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Abstract
A naturally occurring hemagglutinin (HA) was detected in the plasma of marine mussel P.viridis
using mammalian erythrocytes (RBC) as indicator cells. The plasma gave the highest HA titer
with rat RBC. In cross adsorption test, this RBC type completely adsorbed all HA activities from
plasma. An analysis of the physico-chemical properties of HA showed that it to be Ca2+ dependent,
irreversibly sensitive to EDTA, stable between pH 7.0 to 9.0, temperature 10 to 30 0C and
precipitable by ammonium sulphate. The hemagglutinin - inhibition assays performed with
41carbohydrates revealed that the plasma HA was specific for non-reducing terminal glucose
with 1-2 glycosidic linkages and was also inhibited by laminarin and lipopolysaccharide. The
results indicate this agglutinin to be unique among all the known molluscan agglutinins.
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Introduction
A variety of humoral factors, naturally
occurring and/or formed after antigenic
stimulation, have been detected in the serum
of invertebrates and these include agglutinins
(Tripp, 1992), lysins (Osada et al., 1993), an-
tibacterial (Hubert et al., 1996), phenoloxidase
system (Asokan et al., 1997), LPS binding
protein (Jomori & Natori, 1992) and β 1,3-
glucan binding protein (Duvic &
Söderhäll,1993). Because of the functional
similarity between agglutinins and vertebrate
antibodies and the indications that
agglutinins serve a defensive function
(Renwrantz & Stahmer, 1983), invertebrate
agglutinins have been extensively studied.

The hemolymph of many molluscs contain
soluble factors that react with a variety of
biological substances (Olafsen et al., 1992).

Considerable evidence has been presented
that these substances are important for the
identification of foreign materials by
hemocytes (Renwrantz & Stahmer, 1983), but
in other instances such substances are not
needed for phagocytosis (Anderson & Good,
1976). It has been reported that hemolymph
of the hard clam, Mercenaria mercenaria,
contains a lectin that agglutinates a bacterium
and enhances the phagocytosis of that
bacterium (Arimoto & Tripp, 1977).

Although a number of studies have
demonstrated the presence of humoral
agglutinins in several molluscan species, it
can be noted that the immunological roles of
these agglutinins remain unknown and that
the carbohydrate specificity of plasma
agglutinins from mollusc have been
elucidated only in a few species   (Tripp, 1992).
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This study describes RBC binding activities,
physico-chemical properties and carbo-
hydrate specificity of a naturally occurring
agglutinin in the plasma of the marine mussel
P.viridis.

Materials and methods
Experimental animals and Laboratory
maintenance
P.viridis were collected from the coast of
Royapuram, Chennai, India and maintained
in laboratory using large plastic troughs
containing seawater (30 ‰; 26 ± 2oC) with
continuous aeration. Animals were
acclimated to laboratory conditions for 24 h
prior to use.

Preparation of plasma
Hemolymph (3-7 ml) was collected and
plasma obtained following the method of
Asokan et al. (1997).

Preparation of erythrocyte (RBC)
suspension
Human and other mammalian blood samples
were obtained by venous or cardiac puncture
and collected in sterile Alsever solution
(Garvey et al., 1979) containing 10 μg/ml of
streptomycin. Prior to use, the RBC’s were
washed thrice with 0.9% saline and once with
TBS-II by centrifugation (400 X g, 5 min, RT).
Unless specified, the RBC pellet was finally re-
suspended in TBS-II as 1.5% suspension (v/v).

Enzyme treatment of red blood cells
Trypsin and pronase were dissolved
individually in tris-buffer Saline (TBS: 200
mM NaCl, pH 7.5). Enzyme-treated RBC were
thoroughly washed and suspended in TBS-
II.

Hemagglutination (HA) assay
HA assays were performed in duplicates V-
bottom microtiter plates (Greiner, Nürtingen,
Germany) by serial two-fold dilution of a 25
μl of plasma sample with an equal volume of
TBS-II. After dilution, 25 μl RBC suspension
was added to each well and incubated for 45
min at RT. The HA titers were recorded as the
reciprocal of the highest dilution of the sample
causing complete agglutination of RBC
(Garvey et al., 1979). Controls for all assays
consisted of the substitution of the sample by
TBS-II.

Cross adsorption tests
Plasma samples (each 300 μl) were mixed
with an equal volume of washed human B,
buffalo, horse or rat RBC and incubated for 1 h
at RT with occasional shaking. The suspension
was centrifuged, supernatant collected and
adsorbed for a second and third time under
similar conditions. The plasma adsorbed
thrice was subsequently tested for HA activity
against all the four RBC types mentioned
above.

Cation dependency and EDTA sensitivity
Plasma samples (each 600 μl) were dialysed
(MW exclusion limit < 10,000) extensively
against TBS-I (to test cation dependency) or
TBS-III (to examine EDTA sensitivity) at 15oC.
The samples dialysed against TBS-III were
subsequently re-equilibrated by dialysis
against TBS-I. After centrifugation HA activity
in the supernatant was determined using rat
RBC in the presence of TBS that did or did
not contain 10 mM CaCl2, MgCl2 or MnCl2. A
plasma sample, concurrently dialysed against
TBS-II, was also tested for it’s HA activity
against rat RBC in TBS-II.
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 pH and thermal stability
The stability of HA activity at different pH
was examined by dialyzing (24 h, 4oC) 300 μl
plasma against the following buffers at pH
ranging from 3 to 12 (Lillie, 1954; Pearse,
1968): 0.2 M acetate buffer (pH 3 to 6), 0.2 M
tris-Hcl buffer (pH 7 to 9) and 0.1 M glycine-
NaOH buffer (pH 10 to 12). After dialysis, all
the samples were finally re-equilibrated by
dialysis against TBS-II and the HA titer was
determined using rat RBC. In another
experiment designed to study the thermal
stability of HA, 300 μl plasma samples were
held for 30 min at temperatures ranging from
10 to 100 oC, centrifuged and tested for HA
activity using rat RBC.

Ammonium Sulphate Precipitation
Precipitation of HA activity from plasma was
done using ammonium sulphate (25, 50 or

75%) as described previously (Millar
&Ratcliffe, 1987) and tested using rat RBC.

HA -inhibition assays
Several carbohydrates (mono, di, oligo and
polysaccharides) were tested for their ability
to inhibit plasma HA activity. They were
dissolved in TBS-IV and if necessary, the pH
was adjusted to 7.5 using concentrated NaOH.
Plasma samples were diluted with TBS-IV to
a HA titer of 4 against Rat RBC suspended in
TBS-V. The inhibitor to be tested (25 μl) was
serially diluted two-fold with an equal
volume of diluted sample in microtiter plates
and incubated for 1 h at RT. Rat RBC
suspension (25 μl) was added to each well and
kept for 3 h at RT. The minimal concentration
of carbohydrate that completely inhibited HA
activity was recorded.

Results
Plasma HA profile
The plasma samples from P. viridis
agglutinated all the untreated and enzyme-
treated human and animal erythrocytes
except untreated Ox RBC (Table 1). The
highest agglutinating activity was found
against rat RBC and weekly agglutinated
Human O and goat RBCs.The agglutinating
activity of plasma was enhanced upon
treatment of Ox RBC with trypsin and
pronase.

Cross adsorption tests
Since plasma agglutinated horse, buffalo,
human B and rat RBC at high titers, only these
RBC types were used in cross adsorption tests.
Adsorption of plasma thrice with any one of
these four RBC types was sufficient to
completely remove the HA activity for that
RBC type (Table 2). When the plasma was

HA (titer)* 
RBC types tested 

Plasma Trypsin Pronase 

Rat 64  32 16 

Human B 32  16 8 

Buffalo 32  16 16 

Horse 32  32 32 

Human A 8  16 8 

Rabbit 8  8 16 

Sheep 8  8 8 

Human O 4  8 8 

Goat 2  2 16 

Ox 0  8 4 

  * Based on 20 determinations for each RBC type.

Table 1. Hemagglutinating (HA) activity of plasma
of P. viridis against native, treated with trypsin and
pronase in various mammalian erythrocyte (RBC)
types.
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three cations, decreased significantly from 64
to 16 (Table 3). But the HA titer in these
samples was completely regained only upon
the addition of Ca2+, and neither Mg2+ nor Mn2+

could substitute for Ca2+. The plasma samples
dialysed against TBS containing 50 mM EDTA
(TBS- III) and tested in the absence of cations,
showed a significant reduction in the HA titer.

pH and thermal stability
The HA activity was stable between pH 7.0
and 9.0, reduced at pH below or above this
range and was completely lost at pH 3 and 12
(Figure 1). The activity remained stable
between 10 and 30°C, decreased at higher
temperatures and completely lost at or above
60°C (Figure 2).

* Determination using rat RBC and the results based on 6 determinations.

Table 3. Effect of divalent cations and EDTA on the hemagglutinating activity of plasma of P. viridis.

adsorbed with horse or buffalo RBC, it
continued to agglutinate other RBC types at
reduced HA titers. Plasma adsorbed with rat
RBC completely lost its HA activity against
horse RBC, but it weakly agglutinated buffalo
and human B RBC. On the other hand,
adsorption of plasma with rat RBC resulted
in complete loss of activity against all the
other RBC types tested. Since plasma gave the
highest HA titer with rat RBC and only this
RBC type completely adsorbed all plasma HA
activity this RBC was used as indicator cells.

Cation dependency and EDTA sensitivity
The HA titer of plasma samples, previously
dialysed against divalent cation-free TBS
(TBS-I) and tested in the absence of any of

@ The 60 min adsorption at room temperature.

* Based on 10 determinations for each RBC types.

Table 2. Cross adsorption of serum hemagglutinin of plasma of P.viridis with different types of mammalian
RBC.

HA titer against RBC types tested *    
 Plasma  adsorbed with @ 

Human B Buffalo Horse Rat 
None 32 32 32 64 
Human B 0 2 4 0 
Buffalo 8 0 0 8 
Horse 4 4 0 4 
Rat 0 0 0 0 

 

 
Plasma sample tested Cation (10mM) in sample diluting and RBC suspension HA titer* 

Rat 
1. Before dialysis CaCl2 64 
2. After dialysis against 
divalent cation free TBS 
(TBS-I). 

None 
CaCl2 
MgCl2 
MnCl2 

16 
64 
16 
32 

3. After dialysis against 
TBS+10mM Cacl2 (TBS-II) 

CaCl2 64 

4. After dialysis against 
TBS+ 50mM EDTA (TBS-
V) followed by dialysis 
against TBS-I 

None 
CaCl2 
MgCl2 
MnCl2 

8 
64 
8 

16 
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Precipitation of Ammonium sulphate
The plasma HA activity was precipitated by
50% ammonium sulphate solution and not by
25% or 75% (table 4).

Carbohydrate binding specificity
Of 41 Carbohydrates tested for inhibition, as
many as 28 inhibited the plasma HA activity
of P.viridis against rat RBC (Table 5 & 6). Since
HA activity was inhibited by many different
carbohydrates and their derivatives with
diverse structures, no simple generalizations
were evident concerning the structure of
carbohydrates involved in HA inhibition.
Nevertheless, based on the HA inhibition
profile, most of the carbohydrates tested
could be broadly divided into 4 groups.
Firstly, the simple hexoses, glucose, galactose
and mannose as well as their glycosides

containing methyl or PNP group at α or β
anomeric hydroxyl position were inhibitory.
Secondly, while the amino derivatives of these
simple hexoses.namely GleN, GalN and
ManN also inhibited the HA activity, their N-
acetyl derivatives GlcNA commonly inhibited
whereas GalNAc, ManNAc failed to inhibit.
Thirdly, all the di and glycosides tested,
bearing non-reducing terminal α or β linked
glucose or galactose residues, inhibited the
activity at different molar concentrations.
Finally among polysaccharides only
laminarin and lipopolysaccharide inhibited
the plasma HA activity. Among all the
inhibitory carbohydrates, laminarin was
found to be the most potent.

Discussion
The plasma of marine mussel P. viridis was
found to possess naturally occurring
agglutinating activity which showed highest
reactivity with rat RBC. In cross adsorption
tests performed with four types of
mammalian RBC, only rat RBC adsorbed all
HA activity from plasma thereby indicating
that the HA molecules exhibit relatively
higher affinity for rat RBC. These results
also suggest that RBC types agglutinated by

Ammonium sulphate 
saturation (%) 

HA titer 
rat 

Initial Sample 64 
25% 0 
50% 64 
75% 0 

* Determination using rat RBC and the results based on 6
determinations.

Table 4. Ammonium sulphate precipitation of
hemagglutination activity against rat RBC from the
plasma of P. viridis.

Figure 1. pH stability of hemagglutinating activity
of plasma of P. viridis against rat RBC.

Figure 2. Thermal stability of hemagglutinating
activity of plasma of  P. viridis against rat RBC.
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* The assay was performed three times for each carbohydrate with identical results using samples from different preparations.

NI: No inhibition.

Table 5. Carbohydrates tested for inhibition of plasma hemagglutinating (HA: titer = 4) activity of P. viridis.
If not otherwise stated, the starting concentration of each carbohydrate was 200mM.

Carbohydrates tested Maximum concentration 
tested (mM) 

Minimum inhibitory 
concentration (mM)* 

Monosaccharides   

Simple sugars   

 D‐glucose 200 100 

 D‐galactose 200 50 

 D‐mannose  200 100 

 β‐allose 200 NI 

 L‐sorbose 200 100 

 D‐fructose 200 NI 

 D‐fucose 200 NI 

 L‐fucose 200 NI 

Deoxy sugars   

 2‐deoxy‐D‐glucose 200 100 

 2‐deoxy‐D‐galactose 200 NI 

Acidic sugars   

 D‐glucuronic acid 200 100 

 D‐galacturonic acid 200 NI 

Amino sugars   

 D‐glucosamine (GlcN) 200 50 

 D‐galactosamine (GalN) 200 100 

 Mannosamine (ManN) 200 100 

N‐acetyl sugars   

 N‐acetyl‐D‐glucosamine (GlcNAc) 200 100 

 N‐acetyl‐D‐galactosamine (GalNAc) 200 NI 

 N‐acetyl‐D‐mannosamine (ManNAc) 200 NI 

Glycosides   

 Methyl‐α‐D‐glucopyranoside 200 100 

 Methyl‐β‐D‐glucopyranoside 200 50 

 Methyl‐α‐D‐galactopyranoside 200 100 

 Methyl‐β‐D‐galactopyranoside 100 100 

 Methyl‐α‐D‐mannopyranoside 100 100 

 p‐nitrophenyl‐α‐D‐glucopyranoside 50 25 

 p‐nitrophenyl‐β‐D‐glucopyranoside 100 50 

 p‐nitrophenyl‐α‐D‐galactopyranoside 50 25 

Disaccharides   

 D‐trehalose (glcα1 →1 glc) 200 100 

 D‐maltose (glcα1 → 4 glc) 200 100 

 D‐cellobiose (glcβ1 → 4 glc) 200 100 

 β‐D‐gentiobiose (glcβ1 → 6 glc) 200 50 

 Sucrose (glcα1 → 2 fru) 200 100 

 Palatinose  (glcα1 → 6 fru) 200 100 

 D‐melibiose  (galα1 → 6 glc) 200 50 

 D‐lactose  (galβ1 → 4 glc) 200 50 
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P. viridis plasma probably share a common
surface receptor but with a quantitative
difference in its HA binding sites (Tripp,
1992).

The plasma lost most of its HA activity after
dialysis against cation-free TBS and when
tested in the absence of cations. However, the
activity was completely regained only in the
presence of Ca2+ and the HA titer of plasma
did not change after dialysis against TBS con-
taining Ca2+ indicating that the plasma
agglutinin of P.viridis specifically requires Ca2+

for its HA activity. Furthermore, the activity
was sensitive to EDTA treatment since dialysis
of plasma against TBS containing EDTA
resulted in a significant reduction in the HA
activity. None of the cations tested however
could restore the HA activity in these samples
thereby indicating that the HA of P.viridis is
irreversibly sensitive to EDTA (Tripp,1992)
which is in contrast with other molluscan
agglutinins.

The HA activity was found to be stable
between pH 7.0 and 9.0. Analysis of thermal
stability revealed that the HA activity was
stable between 10 to 30 0C and was completely
precipitated from plasma with ammonium
sulphate (at 50% saturation).

Molluscan plasma agglutinins were shown to
be specific for fucose (Amirante & Basso,
1984), glucose (Umetsu et al., 1991), galactose
(Boldo & Uhlenbruck, 1975) and GalNAc
(Mullainadhan & Renwrantz, 1989) and N-
acetyl-neuraminic acid (Tamplin & Fisher,
1989). In contrast, the plasma HA activity of
P.viridis was not inhibited by GalNAc and
ManNAc tested. But it was inhibited by
simple hexoses namely glucose, galactose,
sarbose and mannose as well as their
glycosides containing methyl or p-
nitrophenyl group at  α  or β anomeric
hydroxyl position. These results show that
neither the free hydroxyl group nor its
substitution with methyl or PNP group at the
C-l position of these hexoses is essential for
interaction with the agglutinin. Similarly, their
amino derivatives (GlcN, GalN and ManN)
also inhibited the HA activity, indicating that
the substitution with amino group at C-2 of
the hexoses does not impede their inhibitory
potency. However, in contrast their N-acetyl
derivatives GlcNAc, but not GalNAc and
ManNac, inhibited the HA activity. All these
observations clearly demonstrate that the
presence of acetyl group at C-2 position of
hexosamines does not favour interaction with
agglutinin whereas this position with a free

* The assay was repeated three times for each polysaccharide with identical results using samples from different preparations.

   NI:  No inhibition.

Table 6. Hemagglutination–inhibition of P. viridis plasma (Hemagglutination titer = 4) by polysaccharides.

Polysaccharides tested 
Maximum concentration tested  

(mg. ml‐1) 
Minimum inhibitory concentration  

(mg. ml‐1)* 
Laminarin 
LPS (lipopolysaccharide) 
Mannan 
Dextran T70 
Dextran T500 
Inulin 
Colominic acid 

1 
1 
1 
1 
1 
2 
3 

0.062 
0.5 
NI 
NI 
NI 
NI 
NI 
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hydroxyl group or its substitution with amino
group is essential for interaction.

Furthermore, the plasma HA activity was also
inhibited by all di-, glycosides and
polysaccharides tested and these
carbohydrates contained non-reducing
terminal glucose or galactose residue with α
or β-anomeric linkages. However, the
carbohydrate specificity became apparent
when minimal inhibitor concentrations were
considered. Among all the inhibitory
carbohydrates, only laminarin most
effectively inhibited the HA activity at a
relatively lower concentration of 0.062
mg.ml-1 indicating that the plasma HA is
specific for laminarin. These results also that
the agglutinin preferentially binds to
laminarin (β-1, 3 glucan) residues. Moreover,
free allose, fructose and fucose were non-
inhibitory. These findings clearly demonstrate
that the combining site of the agglutinin has
preference for non-reducing terminal glucose
with laminarin (β-1, 3 glucan). Supporting, the
inhibitory potency of di-, glycosides and
polysaccharides with repeating units of
glucose and irrespective of the type of their
glycosidic linkages was the same as that of
free glucose, confirming that the nature of
subterminal sugar is not essential for
inhibition (Arimoto & Tripp, 1977).

Thus, this study demonstrates the presence
of an agglutinin specific for laminarin (β-1, 3
glucan) and lipopolysaccharide in the plasma
of the marine mussel P. viridis. This agglutinin
appears to be unique among all known
molluscan agglutinins. Further work needs to
be undertaken into the purification of this
novel agglutinin molecule as a prerequisite

to elucidate the immunological roles of
molluscan agglutinins.

Reference
Anderson RS & Good RA (1976). Opsonic
involvement in phagocytosis by mollusk
hemocytes. Journal of Invertebrate Pathology 27,
57-64.

Amirante GA & Basso V (1984).  Analytical
study of lectins in Squilla mantis L. (Crustacea
stomatopoda) using monoclonal antibodies.
Developmental and Comparative Immunology 8,
721-726.

Arimoto R & Tripp MR (1977).
Characterization of a bacterial agglutinin in
the hemolymph of the hard clam, Mercenaria
mer- cenaria. Journal of Invertebrate Pathology
30, 406-413.

Asokan R, Arumugam M & Mullainadhan P
(1997). Activation of prophenoloxidase in the
plasma and haemocytes of the marine mussel
Perna viridis Linnaeus. Developmental and
Comparative Immunology 21, 1-12.

Boldo BA & Uhlenbruck G (1975). Anti-
galaction activity in Triclacna maxima
(Röding) Hemolymph. Immunology 29, 1161-
1170.

Duvic B & Söderhäll K (1993). β-1,3-glucan-
binding proteins from plasma of the fresh-
water crayfishes Astacus astacus and
Procambarus clarkii. Journal of Crustacean
Biology 13, 403-408.

Garvey JS, Cremer NE & Sussdorf  DH (1979).
Methods in Immunology p. 545, W.A.
Benjamin Inc., Reading, Massachusetts.

Hubert F, Vanderknaap W, Novel T &  Roach
P (1996). Cytotoxic and antibacterial
properties of mytilus galloprovincialis, Ostrea
edulis and Crassostrea gigas (bivalve mollusc)
hemolymph. Aquatic Living Resources 9, 115-
124.



Bull. Eur. Ass. Fish Pathol., 28(2) 2008,  85

Jomori T & Natori S (1992). Function of the
lipopolysaccharide-binding protein of
Periplaneta americana as an opsonin. FEBS
Letters 296, 283-286.

Lillie RD (1954). Histopathologic Technique
and Practical Histochemistry, Blackiston
Company Inc., New York, 501 pp.

Millar DA & Ratcliffe NA (1987). Activity and
preliminary characterization of a
hemagglutinin from the hemichordate
Saccoglossus rubber. Developmental and
Comparative Immunology 11, 309-320.

Mullainadhan P & Renwrantz L (1989).
Comparative analysis of agglutinins from
hemolymph and albumin gland of Helix
pomatia. Journal of Comparative Physiology. B,
Biochemical, Systemic, and Environmental
Physiology 159B, 443-452.

Olafsen JA, Fletcher TC & Grant PT (1992).
Agglutinin activity in Pacific oyster
(Crassostrea gigas) hemolymph following in
vivo Vibrio anguillarum challenge.
Developmental and Comparative Immunology 16,
123-138.

Osada M, Ito T, Matsutani T & Mori K (1993).
Partial purification and characterization of
hemolysis from the coelomic fluid of
Strongylocentrotus nudus. Comparative
Biochemistry and Physiology. B: Comparative
Biochemistry 105B, 43-49.

Pearse AGE (1968). Histochemistry:
Theoretical and Applied, Vol. I, Churchill
Livingston, London, 759 pp.

Renwrantz L & Stahmer A (1983). Opsonizing
properties of an isolated hemolymph
agglutinin and demonstration of lectin-like
recognition molecules at the surface of
hemocytes from Mytilus edulis. Journal of
Comparative Physiology. B, Biochemical,
Systemic, and Environmental Physiology 149B,
535-546.

Tamplin ML & Fisher WS (1989). Occurrence
and characteristics agglutination of Vibrio
Cholerae by serum from the eastern oyster,
Crassostrea virginica. Applied and Environ-
mental Microbiology  55, 2882-2887.

Tripp MR (1992). Agglutinins in the
hemolymph of the hard clam, Mercenaria
mercinaria. Journal of Invertebrate Pathology  59,
228-234.

Umetsu K, Yamashita K & Suzuki T (1991).
Purification and carbohydrate-binding
specificities of a blood type B binding lectin
from hemolymph of a crab (Charybdis
japonica). Journal of Biochemistry 109, 718-721.


