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ABSTRACT
An agglutinin/lectin that agglutinated rabbit erythrocytes with high affinity was identified in the extract of the

digestive gland of the starfish Pentaceraster mammillatus by hemagglutination assay. The identified digestive
gland lectin was isolated and purified by biospecific adsorption using formalinized rabbit erythrocytes. The isolated
lectin continued to agglutinate rabbit, human A, B, O, dog, pig, buffalo and cow erythrocytes in the same pattern
like the crude extract. The lectin was Ca** dependant. Optimum activity of the lectin was observed between
temperature 5 and 40 °C and at pH 8 - 9.5. Agglutinability of the lectin was inhibited by sugars: a - lactose >
galactose = D-mannose anhydrosamine > fucose and by glycoproteins: lactoferrin > thyroglobulin > fetuin > PSM
> BSM. The lectin appeared as a single band with a molecular mass of 25 kDa on SDS-PAGE.
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INTRODUCTION several lectins have also been isolated from various

[10], [11],
pedicellariae venom [12], eggs [13] and body wall [14].

tissues, such as gonad spermatozoa

Lectins are carbohydrate binding proteins other than

immunoglobulins that display no enzymatic activity

towards the recognized sugars and are possessing Hence an effort is taken in this investigation to search

atleast one non-catalytic domain that recognize and for an agglutinin in the extract of the digestive gland of

bind reversibly to specific carbohydrates inside and the starfish P. mammillatus and to purify the identified

outside cell [1, 2]. lectin by biospecific adsorption using formalinized

Echinoderms are primitive

deutrostome animals lacking specific immunity. Foreign ~ €rythrocytes.
agents recognition in echinoderms occurs through
protein carbohydrate interaction involving lectins, MATERIALS AND METHODS

proteins capable of selectively binding carbohydrate
components of glycoconjugates [3]. These proteins are
neither enzyme nor products of an immune response
and are present in many types of organisms from viruses
and bacteria to vertebrates [4]. Various lectins have
been found in the coelomic fluid and tissue extracts of
marine invertebrates [5-7]. Endogenous animal lectins
are widely distributed in extra cellular matrix, cell
membranes, cytoplasm and nuclei [8, 9]. Recently

Collection and maintenance of animals:
The starfish P. mammillatus were collected from the
Arabian Sea at Pallam, Kanyakumari District, Tamilnadu,
India. They were transported to the laboratory in plastic
bucket containing the aerated sea water and fed with
maintained at

small fishes. They were room

temperature (30 * 2°C).
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Preparation of sample:

The starfish P. mammillatus was dissected and the
digestive glands were removed and thoroughly washed
in cold saline (0.7%) to remove the adhering coelomic
fluid. After gentle blotting, 100 mg of digestive glands
were homogenized in 1 ml of cold TBS (Tris Buffered
Saline: Tris - HCI 50 mM, pH 7.5, NaCl 100 mM, CaClz 10
mM). The mixtures were filtered and centrifuged at
4000 rpm for 10 min and the supernatant was used for
HA assay.

Preparation of erythrocytes:

Mammalian erythrocytes were obtained either by vein
puncture of ear (rabbit) or heart puncture (rat, mice and
guinea pig) or from the slaughter houses (cow, buffalo,
camel, goat and pig) or from Kanya blood Bank,
Nagercoil (human A, B and 0), Kanyakumari District,
Tamilnadu, India. The samples were collected in sterile
modified Alsevier's medium and used for HA assay.
Haemagglutination (HA) Assay:

Haemagglutination assay was carried out as described
by Ravindranath and Paulson [15]. The digestive gland
extract (25 pl) were serially diluted with 25 pl of TBS (pH
7.5) in U shaped microtiter plates and mixed with 25 pl
of 1.5% erthrocyte suspension and incubated for one
(30£2°C). The
haemagglutination or HA titer (the unit of agglutinin

hour at room temperature
activity) was considered as the reciprocal of the highest
dilution of samples that gave positive agglutination.
Agglutinated erythrocytes formed a diffuse mat
whereas, non-agglutinated erythrocytes rolled to the
bottom of the well forming a button

Purification of lectin by affinity adsorption
Preparation of formalinized erythrocyte:

Rabbit erythrocytes obtained in modified Alsevier's
solution, were washed 3 times in 20 volume of
phosphate-buffered saline pH 9 (75 mM NacCl, 75 mM
Na2HPO4/KH2PO4) by centrifugation at 1000 x g for 5
min. The packed cells were suspended as 8% solution in
phosphate-buffered saline (PBS), pH 9 and mixed with
an equal volume of formalin (3% solution in PBS with pH
adjusted to 9 with 0.1 M NaOH). The mixture was
incubated at 37 °C for 16 h with moderate shaking. The
cells were then washed 4 times in 5 volumes of PBS, pH
9 per packed cell volume and stored at 4 °C as 10%
suspension in this buffer. This could be used for
agglutination assay even for months after preparation.
It should be that
erythrocytes must be used for formalization procedure

emphasized relatively fresh
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since cells stored for more than 2 weeks crenate during
the formalinization procedure and cannot be used for
agglutination assay.

Purification of agglutinin:

The stored formalinized rabbit erythrocytes were
prepared for use as an affinity reagent by washing 6
times in 10 volumes of TBS (50 mM Tris HCL, 100 mM
NaCl), pH 9.5. The packed cells were then incubated
with 20 volumes of the clarified digestive gland extract
in plastic tubes for 2 h with moderate shaking at 4 °Cand
then washed 3 times with 20 volumes of TBS pH 7.5
containing 10 mM CaCl.. Elution of the absorbed
hemagglutinin was accomplished by incubation of the
cells with 10 volumes of 10 mM disodium EDTA in TBS.
The elution was continued for 5 h. with moderate
shaking at 4°C and the elution mixture was centrifuged
for 10 min at 28000 x g to remove particulate material
and the resultant supernatant was dialyzed and checked
for HA assay.

Polyacrylamide gel electrophoresis:

SDS - Polacrylamide (12.5%) gel electrophoresis was
performed. Samples were heated for 3 min at 100 °C in
sample buffer (25% 1 M Tris-HCI, pH 6.8; 4% SDS; 2% B-
mercaptoethanol and 5% glycerol). Gels were fixed and
stained with solution containing 0.05% Coomassie blue
R-250, 10% acetic acid, and 25% isopropyl alcohol and
destained with a solution containing 5% methnol and
7% acetic acid at room temperature (30-35°C).
Characterization of the purified lectin
Hemagglutination (HA) Assay:

Haemagglutination assay was carried out as described
by Ravindranath and Paulson [15]. The digestive gland
lectin (25 pl) were serially diluted with 25 pl of TBS (pH
9) in U shaped microtiter plates and mixed with 25 pl of
1.5% erthrocyte suspension and incubated for one hour
at room temperature (30+ 2 °C). The haemagglutination
or HA titer (the unit of agglutinin activity) was
considered as the reciprocal of the highest dilution of
samples that gave positive agglutination.

Effect of pH and thermal stability:

To assess the effect of pH, 25 ul of the digestive gland
lectin was serially diluted with equal volume of TBS at
different pH (5-10) in a microtiter plate and was
incubated at room temperature (3012 °C) for 1 h, before
adding the erythrocyte suspension. To study the effect
of temperature on HA activity, 300 pl of digestive gland
lectin in several aliquots were placed in a water bath at
a temperature range from 5-100 °C and incubated for 1
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h. After incubation the HA activity was determined
against rabbit erythrocytes.

Effect of cations, EDTA and trisodium citrate:

Digestive gland lectin (25 pl) was serially diluted with
equal volume of TBS (pH 9) with different concentration
(0-100 mM) of cations and chelators (EDTA and
trisodium citrate) and incubated for 1 h. before adding
erythrocytes suspension. After incubation, the HA
activity was determined against rabbit erythrocytes.
Hemagglutination inhibition assay:

Known concentration of (glycoprotein: 5 mg/ ml sugar
100 mM) of inhibitor (25 ul) was serially diluted with 25
pl of TBS in microtiter plate. Then 25 ul of digestive
gland lectin diluted to subagglutination concentration in
TBS pH 9 (to give a HA titer of 2) was added and
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incubated for 1 h. After incubation, 25 ul of 1.5% rabbit
erythrocyte suspension was added, mixed and
incubated at room temperature (30+2 °C). After 1h, the
hemagglutination inhibition titer was recorded as the
reciprocal of the highest dilution of inhibitors giving
complete inhibition of agglutination.

RESULT

HA assay of the digestive gland extract:

Agglutinins are found in the extract of the digestive
gland of starfish, P. mammillatus. Maximum HA titer
was observed with rabbit erythrocytes. In addition, the
agglutinin also agglutinated a variety of mammalian pig
= rat > human O > human B = human A > guinea pig =
dog = cow = goat > buffalo (Table 1).

Table 1: HA titer of the extract of the digestive gland of the starfish, P. mammillatus

Erythrocytes (n=5)

HA titer

Rabbit

Pig, rat
Human O
Human A & B

256
128
64
32

Guniea pig, dog, cow, goat 8

Buffalo

4

HA assay of the lectin:
The purified lectin from the extract of the digestive
gland of the starfish, P. mammillatus agglutinated

rabbit, human A, B, O, dog, pig, buffalo and cow
erythrocytes (Table 2).

Table 2: HA titer of the digestive gland lectin of the starfish, of the P. mammillatus.

Erythrocytes (n=10) HA titer
Rabbit 512
Human A 64
Human B 32
Human O 16

Dog 6

Pig 4
Buffalo 4

Cow 2

pH and thermal stability of the lectin:
HA activity of the purified lectin, increased with increase
in pH from 5.5 to 8 and remained unaltered between pH
8-9.5. The HA titer remained high and unaltered
between temperature 5 — 40 °C. A decrease in HA titer
increase

was observed on further in pH and

temperature (Fig. 1 and 2).

Effect of cations and ETDA on the HA titer of the lectin:
Maximum HA titer was observed with the addition of 10
mM Ca** ion. Addition of Mg** had no effect on HA
activity. The HA titer of the purified lectin got reduced
with the addition of increasing concentration of EDTA
and trisodium citrate (Table 3 and 4).
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Figure 1: Effect of pH on the HA titer of the digestive gland lectin of the starfish P. mammillatus.
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Figure 2: Effect of temperature on the HA titer of the digestive gland lectin ofthe starfish, P.mammillatus
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Figure 3: SDS-PAGE of the digestive gland lectin of the starfish, P. mammillatus. lane 1- crude, lane 2- clarified,
lane 3- purified and lane 4- marker.
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Table3: Effect of EDTA on the HA titer of the digestive gland lectin of the starfish P. mammillatus

Concentration (mM)

HA titer

(n=10) Disodium Trisodium Tetra sodium EDTA
EDTA citrate
0 512 128 128
0.01 512 512 512
0.1 512 512 512
1 512 256 512
5 256 128 256
10 64 128 16
20 4 128 4
30 4 64 4
40 2 64 4
50 2 64 4
100 2 32 2

Table 4: Effect of cations on the HA titer of the digestive gland lectin of the starfish, P. mammillatus

HAI assay of the lectin:

Concentration HA titer
(mM) (n=10) Ca** Mg**
0 128 128
0.01 32 32
0.1 64 32
1 64 32
5 64 32
10 512 32
20 256 32
30 256 32
40 64 32
50 4 32
100 4 32

HAI assay of the purified lectin of the extract of the digestive gland of the starfish P. mammillatus with rabbit

erythrocytes was inhibited by glycoprotein: lactoferrin > thyroglobulin > fetuin> PSM > BSM and sugars: a-lactose

> galactose > D- mannose anhydrosamine > fucose (Table 5).

Table 5: HAI titer of the digestive gland lectin of the starfish Pentaceraster mammillatus

Sugars (N=5)

HAI titer

a-lactose

Galactose

D-mannose anhydrosamine
D-fucose

Glycoproteins

Lactoferrin

Thyroglobulin

Fetuin

PSM

BSM

2048
1024
1024

16

HAI titer
2048
512

32

16

4

Molecular weight determination: The molecular weight of the purified lectin was estimated to be 25 kDa on SDS

PAGE (Fig. 3).
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DISCUSSION

A lectin capable of agglutinating rabbit erythrocytes
with great avidity was purified from the extract of the
digestive gland of the starfish, P. mammillatus by
adsorption using formalinized rabbit

The purified single
homogenous band with molecular weight 25 kDa on

biospecific
erythrocyte. lectin gave a
SDS- PAGE. Presence of single band with molecular
weight 200 kDa was reported in the seminal plasma of
the sea urchin Paracentrotus lividus [16], 355 kDa in the
internal organs of the sea cucumber, Holothuria atra
[14]. The purified lectin agglutinated rabbit erythrocyte
with great potency than human A, B, O, dog, pig, buffalo
and cow erythrocytes. The purified lectin seems to have
tremendous affinity for the sugar residue of the rabbit
erythrocyte than the sugar receptors of the surface of
the human A, B, O, buffalo, cow and dog erythrocytes.
This may be due to the quantitative difference in the
distribution of sugar residues on the erythrocytes
membranes.

The lectin activity remained high and stable from 5 — 40
9C and pH 8 - 9.5 when tested with rabbit erythrocyte.
The decrease in HA titer at temperature above 402C
could be due to the denaturation of lectin at higher
temperature. The results on the effect of pH reveal that
the lectin is active above the neutral pH. The same result
was also reported in the holothuria species [17].
Hemagglitination of the purified lectin was inhibited by
glycoproteins lactoferrin, thyroglobulin, fetuin, PSM and
BSM. The carbohydrate recognition domain of the lectin
can bind to a-lactose, galactose and fucose that in turn,
are able to inhibit hemagglutination. The hemagglutinin
is generally inhibited by mono and disaccaride, which
presumably are part of or closely related to saccaride
[18].
Magnesium had no effect on the HA activity, even at

receptor sites on the erythrocyte surface
concentrations as high as 10 mM. Same result was also
reported Paracentrotus lividus [16], Hemicentrotus
pulcherrimus [19]. The HA activity of the purified lectin
was enhanced by calcium supplementation and not by
magnesium revealing its specific affinity to calcium.
Addition of increasing concentration of calcium show an
increase in HA titer upto 10 mM. Further increase in the
Ca*™™ concentration resulted in a decrease in
agglutinating activity. The C-type lectin require Ca** to
express their activity (Drickamer, 1988). Most of the
marine lectins are from C-type lectin family [20-22]. C-

type lectins were also reported in Asterina pectinifera

Int J Pharm Biol Sci.

[23], Stichopus japonicas [24], Cucumaria echinata [25].
C- type lectin domains have a diverse range of functions
including cell-cell adhesion, immune response to
pathogens and apoptosis [26, 27]. So, the result,
suggests that a C-type lectin occur in the extract of the

digestive gland of the starfish, P. mammillatus.

CONCLUSION

A lectin was isolated from the extract of the digestive
gland of the starfish, P. mammillatus by biospecific
adsorption using formalinized rabbit erythrocyte. The
isolated lectin agglutinated rabbit erythrocyte with
great avidity. Addition of calcium ion increase the HA
activity of the lectin. Optimum HA activity of the lectin
was achieved between 10 — 40 °C and pH 8 - 9.5. SDS-
PAGE revealed the presence of a single lectin with
molecular mass of 25 kDa.
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