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1. Intreduciion

Proteins agglutinating erythrocytes and other types
of cells have been studied since 1838 when Stillmark
observed that exiracts from Ricinus communis chvmp-
ed red blocd celis [1]. However, it is only since the ex-

periments of Boyd [2, 3] in 1945 on the specificity of *

a large number of phytohemagghatinins (lectins) [4}
that these seed proteins became a subject of general
interest {5]. Research on lectins has increased marked-
ly within the last few years after it was shown thai
they interact with normal and cancerous cells [6—9].
Becanss of the remarkable interest generated in the
many unique biological properties of lectins and the
large number of procedurss required to purify individ-
ual phyiohemagglutinins, we have tried to develop a
more general method for their purification {<f. {101).
For this purpose, we have taken advantage of the
demonstrated capacity of concanavalin A to interact.
‘with most phytchemagglutinins of the family
Leguminosae 111} and of the high resolving powser of
long columns of Sephadex G-200 superfine gel. This
communication describes the purification of four lec-
tins employing essentially three purification steps:
1) (INH )2 80, fractionaticn of the crode exiracts,
i) affirity chromatography on Con A-Sepharose and
11) chromatography on £ephadex G-200 superfine gel.
The plant agglutinins investigated were from lima bean
{Phaseolus lunatus), soy bean (Glycine max), wax bean
{(Phaseolus vulgaris) and Bandeiraea simplicifolia. Pre- .
liminary results on attemptied purification of oiher
lecting are also reported.
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2. Materials and methods .

Lima beans (5111 Carolina or Sieva Pole Lima Bean)
were obtained from W. Atlee Burpee Co., Clinton,
lowa; defartened soy flakes were lkindly supplised by
Dr. W. ¥Youngqguist of Procter and Gamble Co. (Baich
UKO-70 V-3216); wax beans were obiained from Dr.
E. Liener, University of Minnesota, Minneapolis; seeds
of B. simplicifolia were obtained from C.H. Samanen,
University of Michigan. Additional studies were carried
ount with wheat germ agglutinin on a sample from Cal-
biochem, 8an Diego, Calif.; Dolichos bifiorus agglutinin
(kindly supplied by Dr. M. Etzler, University of Califor-
nia, Davis, Calif.); and concanavalin A {jack bean
hemagglutinin; Calbiochem Lot. 210 073). Human red
bloog cells (types A and B) wers kindly provided by
Dr. H. Oberman, University of Michigan. All chemicals
used in this sindy were of reagent grade or Ibes‘t quali-
1y avallabis.

2. 1. Preliminary purificarion of lectins

Partially purified lectins were prepared by (NH;3),S0,
fractionation of the crude extracis as described by the
various anthors: 1ima bean lectin with modifications
[12] according to ‘Galbraith and Goldstein [13], soy
bean lectin according to Pallansch and Liener [14],
wax bean lectin according to Takahashi et al. [15] and
B. simplicifolia according to Samanen and Goldstein

- [18]

2.2. 'C?aromazégraphic methods

Affinity chromatography was carried out using

iCon A—Sepharose gel (thmacxa Fine Chermcals, Lot

Nomh Ho]land Publzshmg wCompany Amsterdam
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No. 5012) in glass columns containing 5—30 ml of gel,
according to the amoumnt of substance applied. The gels
were equilibrated with 0.1 M phosphate buffer in 0.15
M NaCl, pH 6.8 {(PBS) containing 0.1 mM each of Call,,
MgCl; and MnCl, . The precipitate from the (NHz )2 50,
fractionation was.dissolved in the minimum volume of
PBS required, centrifoged in a refrigerated Sorvall RC-2
cenirifuge at 5000 g for 20 min to remove any turbidity,
and applied to the affinity column. The column was
washed thoroughly with PBS, and the bound substan-
ces were ehuted with methyl e-D-mannopyranoside
[17, 18] (Pfanstieh]l Laboratories, Inc., Wankegan, 11.;
10-50 mg/ml) and concentrated by vacuum dialysis.
For the gel chromaiographic purification step we
used columns {110 X 3.4 ecm) of Sephadex G-200
superfine gel {Pharmacia Fine Chernicals, Lot No.
2885) and PBS as eluant.

2.3. Analyiical procedures

2.3.1. Protein analyses
Protein in crude extiracts was estimated by the
biuret method [19]. The purified leciins were deter-
mined by absorbance at 272 or 280 nm, ssing for
lima bean lectin E}% = 12.3 [20], for soy bean
28D im 1o
= 15.7 [14]);for wax bean lectin Ey'gy,

279nm R 280am
= 12.0 {determined by the binret method), and for

B. simplicifolia lectin E}%  =14.1 [16].

lectin B}
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2.3.2. Electrophoresis

Polyacrylamide disc gel electrophoresis was per-
formed as described by Reisfeld [21] using Coomassie
Blue stain [22].

2.3.3. Hemagglutination assays

Hemagglutination assays were conducted by serial
dilution of the leciins in phosphate buffered snline
(0.01 M sodivm phosphate, 0.15 M sodium chioride,
pH 7.0}). The activity was expressed as fiter, the recip-
rozal of the greatest dilution at which agglutination
gocurred. Specific activity was defined as titer per g
p-otsin per mi.

3. Results and disenssion

3.1. Purificotion

Resnlts on the purification of the four lectins of
our study are summarized in table 1. it is apparent
that a major purification step in all cases involves ad-
sorption to the Con A—Sepharose column. Ths sub-
sequent purification step for lima bean lectin, gel
chromatography on Sephadex G-200 superfine gel,
showed 2 peaks with nemagglutinating activity, the
high molecular weight componeni having sbout four
times the speciiic activity of the low molecular weight
component. These results are in agreement with the

280 nm rzsults of Gould and Scheinberg [20] and Galbraith
Tablz 1
Lectin purification schemes.

Crade (NH )80, Cor A—Sepharose Sephadex -200 snperfine shuant

extract Ppt elnant
lectin Specific Specific Specific Specific Folab purification Yigld®

activityd activity activity activity )
1ima bean a2 287 804 HMWCY 2534 &0 ' 21

imwc? 656 15.6 12

Soy bean 1.0 - 14,8 59 59 4
Wax bean 44.3 100 147 839 139 § 53
B. simplicifolia 7.2% 328 70.6 - 163 15.1 29

=2 Spe'éjﬁc activity: titer permg protein perml
b Relative to the spseific astivily of the crude <xizact.

" £ Percent yield of recovered activity after entire purification pr~sess. - :
@High molecnlar weight component {componznt II) and low moies»lar ‘weight componenst (component 1) {see text) [13, 20, 23].
€ According 0 Samanen and Goldstein [ 16]. - - . - .
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and Goldstein |13, 23]. Sephadex G-200 superfine gel
filtration of the soy bean lectin, wax bean lectin, and
B. simplicifolin lectin showed in each case a single,
symmetric peak containing all the hemaggluiinating
activity. Figs. 1 and 2 present the elution profiles of
affinity and gel chromasography, respectively, for the
lima bean lgctin.

b
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3
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¥

Fraction Number

Fig. 1. Affinity chromatozraphy of lima bean lectins. 50 mi
solation as obtained by (MNH3)250. fractionation {(see text)
and containing 8 mg protzin per mi PBS was applied to a col-
wmn {11 % 2.5 cm) of Con A—Sepharose. Flow rate: 100 mi/hr;
8 ml fractions. The columm was eluied by a solution of methyl
e-D-mannopyranoside {10 mgfml) in PBS (arrow).
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Fig. 2. Gel chromutography of liipa bean leztins. 3.5 ml solu-
tion as obtained by affinity chromatography and containing
3% mg protein per ml PBS were applied to the colomn (119X 3.4

-em)} of Sephadex 'G-200 superfine. Flow rate: 0.5 mlfem=2/hr;
6 ml fractions. Maxima of hemagglutinating activiiy sluted at
600 ml and 720 m1, Hatched areas represent titer of pooled -
fractions
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3.2. Purity

The purity of each lectin was determined by dise
gel elecirophoresis at pH 4.3. The two lima bean lec-
tin components, as well as the purified soy bean and
B. simplicifoliz lectins each pave a single band. Wax
bean lectin, however, ran as a spectrum of several
closely migrating bands indicating the presence of
a series of components differing in charge {see fig. 3).

Fig. 3. Polyacrylamide gl electrophoresis 2t pH 4.3 on 3.75%
gels. Current: 53 mA/gel. Stain: Coomassie Blue. I: Lima bean
lectin aftey affinity chromatography {2) and after gel chroma-
tography (b) {low molecnlar weight component). I1: ' Wax bean
lectin after affinity (&) and gel (b) chromatography. Til: Sy
bean lectinaiter affinity (2) and gel {(b) <hromatozraphy. IV:
B. simplicifolia Jectin after affinity (a) and gel (b) chromatog-
raphy.
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3.3. Activity and yield Acknowledgements

The activity of the lectins was measnred by hemag-
glutination studies. Lima bean lectin, soy bean lactin
and wax bean lectin exhibited specificity for type A
red blood cells, whereas B. simplicifolia lectin was
tested against rype B red blood cells {16]. It can be
seen {table 1), that in all cases approx. 30—60% of the
original activity was recevered, the fold of purification
ranging from about 15—-60. These values correspond
approximately to the resulis of other punﬁcan@n
methods recorded in the literature.

3.4, Other dectins

Under the conditions described above, partially
purified wheat germ lectin and concanavalin A were
not adsorbed whereas the lecti~ from Dolickos bi-
Jiloroeues was only partially bound to Con A—Sepharose
gel.

3.5. Limirations of mcthod

A critical step in the purification of the four lectins
described above involves affinity chromatography on
Con A—Sepharose. Any glycoprotein possessing miul-
tiple a-D-mannopyranosyl or a-D-glucopy ranosyl end
groups [11, 17, 18, 24] or internal 24 inked o-D-
mannopyranosyl residues [25] will bind o concana-
valin A. Many more lectizs fulfilling these reque-
mer “s gould probably be enriched by this procedurs.
1t shwuld be noted that all glycoproteins with the struc.
toral features noted above will bind to the Con-A-
Sepharuse gel; it is the gel filtration step which allows
isplation of the individusl active phytohemagghytinin
components in pure form.

Wheat germ agglutinin {26} and concanavalin A
[27, 28] which are not glycoproteins are not bound
to columns of Con A—Sepharose gel. The Dolichos
biflorous lectin which is a glycoproiein and gives a
precipitin corve with concanavalin A {29] is only
partially retained by Con A—Sepharose gel.

In sumunary, we have developed a procedure for
the isolation of plant lectins of glycoprotein nature
which appears to be of rather general application.

This ressarch was supported by NIH Research
Grani AM-10171. We thank Tim Ross for excellent
technical assistance.
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