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Abstract—Extracts of seeds of 21 bean cultivars were screened for hemagglutinating spectfity and for mitogenic
activity Four types could be distinguished n different beans, two of which are mitogens Two lectin fractions
(« and f) were ssolated from each of the four bean types Their MW were estimated by exclusion chromatography
and component sugars by paper chromatography Hemagglutinating activity, mhibition of hemagglutinating
action by sugar-derivatives and glyco-peptides as well as mitogenic action were determined for the eight purified
lectins and four control preparations The o and -fractions 1solated from two bean types had only minimal mito-
genic action, while those from the other two bean types and all of the control preparations were potent mitogens
All the mitogenic preparations agglutinated trypsmn-activated cow red blood cells and pronase-activated hamster
red blood cells 1n high dilutions but some were mactive when tested with human or rabbit red blood cells

INTRODUCTION

THE INTERESTING biological effects of phytohemagglutinins or lectins on normal and
pathological animal cells have stimulated research in this field in recent years.! Consider-
able efforts have been made by several groups of investigators toward the purification and
physical and chemical characterization of the lectins from beans (Phaseolus vulgaris).>—®
However, poorly defined seed materials and different purification procedures have been
used. The materials thus obtamed differed considerably in chemical and in biological
properties. Our aim 1n the present work was to obtain a number .of reasonably purified
bean lectins from selected seed lots in order to compare their properties. It was hoped that
this approach would help to clarify and interpret the contradictory observations reported
in the literature.

When the hemagglutinating action of extracts of different bean cultivars was measured
against different rbc preparations, four specificity types, called A, B, C, and D respectively,

* Abbreviations rbc—red blood cells, PHA-—phytohemagglutinin, WBH—wax bean hemagglutinin, LA—
leucoagglutinin, PPHA—Phaseolus phytohemagglutinn, Con A—Concanavalin A The terms phyto-
hemagglutinin and lectin are used interchangeably *
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were detected ® The purification of lectins from bean cultivars belonging to these four
specificity types will be described in the present paper. as well as some of their physical,
chemical. and biological characteristics

RESULTS
Screening of bean seeds
The results of the screening test of 21 bean cultivars for mitogenic activity are presented
in Table | In all cultures of lymphocytes to which extracts from A or C-type beans had
been added. blastic transformation was observed 1n 30-40°, and mitotic figures mn 4 5°

of the cells The cultures with added extracts of B or D-type beans never exhibited more
than 3°, blastic cells and no mitogenic figures at all.

Taslt | ACTIVITY OF BEAN FXTRACTS IN HEMAGGT UTINATION EXPPRIME NTS AND IN THI MITOSIS STIMULATION 11 ST

Hemagglutination*

Ti ypsin-act Pronase-act
Rabbit blood cow blood hamster blood

Bean cultivar Type cells cells cells Mitosist
Balin de Albenga A N I 12 +
Merida A 11 12 12 +
Negro Nicoya A 9 9 10 +
Sava A 9 L1 i1 +
No 755 A 12 12 12 +
No 76l MM A 12 2 12 +
Peruvita B 9 4 10 -
Palleritos B 9 4 11 -
Juli B i1 5 12 -
Cubagua 2A B 10 2 11 —
Porillo C I 12 12 +
Black No 584 C 0 i1 12 +
Vainica Saavegra C | 1o 10 +
Rabuda C 0 9 10 +
Hallado D 0 0 10 -
Madrileio D 0 l 10 -
Alabaster D 0 0 9 —
Triguito D 0 0 ¥ -
Mountaineer Halt

Runnet D 0 0 5 -
Great Northern 1044 D 8] 0 ¥ -
Kaner Wilhelm D 0 0 9 -

* Hemagglutination activity 1s expressed as the highest dilution step of the extracts still producing visible agg-
lutination

i Mitotic activity was determined by mictoscopic examination of human lymphocevtes cultured for 72 hr in
Leighton culture tubes containing 2 ml of culture medium and 01 ml of sterile T 10 (wv) bean seed extract
Mitosts and blastic transformation was examined m 500 cells atter stamning with Giemsa stain

Isolation of the lectins

On chromatography on Biogel P-100 of the fractions obtaied by alcohol precipitation
of the extracts from the four bean cultivars, hemagglutination activity measured with pio-
nasc-activated hamster rbe was confined to the first of the two elution pcaks When the

Y Jarrr W G, BrucH R, O and Parozzo A (1972) Z Immun Forsch 142, 439
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material of these active peaks was submitted to chromatography on DEAE-cellulose, two
well separated peaks emerged at about pH 7-9 (x-fraction) and 5-9 (f-fraction). Both con-
tamned hemagglutinating proteins The first peak was small when the extracts form the
type-D beans were analyzed, while no important differences were observed between the
height of the two peaks with the extracts of the other bean types.

All of the fractions eluted from DEAE-cellulose were subjected to chromatography on
Sephadex G-100. In each case this resulted in further separation: a small peak emerged
after a much larger main peak. In the present work only the materials of the main peaks
were nvestigated

Physical and chemical characteristics

The MWs estimated for the main fractions are presented in Table 2. The electrophoretic
mobilities of all purified fractions in polyacrylamide gel slabs at pH 89 were very similar.
In the microzone electrophoresis, however, the proteins of the f-fractions travelled faster
toward the anode than did the a-fractions both at pH 8-8 and 6-25. At present we have
no explanation for these results.

TABLE 2 SUGARS DETECTED BY PAPER CHROMATOGRAPHY IN THEIR HYDROLYZATES

Precipitation with
concanavalin A n the

Fraction MW x 10° Sugar found double diffusion test

A-a 125 Fucose, arabinose, mannose,

glucose, galactose, glucosamine +
A-pB 121 Mannose, galactose +
B-a 104 Fucose, mannose, glucose,

glucosamine +
B-8 85 Glucose, galactose +
C—o 111 Fucose, arabinose, mannose,

glucose, galactose, glucosamine +
(&) 85 Mannose, glucose +
D« 125 Fucose, arabimose, glucose,

galactose -
D-j 85 Mannose, glucose, glucosamine +

The sugars 1dentified by paper chromatography in the hydrolysates of the lectin frac-
tions are listed in Table 2. The number of different sugars detected varied from two in three
of the f-fractions to six i two of the a-fractions. All but one of the lectin fractions were
precipitated by Concanavalin A in the double diffusion test (Fig. 1). This precipitation did
not occur when the mhibitor a-methyl-D-mannoside was added to the system.

Hemagglutinating activity

The hemagglutinating action measured with normal rabbit rbc, trypsin-activated cow
rbe, and pronase-activated hamster rbc are presented in Table 3. The results show that
the specificity differed in the same way as 1t did in the crude extracts but was 1dentical
for the « and p-fractions of any one bean cultivar. All fractions were active against pronase-
treated hamster rbc. In all cases, the S-fractions were less active than the o-fractions. Of
the control lectins two agglutinated rabbit rbe strongly and two did so only very weakly.
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The inhibitory action on hemagglutination of a number of sugar-derivatives and carbo-
hydrate-containing compounds of the lectins used 1n the present study are ncluded in
Table 4. Only the results for pronasc-treated hamster rbe are presented because this was

Eire i IDOURIE CoERTSIIN I8 A R GEIL N s RAVALES. AL TR CISGER WG AR
T g/ o) OF THE LECTING ISOLA TN 60N THE AL B C A D REA NIV RS (8 T35 QXU TER. WELLS,
Left. y-fractions, right fi~fractions” The precipitations were stimed withr azocarmmiwe

the only blood preparation agglutinated by all of the lectins There were differences
between the effects of the lectins from the different bean varieties with respect to thewr sus-
ceptibilities to the mhibitors but the two fractions obtained from each variety behaved n

TaBLE 3 HEMAGGLUTINATING AND MITOGINIC ACTIVITIES OF BEAN EXTRACTS. AND ISOLATED BEAN. AGGLIITINING.

Blood type
Hamster- Mitogenict

Type Sample Rabbit Cow-trypsin pronase activity
A Crude extract* (Negro

Nicoya) 8 8 10

x-fraction 7 6 9 90

f-iraction S 4 6 10
B Crude extract (Cubagua A) 9 l 10

«-fraction 8 0 9 5

f-fraction 6 0 7 2
C Crude extract (Vainica

Saavedra) 1 10 11

a-fraction 0 7 & 80

B-fraction 0 4 4 10
D Crude extract (Alabasta) 0 1 9

¥-fraction 0 1 7 8

f-fraction 0 0 s 3
(A) WBH S 8 10 50
(@) PHA 1 9 12 100
(A} PPHA 6 6 8 80
(C) t It 13 100

* The seed extracts were prepared | 10 (w/v) and the fractions were dissolved 1 mgyml 1n physiol saline The
highest dilution step producing visible agglutination after | hr at room temperature is indicated

t Lymphocyte stimulation was measured through the incorporation of [*H]-thymidme The concentration of
the fractions was 5 pg/mi of culture medium Activity 1s expressed as per cent of the activity of commercial PHA
(Wellcome)
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an 1dentical way. Fetuin and N-acetyl-galactosamine inhibited all of the lectins. The A-,

B- and C-type bean fractions were also mhibited by pig erythrocyte mucoid and the B-type
bean fractions by N-acetyl-glucosamine.

TABLE 4 INHIBITION OF HEMAGGLUTINATION ACTIVITY OF BEAN LECTINS BY DIFFERENT INHIBITORS*

Fraction Control Pig muc Fetuin N-ac -gal am N-ac -glucam
A-x 12 9 9 10 12
Ap 8 4 4 6 8
B- 12 5 4 8 10
B-8 4 0 0 3 3
Ca 12 10 10 11 12
(&) 5 3 3 3 5
D« 8 8 5 6 8
D-8 3 3 1 2 3
PHA 10 6 7 8 10
WBH 10 8 8 8 10
PPHA 9 7 7 8 9
LA 13 9 9 11 13

* Solutions of 0 5 mg/mi of the bean lectin fractions 1n physiological saline were submutted to serial 11 dilu-
tions with physiol salme contaming 20 mg/ml 1n the case of pig erythrocyte mucoid) Equal volumes of a 4%,
suspension of pronase-treated hamster rbc were added to each dilution and agglutination observed after 1 hr
at room temp The Mighest difution steps giving visible agglutination are indicated

Lymphocyte-stimulating activity
Some results of the tests for mitogenic activity are included in Table 3. It can be seen

that the B and D- type lectins showed only minimal mitogenic activity and that the g-
fractions were less active than the a-fractions.

TABLE 5 HEMAGGLUTINATING AND MITOGENIC ACTIVITY OF MIXED BEAN EXTRACT AFTER ADSORPTION WITH RABBIT
OR COW ERYTHROCYTES

Hemagglutination Thymidine-[*H] mcorporation
Treatment* Rabbit rbe Cow rbc cpmt
None 8 9 46320
3 x adsorbed
with rabbit rbe 1 7 22720
3 x adsorbed
with cow rbe 0 2 180

* A muxture of 1 ml each of type-A and type C bean extract was adsorbed 3 tumes with 0 5 ml of packed rabbit
or cow rbc respectively

+ The mitogenic activity was measured through the incorporation of thymidine-[*H] into DNA of lympho-
cytes w vitro

The results of a typical adsorption experiment is presented in Table 5. The strong
hemagglutinating activity on trypsin-activated cow rbc and the mitogenic activity
remained when a mixture of A- and C-type bean extracts was adsorbed with rabbit rbc,
while treatment with cow rbc eliminated both activities simultaneously.
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DISCUSSION

The screening test idicates that mitogenic activity 15 not found in the extracts of all
bean varieties. Similar observations had been reported by other authors.’?'! All the mito-
genic samples belonged to bean varieties classified as A or C-types accordmg to their res-
pective hemagglutinating specificities

The isolated lectins from these four bean types had the same hemagglutinating spect-
ficity as the corresponding crude extracts (Table 3). This means that the action of the crude
extracts on different types of rbe and on lymphocytes was not due to the combined activi-
ties of differextt fuctors, but can be explanied by te mulnple actmty of tie fectors solaied
from each of these extracts

The erythro-agglutinating action of all the bean lectins tested was hibited by fetuin
and N-acetyl-D-galactosamine which had previously been shown to possess mnhibitory ac-
tivities under comparable conditions.? ¥ Three of the four lectin (ypes were mhibited by
p1g erythrocyte mucoid, which has been described as a potent mhibitor of kidney bean
lectin.’® In our experiments 1ts activity was rather weak and sumilar to that of fetuin

Our results show that the differences i specificity between the four bean lectin types
are quantitative rather than quahtative, because a weak agglutinating activity could be
detected with high concentrations of lectins of B and D-type beans tested agamst trypsin-
activated cow rbc and of C and D-type lectins tested with rabbit rbe Also. the “mactine”
lectins of the B and D-types had a weak but detectable stimulating action on lymphocytes
The previous observation that bear lectins are absorbed not only by the eryhrocyes they
agglutimate bat o a kesser degree by those cells whnehr are more or ess refractory toward
their agglutinating action” also supports this conclusion

All fractions were tested repeatedly for mitogenic activity n lymphocyte cultures at con-
centrations between 75 and O-1 pg/ml. Maximal activities were observed at 3-10 ug ml
The response curves observed by us were less bell-shaped than in the studies of Rigas and
Tisdale'* who obtained maximal response of their bean phytohemagglutinm at a con-
centration of 5 ug/ml. Leucocytes obtamed from different donors responded somew hat dif-
ferently to the different lectins The values presented 1n Table 3 were therefore esumated
from several experiments From these results 1t 1s clear that B- and D-type lectins have
only minimal mitogenic activity and 1t also appears that the »-fractions are more active
than the fi~fractions Quantitative comparisons of 'the activities 18 complicated because of’
the mstability of bean lectins.* The WBH used in our experiments had been stored for
4 yr as a lyophilized powder-at 4° and our frachoms had beenr kept frozern for © yr Didfer-
ences i the degree of denaturation, purity, and specific activity could therefore account
for the quantitative divergences in biological activities between the different preparations

Several of the most exhaustively purified bean lectins possess both hemagglutinating
and mitogenic activities® ** while some authors claim to have obtained mitogenic prep-

YO KRUPE, M, WIRTH, W, Nies, D and ENSGRABER, A (1968) Z [mmun Forsch 135, 19

' Beekman: b FieHtEnivs. Ko B Emnwviev, § T FINCEVL W B and: o s -Kakssone, K. G
48, 619

12 BorsERG. H. WooDRUEE, J . HIRSCHHORN.. R. (irsner.. B Murscurr. P and SLerk. R, 1196A), Sociee. 154,
1019

17 KorNrELD, R and KERNFLLD, S (1970) J Biol Chem 245, 2536

' UHLENBRUCK, G, REEFENBERG U and OyeN. R (1969).Z. Vaturforsch. 24b, 147

" RiGas. D A and Tisparc V.V (1969) Experientia 25, 399,
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arations without or with only minimal action on red blood cells >~7-'*~'® Qur results
prove that these contradictory observations may be explained if A-type lectins had been
obtained by the first group of authors and C-type lectins by the second. Indeed, WBH and
PPHA possess the biological properties of A-type lectins while PHA and LA are typical
C-type lectins.

Erythrocytes which are not agglutinated by some types of bean lectins may nevertheless
bind them, but they are much more active in binding the lectin types which are most effi-
cient in agglutinating that special type of blood cell.® Therefore, when a mixture of A- and
C-type lectins 1s adsorbed with rabbit blood, the C-type lectin will be concentrated in the
supernatant and exhibit mitogenic activity but no significant agglutinating action when
tested with rabbit or human rbc (Table 5). The experiments of several investigators®®—2?
who claimed to separate erythroagglutinins from mitogens by adsorption of the former
on rbc are therefore no proof for the existence of these separate factors as long as they
have not been tested with an appropriate rbc preparation

The carbohydrates found in the eight bean lectins analyzed were all different and were
also different from those detected m the bean lectins described by other authors 5%,
The fact that with one exception the bean lectins are precipitated by Con A indicates that
they have some non-reducing D-glucoside or mannoside residues.>® The 4 control lectins
mncluded were likewise precipitated by Con A in the double diffusion test These precipi-
tations do not occur in the presence of the Con A-inhibitor x-methyl-mannoside It seems
that there are no two bean lectins among all those studied until now which have the same
carbohydrate composition

Our a-and B-fractions had different 1soelectric points as revealed by the differences 1n
pH at which they were eluted from DEAE-cellulose and because they differed m their elec-
trophoretic mobilities. Sugar components as well as MWs were also different, but biologi-
cal activities were qualitatively 1dentical between the lectins obtained from any one bean
sample. The a-fractions had somewhat higher MWs as determined by gel filtration and
a greater number of sugar components than the p-fractions In the former, fucose was a
constant component which was not found 1n the latter. The term “1solectins” has been used
for multiple forms of agglutinins isolated from the same seed extracts having identical bio-
logical activities and MWs but differing in electrophoretic mobilities and sugar com-
ponents 24 '

The A-type hemagglutinin specificity 1s inherited as a single dominant trait as has been
found in previous work from this laboratory,® but it 1s found 1n at least two different 1solec-
tns, the ¢- and B-fractions described 1n the present paper. These facts can be explamned

16 ArLaN, D and CRUMPTON, M J (1971) Biochem Biophys Res Commun 44, 1143

"7 YACHNIN S and Svenson, R H (1972) Immunology 22, 871

18 PuNNET, T and PUNNET, H H (1963) Nature 198, 1173

19 BARKHAN, P and BaLLas, A (1963) Nature 200, 141

20 KoLODNEY, R L and HirscHHORN. K (1964) Nature 201, 715

21 Borieson, 1. Bourench, R NoORDEN, A and TuuNELL, S (1964) Biochim. Biophys. Acta 82, 158

22 SCHUMACHER, K , OERKERMANN, H , UnLENBRUCK, G . ALZER, G, HIRscHMANN, W D and Gross, R (1971)
Klin Wschr 49, 286
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by postulating an active subunit. common to both fractions The presence of active subunits
in bean lectins has been demonstrated by several groups of authors ' '7 2% =7

Yachnmn and Svenson have observed five proleln bands in the purified active fraction
obtained from a crude bean hemagglutinm '’ Thcy propose a structure composcd of four
swivarrits and suggest the casiome: of two kemds of sutamits By different comrmations frve
different proteins could result in analogy to some tsoenzymes like lactic dehydrogenase
One subunit would be responsible for mitogenic and the other for hemagglutimating acti-
vity. The presence of both hemaggiutinating and mitogenic actions i our x-and f-frac-
tions would mean that both must contain the two types of subunits Nevertheless, accord-
ing to the data of Table 2 the sugar constituents of the respective - and fi-fractions were
differertt i all cases, contrary to what should have been expected if botly consisted of the
sarme kurd of sebrarmts mt differer 'ﬁ‘p’ I sritorrs arrd if thiese suburmrts bear de SUELRT residues
fir order to reconcile our results witlr the aforementioned frypotitesis 1t most be assumed
that the carbohydrate moieties are added to the lectin molecules after these have been
assembled from therr subunits

Many commercial bean varieties tested in this laboratory by the single-seed assay
proved to consist of mixtures of two or three bean types When used for fractionation
work, these materials may yield several types of lectins. The B-type lectins, when assayed
with rabbit or human rbc would appear as erythroagglutinins without sigmificant mito-
genic action and the C-type lectins would appear to be mitogens without hemagglutinating
action until trypsin-activated cow rbc or pronase-activated hamster rbe are used On the
other hand. the A-type lectins will exhibit both activities when tested with any type of
blood. Therefore, trypsin-activated cow rbc should always be used along with the other
blood preparations A bean lectin preparation of known activity should be mcluded 1n the
tests because some cow blood samples will not produce a normal reaction,” a fact which
1s probably related to the different blood groups of cattle.*®

It 1s noteworthy that the bean types most active in mitotic stimulation are also the most
toxic 29 It seems possible that both activities are somehow related Hopefully, further in-
sight 1nto the structural details of these closely related lectins may be uscful for exploring
the features required for the mitogenic activity and toxicity

EXPFRIMENTAL

Preliminar y screening test Extracts from seeds of 21 genetically pure lines of beans grown 1n the expernmental
field of this Department were tested for hemagglutinating action Single seeds were ground 1 a4 mortar and
weighed: portions extracted with' 10 parts of a- 1, NaCl solw for 2l Suspensiony of washed: red bload: cells
(rbc) were added to ahquots of serial dilutions of these extracts Native cow rbe are not agglutinated by bean
phytohemagglutinins * In order to make them susceptible to hemagglutination they were treated ot 30 min with
el el ol coystullized oo oF Arscrdagmss inmne wadnal o ondengrondal I sin Wi

vated: ‘oy ¢ b G FICITR R TOTITROCOTT s s

mient with 8- 1 ’,, promisetor F e Rabibnt il were used nr dre stve for §
were performed: using: st Kot (8 owke: npmmeerings Comyr Adivanding Yooy Buoise somme
zew locd-samples are-rofractory 1o hemagglutinma o iy Ranr LTy everr affer iy s imav (e i «f cominrut i
tify preparation of Kinowr activity way nncduded nr every iest

Mitogeme actimty Ciudeextracts.obtaned ftom single seeds-ot these 71 Bean cultivars were tested m-duplicate
culxtnurcs of human lymphocytes from 2 different donors by the microscopic observation technique of Favier et
al

SRiGAs. D A and Hian (1969). Bioc hent. Biophys. Rex, Compun, 34,633

2* KarvanSKL T M and Morozam. A D (1971), Lop Med. Khm, 17290 (1972 Cheny. Abst 7539757
T WigtR. T.Aro.H and Noromvan.. C T (1971). Brochin. Rioph s. 4.L.D,L163;-94.

SV HonSLEL € Uk ok, Goand Scuamin 1Y QL (19720 Lo, Saag. 24,579,

S0 darte WG oand Bricurr. O (1972) ch Latnowmen Nt 22,267

3 FAVITR, Y. VIETTE, M and Saini-PaLi. M (1961 . Nowr. Rén Hemar 1,872
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Purification of the lectins Seed samples of each one of the 4 specificity ypes were selected and uniformaty of
the lots was verified by testing at least 50 single seeds with the 3 blood cell preparations described above The
selected bean crs were Negro Nicoya, black. type A, Cubagua, subline, black, type B, Vainica Saavedra, black.
type C, Alabaster, white, type D Ground seeds (20 g) of each of the 4 selected bean samples were suspended
in 200 ml of H, O, adjusted to pH 4 and stirred for 24 hr at 4°, following centrifugation the supernatants were
heated to 80° for 10 min, neutralized and clarified by centrifugation at 2° EtOH of the same temp was slowly
added with mechamcal stirring The ppts which were formed by addition of EtOH 1n the range of 33-669; were
dissolved 1n Tris—HC1 001 M, pH 7 6 and passed through a 250 mi column of Biogel P-100 The fractions con-
tained 1n the first elution peaks were concn under red pres, the pH was adjusted to 8 and the material was
passed through a DEAE-cellulose column stabilized at pH 8 with 005 M Tris-HCl buffer The column was
washed with Tris-succinate buffer of a pH gradient varying from 8-3 8 The eluates of the two main peaks which
emerged at pH 79 and 59 were dialysed, concn and passed through a column of Sephadex G-100 which had
been calibrated with the toffowing proteins pepsin, ovalbumin, trypsin, WBH and hemoglobin A calibration
curve 1n which the MWs were plotted against the respective elution vol was constructed and the MWs of the
bean fractions were estimated from their corresponding elution vols The eluates of the peaks were concn and
frozen

Incor poi ation of thymidine [PH] into DN A by the 1solated lectins was tested as follows to 2 ml duplicate cultures
of about 1 4 x 10° human lymphocytes purified by glass bead chromatography®' labeled thymidine (1 uCi/cul-
ture) was added after 48 hr of cultivation, and the latter was allowed to continue for another 20 hr The thymudine
incorporation into the DNA was measured 1n a iquid scintilfation counter 3% Each fraction was tested 3-5 times
at levels between 75 and 0 1 ug/ml For the agglutination-mhibition tests the lectins were titrated 1n the “Microti-
ter” equipment using a soln of the mhibitors i physiological saline as the difuent The following inhibitors
were used N-acetyl-D-glucosamine (Serva). N-acetyl-D-galactosamine (Sigma), fetuin (Calbiochem), and pig
erythrocyte mucoid #

Double diffusion tests Performed in 1 25% agar plates using 0 5% solns of the bean lectins and 1n the center
well a 1%, soln of Con A Sugar analysis After hydrolysing 5 mg portions of the lyophylized fractions for 2 hr
at 100’ with 2N H,SO,, sugars were determined by ascending paper chromatography They were revealed with
AgNO; 1n acetone—H, O or with aniline-phthalate and the amino-sugars by the Morgan—Elson technique as de-
scribed earlier Pure sugars were chromatographed simultaneously with the experimental samples Crude bean
extracts and washed and packed red blood cells were mixed for the adsorption experiments 1n the proportion
of 2 1 After 30 min of agitation the mixture was centrifuged and the procedure repeated Hemagglutinating and
mitogenic activities were determined 1n the supernatants after each adsorption

Electrophoresis The protein fractions were subjected to microzone electrophoresis in phosphate buffer of pH
79 and 62 and to clectrophoresis on vertical polyacrylamide gel slabs The discontinuous technique was used.
the running gel being 109, Cyanogum-41 1 0 50 M Tris—-HCI buffer, pH 8 9 and the spacer gel 5%, Cyanogum-41
mn 010 M Tris—HCI buffer pH 67 Both buffers contained 024% TEMED and 0-0024%;, Tween 80 Electrode
buffer was Tris-glycine 005 M, pH 8 4 For comparison samples of commercial bean hemagglutinin (PHA) (Well-
come Lab lot No K 4403), wax bean hemagglutinin (WBH),” kidney bean leucoagglutinin (LA)” and phytohe-
magglutinin (PPHA)® were included 1n the tests for biological activity
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