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INTRODUCTION

It has been known for many years that wheat flours vary widely in
their baking characteristics. It is believed that the flour proteins
influence many of these characteristics evident in the baked products.
Experimental evidence indicates that these proteins impart to the dough
its characteristic cohesive properties and that they are responsible
for the gas retention properties in the dough which determine the loaf
size and the texture of the baked products.

There are four main classes . of proteins in wheat flour as determined
by their solubility characteristics. These are: 1) the albumins, which
are water soluble; 2) the globulins, which are soluble in neutral salts;
'3) the gliadins, corresponding to prolamines which are soluble in 70
percent ethanol; and 4) the glutenins, corresponding to the glutelins
which are soluble in acidic or basic solutions. The gliadin and
glutenin fractions of wheat flour grouped together comprise a protein
complex termed gluten. This classification of the wheat flour proteins
based .on their solubility characteristics has been shown to be inadequate
by electrophoretic and sedimentation studies; however, this is the
classification used most often . in the literature.

To definitely correlate many of the characteristics of baked products
to the proteins contained within the dough, it will be necessary to
separate and characterize the proteins as individual components. A
chemical and physical characterization of thesindividual proteins would

greatly facilitate assigning their role in the baking process. The



present investigation was undertaken to study the gluten proteins of
wheat flour as individual components. Molecular sieve processes, pH
fractionation, and alcoholic fractionations were investigated as methods
for separating major fractions, and zoneelectrophoresis was employed to
determine the number of components present in the fractions. The electro-
phoretic composition of the water soluble proteins was also investigated
and compared with the electrophoretic composition of gliadin fraction of

gluten.



HISTORICAL BACKGROUND

One of the basic needs in the investigation of flour proteins is a
suitable method with which to separate and identify individual components.
Because of the lack of such a method, much research has been condﬁcted
on mixtures. . This has resulted in conflicting information concerning
the flour proteins. This work, however, has-been useful in supporting
the concept that flour proteins are directly related .to baking quality.
Nevertheless, this concept. is based on inference and will continue to be
until these proteins are separated and isolated and until more information
is obtained about their molecular structure. . Realizing this basic need,
many investigators have attempted to separate the flour proteins and
characterize individual components.

Moving-boundary electrophoresis has been employed extensively in
.investigations of gluten. One of the most serious problems confronting
‘workers using this technique was the lack.of a suitable solvent. . The
development of a buffer system which would givesymmetrical patterns in
.both limbs of the Tiselius apparatus was necessary, since symmetry is
required for determining the number of distinct non=-interacting components.
This.was particularly difficult, since gluten and its components are
soluble in aqueous media only.at very -low ionic strengths or in.buffers
which tend to combine with the protein. This problem was satisfactorily
resolved by;Jonés et al. (l)° They demonstrated that symmetrical patterns
for ascending and descending boundaries in moving boundary electrophoresis

could be obtained by use of relatively low protein concentrations. and low



-ionic strength buffers. A variety of buffers were used; these were sodium
lactate, sodium phosphate, sodium chloroacetate, sodium acetate-hydro-
-chloric acid, aluminum chloroacetate, and aluminum lactate. The pH and
ionic strength of all the buffers were 3.1 and 0.03, respectively, while
the protein .concentration used was. 0.3 percent. Four peaks were noted

in the sodium lactate and sodium phosphate buffers and.these were termed
.the alpha, beta, gamma, and omega peaks. . Using sodium chloroacetate and
sodium acetate=hydrochloric acid buffers, these investigators were able

to resolve the alpha peak into two components which were designated alpha,
and alphay. The aluminum lactate buffer proved to be the most useful
since symmetrical patterns could be obtained in it using higher concen-
trations of proteins than could be used with the other buffers. Also,
‘the results from electrophoresis in this buffer indicatea that the beta
peak contained more than one component. Since the development of this
buffer for use in moving boundary electrophoresis, it has been used
extensively as a solvent in studies of wheat proteins.

Clusky et al. (2), employed moving boundary electrophoresis to
compare the gluten from hard wheat and soft wheat flours. They reported
that the gluten of the hard wheat flours contained more alpha and less
-beta than did the gluten of the soft wheat flours; the amounts of the
gamma and omega components were nearly equal. Jones and Dimler (3),
‘using this technique reported that the electrophoretic composition of
the gluten from whole flour and from high- and low-protein fractions of
air-classified flours were identical. Recently, Koenig (4) made a study
of the electrophoretic compositioh of gluten proteins.in acidic and basic
buffers and.concluded that more satisfactoryvelectroﬁhoretic patterns

were obtained from moving boundary electrophoresis in acidic buffers.



Kelley and Koenig (5) analyzed the gluten fraction of various wheat
varieties by moving boundary electrophoresis and observed from seven to
eleven components in gluten, the number depending upon the variety. They
also observed that the Hard Red Winter, the Hard Red Spring, and the
Durum wheats showed electrophoretic patterns which are characteristic

of their respective classes, while the White wheats showed some electro-
phoretic differences within the class,

Continuous paper electrophoresis has also been employed to separate
gluten proteins. Zentner (6) reported that he was able to separate gluten
into seven protein fractions. The second fraction, which contained 5k
percent of the total protein,was a lipoprotein fraction, as was indicated_
by its ability to be stained by a lipid soluble dye.

The most successful technique used thus far for deterﬁinating the
number of components in the gluten fraction is starch-gel electrophoresis.

Woychik et al. (7) made a comparison of the patterns obtained by starch-

gel electrophoresis and the peaks obtained in moving boundary electro-
phoresis. Aluminum lactate buffer, pH 3.1, 0.05 ionic strength containing
% M urea was used for the starch-gel technique; the same buffer without
the urea was used for moving boundary electrophoresis. They reported

that therev%xe‘eight readily observable components which moved into the
gel and one component which remained at the origin, as compared with

four méjor peaks obserQed from moving boundary electrophoresis. Elution
.of the immobile component from the origin of the gel and subsequent
electrophoresis by the moving boundary technique yielded a single peak
with a mobility corrésponding to that of the alpha component previously

noted by Jones et al. {1). This component was assumed to be glutenin

because it exhibited the elastic and cohesive properties of whole gluten.



These properties have previously been attributed to the presence of the
glutenin fraction {1). The proteins moving into the gel were termed
alpha;, alpha,, beta;.,, gamma, and omega gliadins in order of decreasing
mobility. Due to the additional heterogeneity in wheat gluten demonstrated
by starch=-gel electrophoresis the nomenclature of the wheat gluten complex
was changed from that used by Jones et al. (1). This revision is presented
in Table I.

Woychik et al. (7) also made a comparison between starch-gel patterns
obtained when electrophoresis was carried out in the presence or absence
of urea. The proteins were better resolved and the gel patterns were
more distinct when electrophoresis was conducted in the buffer containing
the urea. Theyv suggested that the improved resolution might be attributed
either to slower diffusion of the proteins or to reduced inter-molecular
attractions of the components in the presence of urea. The use of urea
in the aluminum lactate buffer was also found to be advantageous in that
higher concentrations of gluten solutions could be used, and starch-gels
of superior physical qualities could be obtained.

Kaminski (8) reported that gluten contains 2l components as determined
by starch-gel electrophoresis. These results, however, were obtained
from hand-kneaded dough which had been washed with distilled water and
then dispersed in aluminum lactate buffer. When the gluten was prepared
from flour which had been extracted with water and dilute salt solutions,
12 main bands were noted as well as five weaker ones. It is possible that
some of the faster moving components in the hand-kneaded dough prepared
by washing with distilled water were albumins and globulins trapped within
the gluten.

Elton and Ewart (9) compared starch-gel electrophoresis patterns of



glutens from wheat varieties of widely differing baking characteristics.
The four varieties examined exhibited patterns of similar electrophoretic
mobilities. The patterns differed only in the distribution of intensities
of the bands. Later work by the same investigators (l0) indicated that
there was great variation in the leading gluten band among varieties.
They suggested that it is this component which corresponds to the alpha
component reported by Jones et al. {1). They also suggested that if this
component were associated with the gluten-like properties of dough, it
is significant that the greatest variation occurred in this band. It is
questionable, however, whether this component is associated with gluten-
like properties of dough, since Woychik et al. (7) demonstrated that the
component exhibiting these properties does not move into the gel.
Possibly, these workers were referring to the alphas peak which is observed
in moving-boundary electrophoresis but which is not believed to be respon-
sible for these properties.

Coulson and Sim (ll) reported the presence of 20 components in wheat
g¢luten as shown by starch-gel electrophoresis. These investigators
also reported that when: a solution of gluten in 0.1 N acetic acid was
allowed to stand for several days, changes occurred in the concentrations
of the individual proteins. The electrophoretic patterns were qualita-
tively constant, but the faster moving components became more concentrated
at the expense of those of lower mobility. They stated that this may be
due to protein dissociation into genetic units and that some of these
units may be basic components of gluten.

End group analysis has been used in an effort to determine the minimum
number of proteins present in wheat gluten. Winzor and Zentner (12)

reported the presence of eleven N-terminal amino acids in wheat gluten.



These were glutamic acid, aspartic acid, serine, threonine, glycine,
alanine, valine, leucine, phenylalsnine, methionine, and histidine.
These results indicate that the minimum number of polypeptides present
in gluten is eleven. Other workers have reported detection of some of
the amino acids listed above as end groups in gluten, buf the results
show considerable variation (1%, 14, 15, 16). The reasons for the diver-
sity of results are not apparent. There is, however, a possibility of
differences in protein structure cf the various wheats which were
studied.

There have been some attempts to separate the gluten proteins by

t al. (17) reported that a chroma-

ion-exchange chromatography. Woychik
tographic separation of wheat gluten proteins could be accomplished by
stepwise elution from carboxymethylcellulose employing buffers with
increasing hydrochloric acid concentration, 0.0l N acetic acid being

the starting buffer. The alpha, beta, gamma, and omega gliadins were
separated in this manner and were identified by moving boundary electro-
phoresis. The glutenin fraction was not obtained by this procedure and
was believed to have been retained by the carboxymethylcellulose. The
relative concentrations of the fractions eluted’from the column were as
follows: alpha, 60 percent; beta, 15 percent; gamma, 15 percent; and
omega, % percent. The remaining seven percent was assumed to be albumin
and globulin contaminants.

Simmonds and Winzor (18) reported the separation of the gluten pro-
teins into 11 fractions on carboxymethylcellulose equilibrated with 0.05
M acetate buffer, pH L4.1l. Under these conditions all the proteins were
adsorbed except one which passed through the columm unretarded. By

employing a gradient to 0.2 M NaCl at pH 4.1, in the presence of 1 M



dimethylformamide to prevent protein precipitation, eight fractions were
eluted. The tenth fraction was eluted from the column with 0.005 M acetate
buffer containing 1.0 M dimethylformamide and 0.5 M NaCl; the eleventh
fraction was eluted with a phosphate solution, pH 12 containing 0.005 M
trisodium phosphate, 1.0 M dimethylformamide and 0.5 M NaCl. . Rechromato=-
graphy of fractions three, four, six and ten on carboxymethylcellulose
indicated these Were distinct protein entities.

Recently, Graham (19) has employed starch-gel electrophoresis to
investigate the fractions obtained by Simmonds and Winzor (18) from flour
gluten on carboxymethylcellulose. She noted that these fractions were
not homogeneous and that similar electrophoretic components were present
in several of chromatographic fractions. Similar results were obtained
by starch~gel electrophoresis of the fractions separated by Coates and
Simmonds (20) and Simmonds (21) by fractionation of the pyrophosphate
soluble flour proteins o; diethylaminoethyl cellulose (DEAE-cellulose).
The overall protein patterns on the gels, however, were different from
those for the gluten proteins. Graham (19) also compared the electro-
phoretic composition of the extracts of wheat flour obtained by use of
different solvents. Sodium pyrophosphate, water, ethanol, and acetic
acid were the solvents employed. The wéter extract contained a larger
proportion .of the slower-moving gliadin proteins, but lacked some of the
faster-moving globulin proteins, as compared with the pyrophosphate
extract. The electrophoretic patterns of the ethanol and acid extracts
Wére.similar to each other but differed from the patterns of the
byrophosphate and water extracts in that many of the faster moving com-
ponents were absent'and the gliadin proteins were present -in higher

quantities. These results substantiated the inadequacy of classification
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of the proteins of flour by solubility characteristics,

A combination of ion-exchange chromatography and starch-gel electvo-
phoresis has also been employed by Graham and Morton (22) in studies of
the proteins of developing wheat endosperm. No marked changes were found
to occur in the types of proteins present in the endosperm between the
twel{th day after flowering and maturity.

This brief survey covers only the investigations of wheat proteins
reported in recent years and is confined primarily to techniques employed
to separate these proteins. Several reviews (23, 24, 25, 26, 27) have

been written which survey the studies of wheat proteins more extensively.



TABLE I

NOMENCLATURE REVISION .OF THE PROEEINS OF THE
WHEAT GLUTEN COMPLEX

Jones et al. (1) Woychik et al. (7)
Alpﬁal gluten Glutenin
Alphas gluten Alpha; and alphas gliadin
Beta gluten Beta;., gliadin
Gamma gluten Gamma gliadin
Omega gluten Omega gliadin

Woychik, J. H., Boundy, J. A. and Dimler, R.

J., Arch. Biochem. Biophys., 94, 477 (1961).

11



EXPERIMENTAL PROCEDURE

. A. Materials

The electrophoresis apparatus employed was a commercial unit, Model

' EC}OB, manufactured.by the EC Apparatus Company, New York, .New. York.
Starch used in electrophoretic studies was obtained from Connaught Medical
Research Laboratories,,Toronto,,Canada. The aluminum lactate used was a
commercial product from K and K Laboratories, -Inc., Jamaica, New York.

The dextran gels employéd were commercial Sephadex preparations,
G-100 and G-200, obtained.from“Pharmacia,AUppsala, Sweden.

The wheat flours were milled on a Buhler experimental mill and were
supplied by the Small Grains Laboratory, Agriculture Expadmaﬁ Station,
Oklahoma State University. The flours used were'milled from three Hard
Red Winter wheat varieties, Superking, Comanche, and Ponca. These flours
contained 1l4.7 percent, 12.9~pércent and 1%.7 percent protein and 7.6
percent, 9.3% percent, and 9.5 percent moisture, respectively.

The starch-gels'were-photographed by transmitted light on~Panatomic-X
film through a type A (red) filter. The films .were developed for seven
minutes at 25° C in D-76 developer diluted one to one. -Enlargements were
made on Kodabromide paper (F-4) developed in Dektol.

B. . Methods

Preparation of aluminum lactate buffer. A solution of 0.00835 M

aluminum lactate was.prepared and the pH adjusted to 3.1 with_lactic'écid.
The calculated ionic strength. of a buffer prepared in this manner 1is

approximately 0.05, but this may not be the actual ionic strength. The

12
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actual ionic strength is best determined by conductivity measurements,
The buffer containing 3 M urea was prepared by adding the urea to the
aluminum lactate solution before adjusting the pH.

Preparation of the gluten proteins. The gluten proteins were

prepared by the method of Jonmes et al. (1). The flow diagram in Figure
1 briefly outlines this procedure. Fifty grams of flour weré extracted
with 120 ml of water-saturated butanol‘for one hour with stirring and
were then centrifuged at low speed for five minutes. The:butanol super-
natant was decanted and the flour remaining in the centrifuge cup .was
washed two to three times with ether to remove any remaining butanol.
The defatted flour was air dried and then mixed with water until a dough
was formed. The dough was hand-kneaded under a stream of 0.1 percent
NaCl solution to remove starch as well as proteins soluble in water and
dilute salt solutions. The gluten . ball remaining was dispersed in 0.0l
N acetic acid at about 5 peréent protein concentration by stirring over-
night; it was then centrifuged at 2,000 x g for 20 minutes to remove
remaining starch. The opaque dispersion that resulted was centrifuged
at 20,000 x g for 20 minutes to give a clear supernatant solution. This
solution was heated quickly to 99° C to inactivate proteolytic enzymes
and cooled immediately. It was then freeze-dried, yielding a fluffy

white product.

»?reparation of water soluble prqteins of flour. Figure 2 is a flow
chart outlining the preparation of the water soluble proteins of floﬁr.
Ten grams of flour were extracted with 15 ml of water for one hour with
occasional stirring. The flour-water slurry was centrifuged at 10,000_

x g for éO minutes and the supernatant decanted. The supernatant contain-

ing the water-soluble proteins was frozen and stored until used for
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electrophoresis experiments. The experiments were carried out within
four days from the time the protein solutions were prepared.

Preparation of the glutenin proteins. The glutenin proteins were

prepared by two techniques. The first technique used is outlined in
Figure 3. Whole gluten was extracted with 70 percent ethanol for

20 minutes at room temperature. The extraction mixture was centfifuged
at 20,000 x g for 20 minutes at room temperature. The residue con-
taining the glutenin was then dissolved, at a concentration of
approximately 100 mg per ml in aluminum lactate buffer, pH 3.1, 0.05
ionic strength containing % M urea. This solution was then used for
electropnoretic studies. The second technique for preparation of
glutenin was by molecular‘sieve filtration. This procedure is described
in a later section.

Preparation of the gliadin proteins. The gliadin proteins were

prepared by several methods.

1. Direct extract of flour. The procedure for the alcoholic

extraction of flour is outlined in Figure 4. Four grams of flour were
extracted in 10 ml of 7Opercent ethanol for 20 minutes with rapid
stirring. The flour=~ethanol mixture was then centrifuged for 20 min-
utes at 20,000 x'g at room temperature. The supernatant containing the
gliadin proteins was decanted and used immediately for electrophoretic
investigations. A portion of this solution was also diluted to twice its
volume with water and chilled for six hours to precipitate the gliadin
proteins. The chilled mixture was then centrifuged at 20,000 x g for 20
minutes at 2° C, The gliadin residue was suspended in 2 ml of aluminum
lactate buffer and used for electrophoretic investigations.

2. Alcoholic extract of water extracted flour. The flow chart
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in Figure 5 summarizes the preparation of gliadin'from wheat flour by
the method of Elton and Ewart (10). Two hundred grams of flour were
extracted with stirring for one hour at room temperature with 800 ml of
water and then centrifuged at 6500 x g- The supernatant containing the
soluble proteins was discarded. The residue containing the gluten,
starch, and other particulate matter was extracted with 500 ml of 70
percent ethanol overnight with continuous stirring and then centrifuged
at 20,000 x g for 20 minutes at room temperature. The supernatant
containing the gliadin proteins was dialyzed in the cold against 0.0l N
acetic acid for 24 hours to remove the ethanol. The dialysate was then
freeze-dried to yield a fluffy, white product.

3. Alconolic extraction of whole gluten. Figure 3 includes a

flow chart outlining the preparation of gliadin from whole gluten.

Fifty milligrams of gluten were extracted for 20 minutes in one ml of 70
percent ethanol with stirring and then ceﬁtrifuged at 20,000 x g for 20
minutes at room temperature. The supernatant containing the gliadin

proteins was decanted and employed in electrophoretic studies.

L. pH fractionation of whole gluten. The preparation of gliadin
proteins by pH fractionation according to Jones et al. (1) is summarized
in Figure 6. One hundred milliliters of a 0.3 percent solution of wheat
gluten in 0.017 M aluminum lactate, pH 3.4, were adjusted to pH k4. 8 with
0.2 M NaOHd. The fraétionated mixture containing precipitated glutenin
was left overnight in the cold and then centrifuged at 20,000 x g for
20 minutes at 2° C. The supernatant fraction was dialvzed against 0.0l N
acetic acid and then freeze-dried. A second gliadin preparation was

obtained by a modification of this procedure. This involved using 0.0l N

acetic acid as the protein solvent instead of aluminum lactate buffer and
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omitting the dialysis step. The gliadin proteins were also prepared by
a molecular sieve fractionation to be described in the following section.

Preparation of the glutenin and gliadin fractions by molecular sieve

process employing Sephadex G-200.

Preparation of the column. After the Sephadex gel had been

allowed to swell and the fines removed by decantation, the column was
prepared by pouring a thick slurry of the gel through a tube inserted to
ﬁhe bottom of the column. Glass wool lavered with small glass beads was
substituted for a glass frit in the columns used for whole gluten separa-
tion, because columns fitted with frits ceased té flow.when the glutenin
fraction reached the frit. Although the flow rate decreased apﬁreciably
at this point in columns containing the glass wool, the column continued
to flow. The length to diameter ratio and the volume of the columns
prepared in this manner were ten to one and 880 ml, respectively.

Fractionation procedure. Two hundred fifty milligrams of gluten

protein in 20 ml of solution were added to the column and eluted by the
appropriate Bﬁffer. The eluate was collected by an automatic fraction
collector and the absorbance of the individual tubes was measured at 2860
my to determine the elution patterns. The tubes comprising an elution
peak were pooled, dialyzed if necessary, and freeze-dried. All fractions

were qualitatively analyzed by starch-gel electrophoresis.

Fractionation of gliadin preparations by molecular sieve action.

Gliadin obtained both by fractionation of gluten on Sephadex G-200 and
by pH fractionation procedures were further fractionated on Sephadex
G-100. The column was prepared as described by Flodin (25). The height
to diameter ratio and the volume of the column were ten to one and 590

ml, respectively. 1In these experiments a column containing a frit was
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used since the flow rate was not appreciably altered by gliadin. The flow
rate was maintained at approximately 20 ml per hour. The eluate was
subjécted to the procedures described for the eluates from the Sephadex

G-200 columns.

Quantitative E;otein estimations. Total nitrogen was determined on
gluten and gliadin preparations by a microkjeldahl procedures (29). Con-
version of nitrogen to protein was made by use of a factor of 5.7.
Estimations of protein in the fractioﬂs from the column were carried out
using the mefhod of Lowry et al. (30).

Starch-gel electrophoresis. The basic procedure followed for starch-

gel electrophoresis was essentially as described by Smithies (31), but
modified for use with wheat flouf proteins. The method used in this
investigation is similar to that described by Woychik et al. (7). The
buffer used was aluminum lactate, pH 3.1, 0.05 ionic strength, and con-
taining 3 M urea. Sfarch gels were prepared by heating 60 g starch in

40O ml buffer over a Bunsen burner with continuous swirling until the
starch gelatinized. Heating was continued until the solution boiled
slightly, then the flask was evacuated for 30 seconds to remove air

bubbles and the solution poured into six plexiglas trays (25 x 1.9 x 0.6
cm). The trays Qere covéréd with plastic strips and refrigerated for
several hours. After refrigeration éxcess gel was removed from the trays
by slicing with a thin wire. The protein was applied .to the gels by
;aturating a filter paper wick with the protein solution and inserting

the wick info a slit previously cut near the anode end of the gel. The
gels were covered with thin plastic strips and placed in the electrophoresis
apparatus. Paper wicks extending from eachvend of the gel tray were placed

into the buffer compartments. A potential difference of approximately
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six volts per cm was applied across the gels for a specified tirﬁe. After
elgctrophoresis, the gels were sliced into four one-sixteenth inch
sections. The two center sections were stained in a saturated solution
of Amido Black 10B in five percent acetic acid for at least ten minutes.
The excess dye was removed by repeated washing of the stained strips

with five percent acetic acid. The details concerning the method used

are summarized in Table II.
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50 g Wheat Flour
Extract for 1 hour in 120 ml
water saturated butanol.
Wash 2 to 3 times with ether.

Defatted flour
* Mix with 36 ml water.

Wheat flour dough
Hand knead under

stream of 0.1% NaCl.

Wet gluten

Disperse in 0.0l N acetic
acid.
Wheat gluten dispersion

Centrifuge, 2000 x g,
20 minutes at 2° C.

Residue Milky gluten suspension
(discarded)

| Centrifuge, 20000 x g
20 minutes at 2° C.

Gluten dispersion (clear) Residue
Heat to 99° C, cool; (discarded)
" freeze-dry.

Dry gluten

Figure 1, Flow diagram outlining gluten preparation.



10 g Wheat Flour

Extract with 15 ml water
for 1 hour with occasional
stirring.

Flour-water slurry

Centrifuge, 10,000 x g
20 minutes at 2° C.

Residue (starch, . - Supernatant (water
insoluble proteins) soluble proteins
: plus other water
soluble components )

Figure 2. Flow diagram outlining procedure for prep-
aration of water soluble proteins of flour.

20



50 mg Whole Gluten

Extract with 1 ml 70
percent ethanol with
stirring for 20 minutes
at room temperature

Extraction mixture

Centrifuge, 20,000 x g
for 20 minutes at room
temperature.

Residue containing Supernatant
glutenin containing gliadin

Figure %. Flow diagram outlining the preparation of
glutenin and gliadin by alcoholic extraction of gluten,

21
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4 g Wheat Flour

.Extract with 10 ml 70 percent
ethanol with stirring
for 20 minutes.

Flour-ethanol mixture

Centrifuge, 20,000 x g,
20 minutes at 25° C.

Residue Supefnatant
(discarded) containing gliadin

-Electrophoresis
Dilute 1:1 with water.
Chill for & hours.

Precipitated gliadin

Centrifuge, 20,000 x g
20 minutes at 2° C.

Residue Supernatant

Suspend in 2 ml (discarded)

Al lactate buffer.

Gliadin solution for
electrophoresis

Figure L.  Flow.diagram outlining preparation of gliadin by
alcoholic extraction .of flour.
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200 g Wheat Flour
Extract with 800 ml water

1 hour with stirring at 25° C.
Flour-water slurry

Centrifuge, 6500 x g

. Residue Supernatant
(discarded)
Extract with 500 ml
70 percent ethanol over~
night with stirring;
centrifuge, 20,000 x g,
20 minutes at 25° C.

Residue Superﬁatant

(discard) Dialyze against 0.0l N

acetic acid for 24 hours
at 5° C.

Dialysate

Freeze-dry
Dry gliadin

Figure 5. Flow diagram outlining preparation of gliadin by alcoholic
extraction of water-extracted flour.



300 mg

0.3 percent g

Fractionat

luten solution

ed mixture

gluten 300 mg
Dissolve in 100 ml

0.017 M aluminum

lactate pH 3.k.

0. % percent

Adjust to pH 4.5
with 0.2 M NaOH.

Fractionate

Leave in cold overnight.
Centrifuge 20,000 x g
20 minutes at 2° C.

ol

gluten

Dissolve in 100 ml
0.0l N acetic acid.

gluten solution
Adjust to pH 5.0
with 0.2 M NaOH.
d mixture

Leave in cold overnight.
Centrifuge 20,000 % g
2C minutes at 2° C.

Supernatant

Dialyze
days in

Dialysate

Dry gliadin

Figure 6.
fractionation.

4
A

cold against
0.01 N acetic acid.

- Residue Subernatant
to L (discard)
Freeze-

Dry gliadin

Freeze-dry

Residue
(discard)
dry

Flow diagram summarizing gliadin preparations by pH



25

TABLE 'II

DETAILS IN STARCH-GEL. ELECTROPHORESIS PROCEDURE "

Buffer Al lactate, pH 3.1, 0.05 p containing
3 M urea

Conc, of samples

Gluten 10 mg/gel
Gliadin 4-5 mg/gel
Glutenin 4-5 mg/gel
Water extract 3-l mg/gel
Conc, of gel 15 ¢ starch/lOO ml buffer
‘Size of sample wick 1.9 X 0.6 cm of No. 470 Schleicher and

Schuell filter paper; water extracts -
2 wick thicknesses; all other samples
1 wick thickness

Size of gel trays 25 1.9 X 0.6 cm

Voltage : 6 volts/cm

Length of electrophoresis

Gluten, gliadin, glutenin 36 hours
Water extracts .12 hours
Protein stain Saturated solution of amido black 10B

in 5 percent acetic acid

Wash solution 5 percent acetic acid

Any deviations from these details are noted in the text.



RESULTS AND DISCUSSION

As was noted in the literature review, there has been much starch-gel
electrophoresis work with gluten proteins on an analytical scale with
seemingly good resolution of proteins. It was thought that this procedure
might be adapted as a small scale preparative method for isolating the
proteins of the gluten complex, but preliminary investigations indicated
that it was not suitable. As shown on Plate I, gel 1, scme protein
components are not well resolved and are very close fogether on the gei;
thus, the physical removal of individusi proteins from the gel would be
very difficult. Although location of the bands can be accomplished by
staining only a narrow strip cut from the gel, determining the exact
position of each band on the main part of the gel is very difficult when
the bands are so close together since the length of the stained gel may
change during the staining process leading to a mislocation of the
protein bands. The separation is further complicated by the curvature
of the bands which causes some overlapping of proteins on the gel.

While starch=-gel electrophoresis could not be used as a preparative
method under the condition described, it appeared to have possibilities
as an analytical tool to assay preparations from other isolation and
purification procedures. To be employed in this manner, however, improved
starch gel patterns were desirable. The need for improved patterns is
illustrated by gel 1, Plate I. 1In this gel the resolution of some bands

is poor, and the determination of the number of protein bands is difficult

26
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because of gtreaking from the origin. It was thought that these effects
might be due to the presence of glutenin, the high molecular weight com-
ponent of gluten. This was substantiated by electrophoresis of a glutenin
preparation, This preparation produced the same effects, the streaking
and hardening at the .origin, as were noted in the gliadin preparation
described above. For this reason, removal of the glutenin proteins
seémed desirable. This was first attempted by alcoholic extfaction of
flours and gluten sampies. Typical results of electrophoretic analysis
of gliadin prepared in this manner are shown in Plate I, gel 2. = The
starch gels were usually streaked and were deeply stained at the crigin
while the protein bands were smeared and unclear. The gel at the origin
appeared to contain much of the applied protein and was always hardened
at completion of électrophoresisg Because of the difficulty slicing
through the hardened material the ends of the gels were removed. The
hardening of the gels at the origin indicated that glutenin was present
in the alcoholic extracts of flour and gluten. Thus, classical methods
for gliadin preparation based on its solubility in 7O percent ethanol are
ungatisfactory because such gliadin is contaminated with glutenin. It
was evident that other methods would be required to remove the glutenin
proteins from gliadin.

In addition to a method for the preparation of gliadin suitable for
electrophoretic work, a technique to separate the proteins of the gluten
complex on a preparative scale was desired. Based. on reports that gluten
is composed of proteins of widely varying molecular weight fractions, it
was thought that Sephadex G-100 and G-200 might be used .to facilitate a
separation .of components of the gluten complex. Preliminary experiments

with Sephadex G-200 on small columms (2.4 x 24 cm) resulted in a separation
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both of gluten and of gliadin prepared by alcoholic extraction into two
fractions. Because only small quantities. of protein could be used with
these columns; fractions obtained could not be assayed by starch-gel
electrophoresis. Therefore, a larger Sephadex G-200 column was prepared
as described:in the methods section, in order to facilitate fractionation
of larger quantities of protein. It had been observed with the small
columns that there was a marked reduction in the flow rate when the first
protein component, presumably glutenin, was eluted. For this reason
gliadin prepared by alcoholic extraction of flour was used first on the
large column since this preparation was presumed to contain less glutenin
than whole gluten. Presumably this preparation would slow the flow rate
less than whole gluten. The elution pattérn for 250 mg of Comanche
gliadin is shown in Figure 7. The four fractions present were subjected
to analysis by starch-gel electrophoresis. The results of electrophoresis
of the fractions, shown . in Plate II, indicate that the first three frac-
tions, comprisiné approximately one-half of the protein recovered, contained
glutenin proteins since the prdtein_remained at the origin as-is noted

in gels 1, 2 and 3. The fourth fraction, containing the remaining protein,
was comprised of components, shown in gel k4, which migrated at a mobility
similar to that of the gliadin proteins and is, therefore, assumed to be
the gliadin fraction of gluten. These results substantiate the earlier
conclusion that alcoholic extraction is not a satisfactory preparation

for gliadin. Apparently both the glutenin énd gliadih»are dissolved in
the alcohol. On the basis of these results, gel filtration on Sephadex
G-200 appeared to be superior to other methods for fractionating gluten-
like samples into the component fractions, giutenin and gliadin. The

resolution and clarity of starch gel patterns for the gliadin from the
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column were much better than had been noted before from the gluten and
from the gliadin prepared by alcoholic extraction, and there was no
evidence of streéking or hardening of the gel. Sephadex G-200 appears
to be useful for the separation of glutenin from gliadin but not for the
fractionation of the proteins of the gliadin group.

From the results obtained from gel filtration of alcoholic extracts
on Sephadex G-200, it was concluded that the alcoholic extract was not
superior to whole gluten as starting material {or this type fractionaticn
since this extract contained glutenin which slowed the column appreciably.
For this reason gluten was used.in subsequent fractionations employing
Sephadex G-200.

. The elution pattern of Comanche gluten fractionated by molecular
sieve action on Sephadex G-200 is shown in Figure 8. The. results of starch-
gel electrophoresis of the elution peaks from the fractionation are shown
in Plate III. ' Electrophoretic analysis of the first two peaks, shown in
gels 1 and 2, indicated that they are glutenin since most of the protein
remained at the origin, and the gels were somewhat streaked. The next
large peak, which was divided into three portions for electrophoretic
analysis, shown in gels 3, 4 and 5, yielded 17 bands. . The four slowest
moving components in the gels were more concentrated in the portion of the
pesk eluted first from the column. This indicates that these proteins are
of higher molecular weight than other components in this peak. This
conclusion assumes no adsorption or other charge effects which would
affect the elution characteristics of the proteins.

The gliadin peaks resulting from fractionation of both the gliadin
and gluten from Comanche wheat flour on Sephadex G-200 were further

fractionated on Sephadex G-100. Approximately 90 mg of protein were
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applied to the column. A typical elution pattern .is shown in Figure Q.

Because of the small quantities of protein recovered in the peaks
from the Sephadex G-100 column it was not possible to determine the
number of protein components present by application of starch=gel
electrophoresis. Therefore, a method was sought to prepare gliadin of
the same purity as that ffom,Sephadex fractionations but in greater
quantities than possiﬁie with Sephadex. The pH fractionation cof gluten
as employed by Jomes et al., (1), appeared to be applicable since these
workers reported suitable separation of glutenin from gliadin by a
precipitation of the glutenin proteins. Since gliadin prepared by
alconolic extraction . of flour was available in sufficient quantity, it
was subjected to pH fractionation using aluminum_lacﬁate as a solvent.
Electrophoretic analysis of the gliadin preparation, shown in gel k,
Plate IV, indicated that the glutenin had been removed. The gliadin
proteins were well resolved and the bands on the gels were easily
distinguished. A comparison of the gel pattern, shown .in gel L, Plate .
IV, with those from peak three of the eluate from the gluten fractiona-
tion of Sephadex G-200, shown in gel 1, 2 and 3, Plate IV, revealed
that there were not as many -proteins present in the gliadin prepared by
PH fractionation as in the gliadin prepared by the molecular sieve process;
however, the overall gel patterns were similar. It is possible that the
proteins absent from the gliadin prepared by the pH fractionation may
have been lost before this fractionation was carried out since whole
gluten was not used as a starting material.

Since the overall patterns were similar to those of gliadin prepared
by Sephadex G-200 fractionation, the preparation was used for further

fractionation -on a Sephadex column. Two hundred fifty milligrams of the
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Comanche gliadin prepared by pH fractionation of an'alcoholic extract were
subjected to fractionation on Sephadex G-100. The elution pattern was
similar to that in Figure 9. Peaks one, ﬁwo, three and four contained
15.5, 59, 21.5 and L4 percent of total protein eluted, respectively.
Approximately 80 percent of the total protein applied to the column was
recovered in the -eluate. The protein in peaks one, two and tbree were
subjected to starch-gel electrophoresis for 36 hours. The results are
shown in gels one, two and three in Plate V. Peak one is a glutenin
contaminant of the gliadin fraction as evidenced by its:lack of mobility.
Pegk two is composed of gliadin proteins and one faster moving component.
Only four faint bands wete noted on the gel containing’a sample from the
third peak. Two of these were of the same mobility as the gliadin
proteins; the other two bands were faster moving. It was sﬁspected that
this peak might contain highly mobile water soluble proteins as contami-
nants of gliadin and that nearly all of these had migrated off tﬁe gel

in %6 hours. Therefore, electrophoresis was applied: to this.peak for

12 hours with the results shown in gel k4, Plate V. It is evident that
this third peak contains substantial quantities of rapidlmeOQing proteins.
The nine faster moving components were shown by later experiments to
correspond in mobility to the water soluble proteins of flour, while the
two slower moving components corresponded to the‘gliadin proteins. The
results of starch-gel electrophoresis of the eluted peaks from gliadin

on Sephadex G~100 indicate that this Sephadex gel is not suitable for
fractionation of the gliadin proteins under the conditions employed. It
should be useful, howevér, for separating flour proteins into the glutenin,
gliadin, and water- and dilute salt-soluble proteins on the basis of their

differing molecular weights.
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Usiﬁgva-gluteﬁ preparation from Ponca wheat flour;.Woychik._E__l.
(7)'repor§ed only eighf brotein:bands.moving,into the gel. It was of
intereét, therefore,‘tb determine ﬁhether the increased resolution of
’gliadin proteins.from.cbmaﬁche flour in the present study was.due ‘to
varietal differences or té the moleculér sieveAprocess used to prepare
the gliadin. In addition, a more rapid ygthod for preparing-gliadin,in.
relatively;large-quantitiesﬂgﬁd.free of gluténin;was.sought. Gluten
from a sample'of-Poﬁqa,wheatf;as preparédAand»used.in,experimentsvde~
signed to accomﬁlish;fhese obJectivés. |

Earlier attempts to prepare gliadinvby~pH_fractiona£ion employed
an alcoholic extract of glutenAas the starting'mgtefial. It was  found
.that at least two gliadin componerits were mi#sing from the gliadin
obtained.i However, since ;he pH.fraétioﬁationﬁprOCedure is simple and
lends itself to the preparation of reiafively;large'quantities of gliadin,
it was investigated further. 1In addifion_the conditions for gel filtra—
-tion on Sephadex G-200 were further studied.

Procedures for pH fractioﬁation of dilﬁte solutions of giuten
included precipitation of glutenin from both 0.017 M aluminum lactate
and 0.0l N acetic acid; For gel filtration of gluten on Sephadex G-200,
either aluminum lactate, pH 3.1, 0.05 ionic strength or 0,0l N acetic acid,
wés used as the elﬁent.‘-The'procgdureé employed are listed. in the
ExperimentalvProcedure‘section, B& employing dilute acetic acid.in
either the pH fractionation or the molecular sieve-process, it is
" possible to eliminate the time-consuming dialysis step which is required to
remove the aluminum lactate. ,Mosf of the acetic acid is removed during the
freeze-drying.

‘The results of électrophbretiq analysis of the products obtained by
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PH fractionation of gluten in acetic acid and aluminum lactate buffers
are shown in gels one and two, respectively (Plate VI), There is a stain-
ing of the origin and some streaking of the gels containing samples of
the products of fractionation from acetic acid. This observation indicates
that some of the glutenin components are still present in the preparatiocn.
Their concentration, however, is apparently nct great enough to affect
the gel pétterns. No traces -of glutenin are noted in the gels containing
the product of fractionation from the aluminum lactate buffer,

The fractionation of Ponca gluten on Sephadex G-200 using acetic
acid as eluent was different from that employing aluminum lactate. This‘
difference is apparent in the elution pattern shown in Figure 10. The
first peak from the fractionation employing acetic acid is much smaller
than the first peak .of the aluminum lactate fractiomation and the percent-
age of protein recovered from gluten applied to the columm was not as
high fromvthé acetic acid fractionation. The recovery from the elution
in acetic acid was 80 percent while 95 percent of the original sample
was recovered when aluminum lactate was used as the eluent. This indicates
.that some of the glutenin may have been retained on the column. As shown
in Plate VI, the starch-gel pattern of the gliadin fraction (peak two)
from the fractionation employing acetic acid revealed that some glutenin
protein was eluted from the column with the gliadin proteins. In other
respects the starch .gel patterns for the gliadin fraction (peak two) from
both Sephadex fractionation were similar.

The ‘gel patterns of the gliadin preparations from Sephadex G-200
fractionation contain one more major protein .band than the products of
pH fractionation. This band exhibits a mobility similar to the omega

protein reported -by Woychik et al. (7). This protein may have been
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precipitated with the glutenin fraction during pH fractionation of glutén.

Of 'the two pH and the two Sephadex fractionation methods, the fractiona-
tion of gluten. by Sephadex G-200 using aluminum lactate, pH %.1, 0.05 ionic
étrength, appears to. be the superior method of .preparing gliadin. This
conclusion is supported by the starch gel patterns shown in Plate VI.

~The gel patterns obtained from the:Ponca gliadin prepared on Sephadex
G~200 using aluminum lactate buffer are similar to those reported by
Woychik et al. (7) except that in the present study two more bands were
noted. One of these is between the alpha, and alpha, gliadin bands while
the other band is a very faint one appearing between the alphay and the
beta, proteins. = The starch 'gel patterns for the beta, gamma and omega
proteins are essentially the same as those reported by Woychik et al.. (7).
The overall electrophoretic patterns for the gliadin of Comanche and Ponca
wheat flour, shown in Plate VII, are similar; however, the gliadin of
Comanche flour exhibits seven bands not detected . in Ponca gliadin. It
is possible that the ten protein bands of Ponca gliadin are a minimum
number and that increased clarity.and.resolution of the bands would reveal
more proteins.  These results-indicate, hbwevep,‘that,there may. be
varietal différences~between these two wheats.

The data from the fractionation of Ponca gluten-on Sephadex G-200 is
compatible with reports that the beta and gamma gliadins have molecﬁlar
weights of 42,000 and 45,000, respectively (3%2). These results, are not,
~however consistent with the estimate that impure alpha gliadins have an
average molecular weight of about 200,000.(32). If this estimaté'were
‘correct, it would be expected.thét the alpha gliadin would be eluted from
the column nearer the high molecular weight glutenin components, since

the upper molecular weight limit which will partition in Sephadex G-200
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"is approximately 200,000 (33). The‘alpha gliadins, however, were eluted
from the column within the peak containing the beta and gamma proteins.
This indicates that the molecular weights of the alpha gliadins are
closer to those of the beta and gamma components than to a molecular
weight of 200,000.

Another. indication that the alpha gliadins are similar to the beta
and gamma gliadins is the observation that for Comanche gliadin the
alpha gliadins were eluted from a Sephadex G-100 column .in the same pesk
as the beta and gamma gliadins. . The electrophoretic behavior of these
gliadins was very similar to that of Ponca gliadins. 1If it is assumed
that the gliadins of Ponca are the same proteins as those of Comanche,
then it may be concluded that the molecular weight for the alpha gliadins
of Ponca is less than 100,000, since the upper limit for fractionation
with Sephadex G-100 is about 100,000 molecular weight (33).

In ‘order to determine whether or not any of the bands on the gel
patterns of gluten and gliadin preparations were actually contaminants
consisting of water-soluble proteins, the mobilities of the proteins
soluble in water were compared to those of gluten. Electrophoresis. for
both 12 and .36 hour periods was carried out éimult;neously,on both glutens
and water extracts .from Comanche, Ponca and Superking flours. The results,
shown in Plates VIII and IX indicate that there are some componénts present
in the gluten preparations.which correspond to the faster moving proteins
of tﬁe»water extracts. The presence of gliadin proteins in the water
extracts shows that the gliadins are slightly water soluble, while the
presence of the water soluble components in the gluten patterns may. be
due to their physical entrapment in the gluten. It is clear that when

electrophoresis of gluten or gliadin is carried out for 36 hours the
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more mobile water soluble proteins are moved either completely out of
the gels or moved above the bands representing the gliadin proteins and

do not interfere with the gluten or gliadin bands.
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Figure 7. Elution pattern on Sephadex G-200 in Al lactate (pH 7.1,
0.05 p)of Comanche gliadin prepared by alconolic extraction
of flour.

Note: The eluate was divided at the volumes indicated by the broken
lines.



Optical density at 250 mp

. 5ho—

20—
. 360
. 300
. 240
. 180\~

. 120

. 060

. 600—

. 480~

0 | | | | | | | TJR |
100 200 300 L0OO 500 600 700 500 900 1000 1160
Effluent Volume (ml)
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Figure 9.  Elution pattern of Comanche gliadin on Sephadex
G-100 in Al lactate, pH 3.1, 0.05 u.
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PLATE T
Starch Gel Patterns of Comanche Gluten and Gliadin
1. Gluten

2.  Gliadin (Alcoholic extract)



Lo

in

Orig



PLATE II
Starch Gel Patterns of Comanche Gliadin (Alcoholic extract)
Fractionated on Sephadex G-200
1. Peak one
2. Peak two
3. Peak three

L, ©Peak four
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“PLATE III
Stafch.Gel Patterns of Comanche Gluten Fractionated on Sephadex G-200
1. Peak one
2. Peak two
%3, Front portion of peak three
k., Middle portion of peak three

5. Rear portion of peak three:



Origin
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PLATE IV
Comparison of the Starch Gel Pattern of Comanche Gliadin Prepared by pH
Fractionation with -Those of Comanche Gliadin ‘Prepared by
Fractionation .of Gluten on Sephadex G-200
1. Front portion of peak three from Sephadex fractionation
2. Middle portion of peak three from Sephadex fractionation
3. Rear portion of peak three from Sephadex fractionation

L. Gliadin from pH. fractionation
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Starch Gel Patterns of Comanche Gliadin Further Separated on Sephadex G-100
1.

2.

 PLATE V

Peak one (Electrophoresis - 36 hours)
Peak two (Electrophoresis - 36 hours)
Peak three (Electrophoresis =- 36 -hours)

Peak three (Electrophoresis - 12 hours)



Origin
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PLATE VI

Starch Gel Patterns of Ponca Gliadins-Prepared by

Various Fractionation Procedures

Gliadin prepared by pH fractionation of gluten

Gliadin prepared by pH fractionation of gluten
lactate

Gliadin prepared by fractionation .of gluten on
0,01l N acetic acid as eluent

Gliadin prepared by fractionation of gluten on
aluminum lactate buffer, pH 3.1, 0.05 p as

 from 0.01.N acetic acid

from 0.017 M aluminum

Sephadex G-200 using

Sephadex :G-200 using
eluent



Glidin

gamma

omega

Origin
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PLATE VII
Comparison of the Starch Gel Pattern of Ponca and Comanche
Gliadins Prepared by Sephadex Fractionation
1. Front portion of Comanche gliadin peak
2. - Middle portion .of Comanche gliadin peak
%, Rear portion of Comanche gliadin peak

4. Ponca gliadin



Origin
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.PLATE VIII
Comparison of Starch Gel Patterns of Water Extracts with Those
of Glutens (12 hours)
1. Superking water extract
2. Superking gluten
3. GComanche water extract
4., Comanche gluten
5. Ponca water extract

6. Ponca gluten
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PLATE IX
Comparison of Starch Gel Patterns of Water Extracts with Those
of Glutens (36 hours)
1. ‘Sﬁperking water extract

2. Superking gluten

3, Comanche water extract
4. Comanche gluten
5. Ponca water extract

6. Ponca gluten



Origin
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SUMMARY

‘Three procedures for the sepération.of whea% gluten protein into. its
major fraction, gluteniﬁ_and gliadin, were investigated. These proce&ures
,in¢1uded alcoholic extraction of flour or gluten; pH,fractionation‘of
glgten, and fractionation of gluten by gel filtration on Sephadex G-20C.
The last method effected the most clean cut separation of gliadin and
glutenin as evaluated by starch-gel electréphofesis'of the products.
Attempts to separate the proteins within the gliadinAfrécﬁion,by gel
filtration on Sephadebeiloo were unsuccessful,vbut the use of this
material permitted the separation of the gliadin ﬁroteins from glutenin
‘and water soluble proteins which were present as contaminants- in the
gliadin preparétion. Gel filtration on Sephadex G-200 and Sephadex G-100
appeérs to be a suitable means.for separating wheat flour proteins into
three fractions: glutenin, gliadin apnd water ;oluble-proteins.

The number of components present in.Comanche and Ponca flour gliadin
prepared by fractiona;idnAon.Sephadex-G-206 was evaluated by starch gel
electrophoresis. . Seventeen- protein componeﬁts werelfound in Comanche
gliadin while only ten were observed in Ponca gliadin. Aléhough_im9r0ved
techniques might -reveal additional compoﬁeﬁts in;anca gliadin, it appears
thatsthére mayvpe a varietal difference between the two wheats. |

The'elution;characteristics of Ponca gliadin proteins on Sephadex
'G-200 suggest .that all of these proteins have similar molecular weights.
This finding is in.contrast.to an earlier reporf in which the weight

59
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average molecular weight of impure alpha gliadins ;as estimated to be
about . four to five times gregter-than_that of the other gliadin proteins.

Starch-gel electrophoretic»pétterns of water soluble proteins.from
three floursbwere compared with those for thé corresponding glutens in
.order to .determine whether or not some of the bands observed in gluten
and gliadin were water soluble contaminants. It was concluded that,
although gluten does contain some of the water soluble proteins, these
components migrate far ahead of the gluten proteins and do not contribute
to the starch gel pattern for gliadin or gluten under the conditions

routinely -employed.
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