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Peanut seed lectin (PNA) is widely used to identify tumor-specific antigens on the eukaryotic cell
surface. In this work PNA was purified by affinity chromatography, using a column containing
glutaraldehyde-treated human erythrocytes, whereas PNA isoforms were purified by hydrophobic
interaction chromatography using Phenyl-Sepharose. The affinity-purified PNA and its isoforms
consist of four equal subunits of 24.5 kDa each, all of which agglutinated human sialidase-treated
erythrocytes equally well; however, differences in their relative thermostabilities and sugar
specificities for lactose were observed. Fractions PNA-1 and PNA-I1 possess higher affinity for lactose
residues than the more hydrophobic isoforms I11 and IV. These findings suggest that the differences
observed in PNA isoagglutinins are due to hydrophobic regions of the protein that influence the
three-dimensional organization of the molecule as well as its thermal stability and sugar specificity.
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INTRODUCTION

Peanut agglutinin (PNA) is becoming increasingly
important due to its capacity to bind immature cortical
thymocytes (Reisner et al., 1976; Sharon and Lis, 1990)
and mature and activated CD8+ lymphocytes (Galvan
et al., 1998) and to recognize specifically the T antigen
(Galpl,3GalNAcal,0Ser/Thr) found in sialidase-treated
human ABO erythrocytes (Lotan et al., 1975); it has
been also useful in the identification of the modulator
role of T antigen-containing receptors in macrophages
(Maldonado et al., 1994). The agglutinin specificity of
PNA for terminal $-p-galactosyl residues has enabled
its purification by chromatography on Sepharose 6B,
affinity chromatography on Sepharose-coupled e-ami-
nocaproyl-g-p-galactopyranosylamine, agar polyacryl-
amide beads, lactosaminyl AE-P-150, and lactosyl-
Sepharose (Baues and Gray, 1977; Fish et al., 1978;
Sutoh et al., 1977). Previous papers have suggested
molecular heterogeneity within various purified PNA
preparations (Dumont and Nardelli, 1979; Miller, 1983;
Pueppke, 1981). Other studies have shown that the
heterogeneity of the isolectin population in peanut
varieties is basically due to the dissimilar composition
of the isolectins’ subunits, which show differences in
physicochemical characteristics and in biological proper-
ties, that is, mitogenic acitvity (Miller, 1983; Pueppke,
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1981). This paper reports on the isolation of the PNA
isolectins by hydrophobic interaction chromatography
and on the PNA hydrophobicity, determined by the
lectin’s tendency to adsorb to a hydrophobic adsorbent.

EXPERIMENTAL PROCEDURES

Lectin Purification. Arachis hypogaea (cultivar Georgia
PV-1995) seeds were obtained in Tulyehualco (Mexico). The
seeds were ground to a fine powder in a grinder, and the seed
meal was skimmed with petroleum ether. The soluble proteins
of 10 g of seed meal were extracted by agitation for 12 h with
10 volumes of 0.14 M NaCl at 4 °C. The pH of the extract was
adjusted to 4 with 1 M acetic acid, and the extract was allowed
to stand for 12 h at 4 °C, before the crude extract was obtained
by centrifugation at 3000g for 10 min. The lectin was purified
from the crude extract by affinity chromatography using a
column containing glutaraldehyde-treated human O erythro-
cyte membranes (stroma) entrapped physically on Sephadex
G-25 (Sigma Fine Chemicals, St. Louis, MO) prepared accord-
ing to the method of Hernandez et al. (1993). Before being
mixed with the Sephadex G-25, the glutaraldehyde-treated
stroma was desialylated by incubation at 100 °C for 1 h in the
presence of 0.02 N sulfuric acid, as described by Spiro and
Bhoyroo (1974). The column was equilibrated with phosphate-
buffered saline (PBS; 0.01 M sodium phosphate, 0.14 M sodium
chloride, pH 7.2) before the crude extract (containing 160 mg
of protein) was applied onto the stroma column (25 x 1.2 cm).
Unretained material was eluted with PBS at a flow rate of 15
mL/h, until the Axgo of the collected 1.5 mL fractions was below
0.01. Bound lectin (PNA) was eluted with 3% acetic acid, and
the pH of each collected fraction was adjusted to 6 with 1 M
NaOH; alternatively, the lectin was eluted with 200 mM
lactose in PBS. Comparison of both methods showed the same
protein yield. The hemagglutinating activity, in the presence
of desiaylated human erythrocytes, was tested in each fraction.

Purification of PNA Isoforms. Hydrophobic chromatog-
raphy was performed in a Phenyl-Sepharose CL-4B (Pharma-
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cia Biotechnology, Uppsala Sweden) column (13 x 1.6 cm)
equilibrated with PBS/0.5 M ammonium sulfate at 22 + 3 °C.
Sixteen milligrams of purified PNA in 3 mL of equilibrium
buffer was applied to the column at a 15 mL/h flow rate.
Unretained material was extensively washed with the equi-
librium buffer, and the lectin isoforms were eluted from the
column into four fractions by sequential elution with PBS
containing 0.25, 0.12, and 0.06 M or no ammonium sulfate
(Zenteno et al., 1991). The Ayg of the collected fractions and
the hemagglutinating activity, in the presence of desialylated
human erythrocytes type O, were determined in each 1.5 mL
collected fraction. Each collected fraction was pooled and
rechromatographied in the Phenyl-Sepharose column to obtain
a better separation of each lectin isoform before its chemical
characterization was performed. To confirm the hydrophobic
interaction, we used Octyl-Sepharose CL-4B as hydrophobic
matrix (Pharmacia) (13 x 1.6 cm) in similar conditions as
Phenyl-Sepharose.

Analytical Methods. Protein concentration was deter-
mined according to the method of Bradford with Coomassie
Blue R-250, using bovine serum albumin as standard (Brad-
ford, 1976). Polyacrylamide gel electrophoresis (SDS—PAGE)
was performed on a slab gel apparatus according to the method
of Laemmli (1970). The amino acid analysis was performed
on samples containing 100 ug of protein, hydrolyzed under
vacuum with 2 mL of 6 M HCI at 110 °C in sealed tubes for
24,48, and 72 h. The samples were analyzed on an automatic
amino acid analyzer Durrum 500, according to the method of
Bidlingmeyer et al. (1984), using norleucine as internal
standard. There was no difference in amino acid composition
among the three different hydrolysis incubation times.

Thermal Stability. The effect of temperature on the
agglutinating activity of each purified fraction, previously
dialyzed against PBS, pH 7.2, was tested by incubating the
fractions at different time lengths (from 1 to 60 min) and
temperatures (from 22 to 65 °C) in a water bath. Results are
expressed as the percentage of hemagglutinating activity after
incubation and compared to a lectin aliquot incubated at room
temperature (22 £+ 3 °C) (Hernandez et al., 1993). Experiments
were performed in triplicate, and no differences were identified
among the results obtained.

Sugar Specificity. The hemagglutinating activity of each
fraction obtained through the PNA purification procedure was
assayed in microtiter U plates (Nunc, Roskilde, Denmark) by
using the 2-fold serial dilution procedure. The agglutinating
activity was tested with a 2% (w/v) erythrocyte suspension in
PBS. The erythrocytes were previously treated with 0.1 unit
of Clostridium perfringens sialidase per 0.5 mL of packed
erythrocytes at 37 °C for 30 min. The hemagglutinating titer
is reported as the inverse of the last dilution with agglutinating
activity. The sugar specificity of the PNA and each purified
isoform was determined by comparing the effect of lactose, at
different concentrations, on the hemagglutination induced by
each lectin against sialidase-treated human O erythrocytes
(Perez-Campos et al., 1997).

RESULTS

Purification of PNA and Isoforms. Purification of
PNA was obtained by affinity chromatography on a
column containing desialylated human O erythrocytes.
The lectin eluted by the addition of either 3% acetic acid
or 200 mM lactose to the chromatographic medium
agglutinated sialidase-treated human erythrocytes, and
its specific activity was 54 times higher than that of the
crude extract. Affinity-purified PNA was applied to a
Phenyl-Sepharose column and, by diminishing the salt
concentration from the chromatographic medium, four
fractions were eluted. Fractions I, IlI, and Ill were
obtained with 0.25, 0.12, and 0.06 M ammonium sulfate
concentrations, respectively; one more fraction (fraction
IV) was eluted with distilled water (Figure 1). The
purified isoforms correspond to 26.5, 25, 22, and 2%
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Figure 1. Purification of PNA isoforms by hydrophobic
interaction chromatography. Crude extract (160 mg) was
applied onto a column containing Phenyl-Sepharose 4B-CL,
equilibrated with 0.5 M ammonium sulfate. Fractions I-1V
were eluted by decreasing the ammonium sulfate concentra-
tion (dotted line). The OD at 280 nm (continuous line) and the
hemagglutinating activity in the presence of sialidase-treated
human erythrocytes type O (M) were tested.

Table 1. Purification Process of Peanut (A. hypogaea)?
Agglutinin (PNA) and Isoforms

protein specific
fraction (mg) HAUP activity®
crude extract 972 44800 46
affinity chromatography
unretained fraction 75.8 0 0
PNA 13.6 34072 2505
hydrophobic interaction chromatography
PNAI 3.6 7871 2186
PNAII 34 6440 1894
PNA 11 3.0 6371 2124
PNA IV 0.3 1056 3520

a From 10 g of seed meal. P Hemagglutinating units (HAU) with
human erythrocytes type O treated with C. perfringens sialidase.
¢ HAU/mg of protein.

(fractions I, 11, 111, and 1V, respectively) of the total PNA
protein purified by affinity chromatography (Table 1).
All four fractions showed hemagglutinating activity
toward desialylated human red blood cells. The yield of
this activity corresponded to 64% of the total hemag-
glutinating activity initially added to the hydrophobic
interaction chromatography (Table 1); fraction 1V, which
is the most hydrophobic, showed the highest specific
activity in the presence of desialylated erythrocytes.
None of the PNA isoforms showed hemagglutintaing
activity toward native erythrocytes. Similarly to Phenyl-
Sepharose, the Octyl-Sepharose column was also ca-
pable of retaining PNA; however, all of the lectin was
recovered as a single fraction in the absence of am-
monium sulfate, and no PNA isoforms were eluted by
decreasing the salt concentration (data not shown).

Chemical Characterization. The PNA purified by
affinity chromatography as well as the four purified
isoforms proved to be homogeneous by SDS—PAGE; all
fractions purified by hydrophobic interaction chroma-
tography showed identical subunit molecular weights
of 24.5 kDa (Figure 2). The amino acid compositions
were very similar among the purified agglutinin and its
isoforms. The main amino acids identified were Asp,
Val, Ser, Gly, and, in minor concentrations, Met and
His; Cys residues were not identified (Table 2). It was
interesting to note that the amount of polar amino acids
was slightly lower in the more hydrophobic isoforms;
however, the amount of hydrophobic amino acids such
as Phe, Leu, and Lys was increased in the most
hydrophobic fractions. The data were similar in the
three different hydrolysis incubation times in the amino
acid determination.

Thermal Stability. The effect of temperature on the
hemagglutinating activity of each fraction is sum-
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Figure 2. SDS—PAGE of the purified PNA isoforms: (A)
crude extract (50 ug); (B) PNA purified by affinity chromatog-
raphy on desialylated human stroma; (C—F) PNA isoforms
(I-1V) purified by hydrophobic interaction chromatography (5
ug each). Molecular weight markers: bovine serum albumin
(66 kDa); ovalbumin (45 kDa); glyceraldehyde-3-phosphate
dehydrogenase (36 kDa), trypsinogen (24 kDa); trypsin inhibi-
tor (20 kDa); a-lactalbumin (14.2 kDa).

Table 2. Amino Acid Composition (Residues per Mole) of
the Purified PNA and Isolectins?

lectin isoforms

residue PNA FI FII FlI FIV
Asp 28.6 28.8 26.6 25.9 25.6
Glu 15.8 14.6 15.6 16.3 16.4
Ser 19.9 19.7 19.9 19.5 18.4
Gly 19.8 19.9 19.5 19.9 18.5
His 1.2 1.4 1.2 1.2 11
Arg 7.8 7.0 7.0 7.3 6.5
Thr 13.1 13.9 13.9 12.7 12.4
Ala 13.1 13.4 14.4 15.2 15.9
Pro 14.1 15.9 13.5 12.2 13.2
Tyr 4.2 4.2 4.2 4.6 4.2
Val 255 25.0 25.3 255 25.9
Met 2.7 2.8 2.7 2.5 2.5
Cys 0 0 0 0 0
e 17.1 17.2 17.0 16.9 16.9
Leu 16.5 14.6 14.8 15.7 17.5
Phe 6.5 7.0 6.7 8.3 8.5
Lys 15.9 16.1 15.9 17.0 16.8

a Considering a molecular weight of 24.5 kDa.

Table 3. Effect of Temperature on Hemagglutinating?
Activity of PNA Isolectins

temp (°C) time (min) Fl FIl FlI FIvV
30 30 100 100 100 100
45 30 75 75 50 50
55 15 25 25 12.5 0
55 30 6 0 0 0
65 1 75 75 50 50
65 10 25 125 0 0

a Reported values represent the percent of the hemagglutinating
activity when compared with aliquots incubated at 22 + 3 °C. Tests
were performed with 35 ug/mL of PNA using sialidase treated
human O erythrocytes.

marized in Table 3. Incubation of PNA or any of its
purified isoforms at 65 °C for 15 min abolished com-
pletely the activity. Incubation of fractions I and Il at
55 °C for 15 min diminished by 75% the initial activity;
however, under the same conditions, the hemaggluti-
nating activity of fractions 111 and IV was practically
abolished.
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Figure 3. Specificity of purified PNA isolectins for lactose.
PNA isoforms | (@), 11 (a), 111 (m), and IV (#), at 32 ug/mL
concentration, were incubated for 30 min with different lactose
concentrations before a suspension of 2% desialylated human
O erythrocytes was added. Ni, hemagglutinating titer in the
presence of lactose; No, hemagglutinating titer in the presence
of PBS as control experiments.

Sugar Specificity. PNA and its purified isoforms
agglutinated equally well desialylated human O eryth-
rocytes. As indicated in Figure 3, the purified isoforms
showed differences in their capacities to interact with
their specific receptor on the erythrocyte membrane,
although the four lectin isoforms were completely
inhibited by 200 uM lactose. The lactose concentration
required to inhibit 50% of the hemagglutinating activity
of fractions | and Il was 2-fold lower than the concen-
tration necessary to inhibit fractions 111 and 1V.

DISCUSSION

We purified the PNA by affinity chromatography
using a column containing glutaraldehyde-treated hu-
man erythrocytes. The PNA isoforms were obtained by
hydrophobic chromatography interaction, using a Phen-
yl-Sepharose column. Preliminary results had indicated
that 100% of the hemagglutinating activity was ad-
sorbed to the column only when the eluent contained
at least 0.37 M ammonium sulfate, indicating that the
adsorption induced by the presence of ammonium
sulfate could be due to the fact that hydrophobic
interactions are promoted by salts (Porath et al., 1973;
Zenteno et al., 1991). The affinity-purified PNA and its
isoforms indicated that they possess identical subunit
molecular weights. Previous papers have suggested that
molecular heterogeneity within various purified PNA
preparations (Miller, 1983) is basically due to the
dissimilar composition of the isolectins’ subunits. Al-
though each subunit has essentially the same charac-
teristic tertiary fold that is found in other legume
lectins, the structure of PNA exhibits an unusual
guaternary arrangement of subunits (Banerjee et al.,
1994, 1996). This structure also showed differences in
subunit arrangement, which could be due to factors
intrinsic to the protein molecule (Banerjee et al., 1994)
and could explain in part not only the capacity to
interact with a hydrophobic matrix but also the ability
to accommodate to its specific ligand in complex struc-
tures among the cellular surface.

PNA not only recognizes the T-antigen (Galpl,-
3GalNAc) but also recognizes N-acetyllactosamine
(Galp1—-4GIcNACc) and lactose(GalpB1—4Glc) (Lotan et
al., 1975; Reisner et al., 1976), which are present at the
termini of several cell-surface glycoconjugates (Varki,
1993). In this work we identified that the hemaggluti-
nating activity of PNA and its isoforms interacts with
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lactose; however, they showed slight differences in the
interaction with this disaccharide. Fractions PNA-I and
PNA-I11 possess higher affinity for lactose residues than
the more hydrophobic isoforms PNA-11l and PNA-IV,
because the latter required 2-fold higher lactose con-
centrations to inhibit 50% of their hemagglutinating
activity. These findings suggest that differences in
hydrophobicity as well as in sugar specificity activity
are due to the fact that isoforms could occur in a
different three-dimensional organization (Banerjee et
al., 1996).

The lectin isoforms showed differences in thermal
stability. The temperature of maximal stability of the
peanut agglutinin tetramer at pH 7.4 has been calcu-
lated to be ~33 °C (Reddy et al., 1999); our results
indicated that the isolectins with the lowest capacity
to interact with a hydrophobic matrix are more stable
at this temperature, confirming that the PNA isoagglu-
tinins are proteins that show relevant differences in
their three-dimensional organization. In summary, our
findings strongly suggest that the heterogeneity of PNA
should be represented by different rates of hydrophobic
interaction between these biomolecules and hydrophobic
ligands. Furthermore, we suggest that hydrophobic
interaction chromatography could be a useful tool to
identify molecular isoforms that might be expressed
with a different structural organization.
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