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Fractionation of Canavalia lineata Bean Lectin
by Gel-Filtration

CHEH-MIN SU and YIH-CHIH TUNG

SUMMARY

Canavalia lineata lectin was fractionated into three fractions by Bio-
Gel A-1.5 m column (2 x 85 cm) chromatography using 0.01 M Tris-HCI
buffer pH 9.0 as eluant. After rechromatography of these three fractions,
five fractions were obtained (Frs. Al, A2, B1, B2, and C). Fraction AT,
which was excluded by the Bio-Gel column, had high hemagglutination .

activity, and its hemagglutination titer was equal to that of the original

lectin. The result of SDS-polyacrylamide’ gel electrophoresis revealed that

fraction A1 was composed of the intact subunit (mol. wt. 29,000).
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The lectin purified from the bean
meal of Canavalia lineata was not electro-
phorectically homogeneous. Existence of
this lectin in multiple molecular species,
especially at pH 9, had also been demon-
strated by gel-filtration(”. The intact sub-
unit of this lectin had been purified by
gel-filtration in the presence of 1% sodium
dodecy! sulfate (SDS), but its hemagglutina-
tion activity was 15-fold less than that
of the original lectin{2). Effects of C. lineata
lectin on the proliferation of S-180 sarcoma
cells in mice had been studied in our labora-
tory(3). The results indicated that the
lectin-bound tumor ‘“‘vaccine” could prolong
the life span of tumor-bearing animals,
however, the cure rate was low. We are

going to study the anti-tumor effect of the
components of C. /ineata lectin, and search
for the component which had better anti-
tumor activity. Since the lectin exists in
multiple molecular species at pH 9, we
had obtained five fractions from the lectin
by using this property and technique of
gel-filtration. One of the fractions obtained
(Fr. A1) was composed of the intact sub-
unit only, and had high hemagglutination

_activity. The method of fractionation is

described in this report.
MATERIALS AND METHODS

C. lineata
adsorption on a Sephadex G-50 column

lectin was purified by
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and eluted with maltose solution(?). Con-
canavalin A (Canavalia ensiformis bean
lectin) purified by the method of Olson
and Liener(4) was purchased from Sigma
company. Sephadex G-50 was bought
from Pharmacia Fine Chemicals. Bio-Gel
A-1.5 m was obtained from Bio-Rad Labora-
tories. Dialysis membrane tubing (Spec-
trapor mol. wt. cutoff 3,500) was the
product of Spectrum Medical Industries,
INC. Hemagglutination titers toward rat
erythrocytes were determined in a series
of test tubes as previously described!1).
SDS-polyacrylamide  gel  electrophoresis
without mercaptoethanol was carried out
in tube gels according to the method de-
scribed by Weber and Osborn(3). 0.1 mg
lectins or fractions were used. Percentages
of total acrylamide and cross-linker of the
gels (0.5 x 11 ¢cm) were 10.4 and 3.9. The
gels were stained in 7% acetic acid con-
taining 1% amido black 10B, and destained
in 7% acetic acid. Molecular weights were
determined by plotting the relative mobili-
ty against logarithm of molecular weight.
Low molecular weight calibration kit con-
taining phosphorylase b, albumin, oval-
bumin, carbonic anhydrase, trypsir: in-
hibitor, and alphalactalbumin was obtained

from Pharmacia Fine Chemicals.

RESULTS

Bio-Gel A-1.5 m column chromatography
of C. lineata lectin:

One hundred mg C. /ineata lectin
was dissolved in 10 ml 0.01 M Tris-HCI
buffer pH 9.0 and filtered through a
Whatman No. 1 filter paper. The filtrate

176

was applied on to a Bio-Gel A-1.5 m column
(2 x 85 cm) and eluted with 0.01 M Tris-
HCI buffer pH 9.0 at a flow rate of 4 ml/
tube/20 min. The elution profile was shown
in Fig. 1. The substance which was excluded
by the column (first peak, tubes 20 to 31)
was collected as fraction 1. The last peak
which appeared in tubes 55 to 62 was
collected as fraction 3. The components
which were eluted between fractions 1 and
3 (tubes 36 to 54) were pooled as fraction
2.

Rechromatography of fractions 1, 2, and 3:

Fraction 1 obtained from 200 mg C.
lineata lectin was lyophylized and dissolved
in 15 ml 0.01 M Tris-HCI buffer pH 9.0.
This solution was reapplied on to the Bio-
Gel A-1.5 m column and eluted with the
Tris-HC| buffer. As shown in Fig. 2, in
addition to the substance which was ex-
cluded by the column (fraction A1, tubes
19 to 31), a second peak appeared in tubes
54 to 60 and was collected as fraction
A2,

Fraction 2 obtained from 300 mg
C. lineata lectin was lyophylized and dis-
solved in 15 ml 0.01 M Tris-HCI| buffer
pH 9.0. This solution was reapplied on
to the Bio-Gel A-1.5 m column and eluted
with the Tris-HCI buffer. The elution profile
shown in Fig. 3 indicated that the major
peak unexpectedly appeared after tube
50. Tubes 31 to 49 were pooled as fraction
B1, and the major peak (tubes 53 to 64)
was collected as fraction B2. 4

Fraction 3 obtained from 300 mg
C. lineata lectin was lyophylized and dis- -
solved in 15 ml 0.01 M Tris-HCI buffer
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A280 Fig. 1.
Bio-Gel A-1.5 m column (2 x 85cm} chro-
0t |- matography of C. lineata lectin. 100mg !
lectin in 10ml 0.01M" Tris-HCI pH 9.0
was applied on to the column and eluted
with the same buffer at a flow rate of 4ml/
0.2 - tube/20min. Tubes 20 to 31 were pooled
as fraction 1, tubes 36 to 54 were pooled
as fraction 2, and tubes 55 to 62 were
pooled as fraction 3.
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Fig. 2.
Rechromatography of fraction 1. Fr. 1
obtained from 200mg C. lineata lectin 0.6 -
was lyophilized, and dissolved in 15ml A280 .
0.01TM  Tris-HCI pH .9.0. The solution . |
was reapplied on to a Bio-Gel A-1.5m }
column (2 x 85cm) and eluted with the |
Tris-HCI buffer at a flow rate of 4ml/tube/ 02
20min. Tubes 19 to 31 were pooled as
fraction A1, and tubes 54 to 60 were 0 1 | |
pooled as fraction A2. 0 il
i
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08 | Fig. 3.
Rechromatography of fraction 2. Fr. 2
Asg0 obtained from 300mg C. lineata lectin
— was lyophylized, and dissolved in 15ml
0.01M  Tris-HCI pH 9.0. The solution
04 - was reapplied on to a Bio-Gel A-1.5m
’ column (2 x 85cm) and eluted with the
Tris-HCI buffer at a flow rate of 4ml/
— tube/20min. Tubes 31 to 49 were pooled
as fraction B1, and tubes 53 to 64 were
0 1 pooled as fraction B2.
0 :
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Fig. 4. Rechromatography of fraction 3. Fr. 3 obtained from 300mg C. lineata lectin
was lyophylized, and dissolved in 15ml 0.01M Tris-HCI pH 9.0. The solution
was reapplied on to a Bio-Gel A-1.5m column (2 x 85cm) and eluted with
the Tris-HCI buffer at a flow rate of 4 ml/tube/20min. Tubes 55 to 64 were
pooled as fraction C.
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Fig.5. Left: Molecular weight calibrat’ion curve obtained from phosphorylase b
(94,000), albumin (67,000), ovalbumin (43,000), carbonic anhydrase
(30,000), trypsin inhibitor (20,100), and alpha-lactalbumin (14,400).
Right: SDS-polyacrylamide gel electrophoretic patterns of 1. C. lineata
lectin, 2. fraction A1, 3. concanavalin A and molecular weights of the
subunits.
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pH 9.0. This solution was reapplied on
to the Bio-Gel A-1.5 m column and eluted
with the Tris-HCI buffer. The elution profile
was shown-in Fig. 4, and tubes 55 to 64
were pooled as fraction C.

Fractions A1, A2, B1, B2, and C
obtained as described above were dialyzed
in Spectrapor membrane tubing against
distilled water and lyophylized. The yields
of the fractions were given in Table 1.

Hemagglutination titers of the fractions,
C. lineata lectin, and concanavalin A:

The results were shown in Table 1.
The lectins isolated from the two species
of Canavalia had equal agglutination activi-
ty toward rat erythrocytes. Among the
fractions obtained from C. /ineata lectin,
only fraction A1 exhibited high hemagglu-
tination activity, and the titer was equal to
that of the original lectin. Although the
elution volumes of fractions A2, B2, and
C in Bio-Gel A-1.5 m column chromato-
graphy were very closed, the hemagglutina-
tion titers of these fractions were different.
The results suggested that fractions A2,
B2, and C might be the different com-

ponents of C. /ineata lectin.

SDS-ponacryIamide gel electrophoresis:

The molecular weight calibration curve
obtained from the standard proteins and
electtophoretic patterns were shown in
Fig. 5. The results indicated that C. /ineata
lectin and concanavalin A had same elec-
trophoretic pattern. The molecular weight
of the intact subunit of these two lectins
was estimated to be 29,000. In addition
to the two major fragmented subunits
(mol. wt. 18,000 and 15,000), a minor
fragmented subunit (mol. wt. 22,000)
could also be detected. Electrophoretic:
pattern of fraction A1 revealed that this
fraction had intact subunit only. The sub-
unit - structures of fractions A2, B1, B2,
and C were unknown, since no prétein
band was obtained from these fractions.

DISCUSSION

The lectins purified from C. lineata
and C. ensiformis (jack bean) had been
compared in this work. The results indicate
that these lectins have same hemagglutina-

Table 1. Hemagglutination Titers and Yields of the Fractions il
Obtained from Canavalia lineata Lectin

. . - Hemagglutination titer Yield
Fraction or Lectin (ml/mg) (mg/100mg lectin)
Fr. A1l 256 13
Fr. A2 <1 37
Fr.B1 8 8
Fr. B2 8 25
Fr.C 2 10
C lineata lectin 256
Concanavalin A 256
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tion activity toward rat erythrocytes, and
same subunit structure. The infrared absorp-
tion spectra of these two lectins are different
(data not shown). Therefore, we can con-
clude that the structures of these lectins
are very similar but not identical.

The intact subunit of C. [ineata
lectin had been purified by gel-filtration
in the presence of 1% SDS(2). However,
the purified intact subunit can not bind
with dextran, and its hemagglutination
activity is 15-fold less than that of the
original lectin. Therefore, the intact subunit
purified in the presence of detergent is not
suitable for the study of its biological pro-
perties. We have found in this work that
the intact subunit of this lectin will aggre-
gate in weak alkaline solution. By using this
property, we have obtained a fraction (Fr.
A1) containing intact subunit only and
having high hemagglutination activity.

In addition to fraction A1, we also
obtained four fractions from C. /ineata
lectin and expected that these fractions
might contain different subunit. But the
subunit structures of these fractions are
unknown, since no protein band is obtained
from these fractions in SDS-polyacrylamide
gel electrophoresis by the method of Weber
and Osborn(s). SDS-polyacrylamide gel
electrophoresis of the fractions had also
been carried out in a discontinuous buffer
system described by Neville(®). However,
the same results were obtained.
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