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Abstract

A homotetrameric agglutinin with a molecular mass of 130kDa was isolated from seeds of the haricot bean. The agglutinin was isolated
using a procedure that involved ion exchange chromatography on DEAE-cellulose, affinity chromatography on Affi-gel blue gel and gel filtration
by fast protein liquid chromatography on Superdex 200. Haricot bean agglutinin was adsorbed on DEAE-cellulose and Affi-gel blue gel. The
hemagglutinating activity of the agglutinin was stable up t6@0It underwent a 40% decline when the temperature was raised’t® &03d a
complete loss when the temperature was further increased @. 8he hemagglutinating activity exhibited a time-dependent loss in activity when
the agglutinin was incubated at 100 for different durations. No activity was discernible when the agglutinin was left at@®0r 1 min. The
activity also underwent a decline in the presence of 500 mM f&@l CaCJ. Haricot bean agglutinin manifested a weaker mitogenic activity than
concanavalin A toward mouse splenocytes. It exhibited antiproliferative activity toward the tumor cell lines M1 [leukemia], HepG2 [hepatoma]
and L1210 [leukemia] cells.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction A homotetrameric kidney bearmPkaseolus vulgaris) hemag-
glutinin has been reported5]. The purification methods for
Leguminous plants produce a large variety of proteins includisolation of bean lectins included affinity chromatography on a
ing lectins[1,2] antifungal proteing3], ribosome inactivating human alpha 1-acid glycoprotein Sepharose 4B column and ion-
proteins[4], peroxidaseg5,6], protease inhibitor§7,8] and  exchange chromatography on a Mono S column for red kidney
amylase inhibitor§9]. Among these various proteins, lectins bean lectin[16], ion-exchange chromatographies on CM- and
represent a group of extensively studied proteins. There are mamEAE-cellulose and gel filtration on Sephacryl S-300 HR for
lectins reported fronPhaseolus species. Two lectins, GNL-1 lectin from pods of the Great Northern bedhg]. Recombinant
and 2, isolated from extracts of Great Northern be&mfeolus  kidney bean lectin was expressed and secreted by the methy-
vulgaris), had molecular masses of 175 and 145 kDa, respedetrophic yeastPichia pastoris. The recombinant lectin had a
tively. In the assay of mitogenic activity, GNL-1 showed a strongprimary amino acid sequence identical to that of the native pro-
mitogenic activity, but GNL-2 was devoid of the activi40].  tein and an agglutination activity similar to that of native kidney
In tepary beansRhaseolus acutifolius), a toxic and tetrametic bean lectif18].
lectin was found11]. Black gram Phaseolus mungo) seeds Research on haricot beans is restricted to only an early
were shown to contain a monomeric lectin with a moleculareport on isolation of haricot bean agglutinjh9]. Haricot
mass 58 kD412]. A tetrameric 84 kDa lectin fronPhaseolus ~ bean/agglutinin is a glycoprotein composed of four subunits
acutifolius was reported to have mitogenic and immunosup-each with a molecular mass of 30kDa. It was purified with
pressive activitied13]. A 135kDa lectin was purified from a procedure that entailed [NBSO, precipitation and chro-
the leaves of Great Northern bedthaseolus vulgaris L [14]. matography in DEAE-cellulose and Sephadex G200. However,
no sequence information is available. The isolated agglutinin
has not been examined with regard to biological activities such
* Corresponding author. as mitogenic, antiproliferative and HIV-1 reverse transcriptase
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inhibitory activities which are characteristic of some lecfirt. molecular mass markers [Amersham Biosciences, Hong Kong,
The objective of the present study was to purify and partiallyChina], was conducted to determine the molecular mass of the

characterize haricot bean agglutinin. agglutinin.
2. Materials and methods 2.4. Determination of N-terminal amino acid sequence
2.1. Materials The N-terminal sequence of the haricot bean agglutinin was

determined by using a Hewlett-Packard [HP] G1000A auto-

Dried seeds of the haricot beaBhgseolus vulgaris) were  mated protein sequencer. This sequencer includes an automated
purchased from a local supermarket. The three species of phdman degradation unit and an HPLC on a reverse-phase C-
topathogenic fungi examined in this study, namghizocto- 18 column. For sample preparation, the target protein band in
nia solani, Fusarium oxysporum and Coprinus comatus were  the SDS-PAGE gel was cut out, and then incubated in sequenc-
obtained from Department of Microbiology, China Agricul- ing buffer [0.1 M CHRCOONa, 0.1 SDS, pH 8.5] overnight at
tural University, Beijing, China. The HIV-1 reverse transcrip- room temperature. The solution was centrifuged at 14,000 rpm
tase ELISA kit was from Boehringer Mannheim, Mannheim, for 10 min in order to get rid of the particles of SDS-PAGE gel,
Germany. The L1210, M1 and HepG2 cell lines were pur-and the supernatant was subjected to sequencer.
chased from American Type Culture Collection [ATCC], Man-
assas, USA. Superdex 200 column and [medijithymidine  2.5. Assay of inhibitory activity toward human
and molecular-mass marker were purchased from Amershaimmunodeficiency virus [HIV-1] reverse transcriptase
Biosciences, Hong Kong, China. Affi-gel blue gel was from
Bio-Rad, California, USA. DEAE-cellulose and Con A were The assay for HIV-1 reverse transcriptase inhibitory activ-
purchased from Sigma, St. Louis, Missouri, USA. All other ity was measured by ELISA as described by Collins efzl]

chemicals used were of analytical grade. using a non-radioactive kit from Boehringer Mannheim [Ger-
many]. The inhibitory activity of haricot bean agglutinin was
2.2. Purification protocol calculated as percent inhibition as compared to a control with-

out the protein.
The haricot beans were soaked in distilled water [3 ml/g] for

8h in order to soften them up and were then blended using 26. Assay of hemagglutinating activity

Waring blender. To the supernatant obtained after centrifuga-

tion [15,000x g, 30 min] of the homogenate, Tris—HCI buffer ~ In the assay for lectin [nemagglutinating] activity, a serial
[pH 7.6] was added to the supernatant obtained after centrifutwo-fold dilution of the haricot bean agglutinin solution in
gation until a concentration of 10mM Tris was attained. Themicrotiter U-plates [SQuI] was mixed with 5Qul of a 2% sus-
supernatant was then applied to a column [5c80cm] of  pension of rabbit red blood cells in phosphate buffered saline
DEAE-cellulose which had previously been equilibrated andpH 7.2] at room temperature. The results were read after about
was then eluted with 10 mM Tris—HCI buffer [pH 7.6] at a flow 1 h when the blank had fully sedimented. The hemagglutination
rate of 5ml/min. After the first peak of absorbance [D1] hadtiter, defined as the reciprocal of the highest dilution exhibiting
come off the column, the column was eluted stepwise with 200hemagglutination, was reckoned as one hemagglutination unit.
500 and 1000 mM NacCl in the Tris—HCI buffer. The secondSpecific activity is the number of hemagglutination units per mg
peak of absorbance [D2] was dialyzed against 10 mM Tris—HCprotein[22].

buffer [pH 7.6] and then applied to a column of Affi-gel blue gel

[2.5cmx 20 cm] in the same buffer at a flow rate of 2 ml/min. 2.7. Test of inhibition of lectin-induced hemagglutination

After the first peak of absorbance had flowed through the colby various carbohydrates

umn, the column was eluted by inclusion of 1 M NaClin 10 mM o o o

Tris—HCl buffer [pH 7.6]. The second peak of absorbance B2 was Test of inhibition of Iectm-mduced hemagglutination by var-
then subjected to gel filtration by fast protein liquid chromatog-0US carbohydrates was carried out as follows. A solution of
raphy on a Superdex 200 HR 10/30 column (effective separatioha”COt bean agglutinin [2fl] with four hemagglutination units

range 10-600 kDa) at a flow rate of 0.5 ml/min. The first elutedV@S Mixed with an equal volume of a serial two-fold dilution of
peak S1 constituted purified haricot bean agglutinin. the carbohydrate sample to be tested. After incubation at room

temperature for 30 min, the mixture was mixed with a 2% sus-

dodecyl sulfate-polyacrylamide gel electrophoresis the carbohydrate in the final reaction mixture capable of com-
[SDS-PAGE] and gel filtration pletely inhibiting four hemagglutination units of the haricot bean

agglutinin was calculated from the resUz].
The purified haricot bean agglutinin was subjected to
sodium dodecyl sulfate-polyacrylamide gel electrophoresi®.8. Effect of metal ions on hemagglutinating activity
[SDS-PAGE] for molecular mass determination in accordance
with the procedure of Laemmli and Fa{9]. Gel filtration on The effects of NaCl, KCI, CaG] MgCl,, MnCl,, CuCh and
an FPLC-Superdex 200 column, which had been calibrated witkeCb, all at 500 mM concentration, were studied. A solution of
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haricot bean agglutinin [2pl] with 16 hemagglutination units —e- Absorbance

was two-fold diluted with buffer containing the various ions. 3000 —NaCl concentration 71200
Incubation was carried out at room temperature for 1 h. The 1000
assay of hemagglutinating activity was then carried out. 800
600
400
200
0

2.9. Effect of heat treatment on hemagglutinating activity

OD 280 (mAU)

A solution of haricot agglutinin was incubated at various tem-
peratures for 30 min: 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and
100°C. The tubes were then put on ice and assay of hemagglu-
tinating activity was then carried out.

NaCl concentration (mM)
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Fig. 1. Fractionation of the crude extract of haricot beans on a DEAE-cellulose
2.10. Assay of mitogenic activity column equilibrated with the binding buffer [10 mM Tris—HCI, pH 7.6]. The
column was washed with the binding buffer to remove D1 and then eluted with

. . . . stepwise gradients of 200, 500 and 1000 mM NaCl in the same buffer to desorb
Four C57BL/6 mice [20-25 g] were killed by cervical dislo- fractions D2-D4, respectively. Hemagglutinating activity was found in D2.

cation and the spleens were aseptically removed. Spleen cells

were isolated by pressing the tissue through a sterilized 100- . ) o
mesh stainless steel sieve and resuspended<ta®B cells/ml ~ 9€! gave rise to a small peak B1 devoid of hemagglutinating

in RPMI 1640 culture medium supplemented with 10% fetal@Ctivity and a large peak B2 in which hemagglutinating activ-
bovine serum, 100 units penicillin/ml, and 100ug strepto-%Y resided Fig. 2). B2 was fractionated on Superdex 200 into a
mycin/ml. The cells [ 10P cells/100ul/well] were seededinto  [ar9€ peak S1with hemagglutinating activity and asmall peak S2
a96-well culture plate and serial dilutions of a solution of haricotWithoutactivity. The molecular mass of S1 was 130 kBag(3).

bean agglutinin in 100 medium were added. After incuba- N SDS-PAGE, peak S1 appeared as a single band with a molec-
tion of the cells at 37C in a humidified atmosphere of 5% ular mass of 33kDaHig. 4). The hemagglutinating activity of
COy for 24h, 10ul [methyl 3H]-thymidine [0.25.Ci, Amer- haricot bean aggl_utlnln was stable up to°4D At 50, 60_, 70
sham Biosciences] was added, and the cells were incubated f8Pd 80°C, approximately 60, 45, 20 and 0%, respectively of
a further 6 h under the same conditions. The cells were thel{€ activity remained. About 50% of the activity remained after
harvested with an automated cell harvester onto a glass filteff€atment at 100C for 30s. The mitogenic activity of haricot
and the radioactivity was measured with a Beckman model L$€an agglutinin on mouse splenocytes was weaker than that of

6000SC scintillation counter. All reported values are the meanS©" A- The concentration of haricot bean agglutinin required
of triplicate sample23]. for optimal activity was 65M (Fig. 5A). The antiproliferative

activity of haricot bean agglutinin toward three tumor cell lines,
L1210, Hep G2 and M1, is shown Fig. 5B.
The hemagglutinating activity of haricot bean agglutinin
Leukemia L1210 cell line, leukemia M1 cell line or hep- could not be inhibited by the. following sugars when they
atomas HepG2 cell line was suspended in RPMI medium any€ré tested at a concentration of 500 mi—]-Fucose,
adjusted to a cell density of 2 10" cells/ml. A 100ul aliquot ~ P[*]-glucose, p[+]-glucosamine, n[—]-galactosamine,p[+]-
of this cell suspension was seeded to a well of a 96-well platg@lactose,p[+]-glucose, p[+]-lactose, p[+]-melibiose, p[-]-
followed by incubation for 24 h. Different concentrations of Mannosamine,[—]-mannosep|+]-mannosep[+]-raffinose.r-
agglutinin in 10Qul complete RPMI medium were then added
to the wells and incubated for 72 h. After 72 h,20f 5 mg/ml

2.11. Assay of antiproliferative activity on tumor lines

[-O-Absorba nce — NaCl concentration ]

MTT in phosphate buffered saline was spiked into each well fggg: = 11200 s
and the plates were incubated for 4 h. The plates were then cen- ~ 1500l P 1000 E
trifuged at 2500 rpm for 5min. The supernatant was carefully 2 1400} ds00 §
removed and 150l of dimethyl sulfoxide was added in each £ 1200p B
well to dissolve the [MTT] formazan at the bottom of the wells. § 1233: 1690 ‘g
After 10 min, the absorbance at 590 nm was measured with a S oo} 1400 g
microplate reader. ggg - {200 £
3. Results 20 PSS ESL L LSS PSS 0
v @ @ RO O RO

. Elution volume (ml)
lon exchange chromatography of the crude extract of hari-

cot beans on DEAE-cellulose yielded a small unadsorbed ped#g. 2. Elution profile from the Affi-gel blue gel column. After chromatography

D1. two Iarge adsorbed peaks D2 and D3 eluted with 200 angn DEAE-cellullose, fraction D2 was dialyzed and then applied to an Affi-gel
! lue gel column in 10 mM Tris—HCI buffer [pH 7.6]. The column was then

500mM NaCl regpectlvely, and a _Sm"?l” peal§ _D4 ellflted Wltr\Nashed with the binding buffer to remove fraction B1. Adsorbed proteins were
1000 mM NaCl Fig. 1). Hemagglutinating activity resided in  ejyted as fraction B2 with 1000 mM NaCl in the Tris—HCI buffer. Hemaggluti-
peak D2. Affinity chromatography of peak D2 on Affi-gel blue nating activity was found in fraction B2.
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Fig. 3. FPLC-gel filtration of fraction B2 from the Affi-gel blue gel column on a Superdex 200 HR 10/30 column in 200 mMQ®4 buffer [pH 9.6]. Fraction
size: 1 ml. Hemagglutinating activity was located in peak S1 (elution volume =8.3 mL). The calibration curve is shown at the top right cornemdm esiteins
shown on the calibration curve are aldolase (156 kDa), BSA (66 kDa), and carbonic anhydrase (30 kDa).

Table 2
N-terminal sequence of haricot bean agglutinin in comparison with lectins of
94 kDa variousPhaseolus Species
67 kDa Sample name Sequence % Identity
43 kDa Haricot bean agglutinin 1IASESYFNFQRFEETRf— 100
Great Northern beans LANEIYFNFQRFXETN— 80
[Phaseolus vulgaris)
Phytohemagglutinin-L 25YFNFQRANETN3— 90
leucoagglutinin of kidney 22YFNFQRANETN32— 90
30 kDa beans Phaseolus vulgaris)
Phaseolus acutifolius 28YFNFQRMNETN38— 90
lectin [Phaseolus vulgaris) 2ASET SES@FN@N— 73
phytohemagglutinin 2AASETSFSFQRMETN3O— 73
[Phaseolus coccineus] T
20 kDa phytohemagglutinin 22ASQTFFSFDRANETNY’— 66
prepeptide Phaseolus
vulgaris]
rhamnose and[+]-xylose. Of the various salts tested, only
14 kDa the chlorides of Fe[ll] and Ca[ll] inhibited its hemagglutinat-
ing activity [inhitially eight wells showing hemagglutination
reduced to two wells]. The other chlorides had no effect.

The protein yield and specific hemagglutination activities of
M a1 the chromatographic fractions obtained at each purification step
Fig. 4. SDS-PAGE of haricot bean agglutinin represented by fraction S1. Thi@l€ shown ififable 1 The N-terminal sequence of haricot bean

agglutinin is a tetramer. The native protein is around 130 kDa in molecular masigglutinin is presented ifable 2 It showed similarity to lectins
and each subunit is around 33 kDa in molecular mass. from otherPhaseolus species.

Table 1
Yields and specific hemagglutinating activities of chromatographic fractions obtained at different stages of purification of haricot bean agglutin

Specific activity (titre/mg) Purification fold Total protein (mg) Total activity (titre/md.0%) Recovery (%)

Crude extract 512 1 10980 5621 100
D2 (after DEAE-cellulose) 2048 4 1535 3142 55
B2 (after Affi-gel blue gel) 3150 6.15 736 2318 41

S1 (after Superdex 200) 4096 8 522 2138 38
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Fig. 5. (A) Mitogenic effect of Con A and haricot bean agglutinin on mouse splenocytes (data representsSri2zan=3). (B) Inhibitory effect of haricot bean
agglutinin on proliferation of cancer cell lines. Cell proliferation was determined by MTT assay (data representsSri2gn = 3).

4. Discussion Unlike red kidney bean agglutinii25], haricot bean agglu-
tinin is devoid of any inhibitory activity on HIV-1 reverse

Haricot bean agglutinin was obtained in a purified state aftetranscriptase and fungal growth, although haricot bean and red

successive chromatography on DEAE-cellulose, Affi-gel bluekidney bean are different cultivars Shaseolus vulgaris. This

gel and Superdex 200. A significant amount of inactive materiis reminiscent of the finding of ribosome inactivating proteins in

als can be eliminated from the starting materials in each of then variety ofPisum sativum [4] and antifungal protein in another

first two chromatographic steps. This indicates that the purificavariety of the same leguni26].

tion protocol employed is an efficient one. An eight-foldincrease The isolation and partial characterization of haricot bean

in specific activity of the agglutininlfable J was obtained. This agglutinin has been accomplished in this investigation. The

compares favorably with the 5.7-fold increase in specific activitypurification was achieved with the use of ion exchange chro-

obtained by AndrewflL9]. In the investigation of Andrewd.9], matography on DEAE-cellulose, affinity chromatography on

DEAE-cellulose and Sephadex G200 are effective in removind\ffi-gel blue gel and gel filtration on Superdex 200. Affinity

inactive materials. The homotetrameric nature of haricot beanhromatography using immobilized mucin or other glycopro-

agglutinin is disclosed by the presence of a single 33 kDa bantkins or sugar was not employed. Haricot bean agglutinin was

in sodium dodecyl sulfate-polyacrylamide gel electrophoresisshown to differ from red kidney bean agglutinin in the pres-

a single 130 kDa peak in gel filtration, and a single N-terminalence/absence of some biological activities, such as antifungal

sequence. The haricot bean agglutinin preparation of Andrewand HIV-1 reverse transcriptase inhibitory activities, although

[19] exhibits a molecular mass of 114 kDa. The N-terminalthe two beans are but two different cultivars of the same species

sequence of haricot bean agglutinin is markedly similar to thatPhaseolus vulgaris). Mitogenic activity toward splenocytes,

of great Northern bean lectin and ot aseolus species. Sim-  antiproliferative activity tumor cells, and the effects of temper-

ple saccharides are without effect on hemagglutination inducedture, pH and salts on hemagglutining activity have not been

by the agglutinins, in line with the observation of Andreid8] reported all in a single study for Bhaseolus lectin, but are

on his own agglutinin preparation. Haricot bean agglutinin isdemonstrated in the present study.

thermolabile. The inhibitory effect of Caghnd FeCj on its

hemagglutinating activity suggests that calcium and ferrous ionA cknowledgments

may bind to its active site and interfere with its ability to induce

agglutination of red blood cells. We thank the Medicine Panel, Research Committee, The Chi-
Lectins can be classified into mitogenic, non-mitogenic anchese University of Hong Kong, for award of a direct grant, and

anti-mitogenic according to their activity toward mouse spleno-Miss Fion Yung for skilled secretarial assistance.
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