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Abstract

Extraction and partial characterization of lectin from Indonesian Padina australis and Padina minor had been
carried out. The crude extract of the P. australis and P. minor were examined for hemagglutination activity (HA) using
native and trypsin-treated of rabbit and human A, B, O type erythrocytes. Both extracts agglutinated all of the trypsin-
treated erythrocytes tested in the HA assay. Strong HA was detected in the crude extract of P. minor with trypsin-
treated of human type A and O erythrocytes. However, the sugar-binding specificity study through the quantitative
hemagglutination inhibition (HI) assay showed that P. minor extract could not specifically recognize the glycans
tested. Apparently, the HA of the P. minor was more due to its co-extracted polyphenols content than its lectin content.
On the other hand, the HI assay showed that asialo transferrin human (aTf) and asialo porcine thyroglobulin (aPTG)
were the most powerful in inhibiting the HA of P. australis. Those indicated that P. australis protein extract was able
to specifically recognized aTf and aPTG. The stability of P. australis and P. minor HA over various temperatures, pH
ranges, and divalent cations studies showed that the P. minor HA was stable on a wide range of pH and temperature;
not affected by the presence of EDTA, but decreased by Ca2+ and Mg2+ additions showed that P. minor protein extract
was not a metallic protein. The HA of P. australis decreased at 60 oC and was inactivated at 90 oC; increased at
strong acidic (pH 3 & 4) and strong basic (pH 9 & 10) and dependent by the presence of either EDTA or Ca2+ and Mg2+

divalent cation.
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1. Introduction

Glycans are one of the most vital components of
a cell (Ajit, 2017). The glycan, components of
glycoconjugates, is formed through the glycosylation
process and mediates many physiological and
pathological functions (Reily, Stewart, Renfrow, &
Novak, 2019). Many studies reported that glycosylation
is involved in many crucial biological processes, e.g.,
receptor activation, molecular traff icking and
clearance, signal transduction, cell adhesion,
endocytosis, and host-pathogen interactions (Hyono,
Mazda, Okazaki, Tadokoro, & Ohshima, 2008).
Glycosylation plays a crucial part in many cellular
mechanisms of both health and disease, such as tumor
cell formation and metastatic diseases (Cadena,
Cushman, & Welsh, 2018; Nardy, Freire-de-lima,

Freire-de-lima, & Morrot, 2016), viral immune escape,
inflammatory responses, and kidney functions (Reily
et al., 2019).

Lectin or hemagglutinin is a protein or glycoprotein
that specifically and reversibly binds glycans, in the
form of free sugar chains or glycoconjugates, i.e.,
glycoproteins and glycolipids, without changing its
structure (Singh & Walia, 2018). Due to its specific
interactions with glycans, lectins have gathered much
attention as tools in glycobiology and cell biology
research,  e.g., lectin microarrays, cell selections,
blood typing, bacterial typing, and cell sorting
(Cummings, Darvill, Etzler, & Hahn, 2017). Moreover,
researches working on lectins exploitation as
therapeutic tools are also emerge, e.g., lectins therapy
for cancer (Hamid, Masood, Wani, & Rafiq, 2013;
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Mody, Joshi, & Chaney, 1995; Singh & Walia, 2018),
anti-bacterial (Marques et al., 2018; Vasconcelos et
al., 2014), anti-fungal (Amano, Katayama, Saito, Ando,
& Nagata, 2012; Chikalovets et al., 2015), anti-HIV
(Alexandre et al., 2011; Ziólkowska & Wlodawer,
2006), and anti-insects (Hamid et al., 2013; Lam &
Ng, 2011).

Naturally, lectins are found in almost all living
things, e.g. plants, fungi, bacteria, viruses, and
animals. However, compared to other sources, lectins
from macroalgae have several unique characteristics,
i.e. low molecular weight, bind specifically to
glycoproteins rather than to monosaccharides, and
do not require divalent cations for their activities
(Rogers & Hori, 1993; Singh, Thakur, & Bansal, 2015).
The first information of macroalgae lectin was reported
in 1966 by Boyd, Var, and Boyd (1966). Since then,
lectins of macroalgae have been explored and studied
quite intensively, even though still in very limited
numbers compared to lectin from other sources. As a
comparison, a number of results for the keyword
search of “lectin” and “lectin” “algae” in Google Scholar
in July 2019 were 785,000 and 21,000 hits,
respectively.

So far,  lect ins have been isolated and
characterized mostly from red and green macroalgae.
Some lectin isolated from red algae, e.g. high-
mannose specific lectin KAA-2 that was isolated from
Kappaphycus alvarezii (Sato, Morimoto, Hirayama,
& Hori, 2011), high mannose N-glycan specific lectin
EDA-2 was isolated from cultivated Eucheuma
denticulatum (Hung, Hirayama, Ly, & Hori, 2015),
purification dan characterization of Gracilaria ornata
was also reported by Leite et al. (2005) and lectin
from Tichocarpus crinitus (TCL) was purified by
Molchanova, Chernikov, Chikalovets, and Lukyanov
(2010). Lectin from green algae sources was also
reported, e.g. lectin of green algae Caulerpa
cupressoides was purified and showed specificity to
porcine mucin glycoprotein (Benevides et al., 2001),
a wound-healing lectin bryohelin was purified from
Bryopsis plumosa (Jung et al., 2010), another lectin
(BPL-3) was also purified from B. plumosa (Han, Yoon,
Klochkova, Hwang, & Kim, 2011), lectin CBA was
isolated f rom Codium barbatum green algae
(Praseptiangga, Hirayama, & Hori, 2012), molecular
characterization of green algae Ulva pertusa was
reported by (Wang et al., 2004) and a high-mannose
binding lectin was also isolated from green algae
Boodlea coacta (Sato et al., 2011). However, up till
now, report on brown algae lectin is still limited. Only
few publications reported the screening of brown algae
lectin (Anam, Praseptiangga, Fajarningsih, & Intaqta,
2016; Fajarningsih, Intaqta, Praaseptiangga, Anam,
& Chasanah, 2018; Fajarningsih et al., 2015; Freitas

et al., 1997; Hung et al., 2012) and to our knowledge
only one publication reported the purification of brown
algae lectin, an HFL lectin isolated from Hizikia
fusiformis (Wu, Tong, Wu, Liu, & Li, 2016). According
to Harrysson et al. (2018), isolation of lectin or other
protein from brown algae is difficult due to the high
content of non-protein interfering compounds such as
polyphenols and viscous polysaccharide. Thus, in this
report we described the extraction and partial
characterization of lectin from Indonesian brown algae
P. australis and P. minor.

2. Material and Methods

2.1. Macroalgae Sampling
Sample of P. australis alga was collected from

Binuangeun Beach, Banten while sample of P. minor
alga was collected from Pok Tunggal Beach,
Jogjakarta, Indonesia. Upon collection, the algae were
washed using freshwater, cleaned from impurities and
stored in cold storage (-20 oC) until utilization. The
specimen samples were sent to the Research Center
for Oceanography, Indonesian Institute for Sciences
for species identification.

2.2. Macroalgae Lectin Extraction
The extraction of P. australis and P. minor lectin

was carried out according to Fajarningsih et al. (2015)
and Praseptiangga et al. (2012). The extraction was
carried out in triplicates. As many as 100 grams of
each alga thallus was cut into small sizes and
grounded in liquid nitrogen into powder. The powdered
alga were extracted using a 20 mM phosphate buffer
(pH 7.0) containing 0.85 % NaCl (PBS) with a ratio of
1: 2 then stirred at 4 oC for 8 h. The alga homogenate
was then centrifuged at 15.302 xg (Beckman Coulter,
rotor JA-14) for 30 min at 4 oC. The supernatant was
precipitated with ammonium sulfate (75 % saturation)
overnight at 4 oC and then centrifuged at 15.302 xg for
30 min at 4 oC. The precipitate was dissolved by
adding as little volume as possible of PBS then
thoroughly dialyzed (SnakeSkin dialysis tubing 10K
MWCO) against PBS for 10 h, with  PBS  replacement
every 2 h. The  internal fraction  was  centrifuged  at
15.302  xg for 30 min at 4 oC and the supernatant
obtained, referred to as protein extract, was then
stored at -20 oC.

2.3. Protein Content Determination

The protein content was measured using the BCA
protein assay kit (Pierce-Thermo Scientific) following
the product manual instructions.

2.4. Hemagglutination Activity (HA) Assays

Hemagglutination activity assay, a basic assay to
define the lectin presence in the sample, was carried
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out according to Praseptiangga et al. (2012). The
assay was carried out in 96-well V-bottom microplates
using a 2 % solution of native and trypsin-treated
rabbit, and human A, B, and O blood cells (RBC). The
human A, B, and O erythrocytes were obtained from
the Indonesian Red Cross Society. As much as 25L
of protein extracts were two-fold diluted using salt
solution (0.85 % NaCl). Into each well, 25 L of RBC
was added. The microplate was then gently shaken
and the mixture was allowed to stand for 1 h at room
temperature.  The hemagglutinat ion was
macroscopically observed and marked as positive if
more than 50 % of the erythrocytes were agglutinated.
The negative results were indicated by the formation
of erythrocyte dot at the bottom of the microplate well.
The HA assay was carried out in triplicates and the
activ ity was recorded as the minimum protein
concentration (g/mL) that caused agglutination
(Goldstein, Winter, & Poretz, 1997).

2.5. Hemagglutination Inhibition (HI) Assay

The HI assay was carried out to determine the
lectin binding specificity to various types of sugars
and glycoproteins. In this assay, the interaction of
lectin and the RBC-carbohydrate is inhibited by certain
sugar or glycoprotein that was added in the assay
which then resulted in agglutination inhibition. This
assay was conducted in 2 steps, namely qualitative
and quantitative tests. The qualitative test was carried
out to determine the types of sugar and/or glycoprotein
that positively bound to lectins. The positive types of
sugar and glycoprotein bound to the P. australis and
P. minor protein extracts will be continued to the
quantitative HI assay to acquire the minimum
inhibitory concentration (MIC) data.

The qualitative HI assay was carried out by puting
in 25 µl of sugar (100 mM) or a glycoprotein (2 mg/
mL), prepared in saline, into a V-bottom microplate
well. Twenty five microlitres of extract that was already
diluted to titer of 4 was added to each well. The
microplate was then gently shaken and allowed to
stand at room temperature for 1 h. Then, 25 mL of 2
% of the trypsin-treated rabbit red blood cell (TRBC)
was added to each well. The microplate was then
gently shaken and allowed to stand for 1 h at room
temperature, and the HI was macroscopically
observed.

The quantitative HI assay was done by serially
two-fold diluting (25 L) of a sugar or a glycoprotein
that gave positive results in the qualitative assay, in
V-bottom microplate well. The highest sugar
concentration was 100 mM, while the highest
glycoprotein concentration was 2 mg/mL in PBS.

Twenty five microlitres of protein extract that was
already diluted to titer of 4 was added to each well.
The microplate was then gently shaken and allowed
to stand for 1 h at room temperature. Lastly, 25 mL of
2 % of TRBC was added to each well. The microplate
was then gently shaken and allowed to stand for 1 h
at room temperature, and the HI was macroscopically
observed. The inhibitory activity is expressed as a
minimum inhibitory concentration (MIC, mM or µg/
mL), which is the smallest concentration of sugar or
glycoprotein which inhibited the hemagglutination.

Nine types of sugars, i.e. monosaccharide D-
galactose, D-glucose, D-mannose, D-xylose, L-
fucose, L-rhamnose, N-acetyl-D-galactosamine, N-
acetyl-D-glucosamine, and disaccharide lactose and
11 types of glycoprotein, i.e. fetuin from fetal bovine
(Fe), mucin from bovine submaxillary gland (BSM),
thyroglobulin from bovine thyroid gland (BTG),
thyroglobulin from porcine thyroid gland (PTG), human
transferin (Tf), yeast mannan, asialo BSM (aBSM),
asialo BTG (aBTG), asialo Fe (aFe), asialo PTG
(aPTG), and asialo Tf (aTf)) were used in the HI assay.

2.6. Effect of pH, Temperature and Divalent
Cations on the Hemagglutination Activity
(HA)

To determine the effects of pH on the HA of the P.
australis and P. minor protein extract, 500 Lof each
extract was dialyzed (SnakeSkin dialysis tubing 10K
MWCO) with 100 mL of 50 mM buffer solutions (various
pH value of 3 to 10) overnight at 4 oC. The pH treated
sample was then dialyzed with PBS (pH 7.0) for 10 h
and subjected to the HA assay. The buffers used were:
Glycine-HCl 2 M pH 3.0, Acetate 2 M pH 4.0 and 5.0,
Phosphate 2 M pH 6.0 and 7.0, Tris-HCl 2 M pH 8.0,
and Carbonate 2 M pH 9.0 and 10.0. To determine the
effect of temperature on the HA of the P. australis and
P. minor protein extract, a 500 Lsample of each
extract was incubated at various temperature ranges
of 30 oC to 100 oC for 30 min in a thermo block. Right
after the incubation completed, the sample was
directly cooled with ice and was then subjected to
hemagglutination assay. To find out the effect of
divalent cations on the HA of the P. australis and P.
minor lectin-protein extract, 500 L of each extract
was dialyzed (SnakeSkin dialysis tubing 10K MWCO)
with 50 mM EDTA in PBS for 10 h at 4 oC. The dialyzed
extracts were then subjected for HA assay with three
treatments, i.e. without the addition of divalent cation
solution, with the addition of 25 L of 20 mM CaCl2
and MgCl2. The mixtures were then kept for 1 h at
room temperature followed with the HA assay. Each
of the treatments was carried out in triplicates.
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3. Result and Discussion

The HA of P. australis and P. minor protein extracts
are presented in Table 1. Both extracts gave positive
hemagglutination for all erythrocytes tested indicating
the presence of lectin in the extracts. Treatment of
trypsin enzyme reduces the negative charge and
decreases the distance between erythrocytes which
then improve the hemagglutination (Fernandes, Cesar,
& Barjas-Castro, 2011). Thus, both of the algae protein
extracts agglutinated the enzyme-treated erythrocytes
better than the native cells. Furthermore, the P.
australis extract only agglutinated the trypsin treated
human blood-group A, B and O erythrocytes whilst
showed a negative result for the non-treated. The
minimum concentration of protein (0.08 g/mL)
required to produce hemagglutination was showed by
P. minor extract to human blood group O type.

The ability of P. australis and P. minor protein
extracts to specifically bind carbohydrates was studied
using the HI assay approach. In this assay, protein
extracts of both algae were reacted to a certain type
of sugar or glycoprotein. If the lectin has a binding
site for a certain type of sugar or glycoprotein, a bond
will occur between the two, so that when TRBC was
added into the assay reaction, hemagglutination will
not occur. We have tested the ability of the P. australis
and P. minor extracts to bind 9 types of simple sugar
and 11 types of glycoproteins qualitatively (Figure 1.)
and quantitatively (Table 2.).

Based on the qualitative HI assay, both of the P.
australis and P. minor extracts did not have an affinity
to the various simple sugars tested. This result is in
line with previous reports that macroalgae lectins
generally do not have an affinity to simple sugars but
have more affinity to glycoconjugates (Hung et al.,
2015; Mu, Hirayama, Sato, Morimoto, & Hori, 2017;
Nagano et al., 2002; Singh & Walia, 2018). Lectin-
containing extract of P. australis bond 7 glycoproteins,
i.e., thyroglobulin from bovine thyroid gland (BTG),
thyroglobulin from porcine thyroid gland (PTG), Asialo-
Fetuin (aFe), Asialo-BSM (aBSM), Asialo-PTG (aPTG),
Asialo-Tf (aTf), and Asialo-BTG (aBTG), while P. minor
extract only bound 3 asialo glycoproteins, i.e. aPTG,

aTf, and aBTG. Both of the Padina lectin-containing
extracts recognized asialo glycoproteins, glycoprotein
that its sialic acid terminal has been removed, better.

 The quantitative hemagglutination assay result
(Table 2) showed that asialo transferrin human (aTf),
a complex N-glycan type glycoprotein, was most
powerful in inhibited the HA of P. australis extract.
Asialo PTG, a complex high-mannose type
glycoprotein, is also a good inhibitor for P. australis
HA. Those indicating that P. australis lectin-containing
extract was able to specifically recognize aTf and
aPTG. Asialo-transferrin human or Tau protein is a
glycoprotein present in cerebrospinal fluid (CSF) which
commonly assessed for Alzheimer ’s disease
diagnosis and also a relevant marker for CSF leakage
after an injury (Oudart et al., 2017). Recently, Ito, Hoshi,
Honda, and Hashimoto (2018) reported the possible
use of lectin abil ity to specifically recognize
glycoprotein as a simple yet rapid histopathological
diagnosis for 2,6-sialylated transferrin. The ability of
lectins to specifically recognize biomarker-glycans can
be used as the basis for its potential utilization, e.g.,
the use of lectins in cancer diagnostic tools (Bertolini,
Shaked, Mancuso, & Kerbel, 2006; Drake et al., 2006;
Mody et al., 1995), lectin in the ELISA technique to
detect sialylated glycoform in immunoglobulin
samples (Srinivasan et al., 2015), and lectin as affinity
chromatography resin in the purif ication of
glycoproteins (Freeze, 1995; Kaji et al., 2003; Mao,
Qin, & Lin, 2007).

In the preliminary hemagglutination study (Table
1), the protein extract of P. minor showed better HA
than the P. australis, however, based on the HI assay
(Table 2), extract of P. australis showed better specific
binding to the glycoproteins. Protein extract of P. minor
that showed a very high HA to the trypsin treated human
type A and O erythrocytes could not specifically
recognize the glycans tested (high MIC value).
Apparently, HA was more due to the polyphenols
content of the P. minor that was co-extracted with the
lectins than the P. minor lectin. According to Rogers
and Loveless (1985), polyphenols were reported to
have strong HA. However, lectin HA is based on the
specific interaction of lectin with the erythrocytes’

Table 1. Minimum concentration (g/ml) of P. australis and P. minor protein extracts to produce HA on different
types of erythrocytes

N T N T N T N T
Padina australis 124.5 ± 0 2.92 ± 0.97 - 23.34 ± 7.78 - 31.12 ± 0 - 23.34 ± 7.78

Padina minor 78.81 ± 0 3.71 ± 1.24 39.4 ± 0 1.64 ± 0 630.49 ± 0 39.4 ± 0 19.7 ± 0 0.08 ± 0

Species
Rabbit Human type A Human type B Human type O

Note: N: Non treated erythrocyte; T: Trypsin treated erythrocyte; - : No detectable activity
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glycans while polyphenols agglutinating activity is non-
specific. It was reported that the HA of the polyphenols
was two orders of magnitude lower than the lectin’s
(Cortés-giraldo, Girón-calle, Alaiz, Vioque, & Megías,
2012).

The false hemagglutinating capacity of polyphenols
might become a concern for research on lectin of brown
algae (Cortés-giraldo et al., 2012) which resulted in
the small number of the Phaeophyta lectin researches.
Yet, only 17 lectins of green algae, 31 lectins of red
algae and only one brown alga that were isolated and
characterized (Praseptiangga, 2015; Teixeira et al.,
2012; Wu et al., 2016).

The stability of P. australis and P. minor HA over
various temperature and pH ranges (Figure 2.), as well
as the effects of divalent cations, were studied.
Generally, algae lectins were reported as
thermosensitive (Oliveira, Nascimento, Lima, Leite,

& Benevides, 2002; Rogers & Hori, 1993). However,
we found that the HA of P. minor was stable on a wide
range of pH and temperature. Lectin of Dictyospheria
versluysii green algae was also reported stable in a
wide range of temperature and pH (Hung et al., 2012).
The HA of P. minor protein extract was not affected
by the presence of chelating agent EDTA, indicating
that it did not require divalent cation to maintain its
biological activity (Oliveira et al., 2002). Furthermore,
the P. minor HA was decreased by Ca2+ and Mg2+

additions showing that P. minor lectin-containing
extract was not a metallic protein. The HA of P.
australis decreased at 60 oC and was inactivated at
90 oC. Interestingly, the P. australis HA increased at
strong acidic (pH 3 & 4) as well as at strong basic
(pH 9 & 10). The HA of the P. australis protein extract
was dependent on the presence of either EDTA or
Ca2+ and Mg2+ divalent cation.

Figure 1. Qualitative inhibitory effects of sugars and glycoproteins on the P. australis (A) and P. minor (B) HA

Annotation:
1 : Fetuin from fetal bovine serum (Fe)
2 : Lactose
3 : D-galactose
4 : Transferin human (Tf)
5 : L-rhamnose
6 : Mucin from bovine submaxillary gland (BSM)
7 : N-acetyl-D-glucosamine
8 : Thyroglobulin from bovine thyroid gland (BTG)
9 : D-glucose
10 : L-fucose
11 : Thyroglobulin from porcine thyroid gland (PTG)
12 : Yeast mannan
13 : N-acetyl-D-galactosamine
14 : D-xylose
15 : Asialo-Fetuin (aFe)
16 : Asialo-BSM (aBSM)
17 : Asialo-PTG (aPTG)
18 : Asialo-Tf (aTf)
19 : Asialo-BTG (aBTG)
20 : D-mannose

A

B
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P. australis P. minor

1. Monosaccharide and disaccharide  (mM)
D-galactose - -
D-glucose - -
D-mannose - -
D-xylose - -
L-fucose - -
L-rhamnose - -
N-acetyl-D-galactosamine - -
N-acetyl-D-glucosamine - -
Lactose - -
2. Glycoprotein  (µg/mL)
N-Glycan  
Complex type
Transferin human - -
Asialo-Transferin human 15.625 ± 0  333.33 ± 144.33
High-mannose type
Yeast mannan - -
Complex type and high-mannose type

Bovine thyroglobulin  (BTG) 125 ± 0 -
Asialo-BTG 125 ± 0 500 ± 0
Porcine thyroglobulin  (PTG) 250 ± 0 -
Asialo-PTG 20.83 ± 9.02 666.66± 288.67
O-Glycan
Bovine submaxillary mucin (BSM) - -
Asialo-BSM 250 ± 0 -
N/O-Glycan
Fetuin - -
Asialo-fetuin 125 ± 0 -

Sugars or Glycoprotein
Minimum Inhibitory Concentrationa

Note:  - : No detectable inhibitory activity; a : Values (mean of triplicates) represent the lowest
     concentration of sugar (mM) and glycoprotein (µg/mL) that inhibited the HA of titer 4
     TRBC

Table 2. Quantitative inhibitory effects of sugars and glycoproteins on the P. australis (A) and P. minor (B) HA

Control 
(Untreated) EDTA MgCl2 CaCl2

P. australis 512 ± 0 128 ± 0 26.67 ± 9.23 16 ± 0

P. minor 64 ± 0 64 ± 0 8 ± 0 8 ± 0

Macroalgae
Hemagglutination Titer a

Table 3. The effects of divalent cations on the P. australis and P. minor extract HA

 Note: a Data represents mean of triplicates
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4. Conclusion

Our study on the P. australis and P. minor protein
extract revealed that both agglutinated all of the trypsin-
treated erythrocytes tested. Strong HA was detected
in lectin-containing extract of P. minor with trypsin-
treated of human type A and O erythrocytes. However,
the sugar-binding specificity study showed that P.
minor lectin extract could not specifically recognize
the glycans tested. Apparently, the HA of the P. minor
was more due to its co-extracted polyphenols content
than its lectin content. The ability of P. australis extract
to spesifically recognize aTf and aPTG can be used
as the basis for its potential utilization. Isolation and
characterization studies on the pure lectins of P.
australis and P. minor should be conducted.

Acknowledgment

We thank Prof. Dr. Ekowati Chasanah from
Research and Development Center for Marine and
Fisheries Product Processing and Biotechnology,
Ministry of Marine Affairs and Fisheries Indonesia for
a critical reading and constructive advice of the
manuscript.

References

Ajit, V. (2017). Biological roles of glycans. Glycobiology,
27(1), 3–49. doi: 10.1093/glycob/cww086

Alexandre, K. B., Gray, E. S., Pantophlet, R., Moore, P. L.,
McMahon, J. B., Chakauya, E., … Morris, L. (2011).
Binding of the mannose-specific lectin, Griffithsin, to
HIV-1 gp120 exposes the CD4-binding site. Journal
of Virology , 85(17), 9039–9050. doi: 10.1128/
JVI.02675-10

Amano, K., Katayama, H., Saito, A., Ando, A., & Nagata, Y.
(2012). Aleuria aurantia lectin exhibits antifungal
activity against Mucor racemosus . Bioscience,
Biotechnology, and Biochemistry, 76(5), 967–970. doi:
10.1271/bbb.110982

Anam, C., Praseptiangga, D., Fajarningsih, N. D., &
Intaqta, N. C. (2016). Bioprospecting of brown
macroalgae from Java Island’s Southern Coast,
Gunung Kidul Coast of Yogyakarta and Binuangeun
Coast of Banten as source of lectins. In R. P. .
Nugrahedi, K. Ardanareswari, & I. E. Fernandez (Eds.),
The 2nd International Conference on Sustainable
Global Agriculture and Food  (pp. 192–205).
Semarang: Faculty of Agricultural Technology
Soegijapranata Catholic University.

Figure 2. Temperature (A) and pH (B) effects on the HA of the P. australis and P. minor extract

N.D. Fajarningsih et al./Squalen Bull. of Mar. and Fish. Postharvest and Biotech. 14 (3) 2019, 103-111

H
em

ag
gl

ut
in

at
io

n
Ti

te
r 

(2
n )

0
5

10
15
20
25
30
35

Control 30 40 50 60 70 80 90 100
Temperature (oC)

P. australis P. minor

0
5

10
15
20
25
30
35

Control 3 4 5 6 7 8 9 10

pH

P. australis P. minor

H
em

gg
lu

tin
at

io
n

Ti
te

r (
2n

)



110

Benevides, N. M. B., Holanda, M. L., Melo, F. R., Pereira,
M. G., Monteiro, A. C. O., & Freitas, A. L. P. (2001).
Purification and partial characterization of the lectin
from the marine green alga Caulerpa cupressoides
(Vahl) C. Agardh. Botanica Marina, 44(1), 17–22. doi:
10.1515/BOT.2001.003

Bertolini, F., Shaked, Y., Mancuso, P., & Kerbel, R. S.
(2006). The multifaceted circulating endothelial cell
in cancer: towards marker and target identification.
Nature Reviews , 6(November), 835–845. doi:
10.1038/nrc1971

Boyd, C., Var, L. R. A., & Boyd, A. N. D. L. G. (1966).
Agglutinins in marine algae for human erythrocytes.
Transfusion, 6(1), 82–83.

Cadena, A. P., Cushman, T. R., & Welsh, J. W. (2018).
Glycosylation and antitumor immunity. International
Review of Cell and Molecular Biology (Vol. 343).
Elsevier Ltd. doi: 10.1016/bs.ircmb.2018.05.014

Chikalovets, I. V., Chernikov, O. V., Pivkin, M. V.,
Molchanova, V. I., Litovchenko, A. P., Li, W., & Lukyanov,
P. A. (2015). A lectin with antifungal activity from the
mussel Crenomytilus grayanus. Fish and Shellfish
Immunology , 42(2), 503–507. doi: 10.1016/
j.fsi.2014.11.036

Cortés-giraldo, I., Girón-calle, J., Alaiz, M., Vioque, J., &
Megías, C. (2012). Hemagglutinating activity of
polyphenols extracts from six grain legumes. Food
and Chemical Toxicology, 50, 1951–1954. doi:
10.1016/j.fct.2012.03.071

Cummings, R. D., Darvill, A. G., Etzler, M. E., & Hahn, M.
G. (2017). Glycan-Recognizing probes as tools. In
Varki A, R. D. Cummings, J. Esko, P. Stanley, G. W.
Hart, M. Aebi, … P. H. Seeberger (Eds.). Essentials of
Glycobiology (3rd ed.). Cold Spring Harbor (NY): Cold
Spring Harbor Laboratory Press. doi: 10.1101/
glycobiology.3e.048

Drake, R. R., Schwegler, E. E., Malik, G., Diaz, J., Block,
T., Mehta, A., & Semmes, O. J. (2006). Lectin capture
strategies combined with mass spectrometry for the
discovery of serum glycoprotein biomarkers*.
Molecular & Cellular Proteomics, 1957–1967. doi:
10.1074/mcp.M600176-MCP200

Fajarningsih, N. D., Intaqta, N., Praaseptiangga, D.,
Anam, C., & Chasanah, E. (2018). Karakterisasi
biokimia lektin makroalga Sargassum polycystum
dan Turbinaria ornata. Jurnal Pascapanen dan
Bioteknologi Kelautan dan Perikanan, 13(2), 91–100.
doi: 10.15578/jpbkp.v13i2.562

Fajarningsih, N. D., Yamin, D. F., Yunita, I., Fahriza, A.,
Praseptiangga, D., Sarnianto, P., & Chasanah, E.
(2015). Penapisan senyawa hemagglutinin dari
makroalga asal Pantai Binuangeun, Banten,
Indonesia. Jurnal Pascapanen dan Bioteknologi
Kelautan dan Perikanan , 10(1), 19–26. doi:
10.15578/jpbkp.v10i1.241

Fernandes, H. P., Cesar, C. L., & Barjas-Castro, M. de L.
(2011). Electrical properties of the red blood cell
membrane and immunohematological investigation.
Revista Brasileira de Hematologia e Hemoterapia,
33(4), 297–301. doi: 10.5581/1516-8484.20110080

Freeze, H. H. (1995). Lectin affinity chromatography. In J.
. Coligan, B. M. Dunn, H. L. Ploegh, D. W. Speicher, &
P. T. Wingfield (Eds.). Current Protocols in Protein
Science (pp. 1–9). John Wiley & Sons.

Freitas, A. L. P., Teixeira, D. I. A., Costa, F. H. F., Fanas, W.
R. L., Lobato, A. S. C., Sampaio, A. H., & Benevides,
N. M. B. (1997). A new survey of Brazilian marine algae
for agglutinins. Journal of Applied Phycology, 9(6),
495–501. doi: 10.1023/A:1007917108581

Goldstein, I. J., Winter, H. C., & Poretz, R. D. (1997). Plant
lectins/ : tools for the study of complex carbohydrates.
In J. Montreuil, J. F. . Vliegenthart, & H. Schachter
(Eds.), Glycoproteins II (Vol. 29, pp. 403–474).
Elsevier Science B.V. doi: 10.1016/S0167-
7306(08)60625-0

Hamid, R., Masood, A., Wani, I. H., & Rafiq, S. (2013).
Lectins: proteins with diverse applications. Journal
of Applied Pharmaceutical Science, 3(4), 93–103. doi:
10.7324/JAPS.2013.34.S18

Han, J. W., Yoon, K. S., Klochkova, T. A., Hwang, M. S., &
Kim, G. H. (2011). Purification and characterization of
a lectin, BPL-3, from the marine green alga Bryopsis
plumosa. Journal of Applied Phycology, 23(4), 745–
753. doi: 10.1007/s10811-010-9575-x

Harrysson, H., Hayes, M., Eimer, F., Carlsson, N.-G., Toth,
G. B., & Undeland, I. (2018). Production of protein
extracts from Swedish red, green, and brown
seaweeds, Porphyra umbilicalis  Kützing, Ulva
lactuca  Linnaeus, and Saccharina latissima
(Linnaeus) J . V . Lamouroux using three different
methods. Journal of Applied Phycology, 30, 3565–
3580. doi: 10.1007/s10811-018-1481-7

Hung, L. D., Hirayama, M., Ly, B. M., & Hori, K. (2015).
Purification, primary structure, and biological activity
of the high-mannose N-glycan-specific lectin from
cultivated Eucheuma denticulatum. Journal of Applied
Phycology, 27(4), 1657–1669. doi: 10.1007/s10811-
014-0441-0

Hung, L. D., Ly, B. M., Trang, V. T. D., Ngoc, N. T. D., Le
Hoa, T., & Trinh, P. T. H. (2012). A new screening for
hemagglutinins from Vietnamese marine
macroalgae. Journal of Applied Phycology, 24(2),
227–235. doi: 10.1007/s10811-011-9671-6

Hyono, A., Mazda, T., Okazaki, H., Tadokoro, K., & Ohshima,
H. (2008). Analysis of enzyme-treated red blood cell
surface and haemagglutination using a theory of soft
particle electrophoresis. Vox Sanguinis, 95(2), 131–
136. doi:10.1111/j.1423-0410.2008.01070.x

Ito, H., Hoshi, K., Honda, T., & Hashimoto, Y. (2018).
Lectin-based assay for glycoform-specific detection
of 2,6-sialylated transferrin and carcinoembryonic
antigen in tissue and body fluid. Molecules, 23(1314),
1–11. doi: 10.3390/molecules23061314

Jung, M. G., Lee, K. P., Choi, H. G., Kang, S. H., Klochkova,
T. A., Han, J. W., & Kim, G. H. (2010). Characterization
of carbohydrate combining sites of Bryohealin, an
algal lectin from Bryopsis plumosa. Journal of Applied
Phycology, 22(6), 793–802. doi: 10.1007/s10811-
010-9521-y

Kaji, H., Saito, H., Yamauchi, Y., Shinkawa, T., Taoka, M.,
Hirabayashi, J., … Isobe, T. (2003). Lectin affinity
capture, isotope-coded tagging, and mass
spectrometry to identify N-linked glycoproteins. Nature
Biotechnology, 21(6), 667–672.

Lam, S. K., & Ng, T. B. (2011). Lectins: Production and
practical applications. Applied Microbiology and
Biotechnology, 89(1), 45–55. doi: 10.1007/s00253-
010-2892-9

N.D. Fajarningsih et al./Squalen Bull. of Mar. and Fish. Postharvest and Biotech. 14 (3) 2019, 103-111



111

Leite, Y. F. M., Silva, L. M. C. ., Amorim, R. C. N., Freire, E.
A., Jorge, D. M., Grangeiro, T. B., & Benevides, N. M.
B. (2005). Purification of a lectin from the marine red
alga Gracilaria ornata and its effect on the development
of the cowpea weevil Callosobruchus maculatus
(Coleoptera: Bruchidae). Biochimica et Biophysica
Acta - General Subjects, 1724(1–2), 137–145. doi:
10.1016/j.bbagen.2005.03.017

Mao, X., Qin, J., & Lin, B. (2007). Lectins: analytical
technologies. In C. L. Nilsson (Ed.), Lectins: Analytical
Technologies (pp. 213–238). Elsevier B.V. doi:
10.1016/B978-0-444-53077-6.50010-7

Marques, D. N., Almeida, A. S. de, Sousa, A. R. de O.,
Pereira, R., Andrade, A. L., Chaves, R. P., … Sampaio,
A. H. (2018). Antibacterial activity of a new lectin
isolated from the marine sponge Chondrilla
caribensis . International Journal of Biological
Macromolecules, 109, 1292–1301. doi: 10.1016/
j.ijbiomac.2017.11.140

Mody, R., Joshi, S., & Chaney, W. (1995). Use of lectins
as diagnostic and therapeutic tools for cancer.
Journal of Pharmacological and Toxicology Methods,
33, 1–10.

Molchanova, V., Chernikov, O., Chikalovets, I., & Lukyanov,
P. (2010). Purification and partial characterization of
the lectin from the marine red alga Tichocarpus
crinitus (Gmelin) Rupr. (Rhodophyta). Botanica
Marina, 53(1), 69–78. doi: 10.1515/BOT.2010.001

Mu, J., Hirayama, M., Sato, Y., Morimoto, K., & Hori, K.
(2017). A novel high-mannose specific lectin from the
green alga Halimeda renschii exhibits a potent anti-
influenza virus activity through high-affinity binding to
the viral hemagglutinin. Marine Drugs, 15(8). doi:
10.3390/md15080255

Nagano, C. S., Moreno, F. B. M. B., Bloch, C., Prates, M. V,
Calvete, J. J., Saker-Sampaio, S., … Sampaio,  a H.
(2002). Purification and characterization of a new lectin
from the red marine alga Hypnea musciformis. Protein
and Peptide Letters, 9(2), 159–166. doi: 10.2174/
0929866023408931

Nardy, A. F. F. R., Freire-de-lima, L., Freire-de-lima, C. G.,
& Morrot, A. (2016). The sweet  side of immune
evasion : role of glycans in the mechanisms of cancer
progression. Frontiers in Oncology, 6(March), 1–7.
doi: 10.3389/fonc.2016.00054

Oliveira, S. R. M., Nascimento, A. E., Lima, M. E. P., Leite,
Y. F. M. M., & Benevides, N. M. B. (2002). Purification
and characterisation of a lectin from the red marine
alga Pterocladiella capillacea (S.G. Gmel.) Santel. &
Hommers. Revista Brasileira de Botânica, 25(4),
397–403. doi: 10.1590/S0100-84042002012000003

Oudart, J., Zucchini, L., Maquart, F., Dubernard, X.,
Labrousse, M., Fiabane, G., … Ramont, L. (2017).
Tau protein as a possible marker of cerebrospinal
fluid leakage in cerebrospinal fluid rhinorrhoea/ : A
pilot study. Biochem Med, 27(3), 1–5.

Praseptiangga, D. (2015). Algal lectins and their potential
uses. Squalen Bull. of Mar. & Fish. Postharvest &
Biotech., 10(2), 89–98. doi: 10.15578/
squalen.v10i2.125

Praseptiangga, D., Hirayama, M., & Hori, K. (2012).
Purification, characterization, and cDNA cloning of a
novel lectin from the green alga, Codium barbatum.
Bioscience, Biotechnology, and Biochemistry, 76(4),
805–811. doi: 10.1271/bbb.110944

Reily, C., Stewart, T. J., Renfrow, M. B., & Novak, J. (2019).
Glycosylation in health and disease. Nature Reviews
Nephrology, 15, 346–366. doi: 10.1038/s41581-019-
0129-4

Rogers, D. J., & Hori, K. (1993). Marine algal lectins:
new developments. Hydrobiologia, 260(1), 589–593.
doi: 10.1007/BF00049075

Rogers, D. J., & Loveless, R. W. (1985).  Haemagglutinins
of the Phaeophyceae and non-specific aggregation
phenomena by polyphenols. Botanica Marina, XXVIII,
133–137.

Sato, Y., Hirayama, M., Morimoto, K., Yamamoto, N.,
Okuyama, S., & Hori, K. (2011). High mannose-
binding lectin with preference for the cluster of 1-2-
mannose from the green alga Boodlea coacta is a
potent entry inhibitor of HIV-1 and influenza viruses.
Journal of Biological Chemistry, 286(22), 19446–
19458. doi: 10.1074/jbc.M110.216655

Sato, Y., Morimoto, K., Hirayama, M., & Hori, K. (2011).
High mannose-specific lectin (KAA-2) from the red
alga Kappaphycus alvarezii potently inhibits influenza
virus infection in a strain-independent manner.
Biochemical and Biophysical Research
Communications, 405(2), 291–296. doi: 10.1016/
j.bbrc.2011.01.031

Singh, R. S., Thakur, S. R., & Bansal, P. (2015). Algal
lectins as promising biomolecules for biomedical
research. Critical Reviews in Microbiology, 41(1), 77–
88. doi: 10.3109/1040841X.2013.798780

Singh, R. S., & Walia, A. K. (2018). Lectins from red algae
and their biomedical potential. Journal of Applied
Phycology, 30(3), 1833–1858. doi: 10.1007/s10811-
017-1338-5

Srinivasan, K., Roy, S., Washburn, N., Sipsey, S. F.,
Meccariello, R., Iii, J. W. M., … Kaundinya, G. V. (2015).
A quantitative microtiter assay for sialylated glycoform
analyses using lectin complexes. Journal of
Biomolecular Screening , 20(6), 768–778. doi:
10.1177/1087057115577597

Teixeira, E. ., Sousa Arruda, F. V., Do Nascimento, K. S.,
Carnerio, V. A., Nagano, C. S., Da Silva, B. R., …
Cavada, B. S. (2012). Biological applications of plants
and algae lectins: an overview. In C.-F. Chang (Ed.),
Carbohydrates-Comprehensive Studies on
Glycobiology and Glycotechnology. Intech. Open. doi:
10.5772/50632.

Vasconcelos, M. A., Arruda, F. V. S., Carneiro, V. A., Silva,
H. C., Nascimento, K. S., Sampaio, A. H., … Pereira,
M. O. (2014). Effect of algae and plant lectins on
planktonic growth and biofilm formation in clinically
relevant bacteria and yeasts. BioMed Research
International, 2014. doi: 10.1155/2014/365272

Wang, S., Zhong, F., Zhang, Y., Wu, Z., Lin, Q., & Xie, L.
(2004). Molecular characterization of a new lectin from
the marine alga Ulva pertusa. Acta Biochimica et
Biophysica Sinica, 36(2), 111–117.

Wu, M., Tong, C., Wu, Y., Liu, S., & Li, W. (2016). A novel
thyroglobulin-binding lectin from the brown alga
Hizikia fusiformis and its antioxidant activities. Food
Chemistry , 201 , 7–13. doi: 10.1016/
j.foodchem.2016.01.061

Ziólkowska, N. E., & W lodawer, A. (2006). Structural
studies of algal lectins with anti-HIV activity. Acta
Biochimica Polonica, 53(4), 617–626. doi: 20061399
[pii]

N.D. Fajarningsih et al./Squalen Bull. of Mar. and Fish. Postharvest and Biotech. 14 (3) 2019, 103-111


