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Abstract-A potent lymphoagglutinin which had low affinity for red cells or fetuin and another lectin which reacted 
strongly with red cells and fetuin but was a poor agglutinin for lymphocytes were isolated from seeds of Phaseolus 
acutifolius. A number of other lectin components with intermediate activity towards these cells was also isolated. All the 
lectins had very similar amino acid and carbohydrate composition, sedimentation patterns, partial specific volume and 
molecular weight values of about 116600 and were thus smaller than the related Phuseol~~ uulguris lectins (M, 
= 119 000). The kctins contained four subunits with only minor size and charge difkrences between the lympho- and 
erythroagglutinating subunits and theii electrophoretic mobility in SDS gel electrophoresis was anomalously high. The 
existence of lympho- and erythroagglutinating subunits in two members of the genus Phaseoh supports their close 
morphological similarity. 

INTRODUCTION 

There is an increasing body of evidence [l, 23 to indicate 
that lectins of difkrent legumes may be structurally 
related homologous proteins L&ins with specilicity for 
Dmannose @glucose) residues, irrespective of whether 
they belong to the one-chain lectins from the tribe 
Diocleae, e.g. comvalin A and D&x&a grmd$oru 
lectin [l, 33, or to the twochain lectins from Vicieae [l], 
are all highly conserved [l] with respect to sequence, 
metal-binding sites, hydrophobic cavity and 
carbohydratebinding site. Similarly lectins from 
Phaseoleae, including those from Phaseohs 0lrlgari.v [4, S] 
and Glycine max [6], have a high degree of conservation of 
structural features implicated in agglutination. Although 
the function(s) of lectins in plants is still largely unknown, 
these structural homologies suggest that lectins have 
performed beneficial and similar roles for the plants 
during their evolution [7]. Thus comparative studies 
assume a great importance in lefztin research. 

L&ins from the seeds of Phaseolus acutijblius L 
(PAL), despite their smaller molecular size, show extens- 
ive immunochemical cross-reactivity to the much more 
widely studied PHA lectins from Phawolus dgaris 173. 
In the present paper, the isolation and properties of the 
erythro- and lymphoagglutinating lectins from the seeds 
of Phaseolus acutifolius are described. 

RESULTS AND DISClJSSlON 

Based OR difkrent afiinities for fetuin, and thus having 
slightly different sugar specificities, a number of closely 
related lectins have been isolated from the seeds of 
Phawolus acuti$ohs. These kctins are similar in aggluti- 
nating properties to those of the well-studied lectins from 
Phuseolus dgarls [S-11]. Thus the lectin components 
which are poorly bound to fetuin-Sepharose 4B have high 
lymphocyte-agglutinating activities, while those strongly 
bound lo and eluted from the column only a1 low pH 

values are mainly erythroagglutinating (Table 1, Fig. 1). 
Those with intermediate affinity for fetuin have inter- 
mediate values for their activities against erythrocytes and 
lymphocytes. However while there is some experimental 
evidence to suppcut the existence of separate erythrocyte- 
(Et and a lymphocyte-(Lbagglutinating subunits in PHA 
(Fig. 2a) and consequently the occurrence of five tetra- 
merit isolectins E*, EX L, Ez Lz, EL3 and Lb in the seeds, 
no such simple scheme can account for the similarly 
diverse biological activities of PAL &tins (Fig. 2a, b). 
Both T2 and F2 lectins were resolved by SDS gel 
electrophoresis into three or more slightly different 
components of appreciably faster mobilities and thus 
probably of smaller molecular size than the correspond- 
ing PHA E- or Ltype subunits (Fig. 2a). Isaelectric 
focusing in nondissociating media indicated the presence 
of a great number of isoelectric species in the pH range of 
4.5-5.5 (results not shown). As the presence of tightly 
bound metal ions might produce such a charge- 
heterogeneity, isoelectric focusing on polyacrylamide gels 
was carried out in 8 M urea solutions with samples 
directly dissolved in 9.5 M urea solutions and also with 
samples which have been dialysed lirst against 8 M urea 
containing 0.05 M Na-EDTA and then against several 
changes of 8 M urea (Fig. 2b). Both isoelectric focusing 
and, even more, two-dimensional electrophoresis experi- 
ments (Fig. 2a) of de-metallized T2 and F1 &tins pro- 
duced complex and dissimilar patterns, thus demonstrat- 
ing genuine size and charge heterogeneity for the PAL 
subunits. 

The very similar amino acid composition (Table 2) of 
the two lectins reflected well the close similarities in their 
electrophoretic properties. The amino acid composition 
was characteristic of that generally found with a number 
of other lectins and contained little methionine and 
probably no cyskine. Both lectins contained appreciable 
amounts ofcarbohydrates: the total neutral sugar content 
[ 123 was 7.0% for T2 and 5.2 y0 for F1. As the main 
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Tabk 1. Overall recovery of material and cell agglutinating activity from Phaseolw 
acutifolius seeds at various stages of purification including alhnity chromatography of the 
albumin fractions by fetuin-Sepharose 4B. Tbe recovered fractions were tested for cell 
agglutination by rabbit erythrocytes or by human lymphocytes (Fkoll-Paque). The results are 

given for the dry weight of the various fractions 

Amount Total H.U. Total L.U. 
Fraction (8) H.U./mg ( x W8) L.U./mg (x 10m6) 

seedmed 98.3 3300 3.21 30 3.0 
Residue 69.4 so 0.03 n.d: n.d.* 
crude extract n.d.* n.d.* 233 n.d.* n.d.* 
Globulins @H 5 precipitate) 9.5 500 0.05 q .d.* n.d.* 
Albumins 4.1 67ooO 2.68 600 2.46 

’ TI 2.21 20 - 20 0.05 
T2 0.25 9000 0.02 6600 1.65 
T3 0.17 27OOCKI 0.44 1250 0.21 

FRt&Xlst T. 0.12 270000 0.34 1250 0.15 
obtained by FI 0.03 130000 0.03 10 - 
affinity Fl 0.29 540000 1.54 80 0.02 
chromatography F3 0.14 27OooO 0.39 20 - 

U 0.08 33am 0.06 0 - 

l n.d. = not determined. 
tThe designation of the fractions is as in Fig. 1. 

L Tl,T2:: T3, T4 FlF2 F3 F4UJ 

100; 400 400 800 800 1000 

VOLUME (ml) 

Fig. 1. Fractionation of proteins from the seeds of Phaseolus 
acutifohs by affinity chromatography on fetuin-8ephsrose 4B 
(15 B; column si7.z 14.5 cm long. 2.2 cm diameter) of albumins 
(500 mg). Buffer flow rate was M ml/hr and fractions of 9.8 ml 
were collected. The initial clution buffer B was changed Crst to 
0.05 M gl+HCl, 0.5 M NaCl, pH 3.0 and then to 8 M urea as 
indicated by arrows. The pooling of cf8uent.s into designated 

fractions is given in the diagram. 

carbohydrate components are glucosamine and mannose, 
these lectins are glycoproteins of the high-mannose-type 
widespread in the Plant Kingdom. Of the other monosac- 
charide components xylose amounted to about one 
residue per lectin molecule and there were smaller 
amounts of fucose, rhamnose., and glucose. Thus the PAL 
lectins are clearly different from PHA [13]. However as 
glycosylation of PHA does not appear to be a pre- 
requisite for its biological activity or even for processing 
by the cotyledonary cells [14], the significance of this 
difference is not clear. 

Sedimentation experiments 

The T2 l&in sedimented as a single component with an 
S,, value of 6.3 S at 1.2 g/d1 concentration in buffer B 
@H 8.0). The sedimentation coefficient was dependent on 
protein concentration (0.1%1.22g/dl) and all results 
could be fitted into the following equation with 95% 
cont%ence: S 

7 

= 6.61 (f 0.02) - CO.42 (kO.04) 
x concentration . The F1 lectin preparations showed very 

similar sedimentation patterns and concentration depen- 
dence: S,, = 6.65 ( f 0.01) - CO.27 (fO.02) 
x concentration]. The difference between the S, values 

for T2 and F2 lectins, respectively, was not statistically 
significant (P = 0.05) although the steeper concentration 
dependence of T2 indicated a more flexible molecular 
conformation for the lymphoagglutinin. Neither of the 
two kctins appeared to dissociate into subunits at low pH 
values although the S,, value at pH 2.6 (buffer A) for the 
lectins was reduced to 5.7 S because of charge effects. 

Partial specific volume 

From the regression equations based on the results 
obtained from density measurements in the concentration 
range of 0.163 to 2.082 g/d1 a V, value of 0.734 
f 0.003 ml/g was obtained for T2 . The corresponding 
value for F2 was 0.727 f0.007 mg/g. There was no 
significant difference (PcO.05) between the two re- 
gression equations or the partial specific volume values 
calculated from these equations. 

Molecular weight 

M, values obtained at pH 8.0 (buffer B) from sedimen- 
tation equilibrium studies were also close for the two 
k&ins. All data could be combined into one overlapping 
and essentially constant plot within experimental error of 
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Fig 2. Ekctrophorctic patterns of crythro- (Ft ) and lympb~u~ting (Tz ) letins of Phase&s acutifoiius. (a) 
In the twodimensional part of the gel slab (lan*l4, standard pqaration of T2 and 5, standard prqnration of F2) 
appropriately pmparcd (see uoda Experimental) strips from tirst dimension of isoekctric focusing in 8 M urea of 
PAL preparations were embedded with warm agar on top of the central part of tbc prraut vcrthl SDS gel slab. 
Subsidiary we&? for applying standards (run in SDS only) to NO padki with the ledins on the @rips from the first 
dimension were also cast with agarosc on top of the gel skb and tbc whokasmcmbkd gel was tbcn ekctropttoreacd in 
SDS for 6 hr. The poaition of known standards and the first dimcoaion gel strips uxcd arc indicated. Standah 
lane1,Ph4(401USmJgori3cxbsct;2,F1;3,T,;6,FIaad7.Pharaolvr~pricutrsct.(b)~f~~~ 
of PAL preparations Wore and ah dialyxia against 0.05 M EDTA in 8 M urea Lane 1, starhrd F,; 2, de- 
mctaUi& stand& F3; 3, second F2 prqmraw 4, same a&r demcM&ation; 5, secend T2 prqxuatios 6, semc 
after de-mcta&&oo; 7. standard Ta; 8, de-tnct&hd xccond Fx ptrgrration. The kairu, d@natcd ax second 
preparations were obtained by shexcluxion chromntography (by HPLC) on a TSK-3000 SW in&ad of the 
conventional AcA-34 column used in the stamhrd method (ace uada Expcrimcntal). Fractions T2 and F1, u&as 
otherwise designated, always refer to the two main kztin fractionx obthai by pffinity chro~tography (Fig. 1) and 

subsequent chromatography on axt AcA-34 c5lumn. 
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Table 2. Amino acid and carbohydrate com- 
position of the lympho- and erythroagglutinat- 
ing kctins (T, and Fs) from Phaseolus acuti- 
jolius. The values are given in g anhydrous 
amino acids or carbohydrates per 100 g protein 
and represent a recovery of total N (excluding 

NH,) in excess of 95 % for both k&ins 

Amino acid 
or carbohydrate 

Lysine 
Histidinc 
Arginine 
Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
Methionine+ 
lsoleucine 
Leucine 
Tyrosine 
Phenylalaninc 
Tryptophant 
Cysteine* 

Glucosamine 
Rhamnose 
Fucose 
Arabinose 
Xylose 
Mannose 
GdCiCtOSe 

Glucose 

Quantity 
T2 F2 

4.18 4.36 
0.80 1.01 
3.85 3.46 

15.15 14.55 
6.59 7.10 
8.76 7.94 
6.36 6.46 
3.36 3.11 
3.61 3.66 
3.86 3.97 
7.06 7.21 
0.26 0.47 
4.61 4.47 
8.88 9.00 
1.76 2.22 
7.01 1.45 
2.40 2.68 
0 0 
- - 

88.5% 89.12% 
1.02 1.40 
0.06 0.02 
0.09 0.06 
0.02 0 
0.12 0.13 
2.60 2.24 
0 0 
0.09 0.07 

of 119000 for PHA [lS] and of 116600 for PAL in the 
present paper. Thus based on four subunits per lectin 
molecule of 119 Ooo the M, value calculated for the PHA 
subunits is 29 750. This value is probably correct as it is 
also independently supported by lectin sequence data 
based on isolated PHA lectin genes [5]. As the SDS runs 
indicated subunit M, values of about 28 000 or less for the 
PAL components in contrast to the value of 29 150 
calculated from the results of sedimentation experiments 
it is very likely that the mobility of PAL subunits in SDS 
electrophoresis is anomalously too fast. Moreover as even 
the E and L subunits of PHA separate well in SDS runs 
(Fig 2a) despite their nearly identical M, value estimated 
from sedimentation studies [lo] and similar carbohydrate 
content [ 1 S] most Phaseolus lectins apparently have some 
degree of anomaly in their behaviour in SDS. However as 
the reason for this is likely to be a conformation- 
dependent hydrophobic behaviour and SDSbinding it 
will have to await the results of sequence and other 
structural studies. 

Finally, the finding of lympho- and erythroagghrtinat- 
ing lectins and their hybrid tetramers in two members of 
the genus Phuseolus highlights their closeness in 
morphology. Although tetrameric structure appears to be 
very general for &tins from Phaseoleae and indeed for a 
number of lectins generally, such clear division of bio- 
logical activity in two types of subunits is rarer and so far 
has been demonstrated only for the seeds of Phaseolus 
vu~aris, Griflonia simplicifolia [ 161 and in this paper for 
Phaseolus acutifolius. 

Seeds of Phaseohs acut~olius (tepnry bean) were a gift from 
Dr. L. Tekk of Mayagua Institute of Tropical Agriculture 
(Mayaguq Puerto Rico). 

l Determined after oxidation with performic 
acid [19]. 

?Determined after hydrolysis with 4 N 
methane sulphonic acid containing 0.2 % 3-(2- 
aminoethyl)indole at I IS” for 22 hr [20]. 

Agglutination tests. For these rabbit erythrocy-tes and human 
lymphocytes (puritied by Ficoll-Paque; Pharmacia Fine 
Chemicals) were used. Fractions or kctins were dissolved in 0.9 “/, 
NaCl solution and serially diluted before the addition of cells. 
The extent of clumping was observed under a microscope and 
expressed as agglutination units (H.U. or LU./mg of material). 
One unit was taken as the amount of material/ml in the test tube 
giving a strong 2 + reaction. 

Analytical isoelectric jocwing in 8 M urea. Gels (I I cm long 
8 cm wide and 0.025 cm thick) were cast containing 4 % acryl- 
amide (30: 1 acrylamide to bis-acrylamide), 8 M urea and 3.12 “/, 
total ampholyte (2.6 % of pH 4-6 and 0.52 % pH 3-10; LKB, GB 
Ltd.) on Gel-Fix support (Serva Feinbiochimica, Heidelberg, 
F.R.G.). Samples were dissolved in 9.5 M urea at concentrations 
of 3-5 mg/ml and applied (4-10 A) to tbc gels on wicks of 
Whatman 3 MM or No. 1 papers placed between 1.5 and 2.0 cm 
from theancdeendofthegeL Stripsofpaper (1% H,SO*,anode 
and I % ethanolamine, cathode) were used for connecting to 
electrodes. Most experiments were runat lo” witha maximum of 
10.8 W and 2ooO V for 3 hr giving an avetage of about 1270 watt 
mitts. After focusing the gels were tixed in 20% TCA for 30 min 
and stained in 0.003 y0 w/v Coomassie Blue Type R. 

the various point average molecular weight values vs 
concentration in the cell, thus confirming the absence of 
smaller components, fast association-dissociation feac- 
tions and non-ideahty. The average of all values (M, ,) 
gave 116 900 f 100 (932 observations) for T2 and 116400 
f 100 (904 observations) for F1 and the two values were 
not significantly different (P < 0.05). Again the only slight 
difference between the two lectins is the finding of a 
steeper concentration dependence of the molecular weight 
values of T1. In the general equation of M = M” - [a 
x net fringe displacement (in pm)] the a value was 1.24 

for Tz. while it was only 0.87 for F2 (significant at P 
= 0.05). 

The electrophoretic patterns and mobilities in SDS gels 
(Fig. 2a) indicate that the M, values of PAL subunits are 
approximately 2CW smaller than those of PHA. However 
this difference is too large when compared with a value 
calculated from the thermodynamically correct M, values 

EXPERIMENTAL 

SDS polyacry&mi&gel electrophoresis. This was carried out 
by the vertical stab gel (0.075 cm thick) system (LKB, GB Ltd.) 
with a separation gel of 17.6 ‘A acrytamide @H 8.8) and a stacking 
gel of 6 % acrylamide (PH 6.8). Conditions: 6 hr at 20 mA and 
room temperature. 

Two-dimensioaaI electrophoresis. Samples (2 mg/ml) were first 
run in isoelectric focusing in 8 M urea and the resolved bands 
were stained with 0.015 Y0 w/v Coomassie Blue Type G250, 
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0.05% w/v CuSO,; in HOAc-HIO-MeOH (2:9:9), destained 
with 0.1 y0 w/v CuS04 in HOAC-H,GMeOH (2: 13: 5) and 
dried. Suitable sizz strips of gels were then cut, washed in Hz0 for 
about 45 min and incubated at 20” for approximately 10 min in 
an equilibrating buffer (0.6 M Tris, 2 % SDS, 10 % glycerol and 
2 % 2-mercaptoethanol). The incubated strips were placed on top 
of the precast vertical SDS gel and embedded with a warm 
(about 50”) solution of 1% agarose (dissolved in the pH 6.8 
stacking-gel buffer). Subsidiary wells for applying standards to 
run parallel with the strips from the first dimension were also cast 
from the agarose solution. Electrophoresis in SDS was then 
carried out as above for 6 hr. The gels, after fixing in 20% TCA 
(20 min) were first stained with 0.1% w/v Coomassie Blue Type 
R. de-stained (HOAc-H,O-MeOH, 2:16:7) and then silver- 
stained [ 173. 

Amino acid analysis. These were performed after hydrolysis 
with constant boiling HCI as before 1181. Cysteine and 
methionine weTe estimated according to Moore [ 191. Tryptophan 
was determined after hydrolysis with 4 N methane sulphonic acid 
containing 0.2 % 3-(2-aminoethyl)indole at 115” for 22 hr [ZO]. 

Carbohydrate analysis. Total neutral sugar was estimated as 
described in ref. [ 121. Henosamines were estimated after hydro- 
lysis with 2 N HCI at loo” for 4 hr [Zl]. Individualcarbohydrates 
were measured after hydrolysis with 2 N trifluoroacetic acid at 
loo” for 3 hr. conversion to alditol acetates and separation by 
GC. 

Sedimentation studies. Lectin samples were examined at va- 
rious concentrations and pH values in bufTers (A) I@times 
diluted citrate-phosphate buffer [22] containing 0.1 M NaCl of 
pH 2.6, or (B) 0.05 M Tris, 0.025 M acetic acid, 0.1 M NaCl, 5 mM 
CaClz, 0.1 mM MnS04 and 0.02% sodium azide, pH 8.0. 
Sedimentation coefficients and concentration of the various 
components were determined as before [lo]. Sedimentation 
equilibrium experiments and density measurements were done at 
various protein concentrations in buffer B as before [IO]. 

Is&lion o/the lectins. Seed meal was extracted by stirring with 
0.2 M borate buffer, pH 8.0 with a meal to buffer ratio of I : 8 at 0” 
for 90 min. The extract was centrifuged (Sorvall RC-2, GSA 
rotor) at 9000 ‘pm for 1 hr. The sediment was re-extracted with 
half of the original volume of buffer. After centrifugation the two 
supernatants were combined, dialysed against 0.02 M borate 
buffer, pH 8.0 overnight and then against 4 changes of 0.033 M 
acetate, pH 5.0 for 72 hr. The precipitate was removed by 
centrifugation. The soluble part after dialysis against water was 
recovered by freeze-drying This contained about 85% of the 
haemagglutination activity of the seed and was further frac- 
tionated by affinity chromatography on fetuin-Sepbarose in 
buffer B [23]. After four not completely resolved peaks (T,-T,) 
were eluted with the starting buffer the more strongly absorbed 
lectin components (F,-F,) were eluted at pH 3.0 (0.05 M 
glycine-HCI, 0.5 M NaCI). Finally the column was cleared of any 
aggregated material with 8 M urea (Fig, 1). The overall recovery 
and agglutinating activity of materials (Table I) indicated that 
components T2, Ta and T, had higher lymphocyte-agglutinating 
activity than those eluted with the pH 3 buffer (F,, F2 and F,) 
which in turn had very high haemagglutinating activity. Both the 
most active components, F1 and Tz were rechromatographed on 

fetuin-Sepharose and finally chromatographed on an AcA-34 
column. Both gave mainly one component, the protomer, with 
small amounts of a dimer. Both however had the same specific 
activity. 
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