1408 J. Agric. Food Chem. 1984, 32, 1406-1412

Heat-Induced Interactions between Soybean Proteins: Preferential Association of

11S Basic Subunits and 3 Subunits of 7S

Shigeru Utsumi, Srinivasan Damodaran, and John E. Kinsella*

Heat-induced interactions between soy 7S and 118 globulins were studied. Heating caused dissociation
of both 7S and 118 globulins; the dissociated subunits of 7S and 118 globulins subsequently interacted
with each other, forming soluble macrocomplexes having molecular weights over one million. Two-
dimensional gel electrophoretic analysis revealed that the macrocomplexes contained predominantly
the basic subunits of 11S globulin and the 8 subunit of 7S globulin; little of the « and «’ subunits of
78 globulin was present in these complexes, indicating that the basic subunits of 11S have higher affinity
for the 8 subunit. The results also indicated that the interaction between the basic subunits and the
8 subunit is predominantly electrostatic in nature. Furthermore, disulfide bonds between the basic
subunits are also involved in the formation of soluble macrocomplexes.

The gel-forming ability of soy proteins is one of the most
important functional properties desirable for their usage
in conventional foods and as meat extenders. In order to
understand the mechanism of gelation of soy proteins,
several workers have studied the heat-induced associa-
tion/dissociation behavior of soy protein isolate and its
constituent protein fractions (Mann and Briggs, 1950;
Watanabe and Nakayama, 1962; Saio et al., 1968; Wolf and
Tamura, 1969; Catsimpoolas et al., 1969, 1970; Aoki, 1970;
Fukushima and van Buren, 1970; Hashizume et al., 1975;
Hashizume and Watanabe, 1979; Yamagishi et al., 1980;
German et al., 1982; Damodaran and Kinsella, 1982). The
globulins glycinin (11S) and §-conglycinin (7S) are the
major components of soy isolate. The former is composed
of six associated dimeric disulfide linked acidic (AS, ~
38000 daltons) and basic subunits (BS, ~20 000 daltons)
while the 7S is comprised of at least six combinations of
three subunits, denoted «, «’, and 8, ranging in molecular
weights from 57000 to 42000 (Mori et al., 1982b; Thanh
and Shibasaki, 1978; Kinsella et al., 1985).

Considerable research has been done on soy 118 globulin
with respect to the mechanism of its gelation and the role
of the constituent subunits in the formation and properties
of the gel (Mori et al., 1982a,b; Nakamura et al., 1983;
Utsumi et al., 1983). Furthermore, under identical gelling
conditions soy 78 globulin has been shown to possess better
gelling properties than soy 11S globulin (Babajimopoulos
et al., 1983). Differences in the gelling properties of soy
7S and soy 118 globulins have been attributed to associ-
ation/dissociation and thermal unfolding characteristics
of their constituent subunits (Babajimopoulos et al., 1983).
However, it has also been shown that either soy protein
isolate or a 1:1 mixture of soy 7S and 118 globulins ex-
hibited better gelling properties than either of the con-
stituent protein fractions (Babajimopoulos et al., 1983).
This has been attributed to heat-induced interaction be-
tween the constituent subunits of soy 7S and 118 globulins.
Recently, we showed that heating of soy isolate at 80 °C
in the presence of thiol reagents results in dissociation of
both 7S and 118 globulin fractions; the dissociated sub-
units of 7S globulin subsequently interact electrostatically
with the basic subunits of 118 globulin, forming soluble
complexes (Damodaran and Kinsella, 1982). Formation
of such complexes between the constituent subunits of
these major protein fractions may be responsible for the
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formation of a better three-dimensional network in the gels
of soy isolate compared to 11S gels. Although evidence
for the heat-induced interaction between soy 7S globulin
and the basic subunits of 11S globulin has been presented
in the earlier report, the subunit composition and the
molecular size of the complexes formed were not analyzed
(Damodaran and Kinsella, 1982).

In this paper we report that among the subunits of 7S
globulin the 8 subunit exhibits marked affinity for the
basic subunits of 118 globulin. Also, the interaction be-
tween the subunits of 7S globulin and the basic subunits
of 118 globulin leads to formation of highly heterogeneous
soluble macrocomplexes with a minimum molecular weight
of about one million.

MATERIALS AND METHODS

Materials. Electrophoretic-grade sodium dodecyl
sulfate (NaDodSO,) was purchased from Bio-Rad (Rich-
mond, CA). Acrylamide and bis(acrylamide) were pur-
chased from Sigma Chemical Co. (St. Louis, MO). Other
chemicals used in this study were reagent grade.

Isolation of Soybean Proteins. 11S and 7S globulin
rich fractions were isolated from defatted, low heat treated
soy flour according to the method of Thanh and Shibasaki
(1976a,b). The 118 globulin fraction was further purified
by Fractogel TSK HW-55 under the conditions described
previously (Damodaran and Kinsella, 1981). In the case
of the 7S globulin fraction, no further purification was
done. The purity of these two protein fractions were
>90% and >70%, respectively. Proteins were stored in
lyophilized form until used.

Heating Experiments. Heating experiments were
carried out in a water bath at 80 °C. In the case of the
experiments with mixtures of 7S and 118 globulins, the
protein concentration was maintained at 0.5% (1:1 ratio),
whereas for experiments with single protein fractions,
0.25% protein concentration was used. All the experi-
ments were done in 30 mM Tris (pH 8.0) containing 10
mM 2-mercaptoethanol (heating buffer) in glass capillary
tubes. At the end of the heating period the tubes were
removed and immediately cooled with water at 10 °C.

Gel Electrophoresis. One-dimensional polyacrylamide
disc gel electrophoresis (PAGE) was performed essentially
according to the method of Davis (1964) using 6.5% (w/v)
polyacrylamide separating gels in glass tubes (7 X 0.5 cm).
In order to separate higher molecular weight protein
complexes, two stacking gels (3 and 4% acrylamide) were
used in each tube. Protein samples (40 ug) were applied
to each gel, and the electrophoresis was performed at 1
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Studies on the Proteins from Safflower Seed (Carthamus tinctorius L)

T. S. Latha and V. Prakash*

Safflower seed (Carthamus tinctorius) was analyzed for moisture, protein, ether extractives, ash, total
sugars, and crude fiber. The total protein in the seed was extracted at pH 7.5 by low ionic strength
buffers in the presence of sodium chloride and at different pHs. The extracted total protein was analyzed
by using the techniques of sedimentation velocity, polyacrylamide gel electrophoresis, ion-exchange
chromatography, and gel filtration. It consists of predominantly one major fraction of sedimentation
value 128 and three other components of sedimentation values 2S, 7S, and 17S. The protein has an
absorption coefficient, E3g:l™®, of 17.3 and an absorption maximum at 279-280 nm in the ultraviolet
region. The presence or absence of sodium chloride during extraction has a profound effect on the
extractability of the 12S component of the total protein.

Safflower (Carthamus tinctorius L.) seed is primarily
grown for its oil. The seed contains nearly 35-40% oil,
15-20% protein, and 35-45% hull fraction (Betschart et
al., 1975). The proteins from the safflower seeds are of
good nutritional quality (Betschart et al., 1979; Kohler et
al., 1966). The ultilization of the safflower proteins and
protein isolates for food and feed purposes has been at-
tempted (Betschart et al., 1975). However, utilization of
safflower protein concentrate in food has been limited,
because of color and bitter principles and also the high
content of crude fiber (Lyon et al., 1979). Attempts have
been made to obtain a protein concentrate low in crude
fiber content (Betschart et al., 1975; Kohler, 1966).

However, much information is not available on the na-
ture of the proteins of safflower. In the present investi-
gation, total proteins have been isolated and analyzed by
using various physicochemical techniques.

MATERIALS AND METHODS

Preparation of Defatted Safflower Meal. Safflower
seeds of the variety A-1 were obtained from the Karnataka
State Seed Corp., Ltd., Bangalore, India. They were flaked
and dried in a cabinet air dryer at 60 °C for 3 h. The dried
flakes were defatted with n-hexane and were air-dried to
remove the residual solvent. The hulls were separated by
differential sieving. The hull-free meal was passed through
a plate mill and then passed through a 60-mesh sieve. The
resultant flour had less than 1% fat.

Proximate Composition. Moisture, protein (N X 6.25),
ether extractives, ash, and crude fiber were determined by
the AOAC (1980) method. Total sugars were determined
by the phenol-sulfuric acid procedure (Montgomery, 1961).

Nitrogen Extractability. Two grams of the safflower
flour was mixed with 20 mL of the solvent; the pH was
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adjusted to the desired value by 5 N HCl or 5 N NaOH.
The suspension was shaken in a rotary shaker for 1 h at
room temperature (~27 °C). The slurry was centrifuged
at 6000g for 20 min in a Sorvall RC-5B refrigerated cen-
trifuged at 20 °C. The pH of the supernatant was read
in a Toshniwal pH meter, type CL 41. Aliquots (6 mL)
were used for nitrogen determination by the Kjeldahl
method (AOAC, 1980). The influence of parameters such
as extraction time, solute to solvent ratio, pH, and various
solvents for extraction of the protein was investigated by
using the defatted flour.

For extractability studies the suspension pH was mea-
sured at intervals of 5 min after the slurry is made, and
the pH was adjusted to a constant value within the first
15-20 min. The magnitude of the drift was of the order
of 0.3 unit at extreme pH values and about 0.1 unit at
neutral pH values. The pH of the slurry after the ex-
traction time, i.e., 1 h was again measured. This pH value
was used for plotting the data.

Extraction of Total Proteins. The total proteins from
the safflower meal were extracted in 0.01 M phosphate
buffer of pH 7.5, containing 1 M NaCl (hereafter referred
to as PS buffer), by using a meal concentration of 10%.
The slurry was centrifuged at 6000g at 20 °C. The su-
pernatant was dialyzed against the same buffer and used
for various experimentations after determining the con-
centration.

Protein Concentration. The protein concentration
was routinely determined by using a value of Ei&™ =
17.3 for the total protein. This was determined by
measuring the absorbance of protein solutions of known
concentration.

Gel Filtration. Sepharose 6B-100 (medium) gel in PS
buffer was packed into a column, 1.8 X 100 cm. Approx-
imately 40 mg of the protein in the above buffer was loaded
onto the column and was eluted with the same buffer.
Fractions (2.5 mL) were collected with an Emenvee au-
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