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Abstract Galectins are b-galactoside binding lectins with a potential hemolytic role on erythrocyte

membrane integrity and permeability. In the present study, goat heart galectin-1 (GHG-1) was puri-

fied and investigated for its hemolytic actions on erythrocyte membrane. When exposed to various

saccharides, lactose and sucrose provided maximum protection against hemolysis, while glucose

and galactose provided lesser protection against hemolysis. GHG-1 agglutinated erythrocytes were

found to be significantly hemolyzed in comparison with unagglutinated erythrocytes. A concentra-

tion dependent rise in the hemolysis of trypsinized rabbit erythrocytes was observed in the presence

of GHG-1. Similarly, a temperature dependent gradual increase in percent hemolysis was observed

in GHG-1 agglutinated erythrocytes as compared to negligible hemolysis in unagglutinated cells.

The hemolysis of GHG-1 treated erythrocytes showed a sharp rise with the increasing pH up to

7.5 which became constant till pH 9.5. The extent of erythrocyte hemolysis increased with the

increase in the incubation period, with maximum hemolysis after 5 h of incubation. The results

of this study establish the ability of galectins as a potential hemolytic agent of erythrocyte mem-

brane, which in turn opens an interesting avenue in the field of proteomics and glycobiology.
ª 2014 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

Galectins are b-galactoside specific binding lectins reported to
be expressed ubiquitously in all taxa of living world and is
involved in vital biological functions (Hasan et al., 2007).

The ability of galectins to act as humoral factors in the defense
mechanism against various pathogenic agents suggests impor-
tant applications for these proteins (Hussain et al., 2013; Liu

et al., 2014; Shi et al., 2014). Over the years, galectins have

Abbreviations: GHG-1, goat heart galectin-1; PBS, phosphate buffered
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been reported to have potential hemolytic actions on mem-
branes and other cell organelles (Armstrong et al., 1996;
Unno et al., 2014). Lytic action of some galectins has been

ascribed to enzymatic activity (Hittelet et al., 2003), perturba-
tion of the activities of membrane associated enzymes (Lowe
and Marth, 2003), and pore formation in the membranes

(Yu et al., 2002). In the present study, the hemolytic actions
of purified goat heart galectin-1 (GHG-1) (Ashraf et al.,
2011) have been studied by monitoring their effect on erythro-

cyte membrane integrity and permeability to understand the
possible role of galectins in hemolytic destruction of foreign
cells in the mammalian nervous system. The effect of various
physiological parameters like concentration, temperature, pH

and incubation time on GHG-1 mediated erythrocyte mem-
brane lysis was also investigated.

The galectin dependent association of glycans has been sug-

gested to potentially affect the key membrane features such as
permeability, fluidity and osmofragility, and enhances its
impact on membrane characteristics by interacting with

hydrophobic membrane patches (Gupta et al., 2006). More-
over, glycan residues attached to cell membranes play a crucial
role in membrane lysis (Semrau et al., 2010; St-Pierre et al.,

2011). Galectins are the lectins with specific attraction for
b-galactoside moieties, and the presence of this glycan residue
makes them a potent membrane lysis molecule (Yu et al.,
2002). Hence, the effect of various saccharides on erythrocyte

hemolysis was also investigated to assess the ability of non-
electrolytes to protect GHG-1 induced lysis of erythrocytes,
and also to identify the sugar molecule providing maximum

protection against membrane lysis.

2. Materials and methods

2.1. Reagents

Sephadex G100 and G50, molecular weight markers (14.4–
97.4 kDa), coomassie brilliant blue (CBB) G-250 and R-250,
and sugars were purchased from Sigma Aldrich (St Louis,

MO, USA). All other chemicals used were of analytical grade
and purchased from Qualigens Fine Chemicals and Merck
India Ltd, India. All the experiments were carried out in trip-
licates and mean value has been reported.

2.2. Isolation and purification of GHG-1

The GHG-1 was isolated and purified in essence according to

our previously published studies on heart lectins (Ashraf et al.,
2010a,b, 2011). Protein concentration was estimated by Lowry
et al. (1951) and its activity was determined by hemagglutina-

tion activity using trypsinized rabbit erythrocytes by two fold
serial dilutions on a microtiter V-shaped plate (Laxbro, India)
(Raz and Lotan, 1981).

2.3. Isolation of erythrocytes and trypsinization

A fresh blood sample from the vein of a healthy rabbit was col-
lected in a tube containing heparin. The erythrocytes were iso-

lated by centrifuging the blood sample at 2000 rpm for 5 min
at room temperature and washed three to four times with Phos-
phate buffered saline (PBS) ‘B’ (5 ml per ml packed cells).

Washed erythrocytes were then made 4% (v/v) by adding PBS

‘B’. An 8% (v/v) suspension of washed erythrocytes was
prepared in PBS ‘B’. A trypsin solution (100 mg%) was then
added to the erythrocytes (0.1 ml of trypsin solution per ml of

erythrocyte suspension) and incubated for 1 h at 37 �C. The
trypsinized erythrocytes were washed four to five times with
PBS ‘B’ and 4% (v/v) suspension was prepared for further use.

2.4. Effect of GHG-1 mediated agglutination on the

osmofragility of trypsinized rabbit erythrocytes

The osmofragility of trypsinized rabbit erythrocytes in the
presence of GHG-1 was determined according to a previously
described method (Pande et al., 1998) with some modifications.

An 8% trypsinized rabbit erythrocyte suspension (200 ll) was
mixed with 100 ll GHG-1 (100 lg/ml in 50 ll of normal saline
containing 5 mM b-ME) and incubated for one hour at room
temperature to allow agglutination, followed by the addition

of 1.5 ml hypotonic NaCl solution with concentrations ranging
from 0.3% to 0.8%. This was then followed by incubation of
cells for 4 h at room temperature with intermittent gentle shak-

ing and centrifuged at 2000 rpm for 5 min. The supernatant
was collected after centrifugation, the extent of hemolysis
was measured at 540 nm and the results were reported as per-

cent lysis. The lysis of erythrocytes with an equal volume of
distilled water was taken as 100%.

2.5. Effect of varying concentrations of GHG-1 on erythrocyte
hemolysis

An 8% trypsinized rabbit erythrocyte suspension (200 ll)
treated with varying concentrations of 100 ll GHG-1 (10–100

lg/ml in 50 ll of normal saline containing 5 mM b-ME) was
incubated for 4 h at 37� C. Samples were centrifuged and
RBC lysates were analyzed at 540 nm.

2.6. Hemolysis of GHG-1 agglutinated erythrocytes

as a function of increasing temperature

An 8% trypsinized rabbit erythrocyte suspension (200 ll) in
the presence and absence of 100 ll GHG-1 (100 lg/ml in
50 ll of normal saline containing 5 mM b-ME) was incubated
at increasing temperatures (10–50� C) for 4 h. Samples were

centrifuged and RBC lysates were analyzed at 540 nm.

2.7. pH induced hemolysis of GHG-1 agglutinated erythrocytes

An 8% trypsinized rabbit erythrocyte suspension (200 ll) in
the presence and absence of 100 ll GHG-1 (100 lg/ml in
50 ll of normal saline containing 5 mM b-ME) was treated

at varying pH values (3.5–11.5) at 37� C for 4 h. The buffers
used were, 0.1 M sodium acetate buffer (pH 3.5–5.5), 0.1 M
sodium phosphate buffer (pH 6.5–7.5), 0.1 M Tris–HCl buffer

(pH 8.5–9.5) and 0.1 M glycine–NaOH buffer (pH 10.5–11.5)
for 24 h at 4 �C. Samples were centrifuged and RBC lysates
were analyzed at 540 nm.

2.8. Hemolysis of GHG-1 agglutinated erythrocytes
as a function of incubation period

An 8% trypsinized rabbit erythrocyte suspension (200 ll) in

the presence and absence of 100 ll GHG-1 (100 lg/ml in
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