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AbetractXrude latex seca from 17 members of the genus Euphorbia and from Elaeophorbia drupifkra (Euphorbiaceae) 
contained a wide range of agglutinating abilities. Homogeneous kctins were isolated from latices of Euphorbia 
cuerulescens, E. hemmtiana, E. laclea, E. lactea crislatq E. lathyris. E. trigona and Elaeophorbia drupifra The M,s of 
the kctins ranged from 60 to 67 000, and the unit weights from 27 to 38 000. pI measurements showed that each latex 
contained from five to 13 isokctins. The amino acid compositions of the seven htins were determined: those from 
E. hennenGana, E. lactea, E. lactea crismta, E. trigona and Elaeophorbia drupijka are related. 

Ih-IRODUCTlON 

Lectins have been isolated from several genera of the 
Euphorbiaceaez from Ricinus communis [ 11, from Hura 
crepitam [2] where the seeds [3.4] and latex [S] have 
yielded related but di!Terent aggh~tinins, and from 
Synadenium pmtii, the latex of which yields another 
k&l [6-J. 

Members of the genus E&orb&, which are largely 
latex carrying plants, have not been extensively examined 
for kctins Nsimba-Lubaki et ol. [I reported that whik 
the seeds of both Euphorbia helioscopla (sun spurge) and 
E. lathyris (caper spurge) did not contain kctins, those of 
E. heterophylla were a somce of an dutinating agent. 
Barbieri et al. [S] have similarly isolated and characterized 
a ketin from the latex of E. characiar (Mediterranean 
spurge). 

During a study of some of the proteases from la&es of 
various Euphorbia spp. [8-lo] we have also isolated, and 
examined, the properties of kctins from the latices of 
E. coerulescens, E. hem&&m, E. lactea, E. lactea 
cristata, E. lathyris and E. trigom, as well as from the 
related West African plant Elaeophorbia drupijim. As a 
preliminary to that work we surveyed the dutinating 
properties of the sera from the latices of other members of 
the same genus, and shall report here the results of those 
investigations. 

RESULTS AND DISCUSSION 

Scra of the latices of both the ‘kafy’ and the ‘succulent’ 
varieties of Euphorbia spp. were surveyed for the presence 
of kctins using sialidasetreated sheep erythrocytes and 
human A, B, AB and 0 types. The latex-set-a of the plants 
were also assayed for protein content using bovine serum 
albumin as the reference material, and the procedure of 
Lowry et ui. [ll]. The reauhs are colkcted in Table 1. 

A sign&ant value for the titer of the latex of E. &thy& 
was observed, though we, like Nsimba-Lubaki [n, did 

l NRCC No. 25557. 

not find kctin in the seeds of that plant. Essentially 
constant haemagglutinating activity per unit weight of 
protein in the latex of E. kathyris, followed from 9 weeks 
after germination (wben the latex could be conveniently 
collected without destruction of the plants) to 52 weeks 
from that time, was found Further, kctin was detected in 
the latex of E. helioscopia with both sheep and human 
ery-throcytes (Table I), though none was found in the 
seeds of this specks [7j (assayed with human blood). 
Whik our assay with sheep blood failed to detect 
agglutinating ability in crude latex from E. chamcias, such 
ability is ckarly apparent, in Tabk 1, when measurement 
was made with human erythrocytes. The presence of k&n 
in this latex has been reported previously [ 51 using rabbit 
erythrocytes for detection. 

In general, human cells of the four types examined are 
more sensitive to the kctins of the latex sera than are those 
of sheep, though there is considerabk variability in the 
degree of enhancement observed in Table 1. Thus, the 
latex of E. tirucalli is equally effective with erythrocytes 
from either source tested, whik that of E. trigona is about 
8@fold more potent with blood of human than ovine 
origin. The data of Tabk I show, also, that the plant latex- 
sera tested have very limited ability to discriminate 
between the four human blood types used in this work. 
Only the latex-sera of E. platyphylla and E. lactea cristata 
had agglutinating activity significantly different for one of 
the four blood types employed 

The ‘kafy’ Euphorbia spp. examined in this work, 
namely E. chamcias, E. cyparissias, E. esula, E. helioscopia, 
E. lathyris and E. platyphylla, cmy latias containing, in 
general, kss agglutinating ability per unit weight of 
protein than do those of the ‘succulents’ (E. coerulescem, 
E. cylindtifolia, E. globosa, E. hemmtiana, E. lactea, E. 
lactea cristata, E. matnmilaris, E. splendens, E. stapelioides, 
E. tirucalli, E. trigona and Elaeophorbia drupijka), though 
there are wide differences between members in the same 
group. Thus it will be seen, in Tabk 1, that the agglutinat- 
ing properties of the serum from E. lathyris is greater than 
those of E. aphylla, E. globosa and E. tirucalli, but SO-100 
fold lower than that of E. Mgona Latex-serum from the 
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Table 1. Measurement of agglutination of siaMasestrippcd sheep and hums A, B, AB and 0 
erythrocytes using hex-scra from 17 Euphorbk spp. and from Eloeom dmpifera 

Titers 
Soutuof Protein 
lrtcx (me/mU Sheep HumanA HummBHummAB Human0 

E. chcrrochc 

E. cyporiulpr 
E. e.wda 
E. helloxopda 
E. lathyris 

E. platyphv~ 
E. cotndesm 
E. cylindrifoiia 
E. glabosa 
E. henmmthna 
E. lacka 
E. lacka cristata 
E. mamdl&s 
E. spkndaw 
E. stapelioides 
E. drncdli 
E-N- 
Elomphorbh drupifera 

18.6 
59.1 
43.4 
55.3 
49.4 
36.8 
423 

25.8 
19.1 
9.7 
5.1 

34.7 

4.3 
13.0 
24.5 

0 
128 
64 
4 

800 
16 

12800 

700 

16 
12800 
25600 

1600 
800 
2% 

16 
32al 
2% 

128ooO 
128000 

0 
102400 

6400 
6400 

0 
6400 

0 
64 

256000 
32000 

1600 
800 
2% 

16 
3200 

2% 
64Oat 

256000 
0 

102400 
6400 

12800 
0 

6400 
0 

32 
256t.XIO 

32000 

1600 
800 
256 

8 
1600 
256 

64ooo 
128ooO 

0 
102400 

6400 
12800 

0 
6400 

0 
32 

128OaI 
32ooO 

3200 
800 
256 
32 

3200 
2408 

64000 
128000 

0 
102400 

6400 
51200 

0 
12800 

0 
64 

2%am 
32ooO 

West African tree Elaeophorbia drupifera is also an 
excxlknt .wurce of lactin. 

We have put&d to homogeneity, defined by exclusion 
chromatography on Biogcl PI SO and on TSK-G3OOOSW. 
kctins from the latex-sera of seven of the plants listed in 
Table 1, and compared some of the properties of the 
compounds isolated. The plants chosen for a more 
detaikd examination of their kctins arc: E. lothyris, the 
only member of the ‘kafy’ category from which we could 
obtain enough latex for the purification required: E. 
coerulesccns, E. lactea, E. lnctea cristata, E. hewnentiana, 
E. trigona and Elaeophorbia drupifem. 

In allelution proliks of the kctins isolated by HPLC on 
Spherogel TSKXXOOOSW gel the coincidence of elution 
of protein and agglutinating titer was apparent. Similarly, 
singk protein peaks coincident with titers for kctins were 
obtained for the seven kctins isolated on a Biogel P150 
column. The M,s, determined by that latter procedure 
using a column standardized with a range of proteins of 
known weights [ 121, and data from SDS-polyacr@mide 
disc gel ekctrophonsis, are presented in Table 2. 

The M,s of the kctins described here fall in the narrow 
range of 60-67ooO (compared with 80000 for the kctin 

isolated from the latex of E. cbarocias [Sj) The data 
reported in Table 2 for weight measurements with the 
SDS/PAGE technique also suggest that several of the 
agglutinins described here, like that from E. characiar [S], 
exist in dimeric form. However, the kctins obtained from 
the latex sera of both E. lactea and E. &tea cristata must 
contain sub-units other than those composing dimers. a 
circumstance comparable with that found for the l&in of 
latex from Hura crepitans [S]. 

All of the k&ins purified in this work were subjected to 
isoelectric focusing, and each was observed to be 
composed of a number of isokctimz 13, for exampk, in the 
agglutinating agent of the latex from E. lactea cristata. 
The results from these experiments are colkcted in 
Tabk 3. There it is evident that the isokctins of the 
‘succuknt’ group have pls ranging in values between 4.7 
and 6.9. The live isokctins obtained from the ‘leafy’ 
E. kathpis latex serum have a narrower range of pIs 
(4.7-5.9) which encompasses the pl (5.3) reported for the 
kctin from E. char& latex [S]. 

In Tabk4 are colkcted the results of amino acid 
analyses for the kctins isolated in the work described here. 
To facilitate comparison of these with each other and with 

Tabk 2. Mokculer weights of luxitts detetmincd by gekxclusion chromatography and by SDS-polyacrylamide disc gel 
ekctrophorcsis 

soura of latex serum 

Metllod 
E. locteu Elooophozbb 

E. ca E. hemmtiana E. lnctco cristata E. lathyris E. oigona drnpifera 
M, x lo-’ 

P-150 60 65 66 60 n.m* 60 67 
SD!$‘PAC3E 35 27 37.32,30 38,3 I 30 32 30 

*Not measured. 
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Tabk 3. Ban~es of pk nnd numbers of isoketin bands 
obauwdonirockctricfocuaingwithpo~lmidediscgcl 

ckctrophorair 

plant source 

E. couulexcns 
E. herwwnthno 
E. &c&a 
E. lactea cristata 
E. lathyris 
E. tr&ma 
Elatwphorbia drupijira 

No. of 
iSow btt8C of PI 

8 4.8-6.9 
10 4.8-6.9 
7 5.0-6.8 

13 4.7-6.9 
5 4.7-5.9 

10 4.8-6.9 
8 5.1-6.8 

the results from analyses of the kctins from E. chamcias 
and If. crepitafrs we have also presented the data as 
percent weight compositions. It is clear from Table 4 that 
there are differences amongst the seven kctins putSed in 
this work, but that the molecules appear to be similar to 
each other and to the kctins isolated from the latices of 
E. characias and H. crepitans [S]. 

To determine more precisely the relationship between 
these agglutinins, we have used the proadure of Comish- 
Bowden [ 133 for measuring the relatedness of proteins 
from their amino acid uompoaitions. It was then found 
that the kctins of E. hemmtiana, E. lactea, E. lactea 
cristata, E. trigona and Elaeophorbia drnpifera are 
apparently members of the same family of proteins by the 
more rigorous test possibk 1133. The size of the k&in 
from E. coe~~lescens was such as to prevent a valid 
comparison of it with the other agglutinins described here, 
nor could the data for the kctins from E. characias and 
H. crepiram be included for the same reason [13]. The 
kctin from the latex serum of E. lathyris showed no 

relation with those from the other Euphurbia spp. (and 
Efuophorbia drupifera) exam&d bat, which is of 
interest as E. rclthyris is the only non-suazuknt member of 
the genus studied in this work. 

The purifkd kdtins were assayed for comparative 
agglutinating ability with the sialidasatrcated sheep 
erythrocytes, and the resuIts are reported in Table 5. 
Included in that Table are values in nanograms, uakukted 
from the titer and protein concentrations listed, of 
minimal weights of proteins which produce agglutination 
under the assay conditions described above. Those figures 
show that the purifkd kctin from E. hemmtiana is much 
more effective in agglutination than the others exammed 
It was observed that the lectins of Tabk5 did not 
discriminate. in agglutinating ability, betwan human A, 
B, AB and 0 blood types 

The following sugars tested failed to inhibit the aggluti- 
nation caused by the put&d kctins described hetz L- 
fucose, l-O-methyl a-c@rcopyranoside, methyl a-D 
mannopyranoside and N-acctyl-Dgiucosamme. In 
Table 6 are listed the lowest concentrations of t@actose 
and lactose at which inhibition of agglutination occurs It 
is apparent that the lactose isa more effective inhibitor of 
all the lcctins discussed, except that from Elueophorbia 
drupifem, which is not affated by either sugar. 

EXPERIMENTAL 

Reapnts Unless otherwise noted, these were of um@timl 
grade. Bi~gcl Pt5Q all reagents for SDSPAGE arid for 
&7Ci’ylamidC gel isoek&iC fOCuSing WClC Obttlkd thll 

BioBad. The FohnCiocaheau reagent was suppBed by Fisher 
Scientific. Ottawa SW supplied the L-fwoq Dgalrcto&, N- 
acetyl-rqpucosamiae, methyl a-~maMopymnosidc and l-o- 
methyl a-rqtkcopyrnnosidc Lactase wns obtainal from 
Anachcmia Ckmkak, Montreal, Quek, and skdidax (Vlbrto 
cholrrae) from Calbiochcm. The sheep erythrocytes employed in 

Table 4. Amino acid compositions as residues/molccuk and, in parentheses, weight percent for kctins from E. camJtscclu 
(E. cuer.), E. henmttiana (E. berm), E. kacteu (E. loct.), E. iactea crtstata (E. loct. crist.), E. lathytfs (E. lath), E. tripw 
(6. trig.) and Ekcopharbh drupuera (EL drup.) [data for E. characias (E. char.) and Hura crepifuns (If. crep.) [S] are 

induded for comparison] 

RCSidlK! E. cmr. E. henn E. lact. 
E. lnct. 

CtiI. E. lath. E. trig. El. drup. E. char. H. crep. 

cys 
ASX 

Thr 
set 
GIX 
RO 

GUY 
Ala 
Val 
Met 
Be 
Lcu 

TYr 
Phe 
His 

LYS 
k8 
Trp 
GlcN 

15 (26) 
87 (11.0) 
51 (8.8) 
38 (5.7) 
53 (11.6) 
4l(l.l) 
48 (4.6) 
13 (1.6) 
31 (5.2) 
6 (1.3) 

28 (5.4) 
41 (7.9) 
18 (5.0) 
I5 (3.8) 

3 (0.7) 
18 (3.9) 
18 (4.8) 

0 (0) 
9 (2.5) 

20 (3.2) 
88 (15.9) 
46 (1.3) 
36 (5.0) 
49 (9.9) 
42 (6.4) 
49 (4.4) 
21 (23) 
35 (5.4) 
2 (0.4) 

31(6.6) 
45 (8.0) 
24 (6.2) 
20 (4.6) 
3 (0.6) 

21 (4.2) 
21 (5.2) 

0 (0) 
16 (4.0) 

20 (3.2) 
91 (16.2) 
53 (8.3) 
37 (5.0) 
St(la8) 
42 (6.3) 
50 (4.4) 
30 (3.3) 
23 (3.5) 

1 (0.2) 
27 (4.7) 

50 (8.7) 
30 (7.6) 
14 (3.2) 
6(1.3) 

28 (5.5) 
20 (4.8) 

0 (0) 
I2 (3.0) 

17 (3.0) 
16 (14.9) 
41 (7.0) 
26 (3.9) 
42 (9.2) 
31 (5.1) 
41 (4.0) 
24 (29) 
21 (4.6) 

2 (0.4) 
31 (6.0) 
42 (8. I) 
26 (1.2) 
12 (3.0) 
6 (1.4) 

23 (5.0) 
20 (5.3) 
16 (5.1) 
14 (3.8) 

17 (3.0) 
so(l5.7) 
48 (8.3) 
39 (5.9) 
SZ(11.5) 
16 (26) 
38 (3.7) 

20 (2.4) 
18 (3.0) 
2 (0.4) 

33 (6.4) 
45 (8.7) 
21 (5.8) 
I I (28) 
6 (1.4) 
7 (1.5) 

28 (7.5) 
IO (3.2) 
22 (6.0) 

I5 (26) 
16 (14.9) 
46 (7.9) 
33 (5.0) 
51 (I 1.2) 
38 (6.3) 
44 (4.3) 
ll(21) 
26 (4.4) 

0 (0) 
28 (5:4) 
39 (7.5) 
21 (5.8) 
I5 (3.8) 
5 (1.2) 

20 (4.4) 
21 (5.6) 
10 (3.2) 
16 (4.4) 

11(27-l 
88 (15.5) 
51 (1.9) 
39 (5.2) 
49 (9.7) 
51 (7.6) 
51 (4.4) 

22 (24) 
26 (3.9) 

4 (a8) 
30 (5.2) 
47 (8.1) 
26 (6.5) 
16 (3.6) 

3 (Q6) 
22 (4.3) 
25 (6.0) 

7 (20) 
14 (3.5) 

(3.1) (3.4) 
W.9) W.7) 
(6.9) (7.2) 

W-1) (6.0) 
(9.4) (11.7) 
(26) (4.9) 
(4.2) (3.6) 
(I.41 (4.1) 
(5.8) (8.7) 
(23) U.0) 
(4.7) (6.1) 
(7.0) (9.9) 
(4.8) (7.9) 
05.3) ft.21 
(1.5) (a91 
(5.0) (5.0) 
(60) (5.6) 
- - 
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Tabk 5. Mas urements of a&tinations of shapaythrocytc? 
(siabdasc-stripped) with the purifkd kctina from EM 

htkes 

LuxinsOurct 

E. corrylwcens 1.76 800 55 
E. hennut- 22 3200 17 
E. lactea 11.9 800 370 
E. lactea crismta 17.3 6400 68 
E. larhyris a2 64 78 
E. hgona 20.7 3200 162 
Elmopkwbia drupifkra 27.6 1280 539 

Tabk 6. Inhibition by ~8abctosc and hctoec of a88hni~tion 
of sheep aythrocyta by puritkd kctina from latexera of several 

Euphorbfa spp. 

L&tin soura? 
Lowest inhibiting concentration (mM) 

Dsalacto= ImXosc 

E. cowukxens 
E. hcmauiana 
E. iacwa 
E. lactea mistata 
E. lath- 
E. rdgona 
Ekqhorbia drupi$era 

125 3.13 
125 a78 
25.0 a25 
25.0 6.25 
I.56 0.78 
25.0 6.25 

no inhibition 

the a88lutination test3 were purchased from Qualicum Sckntific, 
OttawaHumencx~oftypesA.B,AB~Owatfromthe 
Canadian Red Cross, Ottawa A&&l@&tAactosidc was a gitI 
from Dr. N. M. Young [14]. 

Eupkbia lathyris L., E. hdoxopia L, E. charac&u L and 
E. platyphylla L (broad-k&d sput& were grown from seeds in 
8XClthollfJCS, uSin a 50 % sand-soil ttliX1tlt.C with a daywt Cyck 
of18hr,rt23”.Th~sbaQwcrcfromtbcBotanicGardcnsof 
Lyon, Franoz (E. larhyris and E. charac&s) and Bordeaux, F~~IKX 
(E. helimcop4a and E. pkaryphylhr The latex of E. esda L (kafy 
spurge) was obtained from plants orown at &iculture Canada, 
Ottawa, and chat from E. cypaddas L (cypruw sputge)colkctai 
from phnts growing wiki at ~prior, Gnt. Latex from E. 
nwmdark Land E. aapefWes Boii were t&co from plants at 
the grccnhou.sc, Carkton University. Ottawa. Cuttin@ of E. 
globma (bw.) Sii E. cylbdr#ii Mardqxwc and Rauh 
and of Elaeophorbh drupifera Thonn cx Schum were 
obtained from Dr. G. L Webatcr, and cutt.@a of E. coadexnu 
Haw. and E. drucdi L from Dr. D. S Verity. These were grown 
as described above. Euphorbia spkmiens Baja., E. laciro ?iaw, E. 
kxtea Haw. cv. ‘cristata’, 6. hmmdana LUXl.dE.fTigOW 
Haw. were pun&axed from commaeial supplias in Ottawa. 

Latex was CoUaXul from incisions in the stems of mature 
plants throughout their life times and stored at -20” until 
required. This was t&n thawad and centrift@ at 25 OW g for 
I hr. when ckar, watery serum containin the protein mataial of 
thchtcxwasscparatai. 

Pu@cation of &ctiIu cnxle ktu-serum (lo-2Oml) was 
applied to a column (1.5 x I5 cm) of Af6gel-I~~tAactosidc at 

4”. Elution of the kctin m &ctai with 10 mM NaPi/ mM 
NaCl, pH 7.3 containin 100 mM bctooe Afta dhtyak a8ainst 
ZOOmM KPi buffa, pH 7. and ceacn on a Dia8o UM-10 
membrane, the kctins were subjected to kocratkHPLCona 
column of Sphao8el TSKG3OOOSW @cm; Altcx, CA) A 
BaAuMnmodclllOAmctcrin8pumpwMlJscditlthiasystcm 
with a Varian model 2050 detector system, and the column 
maintained at 23”. By this proadure the kctins isohted wae each 
shown to have a unique M,. 

A@&ltilon rests. The same method WM uaal in the cell 
preparation of the sheep crythrocyta~ commonly anpbycd in 
thisworlzPSWiththoseofhum;mA,B,AB~Obkodtypcs. 
The &rated aus obtained were washed x 3 with the phoephato 
bu5crcd saline ducrii above, and diluted to 2 % in that aalinc. 
Cell quantitation was paformed by lysin8 1 ml ofab in 14 ml of 
0.1% NaHCG, and measuring A,,,. A,,, -0.70wclsaoapcd 
asthemcasunof5%a~~[15].BIoodalhwacp~~ 
fnshlyforchersducinrtiontestsbytmrtmtntot#)mloC2% 
cells with 0.2 LU. sialidaac, iucuhtion at 37” fur 2 hr. and 
WdliDg with the phonphatebuffcrcd aahne described above 

hfe~emc~~ of &urlnotbn l’hk wu done on -titer 
plateswhcrc,toascricsoC1:2~tiocuoflcctinso4~IclpcT 
wcU,wcreaddcd25/rlofa2%s~ofthc&hiase 
strippadctlls.AnalhratU”thcdcgtcofyllutinrtionwas 
scorcdvisuaUyu’titcr’.whichistbcre&nualofthcmuimum 
dilution 8ivin8 llgslutination [16J The inhiitoty activity of 
VariO~S~W~~~intbe~~y,urin8~~Of 
serially dilutai inhibitor with 25 fi of stripped cells and 25 4 of 
(2xtitcr)concnofacbkctin. 

Protein deten&&on TheFolinprocedurc[I1]wasuacd,as 
well as Apro mea.9utunents. 

M.drtodnotlarA~luma(I.5x100cm)of~~lPlU)h 
5OmMNaOAc,pH6at4”wascquilibrataIwithaldohsc,bovinc 
serum albumin, hacmo8lobii ovalbumin, tibuonudcase, 
carbonic anhydrasc and soyhcan uyp6in inhibitor, and M,s of the 
k&IS dCtC&tICd fOtbwin8 fI?f. [12]. 

Sub-unit wc$tts of the bztins were measured in calibrated 
SDS-polpayhmidc 8t1 ekctrophortsis fOllowill the procedure 
of ref. [ 171. 

lso&ctrk &u&g. Biolytc (BioRad) atnpholyta wac 
employed foUowin8 the procedure of ref. [ 183. Staining was with 
Coomassic Brilliant Blue. 

AI&IO octal analys&. Conventional hydrolysata were prrpued 
in 6 M HCI, under vacuum at 1 lo” for 22 hr. Tryptophan WIU 
determined aRa hydrolysis in 4 M metbane sulphonic acid [ 191. 
Aminosugarswerema~urcdafterhydrdydrin4MHClfor6hr 
undavacuumat 1lo”,andtbcc)stciocamtcntas8ayedafta 
oxidation and hydrolysis aa d&bed in ref. [20]. Amino acid 
and amino sugar analyst were perfonaed on an automatic 
aminOE&dlllldpK 
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