of protein bodies, especially near the core, stain
darker with uranyl acetate (Figure 8). When he extracted
endosperm tissue with 70% ethanol, most of the ground
proteins in the bodies (pb) were removed but the core and
other dark-staining materials remained. When similar
sections were extracted with 2-mercaptoethanol (ME) in
70% ethanol, the core material was solubilized and re-
moved. It is probable that at least a portion of ASG has
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1) Gluteling have associated with them lower molecular weight proteins
through noncovalent bending

They consist mainly of twa categories of polypeptides linked by
disulfide bond, alcohol-soluble and alcehol insofuble

These two types of poly-peptides are deposited in different
subceliular structures

The alcohgl-soluble polypeptides resembie prolamines but have
significant structural differences

Related poiypeptides are finked in sitw by disulfide bonds, but
tonds may be exchanged to yield more complex structures

2
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4

§

Figure 14. Corn glutelins—general thesis (courtesy of J. Wall,
Northern Regional Research Center, U.S. Department of Agri-
culture).

not stand up as a criterion for protein class identification
with present techniques for isolation and characterization.
The ASG proteins described in this paper are differenti-
ated from zeins by several of the present methods shown
by us for characterization. More appropriately, any pro-
teins insoluble after salt and aqueous alcohol extractions
are corn glutelins as described by principles listed in Figure
14. Protein fractions soluble in an aqueous mixture of
alcohol and reducing agent have been identified also in
wheat (Bietz and Wall, 1973), sorghum (Jambunathan and
Mertz, 1973), and barley (Lontie and Voets, 1959) and
would also fall in the glutelin category (Figure 14). No
significant structural differences have been found for
sorghum ASG compared to the sorghum prolamin kafirin
(Paulis and Wall, 1979b).

CONCLUSION

Our exploration of the different solubility classes of corn
endosperm proteins by means of improved fractionation
methods has established that each class is heterogeneous.
Zein exhibits many components by isoelectric focusing or
electrophoresis. Each zein component is coded genetically,
and so these IEF and polyacrylamide gel electrophoretic
patterns are useful keys to the geneology of inbred lines
and are useful tracers in evolutionary development. The
glutelin components are more complex in origin and com-
position. An elevation in the total amount of glutelin and
the predominant alcohol-insoluble fraction in reduced
glutelin is responsible for increased lysine in opaque-2 corn.
An alcohol-soluble fraction was isolated from the reduced
glutelin and shown to be mostly different from zein by
amino acid analysis and electrophoresis. The increase in
this lysine-deficient but methionine-rich alcohol-soluble
glutelin fraction in su, lines enhances the methionine
content of the grain—a desirable characteristic in feed
formulations. Our studies on corn proteins suggest that
we can manipulate their composition to attain desired
nutritional benefits with suitable mutant genetic lines.
However, many of these endosperm mutations cause ex-
tensive changes in kernel composition and properties.
Additional work is therefore necessary to further under-
stand the genetic control of protein synthesis in corn if
optimal nutritional value is to be coupled with good grain
yield and kernel structure.

There are several future research objectives for corn
genetics and biochemistry. There is need for total se-
quence analysis to establish the precise nature of differ-
ences in these proteins. Additional work on the mechanism
of biosynthesis is required in order to establish the
mechanism whereby mutant genes such as 0, and fl, reg-
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ulate protein synthesis. Possible genetic engineering may
eventually be used to produce more nutritious protein,
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