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Abstract. Lectin was extracted from the seeds of Abrus precatorius L. by affinity
chromatography and ion exchange column chromatography and the purified lectins (AL-II,
and AL-III, fractions) which had high hemagglutinating activity were obtained. The hem-
agglutinating activity of the AL-III, fraction was higher than that of the AL-II; fraction.
On the other hand, the toxicity of the AL-III; fraction was comparatively lower than that
of the AL-II; fraction. These abrus lectins induced *H-TdR incorporation, an increase in
Feulgen-DNA content and blastoid transformation of human blood lymphocytes in vitro.
The maximal degrees of blastoid transformation were observed to be 4.5% in the AL-II,
fraction and 6.4% in the AL-III; fraction. The blastoid cells induced by the abrus lectin
resembled those of PHA culture in both size and staining characteristics. These results
indicate that the abrus lectin has blastogenic property. ‘
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the abrus lectin cytologically and cytochemi-
cally. In the present study, the relationships
among blastogenic agent, hemagglutinin and
toxin were also discussed.

Introduction

The seeds of Abrus precatorius L. are
known to contain a high toxic protein, lectin
or both(1) and their biological properties
have been reported (2-4). There is, however,
little information on blastogenic properties

Materials and Methods

of the abrus lectin except that galactose bind-
ing abrus lectin stimulated DNA synthesis
of human blood lymphocytes in vitro (5).
Therefore, we tried to purify toxin and
lectin from the seeds of Abrus precatorius L.
and confirmed the blastogenic property of
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Preparation of abrus lectin

Jequirity bean (Abrus precatorius L.) was ob-
tained from Taiwan. Abrus lectin was prepared by
the method as previously described (6). Our pro-
cedures partly differ from the method of Olsnes et
al (7) in that the lectin was purified by passing
it through a column of Sepharose 4B before using
DEAE-cellulose chromatography to prevent the
digestion of abrus lectin by proteases. Purification
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procedures of abrus lectin are presented in Fig. 1.
In brief, the seeds of Jequirity bean were finely
ground and the powder was suspended overnight
in 5% acetic acid. The material was then centri-
fuged and the pellet was discarded. The super-
natant was dialyzed with ammonium sulfate. The
fraction, precipitated with ammonium sulfate at
0.4 to 1.0 saturation, was applied to a Sepharose
4B column equilibrated with 0.01M Tris-HCl
buffer, pH 7.7, in 0.03M NaCl. The column was
washed with the same buffer and the lectin was
eluted with 0.1M galactose in the same buffer.
The lectin was dialyzed against 0.005M acetate
buffer, pH 5. 8, and then absorbed on a DEAE-
cellulose column. Four fractions (AL-I, II, III,
IV) were eluted from the column with stepwise
elution (0.005M - to 0.2M acetate buffer) and,
finally, with 0.2M acetate buffer, pH 5.8, plus
1.0M NaCl. Two fractions (AL-II, AL-III) were
dialyzed with 0.01M phosphate buffer, pH 6.5,

then absorbed on a - CM-cellulose column. The
lectins - (three fractions, AL-II;, AL-III; and AL-
II1;) were eluted from the column with a gradient

Procedure for extraction and fractionation of abrus lectin

of NaCl (0 to 0.5M) in the same buffer. Quanti-
tative estimation of extracted proteins in each
purification procedure was performed at 280mp
and 260my with a spectrophotometer (Table 1).
After dialysis against 0.9% NaCl, each fraction
was filtered through Millipore filter (0.45x) for
use in the lymphocyte culture. The lectin (PHA-P,
Difco) from Phaseolus vurgalis L. was reconstituted
by adding 5ml of 0.9% NaCL

Hemagglutinating test

Hemagglutinating activity was tested according to
the method of Olsnes et al (7). Increasing amounts
of lectin were mixed with 0.2ml of 4% human
erythrocytes in 0.9% NaCl. The mixtures were
incubated at 37°C for 60 min. The wunit of
hemagglutinating activity was defined as inverse
number of the amount of lectin (mg/ml) needed
to give a clearly visible agglutination of human
erythrocytes.

Toxicity test

Some fractions (AL-II,, AL-III;, AL-III;) were
injected intraperitoneally into male mice of the
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ddN strain and MLDss was measured. .

Disc gel electrophoresis

The isolated lectins were treated with sodium
dodecylsulfate in the presence and absence of 1%
p—mercaptoethanol and subsequently analyzed by
polyacrylamide gel electrophoresis in 7.5% acryl-
amide gels. ) :

Lymphocyte culture

Human peripheral blood lymphocytes were sepa-
rated using the method of Béyum (8) modified by
Kato (9). The lymphocytes (10°/ml) were suspended
in 1ml TC-199 with 20% calf serum and incubated
with the abrus lectin or PHA in test tubes (14X
100mm) at 37°C in a 95% air-5% CO. humid
atmosphere for 72 h. The percentage of blastoid
cells was determined according to the morph-
ological analysis as previously reported (9) and
served as the index of the blastoid transformation.
Cell viability of lymphocytes was tested accord-
ing to the trypan blue dye exclusion method of
McLimans et al (10). For this purpose 0.05ml of
0.5% trypan blue was mixed with 0.1 ml of cell
suspension and placed in a hemocytometer, then,
500 cells, both dead and viable, were counted.
The percentage of viable (nonstained) cell was
taken as the index of cell viability.

Measure of isotope incorporation

The lymphocyte culture with the lectin was also
performed in plastic test plates (Falcon Plastics)
containing 2X10° cells in 0. 2ml TC-199 with 20%
calf serum at 37°C for 72 h. In order to investigate
the effect of abrus lectin on DNA synthesis in
lymphocytes, *H-TdR (1. 0gCi/ml, 5Ci/mole, The
Radiochemical Centre Amersham) was added to
the culture medium (0.2ml) in each well 16 h
prior to culture termination The cultured cells were
harvested with a multiple cell harvester (Minimash
AM 78, Dynatech Co.) and then radio activity
was counted with a Packerd liquid scintillation
counter.

Quantitative estimation of DNA

DNA in the lymphoid cells was demonstrated by
the Feulgen reaction according to the method of
Tomonaga et al (11). The content of Feulgen-DNA
in the lymphoid cells, cultured with abrus lectin or
PHA for 72 h, was measured at 560mg with a
scanning microspectrophotometer (Nikon-Vickers
M85) by the method as previously reported (12).
In each smear, 100 cells were examined and the

mean value of Feulgen-DNA content was calculated.
Results

Purification of abrus lectin

Crude abrus lectin was purified first by
chromatography on a Sepharose 4B because
lectin has a high affinity to Sepharose 4B.
The abrus lectin eluted with 0. 1M galactose
from Sepharose 4B column did not display
protease activity. Our procedure for puri-
fication of abrus lectin was useful to pre-
vent the digestion of the lectin by proteases
contained in the protein. The abrus lectin
which bind to a Sepharose 4B column was
eluted by 0.1M galactose (Fig. 2, peak AL).
The material which was not absorbed on
Sepharose 4B had weak toxicity and hemag-
glutination. In the further purification the
lectin in AL-fraction was applied to a
DEAE-cellulose column. The absorbed pro-
teins on a DEAE-cellulose column were elut-
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Fig. 2 Affinity chromatography of abrus lectin
on a Sepharose 4B column. Fraction, precipitated
with ammonium sulfate at 0.4 to 1.0 saturation,
was applied to a Sepharose 4B column (3% 23cm)
equilibrated with 0. 01M Tris-HCI buffer, pH 7.7,
—0.03M NaCl. The column was washed with
the same buffer and the lectin was eluted with
0. 1M galactose in the same buffer.
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ed with acetate buffer. Four fractions (AL~
I, II, III, IV) were obtained with stepwise
elution (Fig. 3). Two fractions (AL-II, AL~
III) which possessed a very high hemaggluti-
nating activity was chromatographed on a
CM-cellulose column. Three fractions, AL-
II, from AL-II and -AL-III; and AL-III,
from AL-III (Fig. 4) were eluted from the
column with a gradient of NaCl

Biological and chemical properties of abrus
lectin

Hemagglutinating activity and toxicity of
different fractions of abrus lectin were shown
in Table 1. It is apparent that a AL-III,
fraction which possessed a very high hem-
agglutinating activity (1000 unit/mg) had
comparatively lower toxicity (MLDus; 0.005
mg) than that of a AL-II; fraction in mice.
The purified lectin (AL-III, fraction) was
analyzed by polyacrylamide gel electrophore-
sis in the presence of sodium dodecyl sulfate.
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Fig. 3 DEAE-cellulose chromatography of abrus
lectin (AL-fraction). AL-fraction -(indicated in
Fig 2) was dialyzed against 0. 005M acetate buf-
fer, pH 5.8 and then absorbed on a DEAE-
cellulose column (1X10cm). The lectin was eluted
from the column with stepwise elution. (0. 005M
to 0. 2M acetate buffer) and finally with 0.2M
acetate buffer, pH 5.8,. 4+1.0M NaCl.

The abrus lectin had a molecular weight  of
77,000. On treatment of f-~mercaptoethanol,
the lectin was split into ‘two components
with molecular weights of 40, 000 and 36, 000

Blastogenic properties of abrus lectin

In the abrus lectin-stimulated culture, both
the AL-II; and AL-III; fractions induced
the blastoid transformation of human blood
lymphocytes, although its extent was con-
siderably lower than that in the PHA cul-
ture (Table 2). The blastoid cells had a
round nucleus with dispersed chromatin and
one or more prominent nucleoli. Their cyto-
plasm was intensely basophilic and pyro-
ninophilic. They resembled the blastoid cells
in the PHA-stimulated culture in both size
and staining characteristic (Fig. 5).

Incorporation of H-TdR into the abrus
lectin-cultured lymphocytes was 2,500 cpm
in the AL-II; and 3,500 cpm in the AL-III,
fraction, These were markedly low compared
with the value of 11,255 cpm in the PHA-
cultured lymphocytes. This closely paralleled
the morphological evidence of transforma-
tion.

Relative amount of Feulgen-DNA in hu-
man lymphocytes cultured with abrus lectin
at 37°C for 72 h was not as high as that
of PHA culture, but distinctly 15% higher
than that of the control (Fig. 6). These
results indicate that abrus lectin also stim-
ulates DNA synthesis in human lymphoeytes
in vitro.

The dose dependency of lymphocyte res-
ponse to the abrus lectin was shown in
Table 2. The blastoid transformation did
not occur at concentrations of more than
10pg abrus lectin/ml because they were suf-
ficiently cytotoxic to kill the lymphocyte in
vitro. However, abrus lectin at lower concen-
trations (less than 1.0gg/ml) was ' clearly
effective for blastoid transformation. The
percentages of viable cells were 35. 9% in the
AL-II; culture and 56.5% in the AL-III,
culture at the concentration 1.0uxg/ml per
culture. The maximal degree of blastoid
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Fig. 4 CM-cellulose chromatography of abrus lectin. AL-II fraction (fraction No. 17 to 19) and
AL-IIT fraction (fraction No. 28 to 31) was dialyzed against 0. 01M phosphate buffer, pH 6.5
and then absorbed on a CM-cellulose column (1X10cm). The lectin was eluted from the
column with a gradient of NaCl (0 to 0.5M) in the same buffer.

Table 1 Hemagglutinating activity and toxicity of different fractions
. Hemagglutinating | Toxity
F faction Protein activity MLD;s
mg (units/mg) (mg)
40-100% (NH();SOx 234 | 140 —
Sepharose 4B _
(Fig. 2) 40 330
AL-I — — —
DEAE-cellulose AL-TI 6.2 920 _
(Fig. 3) AL~III 15.0 670 —
CAL-TIV — — —
CM.-cellulose AL-II 3.4 500 0. 003
) AL-IIIL, 0.5 200 0. 025
(Fig. 4 | Ap1L | 12,0 1000 0. 005

Hemagglutinating activity of 1mg PHA-P (Difco) is 400 units.
MLD,s: Minimum lethal dose after 48 h
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Fig. 5 Lymphoid cells in smears from blood lymphocytes, obtained from each of two
donor, cultured for 72 h with abrus lectin (AL-III» fraction 1.0 xg/ml). Note typical
blastoid cells. Wright’s stain X 1000
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Fig. 6 Histogram of relative amount of Feulgen-DNA in lymphoid cells cultured with abrus
lectin (AL-III; fraction) or PHA at 37°C for 72 h. Numbers show percentages of control.
(Mean = standard error, n=100).
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Table 2 Percentages of blastoid cells in human
blood lymphocytes cultured with abrus lectin or
PHA at 37°C for 72 h

Concentrations Blastoid cells (%)
of lectins (ug/ml) | Ap_11, | AL-1II, | PHA
100 0 0 44.8
10 0 0.3 61. 6
1.0 4.5 6.4 | 43.5
0.1 2.1 5.7 6.6
0.01 0.9 | 39 0.4
0. 001 0.8 0.3 N.D.

AL : Abrus lectin
PHA : Phytohemagglutinin (PHA-P, Difco) -
N.D. : not done

transformation was observed to be 6.4% in
the presence of 1.0pg abrus lectin (AL~
I11;) /ml, which has high hemagglutinating
activity. On the other hand, PHA constantly
produced higher percentage (43.5%-61.6%)
of blastoid cells in concentrations from 1.0
to 10ug/ml. :

Discussion

The blastoid transformation of human
blood lymphocytes was observed in abrus
lectin-stimulated cultures although blastoge-

nic activity of this lectin was lower than

that of PHA. This lower activity is similar
to that of Phaseolus sp. (Japanese red bean)
as shown by Parker et al (13). The abrus
lectin-induced blastoid cells resembled PHA-
induced blastoid cells in both size and stain-
ing characteristics. In accordance with the
morphological evidence of transformation, a
slightly enhanced incorporation of 3H-TdR
and an increase of Feulgen-DNA content in
lymphocytes were demonstrated in abrus
lectin-stimulated cultures. Closs et al (5)
reported that abrus lectin stimulated a lym-
phocyte population where less than 2% of
the cells contained surface immunoglobulin.
These results indicate that abrus lectin may
be T lymphocyte mitogen.

Hemagglutinating activity of abrus lectin
increased - with its progressive purification.
Concerning the effect of hemagglutination
on blastogenesis, Parker et al (13) reported
that the degree of blastogenesis in lympho-
cyte culture is enhanced by increased cell
density or agglutination. This may be related
to the finding that the AL-III; fraction,
which possesses a higher hemagglutinating
activity, induces a relatively high activity in
blastogenesis of human blood lymphocytes.
Downing et ‘al "(14) suggested that the
mitogenic factor in some plant lectins may
be independent of hemagglutinating activity.
The lectin which was low hemagglutinating
activity and high mitogenic properties had
been purified from . Phaseolus wvulgaris by
Allen et al (15).. Thus, mitogenic agent may
fundamentally differ from hemagglutinating
agent, ) :

-We observed that the lectin (AL-III, frac-
tion) which possessed higher hemagglutinat-
ing activity had lower toxicity as compared
with the lectin (AL-II; fraction). More
recent workers have indicated that the toxin
and the hemagglutinating properties of plant
lectins, Abrus precatorius and Ricinus com-
munis (7,16), belong to separate proteins.
However, -the relationships among' mitogene-
city, hemagglutination and toxicity are still
obscure. The cytotoxicity of lectin prepara-
tions may be due to contamination by traces
of residual toxins. Thus, highly purified
abrus lectin in further experiments may

show a much low toxicity and higher
blastogenic activity than in the present
experiment. Further purifications of abrus

lectin involving this point are now in pro-
gress in our laboratory.

References

1) Boyd, W.C.: Lectins. Ann.
169 : 168-190, 1970.

2) Olsnes, S. and Pihl, A.: Isolation and proper-
ties of abrin: a toxic protein inhibiting protein
synthesis. Evidence for different biological

N.Y. Acad. Sci.,



34

Kato, S., Awaya, K., Nakatsukasa, Y. and Okuda, Y.

3)

4)

functions of its two constituent-peptide chains.
Eur. J. Biochem., 35 : 179-185, 1973.

Wei, C.H.,. Hartman, F.C.,, Pfuderer, P. and
Yang, W.K.: Purification and characterization
of two major toxic proteins from seeds of
Abrus precatorius. J. Biol. Chem., 249 : 3061~
3067, 1974.

Wei, C.H., Koh, C., Pfuderer, P. and Einstein,

" J.R.: Purification. properties and crystallogra-

5)

6)

~

7

8)

9)

phic data for a principal nontoxic lectin from
seeds of Abrus percatorius. J. Biol. Chem., 250:
47904795, 1975.

Closs, O., Saltvedt, E. and Olsnes, S.: Stimu-
lation of human lymphocytes by galactose-
specific abrus and ricinus lectins. J. Immunol.,
115 : 1045-1048, 1975.

Okuda, Y., Yds'hida, C. and Tomi, M.: Purifi-
cation of toxin and phytohemagglutinin from
Semen Jequirity (Abrus precatorius) (in Japa-
nese). Bull. Nakamura Gakuen Univ., (Naka-
mura Gakuen Kiyou) 8: 123-126, 1975.
Olsnes, S., Saltvedt, E. and Pihl, A.: Isolation
and comparison of galactose-binding lectins
from Abrus precatorius and Ricinus communis.
J. Biol. Chem., 249 : 803-810, 1974.

Boyum, A.: Separation of leucocytes from blood
and bone marrow. Scand. J. Clin. Lab. Invest.,
21 : (Suppl. 97) 9-29, 1968. i
Kato, S.: Studies on inhibition of human
lymphocyte blastogenesis by hydrocortisone in
vitro. I. Effect of hydrocortisone on lymphocyte
response to phytohemagglutinin. Bull. Yamagu-

10

11

12

13

14

15

16

)

)

- 166-172,

)

)

)

)

N

chi Med. Sch., 24 : 1-13, 1977.

McLimans, M.F., Davis, E.V., Glover, F.L. and
Rake, G.W.: The submerged culture of mam-
mlian cells: The spinner culture. J. Immunol.,
79 : 428-433, 1973. :
Tomonaga, S., Nomura, A. and Awaya, K.:
Optimal Feulgen hydrolysis for microspectro-
photometry. Acta Histochem. Cytochem., 4 :
1971. .

Kato, S., Yamaguchi, K., Awaya, K. and Ni-
shioka, M.: The in vitro reactivity of the
human thymus lymphocytes. ——Lectin respon-
ses and rosette formation to sheep red blood
cells (in Japanese with English abstract). Acta
Haematol. Jpn., 41 : 499-509, 1978.

Parker, J.W., Steiner, J., Coffin, A., Lukes, R.
J., Burr, K. and Brilliantine, L.: Blastomitoge-
nic agents in Leguminosae and other families.
Experientia, 25 : 187-188, 1969.

Downing, H.J., Kemp. G.C.M. and Denborough,
M.A.: Plant agglutinins and mitosis. Nature,
217 : 654-655, 1968.

Allen, L.W., Svenson, R.H.  and Yachnin, S.:
Purification .of mitogenic properties derived
from Phaseolus vulgaris: Isolation of protein
and weak phytohemagglutinin possessing mito-
genic activity. Proc. Natl. Acad. Sci., 63 : 334~
341, 1969.

Nicolson, G. and Blaustein, J.: The interaction
of Ricinus communis agglutinin with normal
and tumor cell surfaces. Biochem. Biophys. Acta,
266 : 543-547, 1972.





