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Isolation and partial characterization of
a porcine thyroglobulin-binding
Phaseolus vulgaris L. lectin
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An albumin lectin from Phaseolus vulgaris L. cultivar Black Turtle Soup (BTS)
was purified with porcine thyroglobulin (PTG)-Sepharose affinity chromatogra-
phy and Sephadex SP-C50-120 ion exchange chromatography. The PTG-bind-
ing lectin concentration of BTS bean is 22-5 £ 0-9 mg g-! dry flour. The lectin is
a tetrameric protein with an estimated molecular weight of 140,000 + 9,000, and
a sedimentation coefficient of 6-7 S at pH 6-0. The estimated molecular weights
of the polypeptide subunits were 37,500, 35,000, 34,500 and 33,500. Isoelectric
focusing of the purified lectin revealed three major bands and two minor bands.
The isoforms of the lectin focused in a pl range of 5-7-6-3. The partition co-
efficient of the lectin in a Waters [-250 protein column was 0-25. The lectin
contained small concentrations of méthionine and no detectable cysteine.

INTRODUCTION

Legumes are important dietary constituents in tropical
and subtropical countries, especially in the areas where
animal protein consumption is low (Fernandez et al,
1982). Investigations on the nutritional quality of
legumes have revealed that they contain a number of
antinutrients, including polyphenols, phenolic acids,
flavonoids, tannins, alkaloids, sapogens and lectins.

Lectins are non-enzymatic proteins capable of binding
to complex carbohydrate moieties and are perhaps the
most hazardous antinutritional factor present in leg-
umes. In animal feeding studies, lectins have proved
lethal when consumed in the non-denatured state
(Honaver et al., 1962; Antunes & Sgarbieri, 1980; Noah
et al, 1980; Bender, 1983; Pusztai & Greer, 1984).
Lectins bind to and inflict damage upon the proximal
small intestine luminal surface, particularly the non-
crypt regions of the microvilli and brush border cells of
the duodenum and jejunum (Evans et al., 1973; Etzler &
Branstrator, 1974; King et al., 1980a,b, 1986; Pusztai,
1980; Banwell et al., 1985; Greer et al., 1985).
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The primary foci of this research were to develop
lectin purification and quantification procedures and to
chemically and physically define a purified BTS bean
{Phaseolus vulgaris L.) PTG-binding lectin.

MATERIALS AND METHODS
Protein extraction and fractionation

BTS beans were obtained from the Institute of Nutrition
for Central America and Panama (INCAP), Guatemala.
Seed protein was extracted according to Osborn et al.,
(1983). Flour was prepared by milling seed in a UDY
cyclone mill (UDY Corp., Fort Collins, Colorado, USA)
equipped with a screen containing 0-5 mm diameter per-
forations. Bean flour, 4 g, was stirred overnight at 4°C
in 100 m! phosphate-buffered saline (PBS), pH 7-0 (0-15
M NaCl, 1'1 mm NaH,PO,4 and 2-5 mm Na,HPO,; PBS-
1) containing 40 mM B-mercaptoethanol (B-ME), 10
mM phenylmethylsulphonyl fluoride (PMSF) and 1-0
mM N-a-p-tosyl-L-lysine chloromethyl ketone (TLCK).
A 100 ml volume of cold, deionized, distilled water was
added to the flask and the contents stirred for 2 h, re-
ducing the NaCl concentration to 0-075 M and precipi-
tating the phaseolin fraction. The final concentration of
the bean flour in the extracting solution was 20 mg mi-!.
The bean flour-0-075 M NaCl PBS mixture was cen-
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trifuged at 31,300 X g for 15 min at 4°C in a Beckman
Model J-21C centrifuge equipped with a type JA-20
rotor. The supernatant was first filtered through What-
man No. 4 filter paper, then through a combination of a
spun glass prefilter and a 0-45 um nitrocellulose filter.
Albumin and globulin-2 (G2) fractions were isolated
by dialysis of the filtered protein extract against three 5-
litre volumes of deionized, distilled water at 4°C. The su-
pernatant was centrifuged at 31,300 X g for 45 min. The
resulting supernatant, which contained the albumin frac-
tion, was retained for further analysis. The pellet was
placed in a 100 ml Erlenmeyer flask and the G2 proteins
extracted with 75 ml of pH 7-0 PBS (0-075 m NaCl, 11
mM NaH,PO, and 2-5 mm Na,HPO,; PBS-2). The mix-
ture was stirred for 2 h, centrifuged at 31,300 X g and
filtered through a glass prefilter and a 0-45 um nitrocel-
lulose filter. Albumin, G2 and G2/albumin protein ex-
tracts were immediately used as a lectin source for affin-
ity chromatography, or lyophilized and stored at —10°C.

Affinity matrix synthesis

Cyanogen bromide-activated Sepharose was prepared
according to the method described by Cuatrecasas
(1970). Cross-linking of the PTG to the cyanogen bro-
mide-activated Sepharose was completed according to
Felsted et al. (1975).

Affinity chromatography

Protein extract, 250 ml of the centrifuged supernatant
containing the albumin fraction or 75 mi of pH 7.0
PBS-2 containing the G2 extract, was added to 100 ml
of packed PTG-Sepharose and mixed for 1 h at 4°C on
a gyrotory shaker. The slurry was filtered over What-
man No. 4 filter paper in a Buchner funnel and washed
with pH 7-0 PBS-2 until the absorbance at 280 nm of
the washing solution stabilized. Lectins were eluted
from the affinity matrix by the addition of three 50 ml
volumes of pH 3-0 glycine buffer (0-05 M glycine and
0-5 M NaCl). Each volume was added to the funnel,
stirred, and removed by vacuum filtration after a S min
holding period. The eluents were pooled, filtered and
lyophilized or assayed for protein. The affinity chromato-
graphy procedure parallels that of Felsted et al. (1975).

Lectin guantification

The concentration of the PTG-binding BTS lectin in the
flour was determined by preparing serial dilutions of a
BTS flour protein extract, isolating the lectins with the
PTG affinity matrix and determining the protein concen-
trations of the pH 3.0 glycine buffer-lectin eluent with
the Folin~Ciocalteau assay. Affinity chromatography-
isolated BTS PTG-binding lectin was used for protein
standards. Results indicated the assay was reliable and
the affinity matrix was not saturated with lectin.

Ion exchange chromatography

A 2-5 cm i.d. X 45 cm length column was packed with
Sephadex SP-C50-120 (Sigma Chem. Co., St. Louis,
Missouri, USA) in pH 6-0 PBS (0-05 M KH,PO,4; PBS-
4). The lectin—pH 3-0 glycine buffer solution prepared
with affinity chromatography was placed in an Amicon
Model 202 ultrafiltration device fitted with an Amicon
Diaflo membrane filter, 10,000 molecular weight (MW)
cutoff (Amicon Corp., Lexington, Massachusetts,
USA). Pressure was supplied by gaseous nitrogen at 65
psi. The ultrafiltration device was used to exchange the
pH 3.0 glycine buffer with pH 6-0 PBS-4. The volume
of the PBS-4 pH 6-0-lectin solution was reduced to 10
ml, 20-30 mg of protein, and loaded on the column.
The ion exchange procedure follows that described by
Osborn et al. (1983). The column was washed with 250
ml of pH 6-0 PBS-4 prior to running a 0-0-188 M NaCl
linear salt gradient in PBS-4. The linearity of the salt
gradient was monitored by comparing the conductivity
of standard NaCl solutions with that of specific column
fractions (conductivity detector model 21511000; Wes-
can Instruments Inc., Santa Clara, California, USA).
Flow rate was maintained at 0-5 ml min-! with a Mano-
stat Junior Cassette Pump (Manostat, New York,
USA). Lectin-containing fractions were frozen at ~10°C.

Protein quantification

The Folin—Ciocalteau assay was used for the determi-
nation of protein concentrations (Clark & Switzer,
1977).

Discontinuous polyacrylamide gel electrophoresis

The native protein cathodic discontinuous polyacryl-
amide gel electrophoresis (DISC-PAGE) procedure was
a modified version of the procedure described in Reis-
feld er al. (1962). The modification involved the substi-
tution of the Reisfeld stacking gel with a gel recom-
mended by Pharmacia (1982).

Protein solutions were prepared according to Reis-
feld er al. (1962). Gels were run at a constant 180 V at
4°C and fixed for 1 h in a solution described by Chen
and Whitaker (1986). The staining and destaining for-
mulas and times were taken from a Bio-Rad isoelectric
focusing procedure (Bio-Rad Laboratories, Richmond,
California, USA).

Isoelectric focusing

The isoelectric focusing (IEF) method is described in
Pharmacia (1982). Isoelectric points (pI) of the lectin
polypeptides were determined from linear least-squares
regressions of plots of the pl values of protein stan-
dards (Pharmacia, Piscataway, New Jersey, USA) ver-
sus the distance the protein migrated from the anode.
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Sodium dodecyl sulphate polyacrylamide gel
electrophoresis

Sodium dodecyl sulphate polyacrylamide gel elec-
trophoresis (SDS-PAGE) was performed at 15°C using
the Tris-glycine buffer system of Laemmli (1970) and
the 8-16% linear gradient polyacrylamide resolving gel
of O’Farrell (1975).

Molecular weights of unknowns were estimated by a
linear least-squares regression of plots of the logarithm
of the molecular weight standards (Bio-Rad Labora-
tories) versus the distance the protein migrated from
the anode.

Sedimentation velocity

Sedimentation velocity analysis was performed by the
Washington State University Bioanalytical Laboratory
with a Beckman Model E analytical ultracentrifuge
(Beckman Instrum. Inc., Spinco Div., Palo Alto, Cali-
fornia, USA). Analysis was performed in an An-F
rotor at 20°C. Lectin extract protein concentration was
2:3 mg ml-! in pH 6-0 PBS-4, density 1-008 g cm™3. To
prevent aggregate formation, the lectin—containing ion
exchange fractions were not frozen or lyophilized. Ion
exchange chromatography fractions were pooled and
concentrated in an ultrafiltration device.

Equilibrium sedimentation

Equilibrium sedimentation studies were performed by
the Washington State University Bioanalytical Labora-
tory with a Beckman model E analytical ultracentrifuge
equipped with an An-H rotor. Molecular weight was
determined by using the high-speed meniscus-depletion
sedimentation equilibrium method (Yphantis, 1964).
Lectin concentration was 0-78 mg ml-! in pH 6-0 PBS-
4, density 1-008 g cm3,

An additional preparatory step involved ultracen-
trifugation of the lectin-pH 6-0 PBS-4 solution at
45,000 X g. Ultracentrifugation was required to remove
lectin aggregates formed during concentration in the
ultrafiltration device. The aggregate-free supernatant
was filtered through a glass prefilter and a 0-45 um nitro-
cellulose filter immediately prior to analytical ultra-
centrifugation.

Partial specific volume estimation

An estimate of the partial specific molar volume of the
BTS lectin was determined from the density of a solu-
tion of lectin and the density of the solvent used to pre-
pare the lectin solution. Density was measured with a
mechanical oscillator type densitometer (Model DMA
40, Mettler/Paar, Graz, Austria).

An unknown percentage of the BTS lectin formed in-
soluble aggregates during purification and lyophiliza-

tion; hence, the mass of lectin could not be determined
gravimetrically. The mass was estimated by preparing a
BTS lectin solution, filtering the solution through a
glass prefilter and a 0-45 um nitrocellulose filter, and
assaying the solution for protein with the Folin—Ciocal-
teau method.

Partition coefficient determination

The partition coefficient of the BTS bean lectin was de-
termined with a Waters I-250 high-pressure liquid chro-
matography column (HPLC; Waters Associates, Inc.,
Milford, Massachusetts, USA). The mobile phase was
pH 7-0 PBS-2. The flow rate was maintained at I ml
min-!. Protein standards were from Sigma Chem. Co.
Blue dextran (2 X 106 MW; Bio-Rad Chem. Div.)
was used to estimate the void volume of the column.
Tyrosine (181 MW; Sigma Chem. Co.) was used to de-
termine the column volume. Partition coefficients were
determined from the mean of four replicate injections.

Amino acid analysis

Amino acid analysis was conducted by the Washington
State University Bioanalytical Laboratory. Amino
acids were analysed according to the method of Spack-
man et al. (1958). The analyses were performed on a
Beckman 121 MB automatic amino acid analyser
equipped with a model 126 data system integrator
(Beckman Instrum. Inc., Spinco Div.). Cysteine and
methionine were analysed using performic acid oxida-
tion, as described in Moore (1963). Tyrosine and tryp-
tophan concentrations were estimated by the method of
Edelhoch (1967).

Statistical analyses

Experimental error is reported as the standard devi-
ation of the mean.

RESULTS AND DISCUSSION

Ion exchange chromatography and DISC-PAGE
electrophoresis

Despite electrophoretic data indicating a single BTS
PTG-binding lectin eluted from the affinity column
(data not shown), initial ion exchange chromatography
of the isolated BTS lectin produced a chromatogram
with four non-distinct minor peaks adjacent to a major
peak. To reduce the number of minor peaks associated
with the BTS lectin, modifications were made in the
lectin isolation procedure. The modifications avoided
dialysis, freezing and lyophilizing; that is, procedures
thought to promote dissociation of lectin protomers or
metal ions from the lectin monomers. The alternative
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Fig. 1. Ion exchange chromatography of BTS PTG-binding
lectin.

technique used ultrafiltration to exchange the pH 3-0
glycine buffer with pH 6-0 PBS-4 and to concentrate
the PBS-4 pH 6-0-lectin solution prior to ion exchange
chromatography. The ion-exchange chromatogram of
the BTS PTG-binding lectin isolated by the modified
procedure is depicted in Fig. 1.

Native protein cathodic DISC-PAGE electrophoretic
patterns of the G2/albumin fraction, ion exchange
purified BTS PTG-binding lectin, and albumin and G2
fractions are presented in Fig. 2. The data indicates
that the BTS flour albumin fraction contained two
major and one minor basic proteins (lane A), while the
G2 fraction contained one major and two minor basic
proteins (lane G). The purified BTS PTG-binding lectin
(lane L) was the slower migrating protein when com-
pared with the two major albumin proteins (lane A).

Sodium dodecyl sulphate polyacrylamide gel
electrophoresis

SDS-PAGE of the purified BTS PTG-binding lectin
produced four distinct polypeptides, with estimated
molecular weights of 37,500, 35,500, 34,500 and 33,500.

Brown et al. (1981, 1982) reported the Vg, type
G2/albumin group contained five polypeptides; desig-
nated 6, 8, 9, 10 and 11, the polypeptides had molecu-
lar weights of 41,000, 38,000, 36,500, 36,500 and 39,000,
respectively. The difference in the number of poly- pep-
tides reported by Brown et al (1981, 1982) and the
number of peptides observed in this study, five versus
four, can be attributed to two-dimensional electrophor-
esis of a G2/albumin fraction that contained both of
the Vg, albumin basic proteins (lane A, Fig. 2). The
SDS-PAGE analysis involved the single PTG-binding
Vg2 lectin. Based on molecular weights, the 41,000
molecular weight polypeptide (6) is a peptide unique to
the non-PTG-binding V¢, albumin basic protein.

The 1500-2500 difference in molecular weights of
lectin subunits in the Vg, cultivars Viva and BTS is
not understood. The difference in molecular weight in-
dicates subtle differences in the G2/albumin group pep-
tides of individual cultivars. Discrepancies in the esti-

Fig. 2. Cathodic DISC-PAGE electrophoretic patterns of

non-denatured BTS seed proteins: lane T — total G2/aibumin

fraction; lane L — purified BTS lectin; lane A — albumin

fraction; lane G — G2 fraction. The anode was at the top of
the gel, the cathode at the bottom.

mated molecular weight values of lectin subunits are
common. The erythroagglutinating (E) and leucoagglu-
tinating (L) subunits of the Tg, G2/albumin group cul-
tivars range in molecular weight from 29,000-34,000
(Goldstein & Hayes, 1978). The L subunit has reported
molecular weights of 31,000 (Rasanen et al., 1973),
34,000 (Yachnin & Svenson, 1972; Bollini & Chrispeels,
1978) and 33,000 (Leavitt et al., 1977).

Isoelectric focusing

Initial IEF studies of purified BTS lectin produced
three major and five minor bands. In an attempt to re-
duce the number of bands in the subsequent IEF exper-
iments B-ME, TLCK and PMSF were added to the
BTS flour protein extraction buffer and ultrafiltration/
concentration was substituted for dialysis and lyophiliz-
ation prior to ion-exchange chromatography. The re-
sulting IEF gels produced three major bands, pl values
5:9, 6-0 and 6-3, and two minor bands, pl values 5-7
and 5-8. Assuming the BTS lectin protomer did not dis-
sociate, the presence of five electrophoretic isoforms is
difficult to understand. Variable staining intensity of
the four polypeptides in the SDS-PAGE gel suggests
isoforms of the BTS lectin exist. If isoforms of the BTS
lectin exist, cathodic DISC-PAGE gel electrophoresis
failed to resolve the isoforms. The lack of IEF homo-
geneity among lectins is a common occurrence resulting
in the reporting of pl ranges (Pusztai & Stewart, 1978).

Manen et al. (1984) offered an explanation for the
lack of IEF homogeneity among lectins. Five purified
lectins from the cultivar Contender were analysed by
DISC-PAGE and IEF. Manen et al. (1984) demon-
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Fig. 3. Sedimentation pattern of the BTS PTG-binding
lectin.

strated that purified tetrameric lectins can exist in five
electrophoretic forms, depending on the concentration
of Mn2+ bound to the tetramer, and suggested that
Mn2* ions dissociate from P. vulgaris lectins at pH val-
ues of 4-5 or lower. The existence of forms of the BTS
lectin differing in Mn2* concentrations is possible, con-
sidering a pH 3-0 glycine buffer (i.e. a pH below 4-5)
was used to elute the lectin from the affinity matrix.

Sedimentation velocity

Sedimentation patterns of the BTS PTG-binding lectin
indicate that the BTS lectin is a single component (Fig.
3). The calculated sedimentation coefficient was 6-7 S at
pH 6:0. Lectins from the cultivars Greensleeves (Bollini
& Chrispeels, 1978) and Red Kidney beans (Leavitt et
al., 1977) and commercially prepared phytohaemag-
glutinin (Oh & Conrad, 1971) have sedimentation
coefficients of 64 (pH 7-0), 69 (pH 7-4) and 70 S
(pH 7-0), respectively. :

Sedimentation equilibrivm

During sedimentation equilibrium analysis, the BTS
lectin migrated as a single component. Initial calcula-
tions using an estimated partial specific volume of
0-735, based on the amino acid composition, resulted in
an estimated molecular weight that did not correlate
with the SDS-PAGE molecular weight data. The ab-
sence of carbohydrate analysis precluded a more accu-
rate recalculation of the amino acid-based partial
specific volume; hence, the partial specific volume was
physically determined via density measurements. The
partial specific volume was 0-772. The molecular weight
range estimated from sedimentation equilibrium with
the partial specific volume of 0-772 was 133,000-146,000,

or 140,000 + 9,000. The molecular weight range of the
BTS lectin, based on SDS-PAGE electrophoresis, as-
suming the lectin protomer is a tetrameric molecule, is
estimated as 134,000-150,000.

Partition coefficient

BTS lectin eluted as a single component when analysed
by HPLC on a Waters 1-250 protein column. The parti-
tion coefficient of the lectin was 0-25. The molecular
weight was not estimated by partition chromatography
because two of the seven protein standards used for the
molecular weight standard curve failed to elute in order
of decreasing molecular weight, indicating that chro-
matographic interactions other than molecular sieving
were occurring.

Amino acid analysis

The amino acid analysis of the BTS lectin is presented in
Table 1. The moles of amino acid per mole of lectin
were calculated assuming an average estimated molecular
weight of 140,000. Edelhoch’s (1967) tyrosine and tryp-
tophan analysis correlated well with the acid hydrolysis
amino acid analysis. The Edelhoch (1967) technique esti-
mated a tyrosine content of 14-58 moles mole-! BTS
lectin, while the acid hydrolysis data estimated a tyrosine
concentration of 14-93 moles mole-! of lectin.

The amino acid analysis of the BTS lectin is consis-
tent with literature data (Oh & Conrad, 1971; Leavitt
et al., 1977; Itoh et al., 1980). The BTS lectin is void
of detectable concentrations of cysteine, common
among Tg, G2/albumin type P. vulgaris lectins (Oh &
Conrad, 1971; Leavitt er al., 1977) and the P. vulgaris
cultivar Tora-mame (Itoh er al., 1980).

Methionine was present in small concentrations in
the BTS lectin. Methionine was detected in Tg, G2/al-
bumin type lectins by Oh and Conrad (1971), but not
by Leavitt et al. (1977). Methionine was not detected in
the cultivar Tora-mame (Itoh ef al., 1980). In many in-
stances where methionine was detected, it represented a
small percentage of the total amino acid residues.

Table 1. Amino acid analysis of the BTS PTG-binding lectin

Amino Mole amino Amino Mole amino
acid acid acid acid
mole-! lectin mole-! lectin
Asp 131 Thr 88
Ser 102 Glu 62
Pro 44 Gly 122
Ala 93 Val 73
Met 2 Ile 53
Leu 93 Tyr 15
Phe 44 His 8
Lys 41 Cys 0
Arg 16 NH; 1025
Trp 21
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The most prevalent amino acid residues in the BTS
lectin were Asp, Thr, Ser, Gly, Ala and Leu. Evidently,
there is conservation of structure or amino acid compo-
sition among lectins. The four amino acids Asp, Thr,
Ser and Leu represent 41-44% of the total amino acid
residues (not including Asn and Gln) of BTS, Tora-
mame (Itoh et al, 1980) and Tg, G2/albumin type
lectins (Oh & Conrad, 1971; Leavitt er al., 1977). The
number of moles of ammonia liberated during the acid
hydrolysis of the BTS lectin indicates that a substantial
percentage of the amino acid residues are Asn and Gln
or that the lectin contains a significant concentration of
amine-containing sugars.

Lectin concentration -

The concentration of the PTG-binding lectin in BTS
bean flour was 22-:5 + 0-9 mg g! dry flour.

CONCLUSIONS

BTS bean contains isoforms of a single PTG-binding
albumin lectin. The lectin resolves as a single compo-
nent during HPLC, ion-exchange chromatography, an-
alytical ultracentrifugation and cathodic DISC-PAGE
analyses. The BTS lectin is a tetrameric protein com-
posed of combinations of four polypeptides, molecular
weights 37,500, 35,000, 34,500 and 33,500, with an esti-
mated molecular weight of 140,000 * 9,000, a sedimen-
tation coefficient of 6-7 S at pH 6-0 and an amino acid
composition similar to other P. vulgaris lectins.

SDS-PAGE, IEF and the large molecular weight
standard deviation suggested isoforms of the BTS
PTG-binding lectin exist, but were not resolved by
HPLC, analytical ultracentrifugation, ion-exchange and
cathodic DISC-PAGE techniques. The staining inten-
sity of the 33,500 molecular weight protein in the SDS
gel indicated that the isoforms are primarily composed
of the 33,500 subunit.

Whether the isoforms are generated by dissociation
of metal ions from the lectin subunits or are a function
of differing peptide or carbohydrate composition re-
mains unknown. Partial proteolysis would produce iso-
forms, but the addition of protease inhibitors to the
protein extraction buffer should have minimized arti-
fact generation. The possibility of the formation of
demetallized variants of the lectin cannot be ignored,
especially when considering the number of isoforms
present in the IEF gel. Five isoforms would represent
five tetramers, each with a different number of metal-
containing subunits.

Analytical ultracentrifugation did not confirm the
presence of lectin isoforms. However, a large standard
deviation was associated with the sedimentation equi-
librium molecular weight estimation. The standard de-
viation represented a range that matched the isoform

molecular weight range predicted from SDS-PAGE
data.

Amino acid analysis demonstrated that the BTS
PTG-binding lectin is a poor protein source, due to the
deficiency in essential sulphur-containing amino acids.
The large concentration of lectin in the dry flour fur-
ther increases the lectin’s contribution to the low pro-
tein quality of the BTS seed.
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