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Abstraet: A Icctin-like protein was isolated from L. muta venom by gel mtratioo on 810 Gel P-IOO followed 
by column Orromatography on DEAE-Sephadex A-50. The protein eluted at 0.4 M NaO in 0.01 Tris pH 7.3 
and cxhibited agglutinin activity toward 0+ human erythrocytes. The protein is a dimer with MI 28 kDa. 
Amino acid analysis revealcd high content o( tryptophan and acid recidues and low content of cysteine and 
methionine residues. No neutral carbohydrates and siaHc acid were detected. Circular dichroic spectrum 
shows 78% of B structure and 1 %of o: structure. In vitro experiments with ery throcytes from rat, rabbit and 
dog revealed strong agglutination while red blood cells from m1ce, sheep and goat were not agglutinated. In 
vivo cxperiments using non-anesthetizcd rats, a sharp and prolonged fall in the blood prcssure was observed 
at protein dose of 1.5 rng/kg. Double dose of protein caused the death 01" the animal. 

It has been reported (Gómez-Leiva and Ara­
gón·Ortiz 1986) Ihat Lachesis muta stenophyrs 
venon induced aggregation of bromelain sensi· 
tized human erythrocytes at a concentration of 
1 mg/ml. The purified protein exhibited a non· 
specific lectin-like activity toward human RBC. 
This action was inhibited by galactose, lactose 
and inositol. Most likely the protein binds to 
galactosyl receptors of Ihe red cell membrane. 
U was also shown to be non-mitogenic and not 
to aggregate human platelets. 

In this work, we further characterize the lec­
tin-like protein from L. m. stenophyrs venom 
and discuss its possible raje during human en­
venomenation. 

MATERIAL ANO METHOOS 

The venom was obtained from Instituto 
Clodomiro Picado, University of Costa Rica. lt 
consisted of pooled Iyophylized samples ob­
tained from L.m. stenophyrs snakes captured at 
Ihe Atlantic zone of Costa Rica. BID Gel p·!OO 
was from BIO Rad laboratories, Riclunond Cali­
fornia (U.S.A.). Protein molecúlar weight stan­
dards and OEAE·Sephadex A-50 was from 

Pharmacia, Uppsala (Sweden). Tri,·Ncl was 

from Sigma Chemical Company, SI. Louis, MO 
(USA). Sodium Chloride and sodium acetate 
were from Zorka, Sabac (Yugoslavia). The gel 
electrophonesís apparatus, Ge-2/4LS, was from 
Phannacia Fine Chemicals. Amino acid analysis 
was perfonned on a BecIanan 1 18 CL amino 
acid analyzer. Samples were hydrolyzed wilh 4 
molar methansulfonic acid containing 0.2% 3· 
(2·aminoelhylindole) at 1 150 C in a nitrogen 
atmosphere for 22 hrs. Polyacrylamide gel 
electrophore,i, in Tris-g1ycine, pH 4.4 was per­
lomed according to Ihe melhod of Oavis. 
Polyacrylamide gel electrophoresis in Ihe pres· 
ence of SOS was perfomed according to Ihe 
method of Laemmli (1970) in a 4-30% (JI IV) 
�radient gel. 

Sialic acid content was quantified by Ihe 
melhod of Warren (1959). Protein bound hex­
ose was detennined according to the procedure 
of Winzler (1961). Coagulant activity was mea­
sured according to Ihe melhod of Baughman 
(1979). Hemorrhagic actívity was meassured 
according to Ihe method of Kondo (1960). 
Oedema was assayed according to the method 
of Yamakawa et al. (1961). Phospholipase 
A2 activity was messured according to the 
rnethod of Gómez-Leiva (1975). Proteo-



80 REVISTA DE BIOLOGIA TROPICAL 

Iytic activity was meassured according to 
tbe netbod of Anson (1939). Mionecratic 
test was done as described by Ownby (1976). 

The absorbance coefficient of the pratein 
was detennined after exhaustive dialysis against 
pyridine-acetic (pH 5.0) and subsequent lyophi­
mation. Weighed amounts of the enzyme were 
tben dissolved in 0.1 M Tris (pH 7.0) and the 
optical density recorded at 280 nm . For tbe 
meassunnent of circular dichroism spectra a 
Jobin-Yvon dichragraphe III was used. The 
apparatus was calibrated with a solution of epi­
androsterone in dioxane. Protein was dissolved 
in 0,1 M Tris HCL (pH 7.0) at a concentration 
of 1 mg/ml. Cells of 1.0, 0.2 and 0.05 cm path 
length were used for tbe meassurements. The 
mean residual ellipticity was calculed using an 
average residue molecular weight of 110. The 
secundary structure was estimated according to 
tbe pracedure of Chen et al. (1974). The spec­
trum was run between 200 and 250 nm. 

The degree of agglutination was assessed ac­
cording to tbe pattem fonned by tbe aggluti­
nated cells on tbe botton of the test tube. Rat 
red blood cells (RBC) were washed witb 0.1 m 
phosphate buffered saline (pH7.4). Various 
amounts of tbe lectin were added to the wash 
RBC and tbe mixture incubated at 370 C for 
2 h". Human red blood cells as well as RBC 
fram rabbit, dog, mice, sheep and goat were 
also tested for agglutination. 

The physiological action of the lectin-like 
pratein was studied using a Hewlett Packard 
model n54A- Thermal tip Recorder, equipped 
with a pressure amplifier model 8805C. The 
pratein dissolved in physiological saline at a 
concentration of 3.3 mg/kg was intravenously 
injected and tbe carotid arterial pressure record­
ed. Rats (Sprague-Dowley) of approximately 
0.30 kg. were anesthetized with sodium pentbo­
barbital (35 mg/kg). 

The lectin-like protein was purified as fol­
lows: 0.5 g. of tbe venom was dissolved in 3 m I 
of 0.3 M NaCI in 0.1 M NaAc (pH 6.0) centri­
fuged and applied to a column (2.0 x 90 cm) 
packed with BIO-Gel P-I OO, equilibrated with 
tbe same buffer. The flow rate was 6 ml/hr and 
2.5 mI fractions were collected. Each effluent 
fraction was read at 280 nm and tested for ag­
glutinating activity. The agglutinin pratein was 
pooled concentrated and equilibrated witb 0.0 I 
M Tris (pH 7.3). The solution adjusted to pH 
7.3, was applied to a column (2.5 x 40 cm) 
packed with DEAE-Sephadex A-SO equilibrated 

with the same buffer. The unbound material 
was eluted at a flow rate of 25 ml/hr. After tbe 
absorbance decreased below 0.1 units, the elu­
tian was continued with a linear gradient tow­
ard 0.5 M NaCl in 0.01 M Tris (pH 7.3). Frac­
tions were tested for hemagglutinating activity. 
All colurno operations were performed in a cald 
room at 4° C. 

RESULTS 

The fractionation of 0.5 g. of L. m. steno­
phyrs venom on BIO-GEL P-100 is shown in 
Fig. l .  The venom was separated into tive major 
fractions. The lectin-like protein eluted in the 
tirst peak. Further purification of the agglutinin 
pratein is shown in Fig.2. Hemagglutinating ma­
terial elutes at 0.4 M sodium chloride. lt was 
devoid of coagulant, prateolytic, hemolytic, oe­
dema, phospholipase, mionecrotic and hemor­
rhagic activities which were present in the erude 
venOID. No neutral hoxose and sialic acid was 
detected by the methods described aboye. 
Acrylamide gel electrophoresis of the pooled 
and concentrated material (tubes SS to 85 Fig. 
2) shows a single band, (Figs. 3 and 4) in tbe 
presence and in the absence of 2-mercaptoetha­
nol. A single band with Mr 14kDa under reduc­
ing conditions and a single band witb Mr 28kDa 
under non-reducing conditions were calculated. 
Table 1 shows the species specificity of the ag­
glutinin protein. Table 2 shows the amino acid 
composition of the pratein. In Fig. S we show 
tbe circular dichraic spectrum in the near UV. 
The lectin-like pratein has 78% of P structure 
and 1 % of. structure. Absorbance of a 0.1 % so­
lution of the lectin-like pratein was 2.00 at 
280 nm 

In Figs. 6a and 6b we show the hypotensive 
action of the pratein. A faIl of 50 mm Hg/mg 
and 40 mm Hg/mg was recorded under anesthe­
tized and non-anesthetbized condition of the 
animal respectively. lf double dose of tbe 
lectin-like pratein was used tbe arterial 
presure feH to zera value causing the death of 
tbe animal. 

D1SCUSSION 

The lectin-like pratein isolated from the ven­
om of L. muta stenophyrs snake exhibits a dim­
eric structure around 29kDa. This predominant 
structure is very likely stabilized by disulfide 
bridges, as pointed out by the fact tbat only 
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Fig. 1. Gel filuation of 0.5 g Lachesis muta steno­
phyrs venom 00 BJO-GEL P-lDO. Agglutination of 
human RBe was found between tubes No. 20 y 40. 
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Fig. 2. Purification of the lectin-like proteio on 
DEAE· Sephadex A-50 column. The straight tine 
shows a linear gradiente toward 0.5 M NaCL. Agglu­
tinio activity was found between tubes No. 55 to 
85. 
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Fig. 3. Photograph shows acrylamide gel electropho­
resis at pH 4.4 in the presence of 2-mercaptoethanol. 
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Fig. 4. Photograph shows acryIamide gel electropho. 
resis at pH 4.4 in the absence of 2-mercaptoethanol. 

TABLE 1 

Species speciflcity af the Lectin-Like Protein 

Erythocytes Agglutination 

HUMAN + 

RAT + 

RABBIT + 

DOG + 

MICE 

SHEEP 

GOAT 

reduction with 2-mercaptoethanol gives a mo­
nomeric structure around M r 14kDa. This mo­
lecular weight is in accord with the values re­
ported by Gartner, Stocher and WiIliams (1980) 
for the thrombolectin isolated from Bothrops 
atrox venom and with the values reported for 
the three lectins isolated from Agkistrodon con­
trotix contoriris. Agkistrodon piscivorosis leu­
kostoma and erota/us atrox by Gartner and 
Ogilvie (1984). The lectin-like protein shares 
also the property of not being a glycoprotein 
(Gartner and Ogilvie) and also to be inhibited 
preferentiaJIy by lactose (G6mez-Leiva and 
Aragón-Ortíz 1986). Heterogenity in the iso· 
electric points of the lectin from snake venoms 
seems to be common as also reported by G6-
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TABLA 2 

A mino acid compositíon 01 L. muta stenophyrs 
lectin-like protein 

Residues per mole 

Ammo I\cid Calculated lnteger 

ASP 13 13 

THR 3.3 3 

SER 5.7 6 

GLU 15.9 16 

PRO 3.3 3 

GLY 6.4 6 

ALA 5.0 5 

CYS 4.8 5 

VAL 3.1 3 

MET 1.5 2 

ILE 3.3 3 

LEU 9.1 9 

TYR 7.0 7 

PHE 6.7 7 

H1S 3.5 4 

LYS 10.4 10 

TRP 15.6 16 

ARG 3.8 4 

TOTAL 125 

MOL. wt 15,397 

mez Leiva and Aragón Ortiz (1986) for mutina 
and by Gartner and OIgivie (1984) for lheir 
three isolated lectins. 

Jt is relevant to point out, lhat lhe secan da­
ry structure of lhe lectin-1ike protein is predo­
minantely a � pleated sheet. This is in accord 
wilh the amino acid composition of lhe lectin, 
which shows a higher content of residues with 
B structure formin� tendency than B structure 
brakers wilh a little content of a formers. The 
amino acid composition reveaJs a higher con­
tent of acid residues in relation to lhe basic 
ones. The presence of cysteine (5 residues) is in 

Fig. 5. Circular díchroic spectrum of the lectin-Iike 
protein in 0.1 M Tris pH 7.0. 
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Fig. 6a. Hipotensive action of the lectin-like protejo. 
The protein at a dose of 3.3 rng/kg was intravenously 
inyected. A fall of 50 nm Hg!nlg on the carotid 
arterial pressure was observed (B). No important 
change on the ECG was recorded (A). 

-1111 
Fig. 6b. In this experimental the same rat, non anethe­
tized was used. A fall of 40 mm Kg/rng was recorded. 

accord with the fact lhat the pratein behaves as 
a dimer linkel by 5-5- bridges. The high con­
tent oi" tryptophan may be a characteristic of 
snake venom lectins and is the reason of the 
high absorption of the CD spectrum and the 
high absorption coeffiecient at 280 nm . 

A1though lhe lec!in does not show any spe­
cific hemagg1utinating activy (Gómez-Leiva 
and Aragón-Ortiz 1986) it is praper to point 
out lhat the protein differenciates between 
RBC belonging to different species. In addition, 
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the agglutinin protein differenciates between 
RBC of the mouse and of the rat, agglutinat­
ing the lalter type of RBC. This difference 
might be of importance when comparing 
the LD50 of ¡he crude venom of L.m.ste­
nophyrs in relations with other Bothropic and 
Cratalic venoms (Bolaños 1972). lmportant dif­
ferences in the membrane structure of this spe­
cies are then pointed out, suggesting that during 
animal maturation galactosidic residues are in­
corporated in the RBC membrane of!he rato 

In vivo experiments showed a dramatic fall in 
the carotid arterial pressure. Very likely, this 
faU is caused by the agglutination of the RBC 
which may praduce a blockade at the capillary 
bed of !he lungs, causing a decrease in the ve­
nous return to the heart thus decreasing the 
cardiac output. 

lt was reported by Bolaños, Rojas and UUoa 
(1981) that significant alterations in the arterial 
blood pressure of humans bitten by Lachesis 
muta stenophyrs snakes occur during enveno­
menation. The physiological action of!he lec­
tin-like protein during human envenomentation 
must be considered seriously at !he light of the 
present results. 
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