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ABSTRACT

In some invertebrate marine animals, lectin or agglutinin possesses defense properties
against other marine animals-We examined the lectins toward hemagglutinating activity of
human and animal erythrocytes, sugar-binding specificities, and effect of heat and divalent
cations requirement to elucidate the biochemical properties of the sponge lectins. The
preliminary ‘screening for the hemagglutinating activity in 48 marine sponges was carried out
by extraction of the fresh sponges using 0.85% NaCl. It was found that the protein extracts
from nine sponges’ species gave more high agglutinating activity against trypsin or papain-
treated human erythrocytes more than normal erythrocytes. However, the protein extracts
obtained from three species of sponges, ie., Chondrilla australiensis, Hyrtios erecta, and
Callyspongia (Euplacella) joubini, contained high activity of hemagglutinin specific to normal
human A erythrocytes with titers approximately at 12,049, 1965, and 1932/mg protein,
respectively.

Results of sugar-binding specificities assays performed with several carbohydrates and
olycoproteins showed that the lectins from C. australiensis, H. erecta, and C. (Euplacella)
joubini were specifically bound to glycoprotein, porcine stomach mucin, and fetuin more than
mono- or oligosaccharide. The hemagglutinating activity of lectin derived from C. australiensis,
-nd H. erecta was stabilized at 25-50°C and of C. (Euplacella) joubini was stabilized at 25-
35°C. The activity of Jectin from H. erecta could be enhanced by magnesium 10M.
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INTRODUCTION

Lectins are antibody-like molecules and have
multivalent by bearing at least two sugar-binding
sites but have no enzymatic activity (Goldstein et al.
1980; Kocourek and Horejsi, 1981). The most
commonly method for detecting the presence of
lectin extract solution is an agglutination of
mammalian or animal erythrocytes with untreated
or enzyme-treated erythrocytes. The modification of
lectins using enzymes glycohydrolases, glycol-
oxidases, and the use of trypsin, papain or
neuraminidase to uncover hindered residues, have
constituted useful methods for preliminary
information on the carbohydrate specificity of the
lectins (Vasta and Ahmed, 1995). Lectins have been
isolated and characterized in various marine
invertebrates, including tunicates (Nair et al., 2000),
soft coral (Goto et al., 1992), crustaceans
(Ravindranath et al, 1985; Vazquez et al., 1993),
echinoderms (Giga et al; 1987, Matsui et al, 1994)
and clams (Tunkijjanukij and Olafsen, 1998). Lectins
have been found in' the hemolymph and tissue
extracts of marine invertebrate.

Due to the fact that lectins have the ability to
bind to carbohydrate and promote the agglutination
of 'different cells, such as bacteria and other
invading pathogens, it is reasonable to assume that
these molecules may be regarded as having a
potential role in invertebrate non-self-recognition

reactions (Marques' and Barracco, 2000). There are
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increasing data suggesting the involvement of
invertebrate lectins in processes of differentiation
and development of organisms as well as in
elimination of foreign substances through binding to
their carbohydrate on the cell surface, cell-to-cell or
cell-to-matrix interaction (Arason, 1996).

Marine sponges represent a rich source of
lectins. In searching for agglutinins in marine
invertebrates collected near Fiji, the agglutinin was
found from the sponge Dysidea herbacea (Kamiya
et al, 1985). A lectin inthe sponge Phyllospongia
foliascens and Halichondria panicea was
subsequently ‘isolated and characterized (Kamiya et
al., 1986, Kamiya et al, 1990). We have screened
nine  marine_sponges for lectin using a variety of
different animals and human erythrocytes and some
properties of these lectins in this study:.

MATERIALS AND METHODS

Extraction of the sponges
sponges were collected by scuba diving team
at Lan Island and Srichang Island as shown in Table

1. One gram of fresh samples was homogenized in
10 ml] 'of 0.85% NaCl using mortar. The extracts
were subsequently centrifuged at 3,000 rpm for 15
min. The supernatant was frozen and kept at -20 °C
until use. The identification of sponge specimen was
kindly performed by Dr. Sumaitt Putchakarn,
Institute of Marine Science, Burapha University,
Chonburi, Thailand.

Table 1. A list of sponges species that were collected and used in this study.

Field code Order . | Famﬂy o8 | 3 | Specles o

LSAB-02 Haplosclerida Callyspongiidae Callyspongia (Euplacella) joubini
LSAB-03 Verongida Aplysinellidae Suberea praetensa

LANT-04 Halisarca Halisarcidae Halisarca ectofibrosa

LANT-05 Hadromerida Clionaidae Spheciospongia congenera
LKRK-19 Hadromerida Clionaidae Spheciospongia congenera
LANY-03 Hadromerida Spirastrellidae Spirastrella solida

LNOL-07 Dictyoceratida Thorectidae Hyrtios erecta

LKRK-14 Chondrosida Chondrillidae Chondrilla australiensis

SICA-04 Chondrosida Chondrillidae Chondrilla australiensis
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Hemagglutination assay

The hemagglutination (HA) assays were
performed in U-bottomed micro-titer plate. A serial
two-fold dilutions of a 50 pl of sponge extract
samples were made with an equal volume of 0.15 M
NaCl or 0.05 M Tris-HCl, 0.15 M NaCl pH 7.6 (TBS).
A 50 pl of 2% human erythrocytes groups A, B, AB,
and O obtained from Burapha Hospital and animal
erythrocytes from Mah idol University was added to
each well and incubated for 1 h at 25 "C. The
hemagglutinating titers were recorded as the
reciprocal of the highest dilution of the sample
causing complete agglutination of erythrocytes. The
control for all assays consisted of the substitution
of the sample by buffer. Each experiment was

performed in triplicate. Enzyme treated human A
erythrocytes were prepared by incubating 27
erythrocytes suspension with 0.2% trypsin or papain
in TBS at 37 °C for 1 h. After washing four times, a
2% erythrocytes suspension was prepared in TBS.
The results were expressed by the titer value, which

is the maximum dilution for positive agglutination.

Protein determination

Protein concentrations of the sponge extracts
were determined by the Bio-Rad protein assay
according to Bradford method (Bradford, 1976) with

bovine serum albumin (BSA) as a standard.

Inhibition of hemagglutination by sugars
[nhibition tests by sugars and glycoproteins
were conducted using the dialytic sponge extracts
against TBS showing a titer of 1:8. The samples (50
ul) were allowed to react with various concentrations
of inhibitors (50ul) for 1 h. Fifty pl of 2% human
erythrocytes group A suspension was then added to
the mixture and the agglutination was measured
after standing for 1 h at room temperature. The results
were expressed by the minimum concentration of the
inhibitors that completely inhibit the hemagglutination.
The following sugars (200 mM or 83 mM) and
olycoprotein (04167 mg/ml) were used: D-fructose,
D-ribose, D-xylose, L-arabinose, D-galactose, D-glucose,
D-mannose, D-rhamnose, L-fucose, D-sorbital, D-
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galactosamine, D-glucosamine, N-acetyl-D- glucosamine,
N-acetyl-D-galactosamine, N-acetylneuraminic acid,
a methyl-D-mannopyranoside, cellobiose, lactose,
maltose, melibiose, sucrose, raffinose, porcine stomach
mucin Type II (PSM) and fetuin from fetal calt serum.

Divalent cat ion dependency

To examine the divalent cation requirement
of lectin from sponge extracts, the samples were
dialyzed against 0.01 M EDTA in 0.1 M Tris-HCI
buffer pH 7.6 for 48 h.'After that, the samples were
dialyzed against 0.15 M NaCl for 24 h to remove
EDTA. The samples were tested for hemagglutinating
dctivity against human A erythrocytes in the presence
of 10 mM CaCl,, MgCl, or MnCl, in 0.05M TBS (Goto
et al.,, 1992).

Temperature stability
Heat stability was/ examined by incubating
the sponge extracts at 4, 25, 35, 40, 60, 70, 80 or 100

°C tor 30 min.
remaining agglutinating activity against 2% human

After cooling in an icebox, the

erythrocytes suspension was examined as previously

described.

RESULTS
The marine sponges were collected from

Chonburi province during 2005-2006 for elucidating
the biochemical properties of the sponge lectins. We
examined the lectins toward hemagglutinating
activity of human and animal erythrocytes. The
results are shown in Tables 2 and 3. The sponge
extracts of nine species from Lan Island and Sichang
[sland agglutinated normal human erythrocytes with

the reciprocal titers ranging from 8-2,048, while the
enzyme treated erythrocytes gave more high
hemagglutinating activity than native erythrocytes.
Moreover, the lectin from Callyspongia (Euplacella)

joubini, Chondrilla australiensis and Hyrtios erecta

agglutinated horse erythrocyte with reciprocal titers
at 4,096, 8 and 256, respectively. Comparison of the
lectin titer per protein values among the sponge
extracts showed C. australiensis extract contained
the highest lectin, as shown in Table 4.
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Table 2. Hemagglutination activity of protein extracts from some marine sponges against human erythrocytes.

Hemagglutinating activity (titer)

C. (Euplacella) joubini 8 128 256 8 256 1024 128 256 2048 16 512 4096

C. australiensis (LKRK-14) 32 128 512 64 912 512 512 1,024 2408 64 128 4096

C. australiensis (SICA-04) 256 32 256 32 32 64 16 32 64 8 32 64

H. ectofibrosa 512 13,1072 16384 512 262,144 524288 16 128 024 . 32 1,024 4,096

H. erecta 8 128 2,048 512 16384 4,096 64 512 4096 2048 32,768 66,536

S. congenera (LANT-05) 64 128 128 64 2048 32768 16 128 512 16 256 1,024

5. congenera (LKRK-19) 1,024 1024 4096 256 4096 32768 ) 1024 1024 1024 1,024 64 4,096

S. solida 16 32 64 32 206 256 64 256 64 32 256 256
S. practensa 2128 %6 R 3N R 128 2048 32 128, B |

N =normal; T = trypsin treated erythrocytes; P = papain treated erythrocytes

Table 3. Hemagglutination activity of protein extracts from some marine sponges against animal erythrocytes,

Hemagglutinating activity (titer)

Rat Mouse Guinea Rabbit Dog Sheep Pig  Horse Chicken Goose
C. (Euplacella) joubini 0 0 2 16 8 0 32 4096 0 2

C. australiensis (SICA 04) 1 [ 8 8 8 16 16 0 0 & Q ]

Table 4. Hemgglutinating specific activity of some sponges.

Hemagglutinating activity

Reciprocal titer Reciprocal titer (mg/ml) (mg/ml)

C. (Euplacella) joubini 8 160 0.0828 1932
C. australiensis (SICA 04) 256 5.120 04249 12,049
H. erecta 64 1.280 06511 1.965
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The sugar-binding specificities and divalent
cations requirement are summarized in Tables 5 and
6. Determination of sugar specificity of the sponge
lectins showed that lectins from C. australiensis
highly specifically bound a-lactose but H. erecta
and C. (Euplacella) joubini bound PSM and fetuin
more than mono- or oligosaccharide. The divalent
cations requirement was observed in hemagglutinating
activity after the addition of 10 mM of CaCl,, MgCl,
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and MnCl, to the lectin preparation. The result
showed that the lectin from H. erecta gave higher
activity than the control in the present of MgCl,. The
hemagglutinating activity of the serum showed
resistance in some degrees to heating. Heating at 80
°C was required to completely destroy  the activity
of the extracts from C. (Euplacella) joubini and H.

erecta (Table 7).

Table 5. Sugar-binding specificities of marine sponge lectins.

Minimum inhibitory concentration (mM)

C. australiensis H. erecta C. (Euplacella) joubini

Sugar
12 M L-Arabinose ) 200 0
1.2 M D-Mannose i 0 100
1.2 M L-Fucose 100 100 0
1.2 M D-Galactosamine 0 5() 0
1.2 M D-Glucosamine 200 H 0
12 M O-Methyl-D-mannopyranoside 100 0 (0
0.5 M OL-Lactose 2.6 (0 0
12 M D-Maltose () 100 0
1.2 M D-Melibiose 200 50 0
Glycoprotein (mg/ml)
0.25% PSM (Mucin type 11
from porcine stomach) 254 x10° 1.02 x10* 407 x10°
0.25% Fetuin (from fetal
calf serum) 8.14x10* 0.2083 8.14 x10*
Table 6. Effects of divalent cation on hemagglutinating activity.

""" Control MnCl, CaCl, MgCl,
C. (Euplacella) joubint 64 64 64 64
C. australiensis (SICA 04) 256 256 256 256

T ems e e TIDTITD TR e e

e dwae BAR DRI DI TR e e e LTI et T L P LRI L PR T e e e L

..............................
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Table 7. Effects of temperature on hemagglutination.

Sponges
25 35 50
C. (Euplacella) joubini 256 256 8
C. australiensis (SICA 04) 256 512 256
H. erecta 64 64 64
DISCUSSION

Lectins or hemagglutinins are a class of
proteins which form complexes with carbohydrates
or substances containing carbohydrates. Some have
found wide application as tools for the characterization

and isolation of material possessing carbohydrate
moieties on cell membranes and cell surfaces.
sponges have been excellent sources for marine
bioactive products focusing mainly on small
molecular compounds representing a chemical
structures and pharmacological properties. Macro-
molecules, proteins and polypeptide have received
little attention. To date, studies on bioactive proteins
deal mainly with hemagglutinins \and" aggregation
factors. Aqueous extracts of 48 sponge species from
the Red Sea, the Australian Barrier Reef and Florida
Keys were screened for hemagglutinating, hemolytic,
ichthyologic and lethal activities. Forty two per cent
of the sponge species exhibited agglutinating
properties-to human erythrocytes of ABO groups
(Mebs et al, 1985). On the screening for lectins in
some sponges from Chonburi province, our results
showed that the protein extracts from 33 out of 48
sponge species agglutinated human, animal, and
trypsin or papain-treated human erythrocytes group
A at the reciprocal titer of 8 to 16,384 (Watanachote
et al., 2007). Results suggested that a variety of
different human, animal, and enzyme-treated
erythrocytes could be used to detect marine sponge
lectins. However, none of them reacted specifically
against erythrocytes of special blood groups. Similarly,
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Temperature ("C)

60 70 80 90 100
Z 2 ( i 0
128 128 4 2 ()

a lectin from the Adriatic sponge, Haliclona cratera,
which can agglutinate native and trypsinized,
papainized, and neuraminidase-treated human
erythrocyte groups A, B, AB, and O, and sheep
erythrocytes, but the hemagglutinating activity is
independent of Ca”, Mn®" and Mg* ions (Pajic et al.
2002). A lectin from marine sponge, H. panacea,
could agglutinate sheep erythrocytes at the lower
limit  of (sensitivity at 0.025 pg of lectin protein per
ml and the lectin was independent of the presence
of divalent cations (Miiller et al, 1981). On the
contrary, the lectin from C. australiensis, H. erecta,
and C. (Euplacella) joubini were specifically bound
to glycoprotein (PSM) more than mono- or
oligosaccharide similarly to the lectin from
Crenomytilus grayanus (Belogortseva et al, 1998).

Several lectins that were found in lower eukaryotic,
multi-cellular animals, ie., soft coral Lobophytum
variatum, and Sinularia species were Ca' -independent
(Goto et al., 1992; Goto-Nance et al., 1996). The
lectins from S. lochmodes (9.1 mg protein/ml)
agglutinated rabbit erythrocytes (titer of 8,192) and
horse erythrocytes (titer of 512). The agglutinating
activity was not changed after the addition of 10
mM of CaCl,, MgCl, or MnCl, to the lectin preparation
(Jimbo et al., 2000).

Animal lectins are a heterogeneous class of
molecules, which exhibit a high structural diversity.
The binding of invertebrate lectins to their carbohydrate
moieties may require the presence of calcium (C-
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type lectins) or other divalent cations such as some
lectin from Penaeid shrimp (Watanachote and
Tunkijjanukit, 2006) or crab Scylla serrata (Kongtawelert,
1998).
have evolved differently in the different animal

However, the functions of these proteins

including adhesion between animal cells within a
single organism, targeting of bacterial toxins to
animal cells and immune recognition of bacteria and
fungi by animals (Dodd and Drickamer, 2001).
Because of the growing number of applications in
the biochemistry and cell biology, the isolation and
characterization of a new lectin requires a detailed

study of its carbohydrate binding specificity.
However, the lectin in marine sponges 1s not as
widespread as in other marine organisms (mollusks
and crustaceans) or in plants (Miarons and Fresno,
2000). Miiller et al. (2004) concluded that the Suberites
domuncula lectin (Suberites lectin, tachylectin) acted
as an antimicrobial molecule involved in” immune
defense against bacterial invaders. It is recommended
that we should characterize and investigate the role
of purified lectin from C. australiensis, H. erecta, and

C. (Euplacella) joubini with antimicrobial activity.

ACKNOWLEDGEMENT

This research was supported by the National
Research Council of Thailand through Burapha
University.

Biological properties of lectins in marine sponges. 105

REFERENCES

Arason, G. ]. 1996. Lectins as defence molecules in
vertebrates and invertebrates. Fish and
Shellfish Immunology 6:277-289.

Belogortseva, N. I, Molchanova, V. I, Kurika, A. V.

Skobun. A. S.. Glazkova, V. E. 1998. Isolation
and characterization of new GalNAc/Gal-

specific lectin from Cthe sea mussel
Crenomytilus grayanus. Comparative
Biochemistry and Physiology 119C:45-50.

Bradford, M. 1976. A rapid and sentitive method for
the~quantitation of protein utilizing the
principles of protein dye binding. Analytical
Biochemistry 72: 248-254.

Dodd, R. B. and Drickamer, K. 2001. Lectin-like

proteins in model organisms: implications for

evolution of carbohydrate-binding activity.
Glycobiology 11.71R-79K.

Giga,Y., lkai, A. and Takahashi, K . 1987. The
complete amino acid sequence of echinodin, a
lectin' from coelomic fluid of the sea urchin
Anthocidaris crassispina homologies with
mammalian and insect lectin. The Journal of
Biological Chemistry 262:6197-6203.

Goldstein, L ], Hughes, R. C,, Momsigny, M., Osawa,
T. and Sharon, N. 1980. What should be
called a lectin. Nature 285:66.

Goto, R., Muramoto, K, Yamazaki, M. and Kamuiya,
H. 1992. Purification and characterization of
an agglutination of the soft coral Sinularia
species. Developmental and Comparative
Immunology 169-17.

Goto-Nance, R., Muramoto, K., Zenpo, Y. and

1996. Purification and

characterization of the lectins of the soft coral

Kamiya, H.

Lobophytum variatum. Fisheries Science
62:297-301.

Jimbo, M., Yanohara, T., Koike, K., Koike, K., Sakai,
R., Muramoto, K. and Kamiya, H. 2000. The
D-galactose-binding lectin of the octocoral
Sinularia lochmodes: characterization and
possible relationship to the symbiotic
dinoflagellates. Comparative Biochemistry



106 watanachote et al.

and Physiology 125B:227-236.

Kocourek, J. and Horejsi, V. 1981. Defining a lectin.
Nature 290:188.

Kamiya, H., Muramoto, K., Hoshino, T. and Ra;,
U. 1985. Isolation and characterization of
hemagglutinins from the sponge Dysidea
herbacea. Experientia 41:1201-1202.

Kamiya, H., Muramoto, K., Hoshino, T. Yamazaki,
M. and Raj, U. 1986. A hemagglutinin in
sponge Phyllospongia foliascens: Isolation
and Characterization. Bulletin of the Japanese
Society of Scientific Fisheries 52:2205.

Kamiya, H., Muramoto, K., and Goto, R. 1990.
Purification and characterization of a lectin
from a marine sponge Halichondria panicea.
Nippon Suisan Gakkaishi 57:1159.

Kongtawelert, P. 1998. Isolation and characterization
of lectin from Thai marine crab (Scylla
serrata) with binding  specificity to
sialoglycoconjugates ‘and its application.
Molecular Marine Biology and Biotechnology
7:280-286.

Marques, M. R"-F. and ‘Barracco, M. A. 2000. Lectins,
as non-self-recognition factors, in crustaceans.
Aguaculture 191:23-44.

Matsui, T., Ozeki, M., Suzuki, M., Hino, 'A.”and
T'itani, K. 1994.
characterization of two Ca’’-dependent lectins

Purification. and
from coelomic plasma of sea cucumber,
Stichopus japonicus. The Journal of Biochemistry
116:1127-1133.

Mebs, D., Weiler, . and Heinke, H. F. 1985. Bioactive
proteins from marine sponges: screening of
sponge extracts for hemagglutinating,
hemolytic, ichthyotoxic and lethal properties
and isolation and characterization of
hemagglutinins. Toxicon 23:955-962.

Miarons, P. B. and Fresno, M. 2000. Lectin from
tropical sponges: Purification and characterization
of lectins from genus Aplysina. The Journal of
Biological Chemistry 275: 29283-29289.

Miiller, W. E. G., Schroder, H. C.,, Wiens, M., Perovic-
Ottstadt, S., Batel, R. and Miller, I. M. 2004.

Journal of Science, Technology, and Humanities

Iraditional and Modern biomedical
prospecting: Part II - the benefits. Approaches
tor a sustainable exploitation of biodiversity
(secondary metabolites and biomaterials from
sponges). Evidenced-based Complementary
and Alternative Medicine 1: 133-144.

Miller, W. E. G, Zahn, R. K., Kurelec, B., Lucu, C,
Miiller, I. and Uhlenbruck, G. 1981. Lectin, a
possible basis for symbiosis between bacteria
and sponges. Journal of Bacteriology
145:548-558.

Nair, 5. V, Pearce, 5, Green, P. L., Mahajan, D,
Newton, R. "A. and Raftos D. A. 2000. A
collectin-like  protein from tunicates.
Comparative Biochemistry and Physiology
125B:279-289.

Pajic, 1, Zoran, K, Nikola, D., Dusan, S.; Zorica, J.
and Miroslav, J.G. 2002. A novel lectin from
the sponge Haliclona cratera: isolation,
characterization and biological activity.
Comparative Biochemistry and Physiology
132C:213-221.

Ravindranath, M. 'H., Higa, H. H., Cooper, E. L. and
Paulson, J. C. 1985. Purification and
characterization of an O-acetylsialic acid-
specific lectin from a marine crab Cancer
antennarius. The Journal of Biological
Chemistry 260:8850-8856.

Tunkijjjanukij, S. and Olafsen, J. A. 1998. Sialic acid-
binding lectin with antibacterial activity from
horse mussel: further characterization and
immunolocalization. Developmental and
Comparative Immunology 22 (2):139-150.

Vasta, G. R. and Ahmed, H. 1995. Lectins from
aquatic invertebrates: Strategies and methods
for their detection, isolation and biochemical
characterization. pp. 241-258. In Stolen, J. S,
Fletcher, T. C., Smith, S. A, Zelikoff, J. T,
Kaattari, 5. L., Anderson, R. S, Soderhall, K.
and Weeks-Perkins, B. A. (eds.). Techm’qué’s
in Fish Immunology: Fish Immunology
Technical Communications 4. SOS Publications.

USA.



Vol. 6, No. 2, 2008 Biological properties of lectins in marine sponges. 107

Vazquez, L., Masso, F., Rosas, P., Montano, L.I. and
Zenteno, E. 1993. Purification and characterization
of a lectin from Macrobrachium rosenbergii
(crustacea, decapoda) hemolymph. Comparative
Biochemistry and Physiology 105B: 617-623.

Watanachote, J., Dechsakulwatana, C. Rittirut, N.
and Tunkijjanukit, S. 2007. A study of
antimicrobial proteins of marine bacterial
isolate from some sponges. Report. Burapha
University, Chonburi, Thailand (in Thai).

Watanachote, J. and Tunkijjanukij, 5. 2006.
Biochemical properties of lectin from
hemolymph of banana prawn (Penaeus
merguiensis). In the Proceedings of 44"
Kasetsart University Annual Conference.
Subject: Fisheries. January 30-February 2.
2006. Kasetsart University. Bangkok,
Thailand, pp. 125-134(in Thai).



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

