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ABSTRACT

Lectins, multivalent cell-agglutinating proteins, by virtue of their exquisite sugar specificities are useful tools in widespread biomedical
applications. The present investigation was carried out to study the physico-chemical characteristics of the hemolymph hemagglutinin
of the marine crab Grapsus albolineatus. The specificity of agglutinin to erythrocytes, sugars, glycoproteins, pH, temperature and the
effects of divalent cations and calcium chelators was determined. A naturally occurring hemagglutinin with high HA titer of 2048 with
rat erythrocytes was identified in the hemolymph of the marine crab G. albolineatus. The HA activity was stable between pH 7 and 9
and showed thermal stability between 0° and 40°C. The hemolymph agglutinin was calcium dependent and HA activity was reduced
when exposed to calcium chelators such as EDTA and trisodium citrate. Hemagglutination inhibition assay exhibited the strongest
binding specificity towards the sugars GalNAc, GlcNAc and glycoprotein fetuin. The cross-adsorption assay revealed that the

hemolymph of the marine crab Grapsus albolineatus possesses single agglutinin.
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INTRODUCTION

mmunity is the ability of organisms to distinguish self

from non-self. Invertebrates which lack adaptive

immune system rely on innate immunity to respond to
non-self-material®. Lectins, one of the innate immune
compounds play an important role as a sensor and
regulator of foreign organisms?. Lectins are carbohydrate
binding proteins and in invertebrates, lectin are vital
means for non-self-recognition and clearance of invading
microorganisms. The binding specificity of lectin therefore
provides them with ability to recognize a wide variety of
pathogens by recognizing the sugar found on the surface
of pathogen. Lectin-carbohydrate interaction represents a
ligand-receptor interaction that is universal in living
organisms>.

Lectins can bind to the carbohydrate moieties on the
surface of erythrocytes and agglutinate the erythrocytes,
without altering the properties of the carbohydrates.
Hence they are also named as hemagglutinin. Lectins exist
in almost all organisms like viruses, bacteria, yeast, and
protozoan and throughout all animal and plant kingdom®*.
Lectins are multivalent carbohydrate-binding proteins with

the ability to agglutinate erythrocytes, bacteria and other
normal and malignant cells displaying more than one
saccharide of sufficient complementarity. Their specificity
is always determined by the type of carbohydrate to which
they bind®.

Lectins with specific carbohydrate specificity have been
purified from various organisms. In invertebrates the
presence of agglutinins are reported in hemolymph®
BAmong arthropods, crustaceans are considered rich
source of lectins with affinity for a variety of carbohydrates
especially modified sialic acids. Lectins have been
characterized from marine crabs, Scylla serrata’®*>, Cancer
antennarius®®, blue crab, Callinectes sapidus?” and marine
hair crab Erimacrus isenbeckii’®. Hence an attempt was
carried out to study the physico-chemical characterization
of hemolymph hemagglutinin of the marine crab G.
albolineatus.

MATERIALS AND METHODS
Experimental animal

Marine crab, Grapsus albolineatus were collected form
Kadiyapatanam (8.1262°N latitude and 77.3196°E
longitude) and Muttom (37.6428°N latitude and 78.3924°E
longitude) coasts, Kanyakumari, Tamilnadu, India.

Erythrocyte collection

Erythrocytes from several mammals were collected for
hemagglutination assay. Blood for this purpose was
obtained by heart puncture (rat and guinea pig),
venipuncture of the ear (rabbit), fore arm (human and
dog), neck (buffalo and ox) and from the slaughter house
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(pig, cow and goat). Erythrocytes were collected directly in
modified Alsevier’s medium containing sodium citrate (30
mM, pH 7.1), sodium chloride (77 mM), glucose (114 mM),
neomycin sulfate (100 mg/ml) and chloramphenicol (330
mg/ml). Erythrocytes were suspended and washed three
times with ten volumes of Tris-Buffered saline (TBS), pH 7.5
and resuspended in the same as 1.5% suspension.

Hemagglutination assay

Hemagglutination assays were carried out as described by
Ravindranath and Paulson (1987)'° to find out the
presence of hemagglutinin and to know the erythrocyte
specificity.

pH and thermal stability

pH and thermal dependence of agglutinin was measured
by pre-incubating the hemolymph at specific pH (5.5-11.5)
and temperature (0°C-100°C) for 1 hour before adding
erythrocyte suspension for hemagglutination assay.

Cations and EDTA treatment

To study divalent cations (Ca%*, Mg? and Mn?%)
dependence of Hemagglutinin, HA assays were performed
in TBS (pH 7.5) without and with these ions at varying
concentrations. To study the effect of calcium chelators
(EDTA and trisodium citrate) on the agglutinin, the
hemolymph was pre incubated at different concentrations
(0.01 to 100 mM) of EDTA and trisodium citrate for 1 hour
before adding erythrocyte suspension for HA assay.

Hemagglutination Inhibition Assay

The Hemagglutination inhibition (HAI) assay was carried
out with known concentration of glycoproteins and sugars
by following the procedure of Ravindranath et al. (1985)%°
to know the carbohydrate specificity of the agglutinin.

Cross adsorption assay

To test whether the hemolymph contains single or multiple
agglutinin, the cross-adsorption assays were carried out
following the method of Hall and Rowlands (1974) and
Mercy and Ravindranath (1992)2%.

RESULTS AND DISCUSSION
Hemagglutination assay

The presence of naturally occurring hemagglutinin in the
serum of G. albolineatus was detected with a panel of 12
mammalian erythrocytes (Table 1). The agglutinin of G.
albolineatus agglutinated rat erythrocytes with a great
affinity (HA titer = 2048) followed by goat = mice > rabbit =
buffalo = pig = human B = human O. Human A, cow, dog
and ox erythrocytes were not agglutinated by the serum
agglutinin. It was observed that there was a marked
difference in their hemagglutinating efficiency and the
type of erythrocytes agglutinated. This suggests that the
receptor determinants preferentially recognized by the
hemolymph agglutinin are either abundant or more
accessible on rat erythrocytes than other erythrocyte type
tested. The binding specificity of the agglutinin are
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reflected and manifested in its preferential agglutination
of erythrocytes.

Table 1: Hemagglutination titer of hemolymph of G.
albolineatus against different mammalian erythrocytes
Erythrocytes (n=10) HA titer
Rat 2048
Goat 16
Mice
Rabbit
Buffalo

=
(o))

Pig
Human B
Human O
Human A

Cow

Dog

Ox

O O O O N N N N N

n = number of crabs tested
pH and thermal stability

The hemagglutinin of the hemolymph of G. albolineatus
was noted to be stable from pH 7 to 9 (Table 2). pH below
7 and above 9 gradually reduced the hemagglutinating
activity. This may be due to the dissociation of the binding
sites of the agglutinin when there is a decrease or an
increase in pH which in turn may suppress or accelerate
the hemagglutination activity. The hemagglutination
activity was maximum between 0 - 40°C suggesting it was
an optimum temperature and further increase reduced the
activity. Total loss of HA activity was observed at 80°C. The
loss of hemagglutinating activity with increasing
temperature is evidently due to heat induced denaturation
of lectin??.

Table 2: Hemagglutination titer of the hemolymph of the
marine crab G. albolineatus in relation to pH and
temperature

Temperature °C

pH (n=10) HA titer (n=10) HA titer

5 256 0 2048

5.5 512 10 2048
6 512 20 2048

6.5 512 30 2048
7 2048 40 2048

7.5 2048 50 1024
8 2048 60 512

8.5 2048 70 128
9 2048 80

9.5 1024 90
10 512 100

10.5 512 - -
11 256 - -

n= Number of crabs tested
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Effect of divalent cations and calcium chelators on HA

HA titer value was altered with the different
concentrations of divalent cations like Ca?*, Mg?* and Mn?*
(Table 3). 10 mM concentration of Ca%*, Mg?*and Mn?* was
found to be the optimum concentration. Very low and high
concentration of divalent cations tremendously decreased
the HA activity. This confirms that divalent cations are
significant in stabilizing the primary structure of
hemagglutinins?-26,

Calcium chelator EDTA showed a different action towards
the HA activity (Table 4). At the concentration from 0.01 to
1 mM the HA activity increased to one fold and at the
concentration of 10 mM there was a sudden reduction in
HA activity after which the HA activity was completely lost.
G. albolineatus lectin was reversibly sensitive to EDTA.
Most of the agglutinins/lectins investigated in crustaceans
are known to be dependent upon divalent cations
especially calcium. Usually, calcium and divalent chelators
are sensitive in a reversible or irreversible manner?”-28,
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Table 3: Effect of cations on the hemagglutinating activity
of the hemolymph of the marine crab G. albolineatus

Cations concentration HA titer

in mM (n=10) Ca2+ Mg2* Mn2*
0 1024 1024 1024

0.01 1024 1024 1024

0.1 1024 1024 1024

1 1024 1024 1024

10 2048 2048 2048

20 1024 1024 1024

30 1024 1024 512

40 1024 512 512

50 512 256 128

100 256 128 128

n= Number of crabs tested

Table 4: Effect of calcium chelators on the hemagglutinating activity of the naturally occurring agglutinin in the hemolymph

of the marine crab G. albolineatus

Concentration in mM (n=10)

Disodium
0 1024
0.01 2048
0.1 2048
1 2048
10 512
20 0
30 0
40 0
50 0
100 0

n= Number of crabs tested

Hemagglutination inhibition assay

Sugar binding specificity of hemolymph agglutinin of G.
albolineatus was examined by hemagglutination inhibition
tests using  carbohydrates and glycoproteins.
Agglutinability was inhibited by sugars like N-acetyl-D-
galactosamine and N-acetyl-D-glucosamine (Table 5).
GalNAc and GIcNAc contain the acetyl group, thereby
demonstrating that an acetyl group was essential for
agglutinin-ligand interaction. The binding determinants of
the agglutinin  were further confirmed by the
hemagglutination inhibition test (HAI) using glycoprotein.
Agglutination by hemolymph was inhibited by all
glycoproteins tested. Fetuin strongly inhibited the

HA titer

EDTA
Trisodium citrate
Tetrasodium

1024 1024
2048 1024
2048 1024
2048 1024
2048 2048
512 1024
512 256
256 128
0 0
0 0

hemolymph agglutinin (Table 6). The different pattern of
inhibition of hemagglutination suggests the presence of
lectin in the hemolymph of the tested crab. Fetuin has
NeuGc as the sialic acid moiety. The glycoproteins differ
not only in their sialic acid content but also with respect to
the distribution of the carbohydrate chains and their
linkages to protein. The highly agglutinating rat
erythrocytes contain NeuGc and NeuAc. The glycoprotein
fetuin contain NeuGc and the sugar GIUNAc contains
NeuAc. Also N-acetyl-D-Glucosamine is a precursor of N-
acetyl-D-neuraminic acid (NeuAc). This proved that the
marine crab G. albolineatus is specific for acetyl/glycolyl
neuraminic acid.
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Table 5: Hemagglutination inhibition of the hemolymph agglutinin of the marine crab G. albolineatus by sugars

Minimum concentration Relative inhibitory

Sugars (n=5) HAI titer ) T
Glucoronic acid 4 25 6.25
D-galactosamine 4 25 6.25

O-glucose-G-phosphate 4 25 6.25
N-acetyl neuraminic acid 4 25 6.25
a- lactose 8 125 12.5
Trehalose 8 125 12.5
D-mannosamine 8 12.5 12.5
N-acetyl-D-glucosamine 64 1.56 100
N-acetyl-D-galactosamine 64 1.56 100

n= Number of crabs tested
Table 6: Hemagglutination inhibition of the hemolymph agglutinin of the marine crab G. albolineatus by glycoproteins

Minimum concentration

Glycoprotein (n=5) HAI titer e L e Relative inhibitory potency (%)

PSM 2 2500 6.25
BSM 2 2500 6.25
Transferrin 2 2500 6.25
Apotransferrin 4 1250 12.5

Thyroglobulin 8 625 25

Lactoferrin 16 3125 50

Fetuin 32 62.5 100

n= Number of crabs tested
Cross adsorption assay CONCLUSION

Results of cross adsorption test showed the presence of
single agglutinin in the hemolymph of the experimental
crab (Table 7). In cross adsorption tests each erythrocyte
type was found to completely adsorb agglutinating activity
for other erythrocyte types. The results indicated that
when the agglutinin was adsorbed to a particular
erythrocyte species it failed to agglutinate erythrocyte of
the same and other species. It evidenced the presence of
only one agglutinin/lectin in the hemolymph of the
experimental crab. Noguchi (1903)?° reported that activity
to one type of erythrocytes can be adsorbed by that type
of erythrocytes, leaving residual agglutinating activity to
other type of erythrocytes.

Table 7: Hemolymph hemagglutinin of the marine crab, G.
albolineatus after adsorption with different erythrocytes

Erythrocytes HA titer
tested Rat Goat Mice
None 2048 16 16
Rat 0 0 4(0)
Goat 0 0 0
Mice 4(0) 0 4(0)

Values in parenthesis refer to HA titer value after
successive adsorption

The hemolymph agglutinin of G. albolineatus preferentially
binds to rat erythrocytes and the agglutinin exhibits
maximum activity at pH 7-9 and temperature 0-40°C.
Hemolymph agglutinin was Ca?* dependent and sensitive
to EDTA. The sugar GalNAc and GluNAc, glycoprotein
fetuin and lactoferrin inhibits hemagglutinability. Single
agglutinin was present in the hemolymph of G.
albolineatus.  This study furnished all the information
required for the purification of agglutinin by affinity
chromatography. If purified, it could be added in the
biomedically important lectin repository.
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