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Isolation and Characterization of Low Molecular Weight Protein from
Safflower Seed (Carthamus tinctorius L.)

S. Sridhara and V. Prakash*

The low molecular weight (LMW) protein fraction, often termed the 2S component, was isolated from
safflower seed (Carthamus tinctorius L.). The LMW protein fraction, even though it sediments as a
single peak with an Sy, value of 1.5 S in the analytical ultracentrifuge, appears to be a group of several
LMW proteins as indicated by polyacrylamide gel electrophoresis and DEAE-cellulose chromatography.
The protein was characterized in terms of ultraviolet and fluorescence spectra, extinction coefficient,
sedimentation coefficient, carbohydrate and phosphorus contents, several enzyme activities, and secondary
structure. The protein has nearly 30% a-helix and 47% @-sheet in its secondary structure. Amino acid
analysis of the protein indicates that the protein is rich in glutamic acid or glutamine and arginine. A
chromophore is present along with the protein. The optical properties of the protein change upon dialysis

due to dissociation of the chromophore.

Safflower seed (Carthamus tinctorius L.) contains
35-40% oil, 15-20% protein, and 35-45% hull fraction
(Betschart et al., 1975). Utilization of safflower seed
proteins and protein isolates for food and feed has been
attempted, but complete utilization is inhibited by color
and bitter principles (Betschart et al., 1975; Betschart and
Saunders, 1978; Lyon et al., 1979). However, safflower seed
proteins are of good nutritional quality if color and bitter
principles are removed and if they are supplemented with
lysine (Betschart and Saunders, 1978). Latha and Prakash
(1984) studied the total proteins from safflower seed and
reported their physicochemical properties. The total
proteins consist of mainly two fractions: (i) high molecular
weight (HMW, 65%); (ii) low molecular weight (LMW,
25%) (Latha and Prakash, 1984). Latha and Prakash
(1986) isolated and characterized the HMW protein frac-
tion from safflower seed. In this paper, we report the
isolation and characterization of the LMW protein fraction.

MATERIALS AND METHODS

Safflower seeds (variety, A-1) were obtained from Kar-
nataka State Seed Corp. Ltd., Bangalore, India. Defatted
safflower flour containing less than 1% fat was prepared
as reported previously (Latha and Prakash, 1984).

Isolation of LMW Protein. A 20-g portion of 60-mesh
defatted safflower meal was extracted in a rotary shaker
twice with 200 mL of 0.01 M phosphate buffer, pH 7.0,
containing 1 M NaCl (phosphate-saline buffer) for 1 h.
The slurry was spun at 4000g for 20 min at 27 °C. To the
supernatant, containing the total proteins, was added solid
ammonium sulfate (Analar grade) in stages to give 10%,
20%, 30%, and 60% ammonium sulfate saturation. After
each saturation the extract was stirred for 2 h at 27 °C and
spun at 4000g for 20 min to separate the supernatant from
the precipitate. The supernatant of 30% ammonium
sulfate saturation was made to 60% saturation. The
precipitate thus obtained was collected, dissolved in
phosphate-saline buffer, and dialyzed against 1000 mL of
the same buffer for 2 h and then against 1000 mL of 0.02
M phosphate, pH 7.5, with three changes of the buffer.
After a total dialysis time of 20 h, the protein solution was
spun at 4000g for 20 min at 27 °C and the supernatant was
lyophilized.

Protein Concentration. This was determined by
measuring the absorbance of the protein solution using a
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Perkin-Elmer 124 double-beam spectrophotometer and
correlating it to the nitrogen value as determined by micro
Kjeldahl method (AOAC, 1984). Based on this correlation,
a value of E}%;1¢™ = 16.0 was obtained for freshly prepared
lyophilized LMW protein. However, the EL%1S™ value of
the LMW protein fraction appears to vary with the time
of dialysis due to the associated chromophore in the pro-
tein. To accurately determine the concentration of protein
after dialysis, an empirical procedure was followed to
correct for change in absorbance during dialysis. The
absorbance spectrum of the LMW protein fraction has
well-defined peaks around 330 nm (due to associated
chromophore) and 265-270 nm (protein and associated
chromophore). The freshly prepared protein solution had
a Aggonm/ Asosam ratio of 1.02, and the dialyzed protein (2
X 1000 mL, 16 h) had a ratio of 2.58, respectively. Hence,
a constant dialysis volume and time were used for routine
preparation of protein solution from the lyophilized sam-
ple, and protein concentration was determined accordingly.

Ion-Exchange Chromatography: DEAE-cellulose (0.8
mequiv/g capacity) after regeneration by the procedure
of Peterson (1970) was equilibrated with 0.02 M phosphate
buffer, pH 7.5, and packed into a 2.5 X 30 cm column. A
330-mg portion of protein fraction in the above buffer was
loaded on the column, and elution was initially carried out
with 0.02 M phosphate buffer, pH 7.5 (250 mL). Further
elution was carried out with a linear gradient of 0-0.4 M
NaCl in the same buffer. Fractions of 4 mL were collected,
and absorbance was monitored at 280 and 325 nm. NaCl
was determined in the fractions by Volhard’s method
(Vogel, 1961).

Polyacrylamide Gel Electrophoresis: Polyacrylamide
gel electrophoresis (PAGE) was carried out with a Shandon
PAGE unit in Tris-glycine buffer, 0.025 M, pH 8.3. A 7.5%
acrylamide gel with 0.25% methylene bisacrylamide as the
cross-linking agent was used. Gels were prerun in the same
buffer. Protein (100-250 ug) in 30% sucrose was loaded
and electrophoresis carried out at 3 mA/gel for 70 min,
at which time the indicator dye, bromophenol blue, had
almost moved to the bottom of the gel. Gels were stained
in 0.1% coomassie blue R-250 and destained by diffusion
first in methanol-acetic acid-H,0 (3:1:6, v/v/v) and then
in isopropyl alcohol-acetic acid—water (1.25:1:7.75, v/v/v).

SDS-Polyacrylamide Gel Electrophoresis: SDS-
PAGE was carried out in cylindrical gel tubes on a Shan-
don PAGE unit following the procedure of Weber and
Osborn (1969) in 0.02 M sodium phosphate buffer, pH 7.5.
A 10% acrylamide gel with 0.27% methylene bisacryl-
amide as the cross-linking agent was used. The gels were
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Figure 5. Far-UV and near-UV CD (inset) spectra from 200 to

360 nm in 0.02 M phosphate buffer, pH 7.5, of freshly prepared
LMW protein (X) and dialyzed LMW protein (0).

208 nm. The far-UV CD spectra of freshly prepared and
dialyzed LMW protein were similar, and the molar residue
ellipticity values differed by only 5-6%, indicating that
the associated chromophore had very little effect on the
protein conformation. The average a-helical content of
LMW protein was 30% by the methods of Chen and Yang
{1971) and Greenfield and Fasman (1969). The §-structure
content calculated by the method of Sarkar and Doty
(1966) was 47%; the remainder of the structure (23%) was
aperiodic. These a-helical and 8-structure contents of
safflower seed LMW proteins are similar to values for
LMW proteins from poppy seed (Srinivas, 1985), sunflower
seed (Schwenke et al., 1973), linseed (Madhusudhan and
Singh, 1985), rapeseed and mustard seed (Gururaja Rao,
1980), and sesame seed (Rajendran and Prakash, 1987).
The CD minimum at 208 nm is more intense than that at
222 nm. Hence, LMW safflower seed proteins appear to
belong to an o + 8 class of proteins, containing separate
a-helix and S-sheet rich regions, as described by Mana-
valan and Johnson (1983).

In conclusion, the LMW proteins from safflower seed
appear similar to LMW proteins from various other oil-
seeds with respect to sedimentation coefficient, micro-
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heterogeneity, optical properties, amino acid composition,
and secondary structure.

Registry No. Proteinase, 9001-92-7; lipase, 9001-62-1.
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