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Cowpea Proteins. 2. Characterization of Water-Extractable Proteins

S. Sefa-Dedeh and D. Stanley*

Disc gel electrophoresis, gel filtration, and ultracentrifugation were used to characterize cowpea (Vigna
unguiculata) water-extractable proteins (WEP) and water-extractable, acid-precipitated proteins (APP).
After electrophoresis, the WEP showed four bands as compared to six bands in the APP. Ultracentrifuge
analysis showed that the WEP contained four fractions with sy values of 3.1, 8, 12.7, and 14.6, the 88
fraction being the predominant species. Fractions with molecular weights of 13 500, 20000, 25000, 50 000,
and a large-molecular-weight fraction (>600000) were separated from WEP on a Sephadex G-200 column.
The 8-14.6S fractions were able to enter into association—dissociation reactions as evidenced by ul-
tracentrifugation. Heating the WEP from 25 to 100 °C caused very little change in nitrogen solubility;
however, electrophoresis indicated a breakdown into subunits and aggregation. Evidence from differential
scanning colorimetry showed the possible formation of soluble aggregates during heating.

One of the areas to be considered in an attempt to
increase the utilization of legume seeds and legume
products is the physicochemical properties and func-
tionality of the various components. One component
which is of great importance in the consumption of legumes
is protein.

Sefa-Dedeh and Stanley (1979) reported on conditions
for optimal extraction of cowpea (Vigna unguiculata)
proteins in different solvents. However, to fully under-
stand the properties of these proteins, these isolated
components need to be characterized. Derbyshire et al.
(1976) provided a comprehensive review on the storage
proteins of legume seeds. There have been numerous other
reports on the characterization of legume seeds (Osborne
and Campbell, 1898; Danielsson, 1949; Wolf and Briggs,
1959; Wolf et al., 1962; Adriaanse et al., 1969; Ericson and
Chrispeels, 1973; Wright and Boulter, 1974). Although
cowpeas are a major grain legume crop in the tropics, they
are not referred to in any of these studies. The objective
of this work was to characterize the water-extractable
proteins (WEP) of cowpea and investigate how they are
affected by ionic strength and heat.

MATERIALS AND METHODS

Materials. (a) Cowpea Flour. Cowpeas (Vigna un-
guiculata) variety “Adua Ayera” were milled as reported
by Sefa-Dedeh and Stanley (1979).

(b) Preparation of Protein Extracts. Water-extractable
protein (WEP) was prepared from the flour by extracting
at the optimum conditions established from regression
equations (Sefa-Dedeh and Stanley, 1979). The proteins
were extracted for 30 min at 25 °C using a meal-solvent
ratio of 0.05 (g/mL). The extract was centrifuged at
20000g for 20 min, dialyzed at 4 °C against distilled water
for 24 h, and freeze-dried.

Water-extracted, acid-precipitated proteins (APP) were
prepared by reducing the pH of the dialyzed water extract
to the isoelectric point (pH 4.5) with hydrochloric acid.
The precipitated proteins were centrifuged (20000g for 20
min) and washed once with water. The resulting protein
was freeze-dried.

Salt-soluble protein was also extracted with 0.5 M so-
dium chloride using the conditions established from the
regression equation reported by Sefa-Dedeh and Stanley
(1979). After centrifuging at 20000g for 20 min, the extract
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was dialyzed against distilled water at 4 °C for 24 h,
Salt-soluble proteins precipitated from solution during
dialysis were separated by centrifuging at 20000g for 20
min. The protein was freeze-dried.

Experimental Methods. Discontinuous polyacryl-
amide gel electrophoresis was performed on the protein
samples with a Canalco Model 1200 disc electrophoresis
unit (Canalco, Rockville, MD). A 100-mg sample was
dissolved in 3.0 mL of Tris—glycine buffer (pH 8.3, u =
0.16). One gram of urea was added and the mixture fil-
tered. A 10-uL aliquot of the solution was applied to the
gel and the samples electrophoresed by applying a current
of 4 ma/tube. The gels were stained after electrophoresis
with aniline blue-black for 2 h and then destained with 7%
acetic acid in a quick gel destainer, Model 1801 (Canalco,
Rockville, MD). The gels were scanned in a Joyce~Loebl
chromoscan densitometer at 620 nm to determine their
electrophoretic patterns.

Fully swelled Sephadex G-200 gel was packed in a 100
X 2.5 cm glass column. Using an ISCO automatic fraction
collector (ISCO, Lincoln, NE) and a flow rate of 10 mL/h,
the exclusion volume was determined with blue dextran.
The column was calibrated for molecular weight deter-
mination with the following proteins: aldolase, ovalbumin,
chymotrypsinogen A, and ribonuclease A. The column was
eluted with Tris—glycine buffer, pH 8.3, u = 0.16. A se-
lectivity curve for the proteins was plotted.

A 200-mg sample of cowpea protein was dissolved in 4.0
mL of Tris—glycine buffer (pH 8.3, 1 = 0.16) and the
mixture filtered through a Whatman No. 4 filter paper.
The filtrate was loaded and chromatographed on the
Sephadex G-200 column. Ten-milliliter fractions were
collected at the rate of 10.0 mL/h. The elution pattern
of the protein was monitored by measuring absorbance at
280 nm. The molecular weight of the fractions was es-
timated from the selectivity curve.

To estimate sedimentation coefficients of the proteins,
15 mg/mL solutions were prepared by dissolving the
protein extracts in Tris—glycine buffer, pH 8.3 (u = 0.16).
To remove any particles the solutions were centrifuged at
5000g for 10 min at 4 °C. A 0.5-mL sample was analyzed
by filling into a cell and centrifuging under vacuum at 20
°C at fixed speed in a Beckman Model E Analytical Ul-
tracentrifuge using Schlieren optics; sedimentation pat-
terns were photographed and measured at different time
intervals and the sedimentation coefficients of the fractions
estimated.

The influence of changing ionic strength on the sedi-
mentation coefficient of water-soluble proteins was sim-
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