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Lectins, algal in particular, have immense potential for biomedical applications such as anti-HIV, antitumoral,
antimicrobial, anti-inflammatory and antinociceptive activities. In this context, there is a growing interest among researchers
on agglutinins from green algae. Here, we have made an attempt to catalogue lectins from various unexplored green algae
species. Chlorophyceae members (Chlorella vulgaris, Chlorococcum infusiformis, Desmodesmus dimorphus, D. subspicatus
and Scenedesmus quadricauda) were screened for lectin activity using human, pig, sheep, goat and rabbit erythrocytes.
All of them showed surface bound lectin activity with highest agglutination titre towards human blood type B erythrocytes
and rabbit erythrocytes. Neuraminidase and protease treatment to human blood type B erythrocytes considerably enhanced
the agglutination titre of lectins from S. quadricauda, C. vulgaris and D. subspicatus. However, protease treatment of
erythrocytes showed no effect on C. infusiformis lectin activity, and decreased the lectin activity of D. dimorphus. Lectins of
members of chlorophyceae have shown unique glycoprotein binding specificities as their lectin activity was specifically
inhibited by glycoproteins exhibiting complex O-glycans, such as bovine submaxillary mucin, porcine stomach mucin and
fetuin. All the algal cultures expressed maximum lectin activity during stationary phase of growth except S. quadricauda
which expressed maximum lectin activity during mid-log to stationary phase of cultivation. Possibly, it is a new report on
cell surface bound lectins from unexplored members of chlorophyceae for lectin activity.
Keywords: Agglutination, Carbohydrate specificity, Chlorella vulgaris, Chlorococcum infusiformis, Chlorophyceae,
Desmodesmus dimorphus, Desmodesmus subspicatus, Lectin, Scenedesmus quadricauda

Lectins are heterogeneous group of proteins or
glycoproteins of non-immune origin which interact
specifically and reversibly with carbohydrates through
non-covalent linkages1. Lectins have property to
identify glycans attached on cell surface in highly
stereo-specific and non-catalytic manner through their
carbohydrate binding sites2. They recognize multiple
carbohydrate structures with varied specificities and
affinities, and are thus valuable tools in decoding the
information of cellular glycans on glycoproteins and
glycolipids3. Lectins are endowed with the ability to
agglutinate erythrocytes as they bind to carbohydrate
moieties on erythrocyte surface without altering its
properties. They can agglutinate erythrocytes either
of particular blood group or all human blood groups
thus termed as specific or non-specific lectins,
respectively4. Thus, lectin activity can be determined
conveniently with a panel of human and animal
—————
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erythrocytes. The lectin induced agglutination of cell
helps distinguish different types of cells and have
potential role in blood typing assays. Thus, due to
their exceptional glycan recognition property and
ability to agglutinate cells through sugar specific
binding sites, lectins are implicated in many cellular
and molecular recognition processes. Over the years,
lectins have been utilized to analyze glycosides as
biomarker for cancer5, as antimicrobial agents6 and as
diagnostic and therapeutic agents in biomedical
fields7. Lectins from various sources manifest
diverse roles and activities including host defence
strategies8-10 and as potential mitogenic agents11.
Thus, depending upon their properties, lectins are
useful tools in wide arenas of biochemical and clinical
research areas pertaining to their specific binding
interactions.
Lectins are initially reported from plants, but
over the years lectins have been isolated from
invertebrates, lower vertebrates, mammalian cell
membrane12, mushrooms13, microfungi14, yeasts15 and
algae16. Algal lectins are monomeric, low molecular
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weight proteins, exhibiting high content of acidic
amino acids with isoelectric point in the range of 4-6,
do not require metal ions for their biological activities
and most of them show specificity for glycoproteins
than monosaccharides17. Algal lectins have immense
potential and are a subject of intense research
owing to wide number of biomedical applications
such as anti-HIV, antitumoral, antimicrobial, antiinflammatory and antinociceptive activities16,18.
Amongst algae, lectins have been widely reported
from red algae18 however, only few studies have been
reported on blue-green algae agglutinins19,20.
Numerous lectins have been reported from green
algae and have potential as anti-microbial agents21,
anti-inflammatory agents22 and as anti-cancer agents23.
A novel lectin (HRL40) has been recently isolated
from Halimeda renschii exhibiting potent antiinﬂuenza virus activity24. In lieu of increasing
applications of lectins in biological research, there has
been immense interest of researchers in isolating new
lectins. Thus, owing to growing interest in agglutinins
from green algae, an attempt was made to catalogue
lectins from various unexplored green algae species.
Green algae species were screened for determination
of lectin activity using native and enzyme treated
human and animal erythrocytes. Carbohydrate
specificity and effect of culture age on activity of
lectin positive green algae species was also
determined.
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daily. Green algae cultures were harvested during 20th
day of cultivation for determination of lectin activity.
Determinaton of lectin activity of green algae cultures

Green algae cultures were separated from broth by
centrifugation (3000 ×g, 20 min, 4°C). Supernatant
obtained was separated and assayed for the
determination of extracellular lectin activity.
Centrifuged algae cell pellet was washed initially with
distilled water and then with 0.1 M phosphate
buffered saline (pH 7.2). Cell pellet obtained was
re-suspended in PBS (0.1 M, pH 7.2) in the ratio 1:1
(v/v) and assayed for the determination of surface
bound lectin activity.
Preparation of erythrocyte suspension

Materials and Methods

Fresh blood samples were drawn from human
volunteers and animals in Alsever’s solution (in ratio
1:3) containing (%): sodium chloride: 0.42, sodium
citrate: 0.8 and glucose: 2.05, with pH 6.1 and stored
at 4°C for use within 4-5 days. Human blood samples
(A, B, AB and O erythrocytes) were withdrawn from
antecubital vein of the volunteers (male, 20-25 years).
Sheep, goat and pig blood was collected after their
decapitation in a local butchery of Patiala and rabbit
blood was collected from marginal vein on lateral side
of ear pinna of the animal. Erythrocyte suspension
was prepared as described previously26. Blood was
centrifuged at 400 ×g (15 min, 4°C), the supernatant
was removed carefully and pellet was washed thrice
with excess of PBS (0.1M, pH 7.2). Erythrocytes
obtained were resuspended to 2% (v/v) in PBS, and
stored at 4°C for further use.

Maintenance, growth and harvesting of green algae cultures

Enzymatic treatment of erythrocytes

Five
green
algae
species
(Scenedesmus
quadricauda FRL31, Chlorella vulgaris RFH2,
Chlorococcum infusiformis FKN56, Desmodesmus
subspicatus RFJ17 and Desmodesmus dimorphus
PWH4), isolates of Phycology Laboratory, Department
of Botany, Punjabi University, Patiala, India were
maintained in BG-11 medium25 during the present
study. Green algae cultures having an O.D of 0.1
(adjusted at 720 nm using a spectrophotometer)
were inoculated in BG-11 medium (100mL) in
Erlenmeyer’s flasks (250 mL). The experimental
green algae cultures were maintained and grown
photoautotrophically in batch cultures in a culture
room at 28±2°C. Fluorescent tubes giving photon flux
of 44.5 μmol m−2 s−1 illuminated the surface of green
algae culture flasks with light/dark cycle of 10/14 h.
To keep the green algae cultures in a homogenous
state, the culture vessels were hand-shaken 4-5 times

Enzymatic treatment of erythrocytes was carried
out as described by Meng and co-workers27. One mL
of human blood type B erythrocyte suspension
(10%, v/v) was mixed with an equal volume of
neuraminidase (0.2 IU/mL, Sigma Pvt. Ltd., USA) or
protease (2 mg/mL, ICN USA) and incubated at 37°C
for 60 min. Excess of PBS (0.1M, pH 7.2) was added
to stop the reaction and centrifuged at 400 ×g (5 min,
4°C). Pellet obtained was given five washings in PBS
to remove enzyme traces and finally resuspended in
PBS to make a final concentration of 2% (v/v).
Haemagglutination assay was then carried out using
enzyme-treated and untreated erythrocyte suspension.
Haemagglutination assay

The presence of lectin activity was determined by
its ability to agglutinate erythrocytes (native/enzyme
treated) through haemagglutation assay as described
earlier28. Two-fold serially diluted green algae cell
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suspension (20 µL) was mixed with an equal volume
of erythrocyte suspension (native/enzyme treated) in
wells of U-bottom microtitre plates (Tarsons Products
Pvt. Ltd., India). The plates were incubated at room
temperature for 30 min, stabilized at 4°C for 1-2 h and
agglutination was observed visually. The presence of
lectin activity is indicated by mat formation (red cells
encircling the well), whereas button formation
(sedimented red cells at the bottom of well) indicates
the absence of lectin activity. Lectin titre is defined as
minimum concentration of lectin which is capable of
visible erythrocyte agglutination. All experiments
were performed in triplicates.

L-fucose, D-galactose, D-glucose, D-lactose, D-maltose,
D-mannose, D-mannitol, D-melibiose, maltotriose,
D-ribose, L-rhamnose, D-raffinose, D-sucrose,
D-trehalose dehydrate and D-xylose; sugar derivatives:
D-glucosamine
hydrochloride,
D-galactosamine
hydrochloride, D-glucuronic acid, D-galacturonic
acid, N-acetyl-D-glucosamine, N-acetyl-D-galactosamine, 2-deoxy-D-glucose, 2-deoxy-D-ribose, ionositol,
and mesoinositol; polysaccharides: dextran, inulin,
pullulan and starch; glycoproteins: asialofetuin,
chondroitin-6-sulphate, fetuin, mucins (bovine
submaxillary mucin and porcine stomach mucin),
γ-globulin and thiogalactoside. A final concentration
of 100 mM was used for testing of simple sugars and
their derivatives, while a concentration of 1 mg/mL
was used for testing of polysaccharides and
glycoproteins.

Haemagglutination inhibition assay

A panel of carbohydrate and glycoproteins were
used to determine lectin induced agglutination
inhibition assay according to Singh and co-workers29.
To 20 µL of sugar solution to be tested for inhibition,
an equal volume of appropriately diluted green algae
lectin cell suspension (twice the lowest concentration
capable of visible agglutination), was added in wells
of U-bottom microtitre plates. Later, 40 µL of 2%
erythrocyte suspension (v/v) was added to each well,
after an incubation of one hour at 25°C. Microtitre
plates were further incubated for 30 min at room
temperature. A positive and negative control
containing 20 µL of PBS instead of lectin cell
suspension and 20 µL PBS instead of sugar solution
respectively, was also run in a microtitre plate. The
microtitre plates were stabilized at 4°C for 2-3 h.
Button formation in the presence of sugar indicated
the inhibition of lectin activity i.e. a positive reaction,
while mat formation indicated non-specific sugars
(negative reaction). MIC (Minimum inhibitory
concentration) is defined as the minimum concentration
of sugar capable of complete inhibition of lectininduced agglutination and was determined by serial
double dilution of each of the specific sugar.
To assess carbohydrate specificity of lectins,
40 carbohydrates/glycoproteins (source: Sigma Aldrich,
USA) were tested as inhibitors. These included
simple sugars: D-arabinose, L-arabinose, D-fructose,
Green algae cultures
Scenedesmus quadricauda
Chlorella vulgaris
Chlorococcum infusiformis
Desmodesmus subspicatus
Desmodesmus dimorphus

Lectin activity as a function of culture age

Lectin activity in each of the lectin positive
green algae cultures was determined as a function of
culture age. Erlenmeyer’s flasks (250 mL capacity)
containing 100 mL medium were inoculated with
lectin positive green algae cultures and adjusted to an
O.D. of 0.1 at 720 nm using a spectrophotometer.
Inoculated flasks were then illuminated with
light/dark cycle of 10/14 h and incubated at 28±2°C in
a culture room, under stationary condition. Lectin
activity was determined as a function of culture age
for 3-26 days at time interval of 1 day.
Results
Lectin activity in green algae cultures

All five green algae species screened for lectin
activity, namely Scenedesmus quadricauda, Chlorella
vulgaris, Chlorococcum infusiformis, Desmodesmus
subspicatus and Desmodesmus dimorphus were found
to possess surface bound lectin activity and displayed
a broad biological action spectrum (Table 1). These
species agglutinated all human (A, B, AB and O)
erythrocytes and rabbit erythrocytes. Lectin from
Scenedesmus quadricauda agglutinated sheep

Table 1 — Lectin activity (titre) of 20-days old green algae cultures
Human erythrocytes
Animal erythrocytes
A

B

O

AB

Pig

Sheep

Goat

Rabbit

8
8
4
8
4

16
16
16
32
32

16
8
4
2
4

8
16
4
16
16

16
0
0
0
4

8
0
0
0
0

8
0
4
4
0

16
16
16
32
32
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erythrocytes; however, other chlorophyceae lectins
are unable to agglutinate sheep erythrocytes.
Scenedesmus quadricauda lectin agglutinated pig and
goat erythrocytes, whereas Desmodesmus dimorphus
lectin agglutinated only pig erythrocytes. Chlorococcum
infusiformis and Desmodesmus subspicatus lectins
also agglutinated goat erythrocytes. Amongst all
chlorophyceae species, Desmodesmus subspicatus and
Desmodesmus dimorphus expressed maximum lectin
activity with human blood type B erythrocytes and
rabbit erythrocytes. None of the cultures exhibited
any extracellular lectin activity.
Effect of enzymatic treatment of erythrocytes on lectin activity

Treatment of human blood type B erythrocytes
with neuraminidase enhanced the agglutination
titre of lectins from green algae (Table 2). Lectin
from Chlorococcum infusiformis and Desmodesmus
dimorphus showed a 16-fold increase in titre with
neuraminidase treated human blood type B
erythrocytes, whereas an 8-fold increase in titre was
shown by Chlorella vulgaris lectin. Desmodesmus
subspicatus and Scenedesmus quadricauda lectins
showed a 32-fold increase in titre with neuraminidase
treated human blood type B erythrocytes.
Scenedesmus quadricauda and Chlorella vulgaris
lectins shown a 8-fold increase in titre with protease
treated human blood type B erythrocytes, whereas
Desmodesmus subspicatus shown a two-fold increase
in titre. However, there was no effect on lectin titre of
Chlorococcum infusiformis with protease treated
human blood type B erythrocytes. Lectin titre of
Desmodesmus dimorphus decreased with protease
treated erythrocytes.
Carbohydrate specificity of green algae lectins

The inhibition of green algae lectin mediated
agglutination was tested with a panel of sugars and
glycoproteins. A minimum inhibitory concentration of
Table 2 — Effect of enzymatic treatment of human blood type B
erythrocytes on lectin activity (titre) from green algae
Green algae cultures

Human blood type B erythrocytes
Untreated Neuraminidase Protease
treated
treated

Scenedesmus
quadricauda
Chlorella vulgaris
Chlorococcum
infusiformis
Desmodesmus
subspicatus
D. dimorphus

16

512

128

16
16

128
256

128
16

32

256

64

32

512

8
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carbohydrates with their respective lectins is given in
Table 3. Desmodesmus subspicatus and Desmodesmus
dimorphus lectin activity was slightly inhibited by
galactose and its derivatives (galacturonic acid and
N-acetylgalactosamine). However, only Desmodesmus
subspicatus lectin activity was inhibited by glucose
containing disaccharide, D-maltose. Galactose
containing sugar, lactose inhibited lectin activity of
Chlorella vulgaris and Desmodesmus subspicatus.
Scenedesmus quadricauda lectin activity was
inhibited by D-mannose. Polysaccharides (pullulan
and inulin) were found non-inhibitory towards all
chlorophyceae lectins. However, Desmodesmus
subspicatus and Desmodesmus dimorphus lectin
activity was slightly inhibited by starch and dextran,
respectively. Glycoproteins BSM (bovine submaxillary
mucin) and PSM (porcine stomach mucin), were
found to be inhibitory for lectins of all chlorophyceae
cultures (Scenedesmus quadricauda, Chlorella
vulgaris, Chlorococcum infusiformis and Desmodesmus
dimorphus) except Desmodesmus subspicatus. Lectin
activity of Chlorella vulgaris was strongly inhibited
by fetuin and asialofetuin at the concentration of
0.015 mg/mL. Asialofetuin (complex glycoprotein
with three terminal galactose residues) slightly
inhibited the lectin activity of Chlorococcum
infusiformis. Desmodesmus subspicatus lectin showed
affinity towards chondroitin-6-sulphate which possess
GlcA(β1,3) GalNAc6SO−3 linkages, however it was
unable to inhibit lectin activity of other chlorophyceae
cultures.
Lectin activity as a function of growth

Lectin activity of chlorophyceae cultures,
Scenedesmus quadricauda, Chlorella vulgaris,
Chlorococcum infusiformis, Desmodesmus subspicatus
and Desmodesmus dimorphus was assayed at the
interval of 24 h from 3-26 days of cultivation of
all cultures (Fig. 1). Lectin activity was expressed by
4-day old cultures of Scenedesmus quadricauda,
Chlorella vulgaris, Chlorococcum infusiformis,
Desmodesmus subspicatus and Desmodesmus dimorphus.
Scenedesmus quadricauda expressed maximum
lectin activity (titre 6) from 7th to 21st day of their
growth. Lectin activity of Chlorella vulgaris
and Chlorococcum infusiformis shown maximum
activity from 17th to 22nd day of their growth, whereas
Desmodesmus subspicatus and Desmodesmus
dimorphus expressed maximum lectin activity during
18th to 21st day of their cultivation. Thereafter, lectin
activities of all the cultures were declined.
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Table 3 — Carbohydrate inhibition profile of lectins from green algae cultures
Sugar/Glycoprotein
Minimum Inhibitory Concentration (MIC)
Scenedesmus
Chlorella Chlorococcum Desmodesmus
quadricauda
vulgaris
infusiformis
subspicatus
D-Ribose (mM)
1.56
NI
NI
NI
L-Rhamnose (mM)
NI
NI
NI
NI
D-Raffinose (mM)
1.56
NI
NI
NI
D-Xylose (mM)
NI
NI
25
NI
L-Fucose (mM)
3.125
6.25
NI
100
D-Galactose (mM)
100
1.56
100
3.125
D-Glucose (mM)
100
NI
NI
25
D-Fructose (mM)
25
NI
NI
NI
D-Mannitol (mM)
NI
100
NI
100
L-Arabinose (mM)
NI
NI
100
NI
D-Maltose (mM)
NI
NI
NI
100
D-Lactose (mM)
NI
1.56
NI
12.5
D-Mannose (mM)
1.56
NI
NI
NI
D-Sucrose (mM)
NI
1.56
NI
12.5
Chondroitin-6-sulphate (mM)
NI
NI
NI
0.125
Inositol (mM)
1.56
NI
NI
100
Meso-inositol (mM)
6.25
NI
NI
NI
D-Trehalose dehydrate (mM)
NI
NI
NI
1.56
D-Glucosamine HCl (mM)
NI
NI
100
NI
D-Galactosamine HCl (mM)
NI
NI
100
NI
D-Glucuronic acid (mM)
NI
NI
100
NI
D-Galacturonic acid (mM)
NI
100
NI
12.5
N-Acetylneuraminic acid (mM)
NI
25
NI
NI
N-Glycolylneuraminic acid (mM)
12.5
100
NI
100
N-Acetyl-D-glucosamine (mM)
100
NI
NI
100
N-Acetyl-D-galactosamine (mM)
6.25
6.25
NI
100
2-Deoxy-D-glucose (mM)
100
NI
NI
NI
Fetuin (mg/ml)
1
0.015
NI
0.031
Asialofetuin (mg/ml)
NI
0.015
1
NI
Bovine submaxillary mucin (mg/ml)
3.12
1.56
100
NI
Porcine stomach mucin (mg/ml)
6.25
1.56
100
NI
Thiogalactoside (mg/ml)
NI
NI
0.062
0.031
Starch (mg/ml)
NI
NI
NI
1
Gammaglobulin (mg/ml)
NI
NI
0.031
NI
Dextran (mg/ml)
NI
NI
NI
NI

Desmodesmus
dimorphus
NI
12.5
NI
NI
25
6.25
NI
NI
NI
NI
NI
NI
NI
NI
NI
NI
NI
NI
12.5
100
100
25
6.25
25
NI
12.5
NI
0.031
NI
6.25
25
NI
NI
0.015
100

NI: Non-inhibitor

Fig. 1 — Lectin activity with human blood type B erythrocytes as
a function of culture age of members of green algae.

Discussion
Lectins exhibit specificity towards particular blood
group determinants or bind to other carbohydrate
moieties expressed on erythrocyte surface. All green
algae lectins expressed maximum lectin activity with
human blood type B erythrocytes and rabbit
erythrocytes. Chlorella vulgaris lectin agglutinated
human blood type B, AB and O erythrocytes
more strongly as compared to human blood type
A erythrocytes. Desmodesmus subspicatus and
Desmodesmus dimorphus lectins shown slightly less
preference towards human blood type A and O
erythrocytes as compared to human blood type B and
AB erythrocytes. In a previous study, Caulerpa
sertularioides lectin strongly agglutinated all human
blood type (A, B and O) erythrocytes, whereas
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Codium taylori lectin specifically agglutinated human
blood type (A and B) erythrocytes30. Lectins from
marine extracts of algae Ulva pertusa from
Fujian coast of China specifically agglutinates human
(A and B) erythrocytes and animal (rabbit and sheep)
erythrocytes
only31.
Chlorella
pyrenoidosa
haemagglutinin (CPH) specifically agglutinates
human blood type B erythrocytes32. Bryohealin, a
lectin from Bryopsis plumosa specifically agglutinates
human blood type A erythrocytes only33. The lectin
from Spirogyra sp. (SpyL) preferentially agglutinates
native rabbit erythrocytes34. Thus, amongst animal
erythrocytes, rabbit erythrocytes have shown most
sensitivity of agglutination towards lectins from
chlorophyceae species.
Enzymatic (neuraminidase and protease) treatment
of erythrocytes, enhanced the agglutination titre of
lectins from some green algae. Neuraminidase is a
glycoside hydrolase enzyme which decreases the net
negative charge on the erythrocyte cell surface by
cleaving the glycosidic linkages of sialic acids. Thus,
removal of neuraminic acid exposes the penultimate
galactosyl residues on the surface of RBCs which
allows a better access to lectin receptors35. Protease
treatment exposes the cryptic antigens on the surface
of erythrocytes which becomes accessible for lectin
interaction27. In an earlier study, lectins from Boodlea
coacta specifically agglutinated trypsin treated rabbit
erythrocytes36. Caulerpa racemosa lectin specifically
agglutinated trypsin-treated human blood type A
erythrocytes only37. Caulerpa sertulariodes lectin
agglutinated native and enzyme (bromelain and
subtilisin) treated human blood type B erythrocytes,
bromelain-treated human blood type AB erythrocytes
and
subtilisin-treated
chicken
erythrocytes37.
Enteromorpha linza lectin has been reported active
only towards trypsin-treated rabbit erythrocytes37. The
lectin extracts of Monostroma hariotii agglutinated
only papain-treated chicken erythrocytes and Prasiola
cladophila lectin agglutinated only subtilisn-treated
rabbit erythrocytes38. Lectin from Bryopsis hypnoides
preferentially agglutinated trypsin-treated human
blood type O erythrocytes and trypsin-treated chicken
erythrocytes39. Caulerpa cupressoides40 and Halimeda
renschii24 lectins specifically agglutinated trypsin
treated rabbit erythrocytes.
Lectins from green algae have unique glycoprotein
binding specificities as exhibited by their
diverse hemagglutination-inhibition profiles with a
variety of carbohydrates. In the current study,
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Desmodesmus subspicatus and Desmodesmus
dimorphus lectin activity was slightly inhibited by
galactose and its derivatives (galacturonic acid and
N-acetylgalactosamine). Its haemagglutination activity
towards human blood type B erythrocytes further
conﬁrmed this preferential interaction, as galactose is
the terminal receptor in human blood type B
erythrocytes. Inhibition of Scenedesmus quadricauda
lectin activity by fucose conﬁrms its interaction, as
fucose is the sugar determinant conferring human
blood type O erythrocytes41. Earlier, lectin activity
from Ulva fasciata has been reported to be inhibited
by L-fucose indicating its agglutination towards
human blood type O erythrocytes42.
Arabinose and galacturonic acid are unable to
inhibit Scenedesmus quadricauda and Chlorococcum
infusiformis lectin induced agglutination thus
indicating importance of C-5 hydroxymethyl group as
observed among other few algal lectins43,44. Glucose,
N-acetyl-glucosamine or glucosamine do not have
inhibitory potential against Chlorella vulgaris,
Chlorococcum infusiformis and Desmodesmus
dimorphus lectin induced agglutination, thus the
configuration of C-4 of the pyranose ring also plays
an important role43,44.
In the current study, Scenedesmus quadricauda and
Desmodesmus subspicatus lectin activity was inhibited
by glucose and its derivative (N-acetylglucosamine).
Previously, Enteromorpha prolifera lectin agglutination
has been reported to be inhibited by monosaccharides
such as D-fructose, D-glucose and sucrose as revealed
by agglutination inhibition studies31. Ulva pertusa
lectin 1 (UPL-1), exhibits specificity towards
N-acetyl-D-glucosamine23. Recently, a lectin from
Spirogyra sp. has been reported to be inhibited by
N-acetyl-glucosamine and N-acetyl-β-D-mannose, but
more strongly by D-galactose34. Chlorophyceae
lectins having antiviral potential have been reported
to have specificity towards various mannose
oligosaccharide bearing glycoproteins23. A novel
lectin from Halimeda renschii exhibited strict binding
speciﬁcity towards high-mannose N-glycans having
an exposed (α1-3) mannose residue in the D2 arm of
branched mannosides24.
Amongst various glycoproteins tested for inhibition
profile, all lectins from green algae (Scenedesmus
quadricauda, Chlorella vulgaris, Chlorococcum
infusiformis and Desmodesmus dimorphus) were
inhibited strongly by BSM and PSM, containing
several
Galβ1-3GalNAcα1
O-glycans
except
Desmodesmus subspicatus. PSM is an O-linked
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glycoprotein having terminal GalNAc residues
alongwith galactose and fucose as internal residues,
whereas BSM consists of N-acetyl neuraminic acid as
terminal residue linked to GalNAc45. Thus lectins
from all these species (Scenedesmus quadricauda,
Chlorella vulgaris, Chlorococcum infusiformis and
Desmodesmus dimorphus) are specific for complex
type O-glycans. Further, lectin activity of Chlorella
vulgaris is strongly inhibited by fetuin which consists
of both complex type N-glycans or O-glycans.
An earlier study has shown that lectin activity of
Chlorella pyrenoidosa haemagglutinin is strongly
inhibited by yeast mannan followed by mucin,
asialofetuin and fetuin, but monosaccharides or
disaccharides were non-inhibitory32. Halimeda
opuntia lectin has been reported to be specific for
O-glycans owing to its inhibition by asialofetuin
along with BSM and its derivatives46. Codium
arabicum lectin activity is strongly inhibited by BSM
and its asialoderivatives as well as N-acetyl-Dgalactosamine, thus it recognizes non-reducing
terminal N-acetyl-D-galactosamine residues of
O-glycans46. O-glycan specific lectins act as tools
pertaining to the diagnosis and prognosis of cancer
diseases as O-glycans are expressed over the surface
of cancer cells and act as glyco-marker of interest47.
Bryopsis hypnoides lectin was strongly inhibited by
N-acetylglucosamine, Nacetylgalactosamine and
glycoprotein BSM, thus indicating the role of acetyl
group in lectin-ligand interaction39.
Lectin titre of Scenedesmus quadricauda was thus
higher near mid log phase to stationary growth
phase, whereas Chlorella vulgaris, Chlorococcum
infusiformis,
Desmodesmus
subspicatus
and
Desmodesmus dimorphus expressed maximum activity
during stationary phase of their growth. Although
biomass increases with culture age, corresponding
increase in lectin activity was not observed beyond a
particular level, thus suggesting that lectin activity is
not a function of culture age alone.
Conclusion
The current study suggests the presence of surface
bound lectins from chlorophyceae members having
complex carbohydrate specificity. All chlorophyceae
members screened expressed cell surface bound
lectins having broad biological action spectrum.
These lectins expressed maximum activity with
human blood type B erythrocytes and rabbit
erythrocytes. Further, enzymatic treatment of human
blood type B erythrocytes increased the agglutination

titre of chlorophyceae lectins, except Desmodesmus
dimorphus lectin. Variation in agglutination activity
of lectins is owing to their varied specificities
for carbohydrates receptors on the erythrocytes.
Complex type O-glycans specificity was shown by
Scenedesmus quadricauda, Chlorella vulgaris,
Chlorococcum infusiformis and Desmodesmus
dimorphus lectins. Desmodesmus subspicatus and
Desmodesmus dimorphus lectin activity was slightly
inhibited by polysaccharide, starch and dextran
respectively. Mannose specific lectin activity was
exhibited by Scenedesmus quadricauda lectin. All the
algal cultures expressed maximum lectin activity
during stationary phase of growth except
Scenedesmus quadricauda. Possibly, this is the first
report on surface bound lectins from members of
chlorophyceae. The distinct carbohydrate specificity
of these surface bound lectins from chlorophyceae
members could be exploited as biomarkers for
detection of cancer and in purification of
glycoproteins from various sources. Thus, an
enrichment of algal lectin database with addition of
these new lectins from chlorophyceae along with their
sugar specificities will be helpful in microbiology and
biomedical studies.
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