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Solubility Characteristics of Globulins from Phaseolus Seeds in Regard to Their

Isolation and Characterization
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Gel electrophoretic evidence is presented to com-
pare the relative efficiency of several extraction
procedures in obtaining seed globulin fractions
from the French bean, Phaseolus vulgaris, having
no cross-contamination. Acidic conditions were
shown to be particularly effective. The isoelectric

point of the globulin 1 (G1) fraction was found to
be at pH 4.4-5.6, and that of the globulin 2 (G2)
fraction was at pH 3.7. Differences in solubility
characteristics for these fractions in respect to
protein and salt concentration, temperature, and
ionic species are detailed.

The globulins of legume seeds are major sources of food
protein, and are also valuable materials for studies on the
biosynthesis of protein in plants (McLeester et al., 1973).
An understanding of the parameters controlling the solu-
bility of globulins will help to provide a basis for the de-
velopment of procedures for the isolation of pure legume
seed globulins, thereby permitting critical biochemical
and nutritional (van Megen, 1974) characterizations.

Some 50-75% of the protein in legume seeds requires
appreciable salt concentrations for solubilization, and
hence is designated globulin (Osborne, 1924). Two globu-
lin fractions, legumin and vicilin, were prepared from pea
(Pisum sativum) seeds by Osborne (1896), and similar
fractions have been shown to occur throughout the family
Leguminosae (Danielsson, 1949a). The methods used to
obtain these two globulin fractions generally make use of
their differential solubility. Typically, the globulins are
extracted into a salt solution buffered to approximately
pH 7.0, and subsequently fractionated by changing the
ionic strength or the pH of the extract. However, despite
various approaches on this basis, a complete separation of
the two globulin fractions has not been obtained (Wetter
and McCalla, 1949; Danielsson, 1949a; Graham and Gun-
ning, 1970; Millerd et al., 1971). The isoelectric precipita-
tion technique developed by Danielsson (1949a,b, 1950)
has been most effective in the separation of the two globu-
lin components from pea seeds on the basis of analytical
ultracentrifugation and moving-boundary electrophoresis.
However, using the same plant material and criteria for
purity, Brand and Johnson (1958) were unable to com-
pletely separate the two globulin components by isoelec-
tric procedures. Difficulty was also found in preparing
pure samples of vicilin and legumin from seeds of Vicia
faba using this technique (Graham and Gunning, 1970).
The use of sedimentation coefficients as criteria for the
purity of globulins should be supported by evidence from
other techniques (Sun et al., 1974).

We have previously described an acidic extraction pro-
cedure which is successful in completely separating two
globulin fractions, G1 and G2, from the cotyledons of
French bean (Phaseolus vulgaris) seeds (McLeester et al.,
1973). The G1 fraction appears to be identical with glyco-
protein II described by Pusztai and Watt (1970). The use
of acidic procedures has been questioned on the basis that
they may induce changes in the state of the protein ex-
tracted (Wright and Boulter, 1973). While association-
dissociation changes in the G1 protein do occur under var-
ious pH conditions (Pusztai and Watt, 1970; Sun et al.,
1974), they are reversible; the G2 protein is stable under
acidic conditions. In this article, we present additional ev-
idence that acidic extraction conditions permit clear sepa-
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ration of two globulin fractions from French bean seeds,
and that these fractions are identical with fractions ob-
tained under alkaline conditions except for the lack of
cross-contamination. We also detail solubility characteris-
tics of the two purified globulin fractions under various
individual and combined effects of salts, pH, protein con-
centration, and temperature.

EXPERIMENTAL TECHNIQUES

Plant Materials and Isolation of Globulins. Globulin
fractions were extracted from dry seeds of Phaseolus vul-
garis L. cv. Tendergreen purchased from Olds Seed Co.,
Madison, Wis. Five methods for globulin extraction were
compared. (1) The ascorbate-NaCl procedure was as de-
scribed previously (McLeester et al., 1973; Sun et al,
1974) except that the G1 protein was precipitated by dilu-
tion of the clear extract with 5 (rather than 1) vol of dis-
tilled Hz0O. (2) The HCI-NaCl procedure was similar to
the ascorbate-NaCl method except that the ascorbate was
omitted, and the homogenate was maintained at pH 3.5
by addition of 5 N HCl. (3) The NaCl procedure was simi-
lar to the acidic procedures, but utilized 0.5 M NaCl as
the extraction solution and the pH of the homogenate (pH
6.1) was not adjusted. (4) The alkaline-NaCl procedure,
where 1 g of white seed flour obtained by grinding for 90
sec in a Micro-mill (Laboratory Apparatus, Co., Cleve-
land, Ohio) was passed through a 0.5-mm sieve (Sun et
al., 1974) and stirred in 20 ml of 0.5 M NaCl containing
0.1 M Hepes [1-(N-2-hydroxyethylpiperazin-N’-yl)ethane-
sulfonic acid] buffer, pH 7.4, for 1 hr (0-4°). This materi-
al was then centrifuged (4°) at 30,000¢ for 30 min and the
supernatant dialyzed overnight against H;O (resistivity
greater than 108 ohms/cm?) at 4° (100 ml of extract:4 1. of
H20). The precipitate from this dialysis was pelleted by
centrifugation at 30,000g for 30 min and designated the
first globulin (G1) precipitate. The supernatant was fur-
ther dialyzed against two changes of 4 1. of HoO at 4° for 2
days. The precipitate from this dialysis was collected by
centrifugation and designated the second globulin (G2)
precipitate. (5) The isoelectric precipitation procedure fol-
lowed techniques described by Bailey and Boulter (1970,
1972).

Analytical Procedures. Protein was quantified by the
method of Lowry et al. (1951). The procedures for the dis-
sociation of proteins and analytical electrophoresis of the
dissociated proteins on sodium dodecyl sulfate (SDS) gels
(5%) have been described previously (McLeester et al.,
1973). Conductivity of the protein and NaCl mixtures was
measured by a Conductivity Bridge, Model RC 16B2 (In-
dustrial Instruments Inc., Cedar Grove, N. J.).

Solubility Studies. Globulin protein isolated by the as-
corbate-NaCl procedures was dispersed in water or dis-
solved in an appropriate concentration of NaCl solution
(see legends of figures for the ratio of protein to solution).
For the solubility experiments, solid NaCl was added to
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Figure 4. The influence of NaCl and protein concentration on the solubility of G1 protein. The solubility of G1 protein with NaCl con-
centration was determined for samples originally containing 0.2 mg/mil of water (@) or 1.1 mg/ml of water (O).
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Figure 5. The influence of pH and NaCi concentration on the
solubility of G1 protein. G1 globulin, 400 mg, was added to 200
ml of water (W), 0.1 M (O), 0.2 M (@), or 0.5 M (O) NaCl.
The protein in soiution (100% 2 mg/ml) was determined over
the range pH 2.4-11.4.

than 0.05 M. The salt concentrations required for the sol-
ubility of a mixture of the two globulin components are
essentially the same as that for the two globulins alone
(Figure 2), indicating no coacervation of the G1 and G2
proteins under these conditions.

Combined Effects of NaCl and Protein Concentra-
tion. The solubility of G1 protein at two concentrations
(0.2 and 1.1 mg/ml) was compared (Figure 4). At 0.1 M
NaCl approximately 70% of the G1 protein at 0.2 mg/ml
was solubilized; surprisingly, the higher protein concen-
tration (1.1 mg/ml) showed no detectable solubility at
this salt concentration. The data are shown for solutions
of pH 4.1 and 3.9, the higher protein concentration being
more acid because of the acidic nature of this protein.
However, adjustment of the pH of the low protein concen-
tration to that of the high protein concentration did not
alter the solubility profile from that shown in Figure 4.
Clearly, higher protein concentrations require more ions

Table II. A Comparison of Solvent Power of
Different Salts on the G1 Protein

Protein
solubilized by Final
salt solns of pH of

I=10.125, protein

Salts mg/ml soln
Na,S0O,, K,80, 0.02 4.2
NaNO,, KNO;, NaCl,KCl 0.03-0.05 4.0
(NH,),S0, 0.03 4,2
NH,NO; 0.49 4,0
MgSO, 2.40 4.0
MgCl,, Mg (NO,),, Ca(NO;), 2.40-2.68 3.8

for solubilization to commence than do lower protein con-
centrations.

Effect of Different Ionic Species on Solubility. The
relative ability of various salts to solubilize G1 protein is
listed in Table II. At similar ionic strengths, sodium ci-
trate was 100 times more effective in dissolving the G1
protein than was either sodium or potassium chloride.
The high protein solubility in citrate was due to the high-
er final pH of the protein solution in this salt (pH 6.8)
than in the other salts used; only 0.01 mg dissolved per
milliliter after adjustment of the pH to 4.0 with HCl. Di-
valent cations are generally more effective than monova-
lent ions in dissolving the G1 protein.

Effect of pH on Solubility. G1 protein was found essen-
tially insoluble over the range pH 4.4-5.6 in solutions of
low ionic strength (Figure 5). Changes in pH beyond this
region brought about a rapid increase in the solubility of
G1 protein. Maximum solubility of the G1 protein (about
94%) was observed at pH 11.4. In contrast, the G2 fraction
was least soluble at pH 3.7 (Figure 6), and as the pH
dropped below or increased above this value, there was a
rapid increase in solubility of the G2 protein. At pH 2.2,
the lowest value studied, the percentage of G2 protein sol-
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Figure 6. The influence of pH and NaCl concentration on the
solubility of G2 protein. G2 globulin, 250 mg of protein, was
added to 200 ml of water (O), 0.08 M (@), or 0.2 M (O) NaCl.
The protein in solution (100% = 1.25 mg/ml) was determined
over the range pH 2.2-10.6.

ubilized was 80% while at the highest pH (10.6) 98% of
the G2 fraction could be solubilized. The acidity values at
which minimal solubility occurred are considered to be
the isoelectric points for G1 (pH 4.4-5.6) and G2 (pH 3.7)
proteins.

Combined Effects of pH and NaCl on Solubility. Lit-
tle change in solubility of G1 protein in response to pH
changes was seen as the ionic strength was increased from
0 to 0.1 M NaCl (Figure 5). However, at an ionic strength
of 0.2 M (NaCl) or greater, the solubility of G1 protein in-
creased markedly over the pH range 4.0-5.6. The mini-
mum solubility in the presence of 0.2 M NaCl was at pH
3.6-3.8, although at this pH 13% of the protein remained
soluble. When the salt concentration was increased to 0.5
M NaCl, changes in pH did not affect the solubility of G1
protein. It is clear from Figure 6 that the effect of pH on

the solubility of G2 proteins practically disappeared in the
presence of relatively low salt (0.08 M NaCl) concentra-
tions.

Combined Effects of Temperature and NaCl. When
G1 protein was added to a 0.05 M NaCl solution it did not
dissolve (see Figure 2), and increasing the temperature of
the mixture from 0 to 65° did not solubilize a significant
amount of protein (Figure 7). However, when the NaCl
concentration was raised to 0.08 M (an ionic strength
close to the point for the commencement of solubility; see
Figure 2), an appreciable increase in the solubility of G1
protein was seen when the temperature was raised, 12% of
the G1 protein being solubilized at 70°. The conductivity
of both protein-salt solutions was recorded and increases
in conductivity were seen in both cases as the tempera-
ture was raised. In 0.08 M NaCl, protein solubilization
started at 6.4 mmhos and increased with conductivity; at
18.5 mmhos (70°) 12% of the protein was solubilized.
However, in the case of a lower salt concentration (0.05 M
NaCl) no significant amount of protein was solubilized as
the conductivity of the solution increased from 3.1 to 10.5
mmbhos with temperature.

DISCUSSION

The distinct polypeptide patterns obtained for G1 and
G2 fractions obtained by acidic extraction (Figure 1) pro-
vide convincing evidence for the efficiency of using these
conditions for separation. The G1 fraction exhibits char-
acteristics of the globulin fraction defined as legumin by
Osborne and Campbell (1898), and the G2 fraction those
of vicilin. This correlation has been questioned (Wright
and Boulter, 1973) but it can be clearly seen that material
extracted from Phaseolus vulgaris under alkaline condi-
tions used for authentic samples of legumin and vicilin
from Vicia faba (Bailey and Boulter, 1970, 1972) contains
the same peptide bands as those in the acidic material,
while the vicilin fraction has bands which are common to
the legumin fraction {(gels i and j, Figure 1). A convincing
demonstration of the separation of the two fractions under
acidic conditions is shown in Figure 3 where a two-step
solubility curve was obtained. Additional experiments

v L) L) LA T L] L)
12§ - - - (] 1
®
®
g ol J
h-]
[
N
i
=3
LN ]
]
£
2
4
[-§
3T
[ Yl O < S e N, B o e o .’ —— e’ o O OO O L
A e 't L A A A
[o] 10 20 30 40 50 60 70 80

Temperature (°C)

T T T T T
5.2 5.7 64 74 8.4 9.3 10.2 111

|é.1 13.2 149 152,

162 175 185 20.0 -4008MNaCl

Conductivity ( mMhos)

kR 34 3.9 4.4 4.8 54 6.0 6.5

A " . " N 2 't A

71 7.7 84 9.0 9.6
n i

10.5 - 0.05M NaCl
N

Figure 7. Relationship of temperature, NaCl concentration, and conductivity on the solubility of G1 protein. G1 protein, 500 mg, was
added to 250 ml of 0.05 M NaCi (O) or 0.08 M NaC! (@). The protein in solution (100% = 2 mg/ml) was determined over the tem-

perature range 0-75°, and the corresponding conductivity measured.
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(data not shown) confirm that the G1 protein contains
2.9% (g/100 g of protein) neutral sugar and 0.6% hexosa-
mine, and appears to be identical with glycoprotein II, a
major protein of Phaseolus vulgaris seeds (Pusztai and
Watt, 1970).

Without doubt, alkaline procedures are ineffective in
separating globulin fractions from Phaseolus seed, and we
have shown (Sun et al., 1974) that reversible dissociation
of the G1 fraction to a monomeric (7.1 S) form at alkaline
pH values results in its co-sedimentation with G2 protein
(6.6 S). It is also clear that procedures effective in sepa-
rating one globulin fraction from another in one legume
species may be ineffective in doing so in other species; the
terms legumin and vicilin lose their validity when applied
to protein fractions which are procedurally similar, but
differ in peptide composition (McLeester et al., 1973).

The reasons for poor separation under alkaline condi-
tions become clearer when the varying effects of ionic
strength and species, protein concentration, and tempera-
ture are taken into account. Thus, at high protein concen-
trations, high salt concentrations are required for solubili-
ty (Figure 4). However, at high salt concentrations pH has
little influence on the solubility of these proteins. This is
seen in Figures 5 and 6 where virtually complete precipi-
tation of the G1 and G2 fractions occurred over certain pH
ranges at very low NaCl levels, while little precipitation
occurred at higher levels. This reduction of the pH effect
by increasing ionic strengths has been observed in Phaseo-
Ius (Osborne, 1893) and soybean protein (Smith and Cir-
cle, 1938; van Megen, 1974), and explains the low yield of
G1 and the heavy contamination of the G2 fraction by G1
protein prepared by isoelectric precipitation procedures
(gels i and j in Figure 1; Table I). At an ionic strength of
0.2 M NaCl, lowering the pH to 4.7 precipitates only 70%
of the G1 globulin; the other 30% remains in solution
(Figure 5), and will subsequently precipitate along with
the G2 fraction on further dialysis. The isolation of the G1
and G2 fractions by the alkaline NaCl procedure encoun-
ters the same problem of the combined effects of pH and
salt, and the situation is further complicated by the addi-
tional presence of buffering ions which readily bind to the
free acidic glutamate and aspartate radicals of the globu-
lins, altering the solubility characteristics of the protein.
Conversely, both fractions are soluble at pH 3.5 in 0.5 M
NaCl, but dilution with distilled water lowers the ionic
strength of the solution, and at about 0.08 M NaCl (pH
3.7, 4°), depending upon the amount of protein present,
essentially all of the G1 protein is precipitated. Further
reduction of the ionic strength by dialysis precipitates the
G2 fraction. While pH is the controlling factor under
these conditions, the choice of ion used in maintaining the
pH can be important, and for Phaseolus ascorbate is pref-
erable to HCl because of its antioxidant properties (Polter
and Mueller-Stoll, 1970).

In addition to the interactions of ionic strength and pH,
the effect of temperature must be considered, and this can
be complex as there is no general rule describing the ef-
fect of temperature on protein solubility. Many proteins
increase their solubility with temperature, some in dilute,
others in concentrated salt solution, while the solubility of
some proteins decreases sharply when the temperature is
raised (for review, see Taylor, 1953). No effect of tempera-
ture on the solubility of G1 protein was found in the pres-
ence of 0.05 M NaCl. However, at an ionic strength close
to that limiting solubility of G1 (0.08 M NaCl), an in-
crease in solubility with rising temperature was observed
(Figure 7). Conductivity may be the controlling parameter
for solubility under these conditions; conductivity is high-
ly temperature dependent, and an attempt was made to
correlate the solubility of G1 protein with the conductivity
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of the NaCl solution (Figure 7). The reverse effect, a de-
crease in conductivity with lowered temperature and sub-
sequent decrease in protein solubility, may be the basis
for the cold insoluble fraction obtained from several le-
gumes (Briggs and Mann, 1950; Ghetie and Buzila, 1962,
1964a,b).

The basis for the excellent separation of G1 and G2
globulins in acidic conditions is clear from these studies.
Both G1 and G2 proteins are completely soluble in the 0.5
M NaCl extraction medium: dilution by addition of 5 vol
of water results in a final concentration of 0.08 M NaCl,
where G1 is at least 98% precipitated and G2 completely
soluble (Figure 2). Futhermore, this precipitation is at a
pH close to the isoelectric points of these proteins (Fig-
ures 5 and 6), and at which the G1 protein is in its associ-
ated, tetrameric, state (Sun et al., 1974).

It would be convenient if general rules for solubility of
globulin fractions from legume seeds could be established.
However, while the present data are in accord with the
well-established major division of globulin fractions on the
basis of solubility in sodium chloride, they underscore the
interacting influences of parameters such as pH, ionic
strength and composition, and temperature on the globu-
lin fractions. These influences appear likely to make the
solubility characteristics of the proteins from different le-
gume species unique to each species, although general
trends clearly exist. The present documentation of solu-
bility characteristics for globulins from Phaseolus should
be of value in further characterizing these important pro-
teins.
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