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Isolation and Purification of Cottonseed 75 Storage Protein and Its 
Subunits 

Henry F. Marshall, Jr. 

US. Department of Agriculture, Agricultural Research Service, Southern Regional Research Center, 
P.O. Box 19687, New Orleans, Louisiana 70179 

A rapid, simple method was developed for isolating and purifying the 7s storage globulin of cottonseed 
and its two major subunits. By use of small amounts of starting material, extractions were performed 
at 4 "C except when otherwise necessary, preparation times are kept to a minimum, and, most importantly, 
purification of the storage protein and its subunits is accomplished with high-performance liquid 
chromatography. A reverse-phase chromatography method was used to isolate and purify the subunits 
in one step. The 7s globulin was determined to  have a molecular weight of 98K and has two subunits 
of 54K and 48K. There was no covalent linkage between the subunits. Results indicate that the 7s 
storage protein has a simpler subunit composition than previously reported. 

INTRODUCTION 

Cottonseed, due to its high protein content, has been 
the subject of many investigations as a potential food source 
for human consumption. The principal determinants are 
its good nutritional quality and functional properties (El- 
more and King, 1978; Castro et al., 1976; Martinez et al., 
1970). 

The storage globulins make up approximately 70% of 
the protein present in cottonseed, principally the 11s and 
75 components with the latter having been the focus of 
most studies for physical characterization. Procedures for 
the isolation and purification of these two globulin 
components have been well described in the literature 
(Rossi-Fanelli et al., 1964; Wallace, 1976; Zarins and Cherry, 
1981; Dure and Chlan, 1981; Zarins et al., 1984; Reddy and 
Rao, 1988a). Methods for obtaining the principal subunits 
of the globulins have been reported by Wallace (1976) and 
King (1980). For these procedures, relatively large amounts 
of defatted cottonseed flour or meal are used in batch 
isolation procedures which take advantage of the solubility 
characteristics of the storage globulins. Subsequent 
purifications are then accomplished by traditional liquid 
chromatography using gel filtration and/or ion-exchange 
methods. Lengthy periods of time for these approaches 
are unavoidable and may lead to altered proteins unsuitable 
for structural studies, or proteolytic degradation may occur. 
Additionally, bacteriostatic reagents that are sometimes 
used may not be totally removed by subsequent dialysis. 

The procedure presented here incorporates minimal 
exposure to  ambient temperatures, short handling times, 
and purification by HPLC. Small amounts of high- 
purity 7s globulin and its subunits are obtained. 

EXPERIMENTAL PROCEDURES 

Materials. Glandless cottonseed, cultivar Acala 8160, was 
used for the protein extractions. It was stored in the freezer at 
-10 "C until used. 

Reagents for the LDS-PAGE electrophoresis were obtained 
from Sigma Chemical Co., St. Louis, MO. The silver stain kit 
used for the staining of the PAGE gels was obtained from the 
Chemical Division of Bio-Rad, Richmond CA. Sodium chlo- 
ride, mono- and dibasic potassium phosphates, and the sol- 
vents for fat extraction were of reagent grade from J. T. Baker 

Chemical Co. The Superose 12 FPLC column was obtained 
from Pharmacia LKB Biotechnology Inc., Piscataway, NJ. 

Amino acid analysis elution buffers formulated for the Beck- 
man System 6300 amino acid analyzer were from Beckman In- 
struments, Spinco Division, Palo Alto, CA. 

Methods. Preparation of Defatted Meal. Cottonseed ker- 
nels were ground with dry ice in a Tekmar mill. The dry ice was 
allowed to evaporate at ambient temperature. The full fat meal 
obtained from this procedure was extracted (3X) at ambient 
temperature with a 3:l chloroform-methanol mixture. Next, 
the meal was extracted (3X) with MeOH-H20 (8020) at 4 O C .  

Finally, the meal was extracted once with diethyl ether at 4 O C .  

For these extractions a 101 ratio of solvent to meal was used. 
Protein Extraction and Isolation. The I S  globulin was ex- 

tracted from defatted meal by a modified procedure described 
by Wallace (1976). A flow chart of the procedure is presented 
in Figure 1. The starting amount for the extraction was re- 
duced to 1 g. An Omni-Mixer was used for all extractions. The 
30 "C extraction for the 7s globulin was performed in a tem- 
perature-controlled H2O bath. All centrifugations were per- 
formed with a Eppendorf microfuge, Model 5414, for 3 min at 
12000g. This short spin time did not appreciably alter the tem- 
peratures required for the different steps of the preparation pro- 
cedure. Once the 7s globulin precipitate was obtained (Figure 
I), it could be resolubilized in 10% NaCl and directly purified 
with the Superose 12 column or frozen and stored until need- 
ed. For most situations it was directly purified in the follow- 
ing manner. 

Protein Purification. A Superose 12 column with 10% NaCl, 
pH 7.0, as the eluant was used for the purification of the I S  
globulin. Protein concentration was adjusted to 33.0 mg/mL, 
and 1OO-kL aliquots were applied to the column for each run. 
The flow rate was 0.5 mL/min, and the eluant was monitored 
at 280 nm. Fractions were collected with a Pharmacia Frac- 
100 fraction collector set at a 45% threshold value. After pu- 
rification, the collected fractions were pooled and the material 
was exhaustively dialyzed against H20 at 4 "C and then lyo- 
philized. The HPLC apparatus used included a Kratos Spectra- 
Flow 430 gradient former, a Beckman 112 pump, a Kratos SF 
770R variable-wavelength detector, and a Hewlett-Packard 
3390A integrator. 

Subunit Isolation. Isolation and purification of the individ- 
ual subunits was accomplished in one step with a Bio-Rad RP- 
318 Hi-Pore reversed-phase column. For this step, protein 
concentration was 3.0 mg/mL 0.1 % trifluoroacetic acid (TFA), 
with 1OO-gL aliquots injected. The column flow rate was 1.0 
mL/min. The column was preequilibrated with 30% acetoni- 
trile-0.1% TFA prior to sample application. The gradient for 
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Figure 1. Isolation procedure for preparation of cottonseed 7s 
globulin. 

the reverse-phase separation was from 30% to 45% acetonitrile- 
0.1% TFA for 30 min and then a hold at 45% acetonitrile- 
0.1 % TFA for 10 min. After this period of time, the column was 
washed with 100% acetonitrile-O.l% TFA for 1 min and then 
reequilibrated to  the starting conditions. The effluent was mon- 
itored at 214 nm. The threshold value for the Frac-100 frac- 
tion collector was set at 45% full scale for these purifications. 

LDS-PAGE Electrophoresis. Polyacrylamide gel electro- 
phoresis was performed under denaturing and reducing condi- 
tions. A modification of the method of Laemmli (1970) was 
used. Lithium dodecyl sulfate (LDS) was used in lieu of SDS. 
The lithium salt has a higher solubility at lowered tempera- 
tures and behaves in identical fashion with SDS in polyacryla- 
mide gels (Piccioni et al., 1982). For these experiments gels were 
run at ambient temperatures. Sample amounts were 30 pg/lO 
pL per well, and the gels were silver stained by using a Bio- 
Rad silver stain kit. 

Amino Acid Analysis. Protein hydrolysates for amino acid 
analysis were prepared by the method of Moore and Stein 
(1963). Amino acid analyses were performed on a Beckman Sys- 
tem 6300 amino acid analyzer. Residues of amino acids per 
mole for each purified protein were determined from the mo- 
lar ratios for each amino acid with the mole ratio of arginine set 
to 1. Molecular weights for each protein were estimated from 
HPLC gel filtration data obtained with the use of standard pro- 
teins. 

RESULTS AND DISCUSSION 

Isolation of the 75 Globulin. Cottonseed storage 
proteins will have a stable native structure a pH 7.0. The 
7 s  globulin will dimerize in the presence of phosphate ions, 
but using only NaCl solutions a t  pH 7.0 precluded this 
possibility (Wallace, 1976). Temperatures maintained at 
4 "C should reduce possible proteolysis. 

After extraction of the albumin fraction with cold HzO, 
the storage proteins, principally the 7 s  component, were 

0 io 40 sb sb 
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Figure 2. (A) Chromatography of storage protein fraction. Gel 
filtration was performed by using a Superose 12 column; 10% 
NaC1, pH 7.0, is the eluant. (B) Chromatography of cryopre- 
cipiate from purification scheme, Figure 1. Gel filtration was 
performed by using a superose 12 column; 10% NaCl, pH 7.0, 
is the eluant. 

extracted at  4 "C with 10% NaC1. The 4 "C temperature 
is advantageous for 7 s  isolation as the 11s globulin displays 
a lowered solubility at this temperature. Gel filtration of 
the 10 % NaCl fraction (Figure 2A) shows the 7s globulin 
to be the preponderant species present. 

The 7 s  globulin was obtained in high purity by utilizing 
its reduced solubility in 0.3 M NaCl at 30 "C. Figure 2R 
i l lustrates t h i s  fact  qu i t e  dramatically.  Pr ior  t o  
chromatography with the Superose 12 column, the protein 
obtained from the cryoprecipitation consistently averaged 
at least 95% purity (as determined by LDS electrophore- 
sis). For the chromatography of the 7s globulin, the 
fraction collector was programmed to collect fractions only 
after reaching a 45% threshold value. When the fraction 
collection was begun at this point, t he  globulin was 
obtained a t  >99% purity. The purified globulin was 
analyzed by LDS electrophoresis (Figure 3). The results 
show that  the 7 s  globulin consists of only two large 
subunits having molecular weights of 54K and 48K. This 
subunit composition differs from that in earlier papers 
(Wallace, 1976; Dieckert e t  al., 1981; Zarins and Cherry, 
1981; Marshall e t  al., 1984; Zarins e t  al., 1984; Reddy and 
Rao, 1988b) because of the conspicuous absence of smaller 
molecular weight components. 

Reverse-phase chromatography of the 75 globulin with 
a 30-45 % acetonitrile-O.l% TFA gradient resulted in two 
well-resolved major peaks (Figure 4). Again, collection of 
the two fractions was delayed until a 45% threshold value 
was reached on the fraction collector. LDS electrophore- 
sis profiles (Figure 3) indicate each fraction t o  be 
homogeneous single polypeptides. The subunits have been 
designated I (54K) and I1 (48K). 

Since  t h e  sepa ra t ion  of t h e  two s u b u n i t s  was 
accomplished with reverse-phase chromatography and 
reverse-phase chromatography separates on the basis of 
hydrophobic interactions only, it is clear that the subunits 
are not covalently linked. 
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Figure 3. Electrophoretic profiles for 7S, subunits I and 11. Gels 
were silver stained. Concentrations were 30 pg/lO pL per well 
for each sample and 2 pg/lO mL per well for the standard. 
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Figure 4. Reverse-phase chromatography of purified 7s 
cottonseed globulin on a Bio-Rad RP-328 Hi-Pore column with 
a linear gradient of 30-45% acetonitrile-O.l% TFA for 30 min, 
45% acetonitrile-0.1% TFA for 10 min, then to 100% acetoni- 
trile-0.1 % TFA, 1.0 min. 

King (1980) has performed isoelectric focusing on the 
subunits of the 7 s  globulin and demonstrated the presence 
of a t  least 9 visualized components for the 54K subunit 
and 12 for the 48K subunit covering the pH range 6.7- 
8.3. No isoelectric focusing was performed on the subunits 
obtained in these experiments; however, in determining 
an optimal gradient for the subunit separation, it was 
noticed that a less sharp gradient would give rise to more 
than two peaks, suggesting that perhaps some of the genetic 
variants of the subunits may be separable by reverse- 
phase chromatography or hydrophobic interaction 
chromatography. 

The amino acid profiles were determined for the 7s 
globulin and for subunits I and I1 (Table I). The molecular 
weights determined from the amino acid composition for 
the two subunits are i n  good agreement with those 
determined from the electrophoresis. The profile for the 
48K subunit is quite similar to that reported by Dure and 
Chlan (1981). Interestingly, the molecular weight for the 
7 s  globulin as determined by amino acid analysis is 
considerably less than previously reported (Wallace, 1976; 
Zarins and Cherry, 1981; Reddy and Rao, 1988). On the 
basis of our electrophoretic 7 s  profile this is not surprising 
since the results indicate only two components present, 
while other papers show a more complex composition of 
seven or eight components (Wallace, 1976; Dieckert et al., 
1981; Zarins and Cherry, 1981; Marshall et  al., 1981; Zarins 
et  al., 1984; Reddy and Rao, 1988). Amino acid analysis 
of the 7.9 globulin does substantiate evidence that the 75 
globulin is composed of only two subunits since the total 

Table I. Amino Acid Composition of 75 Storage Protein, 
Subunit I (54K). and Subunit I1 (48K) 

~~ ~~~ ~ ~ 

7s subunit I subunit I1 
amino acid res/MW 99 035 res/MW 53 500 rea/MW 48 100 

Asx 85 44 43 
Thr 29 16 16 
Ser 58 33 28 
Gix 165 94 78 
Pro 40 24 18 
G ~ Y  58 28 34 
Ala 46 25 23 
' 1 2  CYS nda nd nd 
Val 57 29 31 
Met nd nd nd 
Ile 29 17 13 
Leu 56 31 26 
TYr 24 12 12 
Phe 62 34 29 
LYS 26 12 14 
His 27 14 14 
Arg 87 48 41 
TrP nd nd nd 
a nd, not determined. 

amino acid composition and molecular weight exhibit an 
almost stoichiometric relationship to the sum of 54K and 
48K subunits. 

For the isolation and purification of the 7s globulin, 
preparat ion t imes were kep t  to  a minimum, and  
temperatures were maintained a t  4 "C except where 
otherwise necessary. Purification was accomplished with 
HPLC chromatography, which is superior to standard 
liquid chromatography in its ability to separate mixtures 
of components. Additionally, rather severe cuts were 
imposed during the collection of the purified fractions as 
dictated by the high threshold value setting on the fraction 
collector. The combined effects of this approach resulted 
in fractions of extremely high purity. Previously reported 
smaller molecular weight components in the 7 s  globulin 
may perhaps be carry-over contaminants from the isolation 
and/or proteolytic digestion products which were not able 
to be separated from the 7 s  globulin by conventional liquid 
chromatographic methods. 

The electrophoretic profiles indicated that with reverse 
phase chromatography and the proper gradient the 
subunits of the 75 cottonseed globulin can be obtained in 
high purity in one step. Milligram quantities of highly 
purified subunits are possible in a relatively short amount 
of time. No dialysis of the purified fractions is necessary 
since the fractions can be directly lyophilized since only 
acetonitrile, TFA, and HzO are present. 

Analytical size columns were used for the separations 
and purifications; however, they performed qui te  
efficiently, and since retention times were low, 16-20 
separations per day can be made. 

Purified subunits can be obtained from cottonseed kernel 
in 2-2.5 days. The method is applicable where large 
numbers of varieties of seed are being compared or where 
small amounts of highly purified protein or subunits are 
required. This approach should be applicable to other 
oilseed protein systems. 
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