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From the serum of juvenile freshwater prawns, we isolated by af®nity chromatography on glutaraldehyde-®xed rat
erythrocytes stroma, immobilized in Sephadex G-25, a sialic acid speci®c lectin of 9.6 kDa per subunit. Comparative
analysis against adult organisms puri®ed lectin, by chromatofocusing, showed that the lectin from juvenile specimens
is composed by four main isoforms with a pl of 4.2, 4.6, 5.1, and 5.6, whereas the lectin from adults is eluted at pH 4.2.
The amino acid composition of the lectin obtained from adult and juvenile stages suggest identity, but the composi-
tions are not identical since a higher content of carbohydrates was found in the lectin from younger organisms. The
freshwater prawn lectin showed speci®city toward N-acetylated amino sugar residues such as GlcNAc, GalNAc, Neu5Ac
and Neu5,9Ac; but in juvenile organisms the lectin showed three times less hemagglutinating activity than the lectin
from adults. Both lectins agglutinated rat, rabbit and chicken erythrocytes, indicating that Neu5,9Ac in speci®c O-
glycosydically linked glycans seems to be relevant for the interaction of M. rosenbergii lectins with their speci®c
cellular receptor. Our results suggest that the physicochemical characteristics of the lectin from the freshwater prawn
are regulated through maturation.
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Introduction

Lectins seem to be ubiquitous proteins in the hemolymph of

several invertebrates. They are apparently synthesized by

hemocytes [1,2] and can, as occurs in many species, bind to

the surface of these cells or circulate in a soluble form in the

hemolymph [1±3]. Due to their speci®city for sugar residues,

in de®ned sequences or in complex glycoconjugates, it has

been assumed that lectins participate as mediators in foreign-

substance recognition and ulterior elimination by hemocytes

with phagocytic activity [2,3]. Some reports indicate that

besides their participation in defense mechanisms, lectins in

invertebrates have relevant roles in nutrition, development,

symbiosis, tissue reorganization, and cell adhesion [1,2].

The occurrence of lectins in a wide variety of organisms

with conserved domains and related functional features

supports their important biological roles [2,4]; in recent

times, considerable attention has been focused on lectins

with capacity to bind speci®cally sialoglycoconjugates

because of their biological relevance and diagnostic value

[5±7]. Sialic acid speci®c lectins have been identi®ed in

Arthropoda, Mollusca and Urochordata among other inverte-

brates [1,2]. In a previous work, we puri®ed and partially

characterized a sialic acid-binding lectin from the hemolymph

of Macrobrachium rosenbergii freshwater prawns [8]. This

lectin, which seems to be synthesized by granular hemocytes

[9], reacts with sialoglycoconjugates and agglutinates some

bacteria through speci®c interaction with N- and O-acetylated

sugar residues present in the bacterial cell wall [10], suggest-

ing its active participation in defense mechanisms of adult

organisms.

The freshwater prawn M. rosenbergii is a crustacean species

of worldwide interest but in contrast to the high farming

capacity of this specie in the adult stage, the survival rate

of larvae is highly variable from facility to facility [11],

suggesting that some defense mechanisms could be modi®ed
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throughout maturation. In this paper we report the isolation

and the chemical characterization of the lectin present in the

hemolymph of juvenile specimens and compare its physico-

chemical and biological properties with the lectin obtained

from adult organisms, our aim being a better understanding of

the biological role and regulation of the activity of these

proteins through maturation.

Materials and methods

Lectin extraction and puri®cation

Freshwater Macrobrachium rosenbergii prawns were obtained

in Jojutla, Morelos, Mexico. Maturation stages were based

upon weight and body characteristics, as suggested by Wickins

and Beard [12]. Freshwater prawns were separated in two main

groups according to their maturation stage adults in intermoult

and postlarvae or juvenile. Hemolymph was extracted from the

pericardial sinus, and the serum obtained after centrifugation

at 16 000� g at 4�C for 30 min was dialyzed against tris-

buffered saline (TBS 50 mM Tris-HCl, 0.15 M NaCl, 3 mM

CaCl2, pH 7.4). The lectin present in the hemolymph of each

animal group, was puri®ed by af®nity chromatography on a

column (1.5� 25 cm) containing glutaraldehyde ®xed rat

erythrocytes stroma entrapped in Sephadex G-25, the

column was equilibrated with TBS at 10 ml=h ¯ow rate,

1.5 ml hemolymph (containing 266 mg protein) was deposed

onto the column. The unretained fraction was eluted with TBS

and the lectin was eluted by addition of 3% acetic acid in water

[13]. Fractions of 1.5 ml were collected, dialyzed with Bis-Tris

buffer (25 mM Bis-Tris, 25 mM iminodiacetic acid, pH 7.2),

before determining the optical density (at A280) of each

fraction and the hemagglutinating activity in the presence of

rat erythrocytes.

Chromatofocusing of MrL

The af®nity-puri®ed lectin (500 mg) from adult and juvenile

organisms was applied into a mono P pre-packed HR column

5=5 mm (Pharmacia, Uppsala, Sweden). The column was

equilibrated with Bis-Tris buffer, at a ¯ow rate of 1 ml=min

with a maximal pressure of 40 bars using an FPLC system

(Pharmacia, Uppsala, Sweden). The lectin isoforms were

eluted from the column with a continuous pH gradient, in a

60-min program, using the Pharmalyte pH 7 to 4 polybuffer

(Pharmacia) [14]. Fractions of 1 ml were collected and the

hemagglutinating activity was determined in the presence of a

2% rat erythrocytes suspension in TBS. For each fraction, the

pH and optical density (at A280) were monitored. Each eluted

peak was dialyzed against distilled water before lyophilization

for further analysis.

Separation of MrL isoforms

The MrL isoforms from juvenile organisms obtained after

chromatofocusing were applied into a mono P prepacked HR

column 5=5 mm, in anionic form, equilibrated previously with

50 mM Bis-Tris buffer, pH 7.5, at a ¯ow rate of 1 ml=min with

a maximal pressure of 40 bars, in a 60 min program using an

FPLC system. The MrL isoforms were eluted from the column

with a 0±1 M NaCl stepwise gradient in Bis-Tris buffer.

Fractions of 1 ml were collected and optical density was

monitored at A280. Each eluted peak was dialyzed against

distilled water before lyophilization for further analysis. The

main fractions separated by ion-exchange chromatography

were dialyzed against Bis-Tris buffer, pH 7.5 and re-chroma-

tofocused on the Mono-P column to con®rm their pI, in the

conditions previously indicated.

Analytical methods

Protein concentration was determined by the method of

Bradford [15] using bovine serum albumin as standard.

Amino acid composition of 100 mg of puri®ed lectin was

determined after hydrolysis for 24 h under vacuum with 2 ml

of 6 N HCl at 110�C in sealed containers, in a Beckman 119-

CL amino acid analyzer [16]. Carbohydrate content and

composition of the lectin, its isoforms, and all glycoproteins

used in this study, was determined with the hepta¯uorobuty-

rate derivatives of O-methyl-glycosides, obtained after hydro-

lysis with 0.5 N methanol-HCl for 24 h at 100�C, by gas-

chromatography with a capillary column (25� 0.32 mm) of

5% Silicone OV 210, (Applied Science Lab, Buffalo, NY), in

a Varian 2100 gas chromatograph (Orsay, France); the carrier

gas was helium at a pressure of 0.6 bar, and the oven

temperature programmed from 100 to 240�C at 2�C per min

[17] L-lysine (Sigma Chem., St Louis, MO) was used as

internal standard. Identi®cation of each sugar residue was

con®rmed by mass spectrometry using the Finnigan Automass

II mass spectrometer, the HFB derivatives of the O-methyl

glucosides of monosaccharides presented relatively high mass:

978 for hexoses, 977 for hexosamines and 1275 for sialic

acid [17].

Polyacrylamide gel electrophoresis

The molecular mass and the homogeneity of the puri®ed lectin

and its isoforms were evaluated in 10% polyacrylamide gel

electrophoresis (PAGE) in the presence of 0.1% sodium

dodecyl sulfate (SDS), using the Laemmli buffer system

[18], gels were stained with 0.1% Coomassie brilliant blue.

Hemagglutinating activity

Human erythrocytes type A, B, and O from healthy donors

were obtained from the Central Blood Bank IMSS, Mexico.

Rat, mice, rabbit, sheep, horse, pig and chicken red cells were

obtained from the animal facilities at Facultad de Medicina

Veterinaria, UNAM, Mexico. The hemagglutinating activity of

the M. rosenbergii puri®ed lectin and its isoforms was assayed

in microtiter U plates (NUNC, Denmark) according to a two-

fold serial dilution procedure [8]. The agglutinating activity
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was tested with 2% erythrocyte suspension in TBS. Hemag-

glutinating activity of each puri®ed lectin isoform is reported

as the speci®c activity, which corresponds to the hemagglu-

tinating units=mg lectin Hemagglutination assays were also

performed in the presence of erythrocytes previously treated

with Vibrium cholerae (Sigma) neuraminidase (0.1 U per

500 ml of packed erythrocytes at 37�C for 30 min).

Preparation of glycans and asialoglycoproteins

Fetuin glycosylpeptides were obtained by Streptomyces

griseus pronase treatment (1 mg of enzyme per 10 mg of

glycoprotein incubated for 48 h at 37�C). The O- and

N-glycosylpeptides were fractionated by gel ®ltration on a

column (1.6� 100 cm) containing Bio-Gel P4 equilibrated

with 0.05 M pyridine acetate, pH 4.5 [19]. Each O- and

N-glycosylpeptide was desalted by ®ltration on a column

(2� 60 cm) containing Bio-Gel P2, equilibrated with 0.5 M

acetic acid in distilled water, lyophilized, and kept at 4�C
until use Glycoproteins and O-glycosylpeptides from fetuin

were desialylated by incubation at 100�C for 1 h in the

presence of 0.02 N sulfuric acid, as described by Spiro and

Bhoyroo [20], and desalted on a Biogel P-2 column

(2� 60 cm) equilibrated with 0.5 M acetic acid. The carbohy-

drate composition of each glycoprotein and glycosylpeptide

was determined by gas-liquid chromatography.

Sugar speci®city

The lectin's sugar speci®city was con®rmed by comparing the

inhibitory activity of various sugars glycoproteins, glycosyl-

peptides and their desialylated derivatives, on the hemaggluti-

nation induced by these lectins against rat erythrocytes as

follows: the lectin was diluted in TBS to four hemagglutinating

units (HAU, titer� 4), 25 ml of this lectin dilution was placed in

microtiter U plates and incubated 1 h at room temperature with

25 ml of different concentrations of sugars, glycoproteins and

glycosylpeptides, then 25 ml of a 2% rat erythrocytes suspen-

sion in TBS was added. Results are expressed as the minimal

concentration required to inhibit four hemagglutinating units

[10]. The molar concentration of glycoproteins and glycopep-

tides was calculated on the basis of their oligosaccharide

content as determined by gas chromatography.

Results

Puri®cation of the lectin from adult and juvenile organisms

The maturation stage of freshwater prawns was determined

based mainly on weight and some morphological character-

istics. The organisms considered juvenile or postlarval were

specimens with an average weight of 2.33� 0.5 g (n� 25),

translucent body and undeveloped chelae. Adults were speci-

mens with an average weight of 13.2� 1.5 g (n� 35), devel-

oped chelae tips, and a hard exoskeleton. From the

hemolymph of juvenile and adult freshwater prawns, we

puri®ed a lectin by af®nity chromatography using glutaralde-

hyde-treated stroma from rat erythrocytes. In both cases, the

lectin was eluted from the af®nity chromatography column by

decreasing the pH of the chromatography medium to 2.8 by

addition of 3% acetic acid. The protein yield in the puri®cation

process indicated that the puri®ed lectin represents 1.4 and

0.7% of the protein content of the hemolymph of juvenile and

adult organisms, respectively.

Chromatofocusing of the lectin from adult and juvenile

organisms

As indicated in Figure 1, the chromatofocusing analysis

revealed that the lectin from adult freshwater prawns is

constituted by a homogeneous group of proteins (termed A-

I), since 90% of the hemagglutinating activity is eluted at pH

4.2 in a single peak (Figure 1a), whereas the elution pro®le of

the lectin puri®ed from juvenile organisms is constituted by

four main isoforms (termed as J-I to IV, Figure 1b). Further

puri®cation of the lectin isoforms from juvenile organisms was

performed by ion exchange chromatography. Figure 2, shows

the puri®cation pro®le for isolectins J-I and J-IV; the elution of

J-II and J-III lectin isoforms was similar to the pro®le observed

with J-IV isoform. The main fractions obtained in such

chromatographic procedure were rechromatofocused on the

Mono-P column, and our results indicated that the isoforms

eluted at pH 5.6, 5.1, 4.6 and 4.2, corresponded to isoforms J-I

to J-IV, respectively. The J-IV isoform, with a pI of 4.2,

contained 51% of the hemagglutinating activity loaded on

the column Isoforms J-II and J-III eluted at pH 5.1 and 4.6,

contained 18 and 20% of the initial hemagglutinating activity,

respectively. The lowest hemagglutinating activity was

observed in the J-I isoform, which contained 11% of the

hemagglutinating activity loaded onto the column. The J-IV

isoform seems to correspond to the AI lectin of adult organ-

isms, since it is eluted at the same pH from the column

(pH 4.2) and showed the highest hemagglutinating activity

(Figure 1a, b).

Chemical characterization

The puri®ed lectin from adult or juvenile organisms, as well

as its puri®ed isoforms, is a homogeneous glycoprotein of

9.6 kDa as determined by SDS-PAGE analysis (Figure 3).

The amino acid composition of both, juvenile and adult

puri®ed lectins suggest identity, but the compositions are

not identical (Table 1). Both lectins are constituted mainly

by glycine, serine, glutamic and aspartic acid residues and,

in minor proportion, by cystein and trytophan residues but

lower amounts of amino acids such as isoleucine, phenyla-

lanine, arginine, and threonine were observed in the lectin

from juvenile organisms than in the lectin from adults

(Table 1). The saccharidic part of both lectins showed

quantitative and qualitative differences, the lectin obtained

from juvenile organisms is more glycosylated than the lectin

from adults, it contained 15% of sugars per weight as

Isolectins in the hemolymph of juvenile freshwater prawns 341



opposed to 11% in adult organisms (Table 2) as determined

by gas-chromatography. As shown in Table 2, juvenile

isolectins contained Gal, Man, and GlcNAc residues and,

in minor proportion, GalNAc; juvenile J-IV isoform also

contained N-acetyl-neuraminic acid. A similar composition

of carbohydrates was observed in the lectin from adult

organisms. These results indicate that proportionally the

adult lectin is more sialylated.

Figure 1. Isolation of the isoforms of the lectin from adult (a) and juvenile (b) Macrobrachium rosenbergii freshwater prawns by
chromatofocusing. Each lectin (500 mg) was applied into a Mono P column in an FPLC system. The protein was eluted using a pH
gradient with a pH 7.2 to 4 polybuffer ( � - � ). Detection of the optical density of each 1.5 ml fraction was at A280 (continuous line).
Hemagglutinating activity was determined in the presence of rat erythrocytes (s-s), results represent the total hemagglutinating units
(HAU) in each collected fraction.
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Hemagglutinating activity and sugar speci®city

The lectin from adult and juvenile organisms as well as its

puri®ed isoforms showed the same speci®city for erythrocytes

and sugar residues. Although the lectin puri®ed from juvenile

organisms showed three times less hemagglutinating activity

than the lectin from adults, both lectins recognized only rat,

rabbit, and chicken erythrocytes, and failed to agglutinate

erythrocytes from other animal species such as human (A, B,

and O), horse, pig, or sheep. Removing sialic acid from

Figure 2. Puri®cation of M. rosenbergii lectin-isoforms from juvenile organisms by ion exchange chromatography on a mono P column
(anionic form) in an FPLC system. The lectin fractions previously obtained by chromatofocusing (500 mg) were applied to the column
equilibrated previously with 25 mM Bis-Tris=iminodiacetic acid buffer, pH 7.2. Isoforms were eluted by a stepwise NaCl gradient (dotted
line). Detection of the optical density of each 1 ml fraction was at A280 (continuous line). Representative experiments for fractions: J-I (a) and
J-IV (b) MrL isoforms is presented (See Figure 1 for nomenclature).
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erythrocytes, by treatment with V. cholerae neuraminidase,

abolished the capacity of both lectins to agglutinate the

erythrocytes from rat, rabbit, and chicken. The hemagglutinat-

ing activity of juvenile and adult lectins was inhibited only by

N-acetylated amino sugars such as Neu5Ac, Neu5,9Ac,

GlcNAc, GalNAc and, in minor proportion, Neu5Gc, a- or

b-methyl glycosides from sialic acid and Neu5Ac (a2,3 and

a2,6) N-acetylactosamine showed an eight- to sixteen-fold

higher capacity to inhibit the hemagglutinating activity of the

lectin obtained in both maturation stages, than the N-acetylated

amino sugars. The amount of N-acetylated amino sugars

required to inhibit the hemagglutinating activity of the juvenile

lectin isoforms J-I to J-III was fourfold higher than the amount

of sugars required to inhibit the hemagglutinating activity of

the isoform J-IV or the adult lectin Sialylated glycoproteins,

such as fetuin, and bovine and ovine submandibular gland

mucin were more powerful inhibitors of adult and juvenile

lectins than simple sugars. Hen ovalbumin, human transferrin,

IgG, a1-glycoprotein acid, desialylated fetuin, and desialylated

ovine and bovine mucins failed to inhibit the hemagglutinating

activity of the lectins (Table 3). Fetuin O-glycosylpeptides

isolated after pronase digestion and gel-®ltration chromatog-

raphy inhibited the hemagglutinating activity of all the fresh-

water lectin isoforms; whereas, N-glycosylpeptides or asialo-

O-glycosylpeptides were not able to inhibit the lectins activity

(Table 3).

Figure 3. SDS-polyacrylamide gel electrophoresis of the lectin
puri®ed from the hemolymph of juvenile and adult Macrobrachium
rosenbergii freshwater prawns by af®nity chromatography
A) Hemolymph (35 mg) and B) puri®ed lectin (5 mg) from adult
organisms, C) puri®ed lectin (5 mg) and D) hemolymph from juve-
nile organisms (35 mg). Molecular weight markers are Phosphor-
ylase b (94 kDa), bovine serum albumin (67 kDa), egg albumin
(45 kDa), carbonic anhydrase (30 kDa), soybean trypsin inhibitor
(20.1 kDa), lactalbumin (14.4 kDa) and bovine insulin chain B
(3.4 kDa).

Table 1. Amino acid composition (Res=Mol�) of the lectin puri-
®ed from juvenile and adult Macrobrachium rosenbergii fresh-
water prawns.

Residue Juvenile Adult

Asx 8.1 7.9
Glx 8.6 8.2
Ser 6.1 6.2
Gly 6.6 6.7
His 2.1 2.2
Arg 2.9 3.3
Thr 3.7 4.2
Ala 5.6 5.7
Pro 3.6 3.7
Tyr 1.2 1.1
Val 4.8 4.8
Met 1.3 1.4
Cys 0.5 0.5
Ile 3.5 4.2
Leu 6.0 6.6
Phe 4.1 4.5
Lys 5.8 6.0
Total 74.5 77.2

�Residues=mol, considering a molecular weight of 9.6 kDa per subunit
and a 15 and 11% sugar per weight content in juvenile and adult lectin,
respectively.

Table 2. Carbohydrate composition (Res=Mol�) of the puri®ed isolectins from Macrobrachium rosenbergii juvenile and adult
freshwater prawns.

Juvenile Adult

Carbohydrate J-I J-II J-III J-IV A-I

Mannose 2.9 2.9 2.4 2.1 1.4
Galactose 2.4 2.7 2.2 2.4 1.3
N-acetyl-D-galactosamine 0.8 0.8 0.8 0.7 0.3
N-acetyl-D-glucosamine 1.5 0.9 0.9 1.1 0.8
N-acetyl-neuraminic acid 0.0 0.0 0.2 0.5 0.9
Sugar content (%)�� 15.2 15.0 14.5 14.5 11.0

�Residues=mol, considering a molecular weight of 9.6 kDa per subunit. The carbohydrate content and composition was determined with the
hepta¯uorobutyrate derivatives of O-methyl-glycosides of each lectin and its isoforms by gas chromatography.
��The reported percentage represents the relation between protein and carbohydrate concentration in the freeze-dried lectin.
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Discussion

In invertebrates, the most likely candidates for recognizing

foreign material, due to their high speci®city for carbohydrates,

are the lectins [1±3,21]. These proteins have been shown to play

important roles also in the innate immunity of mammals [2].

Previous work indicate that the innate immune system of the

freshwater prawn may recognize several bacteria species

through the speci®c interaction of the lectin, present in the

hemolymph, with the acetyl groups of reducing sugars exposed

on the bacterial cell wall [10].

We puri®ed the lectins present in the hemolymph of adult of

juvenile freshwater prawns, and compared their physicochem-

ical characteristics and speci®city for sugars and erythrocytes.

The lectin isolated from adult organisms had stronger hemag-

glutinating activity than the lectin from juvenile organisms;

however, both lectins and their puri®ed isoforms agglutinated

rat, rabbit, and chicken erythrocytes. The hemagglutinating

activity of both types of lectins was inhibited by N-acetylated

amino sugar residues such as Neu5Ac, Neu5,9Ac, GlcNAc,

and GalNAc; a or b-methyl glycosides from sialic acid, but

a2,3- or 2,6-linked sialic acid were better inhibitors than

simple sugars. This result suggests that the anomeric position

of C2 from Neu5Ac acid does not seem to be relevant for M.

rosenbergii lectin recognition. Sialylated glycoproteins, such

as fetuin, and ovine and bovine submandibular mucin, which

contain O-glycosydically, linked glycans [22,23] were more

powerful inhibitors of the hemagglutinating activity of the

lectin on both maturation stages, than monosaccharides. The

speci®city of both lectins for sialylated O-glycosydically

linked glycans, was con®rmed by the fact that the isolated

O-glycosydically linked glycans from fetuin inhibited the

lectins activity [20]. Sialylated N-glycosydically linked

peptides from fetuin, or glycoproteins containing N-glycosy-

dically linked glycans such as hen ovalbumin, human trans-

ferrin, IgG, or a1-glycoprotein acid, lacked capacity to inhibit

the lectins hemagglutinating activity. The relevance of the

sialic acid for the interaction of M. rosenbergii lectin with

these glycoproteins and glycopeptides as well as with cellular

receptors, was con®rmed when we eliminated the sialic acid

from those glycoproteins and found that their inhibitory

capacity was abolished.

While Neu5Ac is the major type of sialic acid found in

human and sheep erythrocytes, and Neu4,5Ac or Neu5Gc is

the most predominant sialic acid derivative present in horse

and pig erythrocytes, respectively [24,25], the erythrocytes

from rat, rabbit and chicken possess great amounts of

Neu5,9Ac, accounting for 25, 29 and 30% of total sialic

acid respectively [23±25]. These data suggest that Neu5,9Ac

linked to speci®c glycan structures, is a receptor determinant

for the M. rosenbergii lectin in both studied maturation stages.

The lectin from adult or juvenile freshwater prawns is a

dimeric glycoprotein of 20 kDa conformed by 9.6 kDa subu-

nits [8,13]. The lectin from juvenile organisms contained four

isoforms with different pI (5.6 to 4.2), in contrast to the lectin

from adults which contained only one isoform at pI 4.2,

Table 3. Effect of sugars and glycoproteins (mM) on the hemagglutinating activity of the lectins from Macrobrachium rosenbergii
juvenile and adult freshwater prawns.

Juvenile isoforms

Compound J-I J-II J-III J-IV Adult

Neu5Gc 200 200 200 200 100
GalNAc 200 200 100 100 50
GlcNAc 200 200 200 100 50
Neu5Ac 50 50 25 25 25
Neu5,9Ac 25 25 25 25 12.5
Neu5Ac a-methylglycoside 25 12.5 7.5 7.5 7.5
Neu5Ac b-methylglycoside 25 12.5 12.5 7.5 7.5
Neu5Ac (a2,3) N-acetylactosamine 25 25 12.5 12.5 12.5
Neu5Ac (a2,6) N-acetylactosamine 25 25 12.5 12.5 12.5
Colominic acid (Neu5Aca2,8)�� 25 25 15 10 10
Fetuin 0.006 0.003 0.003 0.001 0.001
Fetuin O-glycosylpeptides��� 0.1 0.1 0.05 0.05 0.05
Bovine submandibular mucin 0.01 0.01 0.005 0.005 0.005
Ovine submandibular mucin 0.1 0.1 0.05 0.05 0.05

�Minimal concentration needed to inhibit 4 HAU (Titer� 4) of lectin from juvenile (7 mg=ml) and adult (2mg=ml) specimens. Sugars without inhibitory
activity at 200 mM were L- and D-fucose, D-mannose, D-glucose, D-galactose, D-galactosamine, D-glucosamine, D-mannosamine, melezitose,
lactose, and raf®nose. Hen ovalbumin, human transferrin, IgG, a1-glycoprotein acid, desialylated fetuin, ovine and bovine glycoproteins, as well as
fetuin N-glycosylpeptides and asialo-O-glycosylpeptides were not inhibitory at a 10 mM concentration.
��Values are presented in mg=ml since the molecular weight is not known.
���Glycosylpeptides obtained from fetuin after pronase digestion and gel ®ltration. The molar concentration of glycoproteins and glycoslypeptides
was calculated on the basis of their oligosaccharide content as determined by gas chromatography.
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suggesting that the subunits conforming the lectin in juvenile

prawns have different physicochemical properties. The lectins

constituted by subunits at pI 5.6 showed lower hemagglutinat-

ing activity, which explains, in part, why the lectin from

juvenile prawns showed the lower hemagglutinating activity

than the lectin from adults. The lectin puri®ed from either

adults or juvenile organisms showed identical molecular

weight, and similar amino acid composition, however, they

showed quantitative and qualitative differences in their sugar

content and in the amount of Neu5Ac residues, the lectin from

adults is less glycosylated than the juvenile, and showed

higher concentrations of sialic acid. It is not known how this

in¯uence the three-dimensional conformation of the lectin, its

functional properties or its biological role.

Research is in progress to de®ne whether the expression of

each lectin isoform could be the result of allelomorphic forms

of the same protein [26], or if their glycosylation pattern, is

regulated throughout maturation by environmental [27],

neuroendocrine [28], or hormonal factors such as ecdisteroids

[29,30]. It is highly probable that the maturation process which

might modulate the lectin isoforms induces a diminution in the

defense mechanisms and therefore increases the lability of

juvenile organisms to infective diseases.
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