CORN PROTEIN SUBUNITS

Corn Protein Subunits: Molecular Weights Determined by Sodium Dodecyl Sulfate-

Polyacrylamide Gel Electrophoresis
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Reduced corn endosperm proteins or their sub-
units were resolved and molecular weights deter-
mined by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE). Heterogeneity,
poor solubility, and molecular interactions make
characterization of these proteins difficult by
other methods. Albumins, globulins, and zein
were extracted from endosperm meal by a modi-
fied Osborne-Mendel procedure. Then alcohol-
soluble glutelin (ASG) was extracted with 70%
ethanol-0.5% sodium acetate-0.1 M (-mercap-
toethanol (3-ME), and alcohol-insoluble glutelin
(AIG) was extracted with pH 8.9 Tris-borate
buffer containing SDS and ME. Albumins and
globulins were very heterogeneous and differed in
polypeptide composition. Zein polypeptides,

however, were homogeneous in mol wt (21,300).
ASG contained primarily 24,700 mol wt subunits
and differed uniquely from zein and from the
heterogeneous AIG. ASG and AIG corresponded
in polypeptide composition and mol wt to glutel-
in subunit fractions prepared from destarched
residues and isolated on Sephadex G-200. Com-
parison of polypeptides of each protein class from
normal corn endosperm to corresponding protein
fractions from near-isogenic high-lysine opaque-2
and floury-2 endosperms revealed some quantita-
tive differences. Thus, SDS-PAGE is useful for
characterizing, comparing, and differentiating
corn endosperm proteins in protein isolation
studies and genetic investigations.

Corn proteins are a complex mixture whose heterogene-
ity and varying solubilities have impeded their character-
ization. Albumins, globulins, and zein fractions may be
each in turn separated from corn meal by sequential ex-
traction with water, saline, and ethanol solutions. The
majority of the residual glutelin proteins are insoluble in
even highly potent denaturing solvents, but upon reduc-
tion of glutelin disulfide bonds, the resulting polypeptides
can be dissolved and dissociated to yield subunits in 8 M
urea, 6 M guanidine hydrochloride, or sodium dodecyl sul-
fate (Nielsen et al., 1970; Paulis and Wall, 1969; Landry
and Moureaux, 1970). The alkylated-reduced subunits of
glutelin have been partially fractionated by solvent ex-
traction and gel filtration chromatography (Paulis and
Wall, 1971). Amino acid analyses and starch gel electro-
phoresis suggest that the glutelin subunits may be differ-
ent from those of other fractions of corn protein. Hetero-
geneity and tendency to associate have limited molecular
weight determinations of these proteins (Nielsen and
Beckwith, 1971).

To further establish the composition and molecular
weights of reduced corn proteins or their subunits we have
employed polyacrylamide gel electrophoresis (PAGE) in
the presence of the anionic detergent sodium dodecy! sul-
fate (SDS) (Shapiro et al., 1967). The method was used
successfully to resolve wheat protein subunits and to com-
pare their molecular weights (Bietz and Wall, 1972, 1973).
The high resolving power of SDS-PAGE for proteins
based on differences in molecular weight permitted dis-
tinction between some corn proteins of similar starch gel
electrophoretic mobilities and gel filtration elution behav-
ior. A rapid procedure for corn protein extraction was em-
ployed that is especially suitable for preparing samples for
SDS-PAGE. SDS-PAGE patterns of subunits prepared
by this extraction process were compared to those of glu-
telin subunits separated by other methods (Paulis and
Wall, 1971).

Several investigators have studied possible composition
differences between proteins of normal and high lysine
corns and concluded that major variations are due to a
change in proportions of the solubility classes (Mertz et
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al., 1964; Mossé, 1966; Paulis et al., 1969; Sodek and Wil-
son, 1971). Paulis et al. (1969) also observed that the
starch gel electrophoresis patterns of reduced glutelins of
normal corn exhibited more intense bands due to alcohol-
soluble subunits than those from opaque-2. We have ob-
served some additienal quantitative differences in sub-
units of other endosperm proteins from near-isogenic lines
of normal, opaque-2, and floury-2 corns by means of
SDS-PAGE.

EXPERIMENTAL SECTION

Unbroken mature kernels from a normal hybrid corn,
P-A-G SX52, and its near-isogenic derived lines, P-A-G
50001 opaque-2 (both inbred parent lines of modified
stocks had undergone 6 and 4 backcrosses) and P-A-G
50101 floury-2 (both parent inbred lines of modified stocks
were backcrossed four times), were used in this study.
The kernels were soaked in distilled water for 0.5 hr at
room temperature and manually dehulled and degermed.
The air-dried endosperms were rapidly ground in a Udy
cyclone hammer mill through a 0.024-in. screen. The
meals were partially defatted by intermittent shaking
with petroleum ether at a 3:1 (v/w) solvent-to-meal ratio
for 1 hr, the suspensions then were filtered, and the solids
were washed on a Biichner funnel with cold solvent and
air-dried.

A defatted normal corn endosperm meal served as a
control for comparing extract nitrogens and SDS-PAGE
patterns of the protein fractions obtained by different
methods. Alkylated-reduced glutelin proteins from the
corn and fractions of these proteins obtained by gel filtra-
tion chromatography were prepared as described earlier
(Paulis and Wall, 1971).

Fractionation of Proteins. A modified Osborne-Mendel
extraction method was used to separate the proteins from
the corn endosperm samples into five fractions (albumins,
globulins, zein, alcohol-soluble reduced glutelins, and al-
cohol-insoluble reduced glutelins). To avoid loss in trans-
ferring after centrifugation, all successive extractions were
carried out in the same 250-ml polypropylene bottle.

Albumins and globulins were isolated from 10 g of de-
fatted meal with 0.5 M NaCl according to the procedure
described by Paulis and Wall (1969). The meal residues
remaining after the 0.5 M NaCl extraction were washed
free of salt with water.
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Table I. Protein Distribution in Endosperms of Normal, Floury-2, and Opaque-2 Corns

% of total
Fraction® Proteins Normal Flouvy-2 Opaque-2

0.5 M NaCl Albumins and globulins 6.1 12 17.8
70% ethanol-0.5% NaOAc Zeins 53.2 43.2 32.6
70% ethanol-0.5% NaOAc—0.1 M Alcohol-soluble reduced glutelins 12.5 12.4 13.8

B-mercaptoethanol
Tris-borate—SDS-1% B-mer- Alcohol-insoluble reduced glu- 26.8 29.8 37.2

captoethanol (pH 8.9) telins
Total nitr. gen extracted 98.6 97.4 101.4

@ Includes free amino acids and other nonprotein nitrogen which represent small amounts of the total nitrogen.

Zein was next extracted from the residue by vigorously
shaking on an International bottle shaker at maximum
speed with 100 ml of 70% ethanol (EtOH) containing 0.5%
sodium acetate (NaOAc) at room temperature for 1 hr,
three times. After each extraction, the suspension was
centrifuged at room temperature at 1000g for 10 min. All
zein extracts were combined and dialyzed at room tem-
perature against several changes of 70% ethanol to possi-
bly remove some pigments and/or phospholipids and
NaOAc. After dialysis the ethanol was removed by evapo-
ration and the water-insoluble zein was freeze-dried.

To obtain alcohol-soluble reduced glutelin (ASG), the
residue was next extracted with 100 ml of 70% EtOH-
0.5% NaOAc containing 0.1 M §-mercaptoethanol (3-ME)
for 0.5 hr, two times, dialyzed, and freeze-dried using the
conditions described for zein. The remaining residue, con-
taining the alcohol-insoluble reduced glutelins (AIG), was
washed free of salt with 70% ethanol and also freeze-dried.
The residue material contained mainly starch in addition
to AIG.

The amount of AIG extracted with the buffer used for
preparation of protein for electrophoresis (0.125 M Tris-
borate-0.1% SDS (pH 8.9) containing twice the protein
weight of SDS and 1% [B-mercaptoethanol) was deter-
mined by measuring the soluble nitrogen from the incuba-
tion of 2 g of AIG protein containing residue in 5 ml of
buffer. The ratio of buffer to protein and conditions used
are the same as those described for SDS-PAGE in the
section on Analytical Methods.

Analytical Methods. Aliquots of extracts and amino
acid hydrolysates or portions of weighed dried material
were assayed for nitrogen by a semimicro-Kjeldahl meth-
od.

Lysine concentrations were determined on duplicate
acid hydrolysates using a Beckman 121 amino acid ana-
lyzer as described earlier (Paulis et al., 1974).

SDS-PAGE was performed as described by Bietz and
Wall (1972) on 5% gels, using 0.125 M Tris-borate buffer
(pH 8.9), containing 0.1% SDS. Isolated proteins (1-2 mg)
were prepared for SDS-PAGE by incubation for 16 hr at
37°, or for 5 min at 95°, with 0.1 ml of buffer containing
1% B-ME and twice the protein’s weight of SDS. AIG in
80 mg of the high-starch residues was incubated for 16 hr
at 37° (to avoid starch gelatinization) in 0.2 ml of buffer
(containing added 3-ME and SDS). The mixture was then
centrifuged and the protein in the supernatant was ana-
lyzed directly. Electrophoretic mobilities of all protein
subunits (measured from photographic enlargements of
the gels) were compared to that of standard proteins of
known molecular weight (cytochrome ¢, chymotrypsinogen
A, monomeric and polymeric ovalbumin, and bovine
serum albumin) run simultaneously on each of the gels.
Protein molecular weights were determined from a stan-
dard curve relating mobilities to molecular weights of the
standard proteins as described by Bietz and Wall (1972).
Each reported molecular weight value is an average of five
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or more separate SDS-PAGE runs on the same protein
sample.

RESULTS AND DISCUSSION

Meal Composition. The defatted normal endosperm
meal which served as a control (Paulis and Wall, 1971)
and the near-isogenic normal, opaque-2, and floury-2 en-
dosperm meals contained 1.2, 1.6, 1.4, and 1.5% nitrogen,
respectively. Based on a conversion factor of 6.25, these
meals contained 7.5, 9.9, 8.6, and 9.4% protein, respec-
tively. The opagque-2 endosperm meal protein contained
3.0% lysine, whereas that of the normal and floury-2 coun-
terparts, only 1.6 and 2.4%.

Modified Fractionation Method. The new protein
preparation was more rapid than that used previously for
isolating glutelin (Paulis and Wall, 1971) but gave quanti-
tative yields (Table I). Extracting the residues with 70%
EtOH-0.5% NaOAc-0.1 M 3-ME removed as much ASG
as in the longer method requiring prior elimination of
starch and alkylation of the reduced glutelin before 70%
EtOH extraction. The reduced protein soluble in the
ethanolic solvent is probably the same protein referred to
by others as glutelin-1 or zein-2 (Landry and Moureaux,
1970; Sodek and Wilson, 1971; Misra et al., 1972). Since
the buffer used for preparing the proteins for electrophore-
sis contained §-ME and SDS which was found earlier by
Moureaux and Landry (1968) to be capable of solubilizing
residual glutelin without solubilizing starch, the protein
extract obtained with this buffer was used directly for
electrophoresis.

The relative amounts of protein fractions in the near-
isogenic endosperms of normal, floury-2, and opaque-2 are
shown in Table 1. The yields for saline and alcohol-soluble
proteins are consistent with those reported by others
(Jiménez, 1966; Mossé et al., 1966; Misra et al., 1972).
Although the amount of ASG was slightly higher in
opaque-2 corn than in normal, it still constituted a small-
er fraction of the total glutelin (alcohol-soluble and -insol-
uble reduced protein) than in normal corn.

The 0.125 M Tris-borate (pH 8.9) buffer containing
0.1% SDS plus twice the protein weight of SDS and 1%
B-mercaptoethanol (Tris-borate-SDS-1% B-mercaptoetha-
nol (pH 8.9)), which was used for preparing proteins for
electrophoresis, solubilized approximately 100% of AIG
protein. The total extracted nitrogen was 97-100%.

Comparison of Glutelin Preparations. The SDS-
PAGE patterns of alkylated-reduced whole glutelins iso-
lated by the earlier procedure (Paulis and Wall, 1971) are
compared in Figure 1 with that of reduced glutelin frac-
tions isolated from the same normal endosperm meal by
the present method. Both procedures gave similar pat-
terns; differences in intensity may be due to concentration
variations. SDS-PAGE patterns were similar for 70%
EtOH extracts of destarched alkylated-reduced glutelins
and the direct 70% EtOH-0.5% NaOAc-0.1 M ME ex-
tracts. The AIG prepared by the two methods also yielded
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Degradation of Methionine in Heated Soybean Protein and the Formation of

8-Methylmercaptopropionaldehyde

Michael Shemer and Edward G. Perkins*

Methionine, added to soy protein isolate, when
heated in boiling water is destroyed under aero-
bic conditions. A portion of the added methio-
nine was degraded to the corresponding 3-meth-
vlmercaptopropionate. This was determined by
gas chromatographic separation of the butyl ester

of heated soybean protein hydrolysate. A charac-
teristic peak was eluted after 15.30 min from the
heated protein hydrolysate. The mass spectrum
of this peak indicated that it was n-butyl 8-
methylmercaptopropionate.

The production of flavors in foods upon processing as a
result of reactions between sulfur-containing amino acids
and sugars has been suggested in several reports. Many
studies reporting losses or binding of methionine during
thermal processing have been done on meat proteins. Mil-
ler et al. (1965) reported loss of methionine in cod muscle
processed for 27 hr at 85°. Loss of methionine was also re-
ported in defatted herring cake processed for 27 hr at
130°. Similar observations of loss of methionine were ob-
served by Horn (Agr. Res., 1969) who suggested that this
was the result of a condensation between the sulfur in thé
methionine and the carbonyl of the carbohydrate present.
Arroyo and Lillard (1970) attributed the overcooked egg
odor of a heated cystine-glucose mixture to hydrogen sul-
fide and mercaptans. Gruenwedel and Patnaik (1971)
stated that the black deposits in the headspace area of
canned protein rich foods resulted from heat-induced de-
composition of the sulfur containing amino acids which
produced hydrogen sulfide and, in turn, iron sulfide dur-
ing the thermal processing.

Wainwright et al. (1972) proposed a variety of interme-
diate compounds of methionine resulting from degrada-
tion. The authors suggested that one of these compounds
was methional. A general review concerning the Strecker
degradation of «-amino acids has been published by
Schonberg and Moubacher (1952). According to these au-
thors, the formation of the intermediate Schiff compound
between the carbonyl and the amino group is an essential
step in the reactions followed by decarboxylation and
deamination.

Department of Food Science, The Burnsides Research
Laboratory, University of Illinois. Urbana, Illinois 61801.

In the present study, the thermal degradation of meth-
ionine, when supplemented to soybean protein and the
subsequent formation of methional (8-methylmercapto-
propional), was investigated.

EXPERIMENTAL SECTION

Materials. The protein source that was used in the ex-
periments reported herein was Promine D, sodium soy
proteinate, a commercially available product, courtesy of
the Central Soya Co., Chemurgy Division, Chicago, Ill.

Heat Treatment Procedures. Four methods of heating
the protein samples were investigated: (1) dry air heating
with a chamber air dryer at 100° for 60 min; (2) steam
heating with a steam blancher at atmospheric pressure for
60 min; (3) heating of the protein dispersion (10%) in
water at 100° for 60 min; (4) heating under vacuum at
100° for 60 min.

Amino Acid Analysis. Acid hydrolysates were obtained
by dissolving 20 mg of protein in 10% 6 N HCI in a Pyrex
tube. The tube was flushed with nitrogen and closed se-
curely with a Teflon lined cap. Hydrolysis was carried out
at 100° for 22 hr. The hydrolysate was filtered through
glass wool and the 6 N HC] was evaporated by heating in
an oil bath at 100° under a stream of nitrogen. The hydro-
lyzed amino acid residue was dissolved in 10 ml of 0.1 &N
HCI. Ornithine (5 mg) was added as an internal standard
and the 0.1 N HCIl was evaporated again. The sample was
redissolved in 10 ml of 3 N HCI in n-butyl alcohol with
the aid of an ultrasonic mixer. Esterification of the amino
acids was carried out in open vials, heated at 100° for 15
min. The excess butanol was removed by evaporation and
the residue dissolved in 4 ml of methylene chloride-triflu-
oroacetic anhydride (3:1) solution and acylated for 5 min at
150° in a sealed acylation tube.

Gas Chromatography Conditions. In general, the
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