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Albumin Storage Protein and Allergens in Cottonseeds

Richard J. Youle! and Anthony H. C. Huang*

Cottonseed contains three major types of proteins having sedimentation values of 28, 5S, and 9S and
existing in equal amounts. Protein bodies isolated from the cottonseed also contain these three major
proteins in similar proportions. The 5S and 9S proteins are typical globulin storage proteins and have
similar amino acid compositions. The 2S proteins are albumins and are also storage protein as judged
by their amino acid composition, developmental properties, and high amount in the seed. The 2S proteins
are distinct from the 5S and 9S proteins in solubility, amino acid composition, sedimentation values,
and sodium dodecyl sulfate gel electrophoretic patterns. The 28 storage albumin proteins are shown
by NaDodSO, gel electrophoresis, immuno-cross-reactivity, and amino acid composition to be identical

with the cottonseed allergens.

The utilization of plant proteins to supplement diet has
been receiving increased attention partly due to the ex-
panding demand on dietary proteins around the world. An
important source of these plant proteins is the protein
byproduct of oilseeds after the oil has been extracted for
industrial utilization. Cottonseed is an important oilseed
to provide the protein byproduct because of the enormous
amount of cottonseeds required for fiber production (see
review by Cater et al., 1977). In the study of the com-
position of cottonseed protein, the protein was extracted
by industrial processing and categorized arbitrarily into
storage protein and nonstorage protein (Berardi et al,,
1969; Cater et al., 1977; King and Lamkin, 1977). However,
the chemical characteristics of these protein components
of the cottonseed in relation to their in vivo properties and
functions are unknown.

In seeds other than those of Gramineae, the classical
storage protein is globulins of high molecular weight
(Osborne, 1924; Danielsson, 1949). Albumin storage
protein of low molecular weight occurring in abundance
has recently been described in castor bean (Youle and
Huang, 1976, 1978a). The storage protein is localized in
single-membrane organelles called protein bodies. In seeds
of certain species like cotton, the protein body contains
an amorphous protein matrix (Yatsu and Jacks, 1968). In
seeds of other species such as castor bean, the protein body
contains a large protein crystalloid embedded in the
amorphous protein matrix (Ory et al., 1968; Tully and
Beevers, 1976; Youle and Huang, 1976). In castor bean,
whereas the globulin storage protein is localized in the
protein crystalloid of the protein body, the albumin storage
protein is restricted to the amorphous protein matrix
(Youle and Huang, 1976, 1978a) of the organelle.

Many seeds, especially oilseeds, contain potent allergens
of protein nature (see review by Berrens, 1971, and Spies,
1974; Daussant et al., 1976). Although the chemical
properties of the oilseed allergens have been extensively
studied, the cellular aspects of these proteins such as their
in vivo function, subcellular localization, and percent of
the total seed protein have not been investigated until very
recently. The castor bean allergen is identified as the
low-molecular-weight albumin storage protein in the
amorphous matrix of the protein bodies (Youle and Huang,
1978b). The cottonseed contains the best-studied oilseed
allergens (Spies, 1941; Spies et al., 1951, 1960), but the in
vivo features of the cottonseed allergens have not been
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elucidated. Whether or not the cottonseed allergens serve
the same in vivo function as the castor bean allergen is
unknown.

To further the knowledge on seed storage proteins and
seed allergens, we have chosen to study the cottonseed for
its increasing importance in human consumption and for
its representation of those seeds whose protein bodies
contain only amorphous protein matrix without protein
crystalloids. In this paper, we present a characterization
of the major proteins in cottonseed. The in vivo roles of
the various proteins are identified and the cottonseed
allergens are shown to be a major albumin storage protein.

MATERIALS AND METHODS

Preparation of Protein Fractions. Three grams of
dry dehulled cottonseed (Gossypium hirsutum L. cv. SJ-2)
were ground in 100 mL of 1 M NaCl, 0.035 M sodium
phosphate buffer, pH 7.5 for 20 min in a VirTis 45
homogenizer. The crude extract was centrifuged at 10000g
for 30 min and the supernatant fraction beneath the fat
layer was used as the total protein extract.

Protein bodies from dry cottonseed were isolated by
differential centrifugation in glycerol according to the
method of Yatsu and Jacks (1968). Five grams of dehulled
cottonseed were ground in 15 mL of glycerol at low speed
in a VirTis homogenizer for 5 min. The homogenate was
filtered through cheesecloth and centrifuged at 41000g for
20 min. The resulting pellet was resuspended in 5 mL of
glycerol and recentrifuged as before. The pellet contained
the protein bodies and was resuspended in glycerol.

Cottonseed allergens (CS-1A) (Spies et al., 1951) were
generously supplied by Dr. J. R. Spies.

Determination of Sedimentation Values by Ul-
tracentrifugation. Protein fractions were prepared for
ultracentrifugation by dialyzing against 0.035 M sodium
phosphate buffer, pH 7.5, and 1 M NaCl. Purified protein
bodies in glycerol were diluted in this buffer; the dilution
lysed the organelles and solubilized the protein. After lysis
of the organelles, the globoids and membranes were re-
moved by centrifugation at 10000g for 30 min. Since
catalase dissociated into its subunits in 1 M NaCl, the
enzyme was dissolved in the buffer without NaCl.

Sedimentation analyses were performed by sucrose
gradient centrifugation according to Martin and Ames
(1961) with the modification of Hill and Breidenbach
(1974). Each 1-mL protein sample was applied on top of
a linear density gradient composed of 34 mL of 5-30%
(w/w) sucrose. The gradient solution also contained 0.035
M sodium phosphate buffer, pH 7.5, and 1 M NaCl. In
the centrifugation of catalase, NaCl was omitted in the
gradient solution. The gradient was centrifuged at 25000
rpm for 24 h in a Beckman L1.2-65B ultracentrifuge using
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a SW-27 rotor. The gradient was fractionated into 1-mL
fractions and the protein was assayed according to Lowry
et al. (1951) with BSA as the standard. Myoglobin (type
II, Sigma) and bovine liver catalase (type C-10, Sigma)
were used as markers for sedimentation values. Catalase
was assayed as described (Lick, 1965) and myoglobin was
assayed by the Lowry method.

NaDodSO, Polyacrylamide Gel Electrophoresis.
Slab gel electrophoresis was performed in 15% poly-
acrylamide gels with NaDodSO, and a discontinuous buffer
system (Weber and Osborne, 1975). Protein samples were
incubated at room temperature for 30 min, or at 100 °C
for 2 min in 0.01 M Tris-HCI buffer, pH 6.8, and 1%
NaDodSO,. Molecular weight standards were those de-
scribed earlier (Youle and Huang, 1976).

Immunological Techniques. Each of two 5-1b New
Zealand white rabbits was injected in the foot pads and
the back subcutaneously with 2 mg of cottonseed allergens
mixed in Freund’s complete Adjuvant. After 1 week, it
was injected in the back subcutaneously with 2 mg of
cottonseed allergens mixed with Freund’s incomplete
Adjuvant. The rabbits were bled 10 days after the second
injection and the v-globulins were purified by the pro-
cedure of Kendall (1938). The vy-globulins were dialyzed
against 0.01 M sodium phosphate buffer, pH 7.5, 0.05 M
NaCl, and after centrifugation at 10000g for 30 min, the
supernatant fraction was retained. v-Globulins were also
prepared by an identical procedure from untreated rabbits
as controls.

Double diffusion tests were performed according to
Quchterlony (1968). Equal amounts of protein samples
to be tested were applied to each well except that twice
the amount of the total cottonseed proteins were used.

Protein Hydrolysis and Amino Acid Analysis. After
dialysis against water and lyophilization, the protein
samples were hydrolyzed to amino acids with 4 N
methanesulfonic acid in vacuo. The procedure that
preserved tryptophan was followed (Simpson et al., 1976).
The protein samples were reduced with dithiothreitol for
half-cysteine analysis. Amino acid analyses were per-
formed on a Beckman 120-C instrument.

Germination, Cottonseeds were soaked overnight in
running tap water and germinated in moist vermiculite at
30 °C in darkness. The cotyledons at various stages were
ground with a mortar and pestle in NaDodSO, gel elec-
trophoresis buffer (Youle and Huang, 1976). All the
extracts were made to the same volume with buffer. The
extracts were centrifuged at 5000g for 10 min and the
supernatant fractions were used for gel electrophoresis.

RESULTS

Sedimentation Profile. The total cottonseed proteins
extracted in 1 M NaCl were analyzed by sucrose gradient
centrifugation to determine the relative amounts and the
sedimentation values of the major proteins. The sedi-
mentation centrifugation revealed three major peaks of
protein with sedimentation values of 2S, 5S, and 9S (Figure
1a). Each of the three protein peaks represented ap-
proximately one-third of the total protein.

The proteins in isolated cottonseed protein bodies were
also extracted with 1 M NaCl and analyzed by sucrose
gradient centrifugation. A protein profile very similar to
that of the total cottonseed protein was found (Figure 1b).
We suggest that the three major cottonseed proteins are
localized in the protein bodies because (1) the protein
profiles of the total cottonseed protein and of the isolated
protein bodies in the sucrose gradients are very similar,
(2) the NaDodSO, gel protein profile of the total cot-
tonseed proteins and that of the isolated protein bodies
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Figure 1. Sucrose gradient centrifugation of cotttonseed proteins.
Each linear gradient was composed of 34 mL of 5% (w/w) to 30%
sucrose in 1 M NaCl. Centrifugation was carried out in a Beckman
SW27 rotor for 24 h at 25000 rpm. Myoglobin (2.04S) and catalase
(11.3S) were used as markers of sedimentation values.

are identical (see latter sections describing Figure 2A and
Figure 3), and (3) a similar conclusion supported with more
detailed data has been reported in castor bean (Youle and
Huang, 1976, 1978a,b). However, definite evidence is
required to show that our suggestion is completely valid.
In our subsequent study on the properties of the three
major proteins, especially the 28 proteins, which are the
focal points of this paper, we obtained the proteins directly
from the cottonseeds instead of from the isolated protein
bodies.

The various isolated protein fractions were free from
bound gossypol since none of them exhibited spectro-
photometric evidence of gossypol contamination (King and
Lamkin, 1977).

Solubilities. The solubility of the three major protein
fractions was investigated. Cottonseed protein was ex-
tracted in dilute buffer as described before except that
NaCl was omitted. The proteins extracted were thus
soluble in low ionic strength media and were analyzed by
sucrose gradient centrifugation (Figure 1c). Only one
protein peak was found which was at the same position
as that of the 2S protein peak of the total seed protein









