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Lectins are non-enzymatic proteins that attach to carbohydrates and exhibit diverse biological activities and are found
in Colocasia esculenta rthizomes. This study determined the optimal conditions for purifying and isolating lectin from
C. esculenta rhizome. The methods involved the preparation of crude extracts with variations of salting in, salting in
followed by salting out, and precipitation with phosphate buffer saline (PBS), then all extracts were analyzed with
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Purification and isolation were carried out
using ion exchange chromatography with pH variations of 8.3, 7.2, and 9.6. The isolates were evaluated using the
bicinchoninic acid method, SDS-PAGE, and hemagglutination test. The results of SDS-PAGE showed that the best
extraction method involved the use of PBS as indicated by the presence of a prominent band at ~12.5kDa. During
pH optimization for purification, the best isolate was obtained at pH 9.6. This was observed by the appearance
of a single band with ~12.5kDa MW on 12% SDS-PAGE gel and occurrence of an agglutination reaction at the
hemagglutination stage. The total protein content of lectins ranged from 1284.83 to 2947.33 ug/mL. The C. esculenta
rhizome contains lectins as active protein compounds. The best isolation condition is by extraction with PBS solvent

and purification using ion exchange chromatography at pH 9.6.

1. INTRODUCTION

Lectins are recognized as glycan-binding proteins and serve crucial
roles in various biological processes [1]. With two active sides
that bind to carbohydrates, lectins have the capability to clump
together cells displaying these compounds on their surface. This
unique property has led to lectins being referred to as agglutinins or
hemagglutinins. However, the mechanism of cell clumping differs from
immunoglobulins, therefore lectins are called non-immune proteins.
The cell clumping ability of lectin makes it pharmacologically useful
as a preventive agent against autoimmune diseases functioning as an
anti-tumor, antimicrobial, and anti-malarial, etc. Lectins are derived
from plants, animals, and bacteria; meanwhile, plants are the largest
sources and are widely used for isolation and analysis of different
molecules. In plants, they are found in seeds, leaves, bark, roots,
rhizomes, and fruits [2].

Colocasia esculenta, known as taro, contains lectins which
are synthesized in the rhizome [3]. Taro is a tropical, annual
herbaceous plant of the Aracea family, and the rhizome is used as
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food, antibacterial, anti-inflammatory, antitumoral, antimutagenic,
immunomodulatory, antioxidant, anti-hyperglycemic, and anti-
hyperlipidemic [4-6]. In addition, several studies have also shown
that taro flour can be utilized in food packaging industry applications
as a low-cost biopolymer and flour modification with cold plasma
treatment [7,8]. The rhizomes are abundant in fibers, starch granules,
mucilage, and bioactive phytochemicals such as sterols, alkaloids,
flavonoids, tannins, and micronutrients [9]. One of the lectins found
in C. esculenta rhizomes is tarin in the form of o-D-mannose which
consists of two heterodimers. Each heterodimer has homologous
monomers with sizes of ~11.9 (chain A) and ~12.7 (chain B) kDa.
Every monomer of tarin creates a conventional B-prism II fold.
Domain switching between the B-strand on face I of the prism and the
C-terminal B-strand forms heterodimers. Tetramers are put together by
dimerizing the heterodimer’s B chain, which involves the surface II
of every prism. This loop may give members of the Galanthus nivalis
agglutinin (GNA)-related lectin family selectivity when it comes to
binding carbohydrates because it is different in size and amino acid
content from the other 10 B-prism II domain proteins [10]. Tarin
which is a lectin related to GNA. This compound accumulates in large
quantities within the vacuole of C. esculenta [10] and stimulates the
adaptive and innate response of the immune, allowing the host to
mask from infection or the immunosuppressed status inherent in some
pathological conditions. The reversible and specific binding of lectins
to carbohydrates in several cell types causes tarin to exhibit activities
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such as antibacterial, antifungal, antiviral, anti-tumor, insecticidal, and
stimulation of mitogenic lymphocytes [11].

There have been many studies on the development and purification
of lectins in recent years. At present, lectins are used as reagents for
biopharmaceutical diagnostics and drugs, specifically those derived from
plants. They are expected to become therapeutic agents in the future and
a product of the biopharmaceutical industry, specifically monoclonal
antibodies [12] though it has anti-nutritional effects. Da Silva et al.
reported that lectins from Parkia platycephala seeds showed negative
effects on biochemical parameters and fish growth when used as fish
feed [13]. Therefore, optimizing the separation and purification of plant-
derived lectins is necessary to harness their therapeutic potential and
utilize plants, such as taro, without any negative effects. The separation
and purification are conducted by extracting plants using precipitation
methods with salt and phosphate buffer saline (PBS). Purification is
carried out using affinity gel and ion exchange chromatography [12].

However, there are limited studies on the optimal methods for
extracting and isolating active proteins from C. esculenta rhizomes.
According to the description above, this study was conducted to
determine the optimal conditions for purifying and isolating lectins
from C. esculenta rhizomes.

2. MATERIALS AND METHODS

2.1. Plant Materials and Equipment

C. esculenta rthizomes were obtained from the Horticultural Plant
producer, South Bogor. The rhizomes were about 5—-8 months old and
the plants were identified at the Herbarium Bogoriense, Directorate
of Scientific Collection Management, BRIN Cibinong, Indonesia. The
materials include Cytiva HiTrapTM DEAE-FF 5 mL, 2% rabbit red
blood cells, NaCl10.85%, high-speed refrigerated centrifuge, Micropipet
(Thermo Scientific), sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) (ATTO Corporation), Waterbath B-480
(BUCHI), Centrisart A-14 (Sartorius), Seesaw Shaker WSC-2400
(ATTO), SYNERGY HTX Multi-mode reader (BioTek), incubator
shaker (Heidolph UNIMAX 1010), AKTA™ start protein purification
(GE) with UV detector and HiTrap DEAE-FF analytical column, 96-
well microplate, and V-bottom plate (NEST).

2.2. Methods

2.2.1. Preparation of crude extract

a.  Salting in with NaCl

To prepare the mixture, fresh C. esculenta rhizomes weighing 50 g
were washed, peeled, and sliced. They were then combined with
0.2 mol/L NaCl solution containing 1 g/L ascorbic acid at a ratio
of 10 mL/g of fresh weight. After filtration, the homogenate was
centrifuged at 3000x g for 10 min. Then, to the supernatant was added
20 mmol/L CaCl,, the pH was adjusted to 9.0 with 1 mol/L NaOH,
and the suspension was left overnight at <4°C. This was centrifuged
at 3000x g for 10 min and collected the supernatant, adjusted to a pH
of 4.0 with 1 mol/L HCI, and centrifuged at 3000 g for 10 min. The
clear solution (S1) was adjusted to a pH of 7.5 with 1 mol/L NaOH, left
overnight in a refrigerator at <4°C to precipitate, and the precipitate
formed was centrifuged at 9000x g for 20 min. Furthermore, the
resulting supernatant (A1) was collected and stored in a refrigerator
at —20°C. The extraction of taro rhizomes using the salting in method
refers to Jebor et al. [14] with modifications.

b. Salting in followed by salting out methods
A portion of the S1 solution was added to solid ammonium sulfate

until a final concentration of 1 mol L. The mixture was left in the
refrigerator overnight at <4°C and centrifuged at 9000 x g for 20 min.
Then, the supernatant (B1) and precipitate (B2) were collected and
stored in a freezer at —20°C. The extraction of taro rhizomes using the
salting in followed by the salting out method refers to Jebor ez al. [14]
with minor modifications.

c. Addition of PBS

PBS was used to homogenize 60 g of taro rhizomes at 7.2 pH at a ratio
of 1:5 (w/v). The mixer was used to stir and the product was stored
overnight (<4°C). Furthermore, the extract was filtered and the filtrate
was centrifuged at 20,000 x g for 35 min at 4°C. Then, the supernatant
(C1) and precipitate (C2) were collected and stored at <—20°C [15].

2.2.2. SDS-PAGE analysis

a. SDS-PAGE Preparation

Preparation of Resolving gels: Aquades (4.9 mL) and 6.0 mL of 30%
Acrylamide/Bis Solution 19:1 was mixed. Then, 3.8 mL of 1.5 mol L"!
Tris Buffer (pH 8.8), 0.15 mL of 10% SDS, 0.15 mL of ammonium
persulfate 10%, and 30 uL tetramethylenediamine (TEMED) were
added. The solution was stirred until it was homogeneous. Then, 6 mL
of the solution was transferred into the SDS-PAGE device and allowed
to freeze. Preparation of Stacking gels: Aquadest (4.1 mL) was added
to 1 mL of 30% acrylamide/Bis Solution 19:1. Furthermore, 750 uL
of 1.5 mol L' Tris Buffer (pH 6.8), 60 uL of 10% SDS, 60 uL of
10% ammonium persulfate, and 25 pL of TEMED were added. The
solution was shaken until it was homogeneous and transferred into
the SDS-PAGE tool. Then, the mold was placed into the SDS-PAGE
device. The SDS-PAGE analysis procedure followed that of Roy and
Kumar [16], with minor modifications.

b. SDS-PAGE Electrophoresis

The electrophoresis procedure refers to Jiang et al. [17] and Jawade
et al. [18] with slight modifications. Crude extract samples, Al, B1,
B2, C1, and C2, were mixed with Coomassie brilliant blue loading
dye in a ratio of 5:1 and heated in a water bath at 95-100°C for 5 min.
A total of + 20 uL of protein solution sample and 5 uL of Pageruler
Plus Prestained Protein Ladder marker were added to the well. The
process used the electrophoresis unit with constant voltage in a
standard mode of 21 mA/gel for £1 h 45 min on the ATTO WSE-1150
PageRun Ace device. Furthermore, the gel was observed in Coomassie
brilliant blue R-250 staining solution (Bio-rad) for 30 min. Then, the
staining solution was replaced with Coomassie brilliant blue R-250
Destaining solution (Bio-rad) overnight for gel washing.

2.2.3. Isolation and purification of lectin compounds using ion
exchange chromatography

Isolation and purification were performed on sample C1 using a 5 mL
HiTrap™ DEAE-FF column and a flow rate of 1.0 mL min™'. This
refers to the method of Jebor and Jalil [14] with minor modifications.
Optimization using three buffer pH conditions: 0.01 mol L' Tris-HCI
for pH of 8.3 and 9.6, and PBS buffer for pH of 7.2. Sample C1 was
dialyzed against each buffer and loaded on a 5 mL HiTrap DEAE-FF
analytical column equilibrated with the same buffer. The column
was connected to the AKTA™ start protein purification device (and
other conditions using general standard operating procedure), and the
adsorbed lectin proteins were eluted using 0.3 M NaCl solution in each
buffer.

2.2.4. Determination of total protein content using the
bicinchoninic acid (BCA) method

The crude extract sample (25 uL) was pipetted into a 96-well
microplate, and then, 200 uL of working reagent of BCA and standard
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solution were added. The solution was stirred for 30 s and incubated
at 37°C for 30 min. Furthermore, the absorbance was calculated at
562 nm using the synergy htx multimode reader-Gen5 3.08 software
application. The test was replicated 3 times, and the standard curve and
concentration of the samples were obtained [19].

2.2.5. Hemagglutination test for lectin identification

A 96-well V bottom microplate was mixed with 2% rabbit red blood
cells and the sample concentration series of 4-1 ug mL™" in PBS. The
solution was incubated for 1 h at room temperature and observed
visually. Positive results of the agglutination reaction were indicated
by a uniform red color in the solution, while negative results showed a
red dot precipitate [18].

3. RESULTS AND DISCUSSION
3.1. Crude Extract and SDS-PAGE

The extraction of taro rhizomes using three methods produced five
crude extracts, namely Al is the supernatant from the salting in
method, B1 and B2 are the supernatant and precipitate from the salting
in method followed by salting out, and C1 and C2 are the supernatant
and precipitate from the extraction using PBS solvent. The separation
and purification of lectins are carried out using methods such as salt or
acid precipitation, solvent extraction, and chromatography, including
ion exchange and affinity chromatography. The results showed that the
crude extract with phosphate buffer saline (C1) was the most optimal.
This was confirmed by analysis using SDS-PAGE, where the most
intense band at a molecular weight of 12.5 kDa in sample C1 was
detected compared to the other four extracts [Figure 1].

The SDS-PAGE analysis showed that C1 contained proteins with
molecular weights of ~60 kDa, 20 kDa, and ~12.5 kDa scattered
in each extract. SDS-PAGE analysis was used to identify the lectin
protein to be isolated based on its molecular weight and to qualitatively
determine the protein with the highest concentration from the intensity
of the resulting bands. In the SDS-PAGE analysis of C. esculenta, a
band with a molecular weight of 12.5 kDa [3] was observed.

3.2. Purification of Lectin Compounds using Ion Exchange
Chromatography

Based on the SDS-PAGE results, C1 showed the clearest band
[Figure 1], hence lectin purification was continued using lon Exchange
Chromatography (weak anion exchange resin) isocratically. The first
stage of purification was pH optimization at a pH of 8.3, 7.6, and 9.6,
with the results in Figure 2.

From the purification results at pH 8.3, the highest peak was obtained
in fractions 1-5 [Figure 2a]. Similarly, at pH 7.2, the highest peak was
observed in fractions 7—15 [Figure 2b], and at pH 9.6, it was obtained
in fractions 4-15 [Figure 2c]. Based on the SDS-PAGE analysis of
crude extract samples, sample C1 was selected for protein separation
and purification using ion-exchange chromatography because proteins
are charged compounds and are separated according to their charge
(ions) using either an an-ion exchange or cation exchange resin [20].
Furthermore, ion exchange chromatography separates molecules
based on their type and strength of charge. At pH values above the
isoelectric point (PI), proteins carry a negative charge and bind to a
positively charged resin (anion exchange).

Ion exchange resins are divided into four types: Strong anions, weak
anions, strong cations, and weak cations. Each type has distinct
properties and functions and is selected based on the target and sample

M Al Bl B2 (C1 Q2

70 kDa |
55 kDa — SR
25kDa >
— 20 kDa
| — 12.5kDa

Figure 1: Results of Analysis of Taro rhizome crude extract using sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. M: Marker,
Al: Supernatant salting in, B1: Supernatant salting in and salting out,
B2: Precipitate salting in and salting out, C1: Supernatant with PBS,
C2: Precipitate with phosphate buffer saline solvent, kDa: kilo Dalton.

used. The ionic strength and buffer pH are vital in protein separation.
According to Roy et al. [21], increasing the ionic strength of the
mobile phase optimizes elution profiles more effectively than pH
changes. However, the appropriate pH is important for binding the
desired protein, as this determines the type of resin to be used. The
ionic strength of the sample and variations in buffer pH are essential
in achieving high resolution and effective separation. Based on the pH
optimization results, the optimal separations were obtained at pH 9.6,
which is appropriate for determining optimization using PI. Although
most lectins have a wide pH range of 1-14, those from different
sources have different ranges, such as Parkia javanica beans with an
optimal pH range of 7-10 [22]. The optimization of pH was conducted
by determining the PI of the protein from the sequence of lectin
compounds described by Das et al. [3]. After obtaining the sequence
from C. esculenta rhizomes, the online expasy application was used to
determine the PI. From the sequence, the PI was 8.59 due to the use
of a weak anion exchange resin, DEAE-FF. Therefore, the anion resin
should be increased by 1 pH unit above the PI of the compound. The
PI of 8.59 needs to be adjusted by 1 pH unit to 9.59 because when the
pH exceeds the PI, the protein acquires a negative charge and binds to
the anion exchange [20].

3.3. Analysis using SDS-PAGE

SDS-PAGE analysis was conducted on the highest peak obtained from
the purification of sample C1 using Ion Exchange Chromatography
[Table 1].

In the flow-through (Ft) results at pH 7.2 and pH 8.3, there were two
bands at ~12.5 and 60 kDa. Fraction test results at pH 7.2 fractions
7—-15 showed a single band of ~60 kDa, and at pH 8.3 fractions
1-5 detected protein ~60 kDa. Meanwhile, the results at pH 9.6, Ft
exhibited a single band of ~12.5 kDa as well as in fractions 4-10 had a
single band at ~12.5 kDa, so this fraction was further analyzed.



226

Desmiaty, et al.: Journal of Applied Biology & Biotechnology 2024;12(3):223-228

- Y
Bt atve-ttiert—

se Infinite min 1116... >
0w Rate 1.0 {mlimin}

o

Aaiafle A ANA A A AAAA

L

T T T T T T T T T 18

a I 120 130
Fractionation range 4-10

5

Fractionation range 4-10

Bl dale 5
L= tRd L=l B g - | e

J

|||Wﬂ|

2

b |

ARAAAAAAAARANAAANAAANARAAAANA AL

A

--Rause Infi..

i ]

It

Fractionation range
4-10

120

130 140

Figure 2: Purification results of sample C1 using Ion exchange chromatography with three pH points: (a). pH 8.3; (b). pH 7.2; (¢). 9,6.

Table 1: SDS-PAGE analysis of purified sample C1 (supernatant with PBS)
at pH 8.3; pH 7.2; and 9.6.

Molecular pH 7.2 pH 8.3 pH 9.6
weight (kDa) g p7p15 Bt FI-F5  Ft  F4-F10
125 v - v - v \

20 . - . - - .

60 y \ y \/ - -

Ft: Flow-through, F: Fraction, : Band detected, - : Band no detected, SDS: Sodium
dodecyl sulfate, PBS: Phosphate buffer saline

3.4. Determination of Lectin Protein Content at pH 9.6 using
the BCA Method

Protein content determination was carried out on the purified
samples obtained from fractions 4-10 at pH 9.6. Table 2 shows the
determination of protein content using the BCA method with an
absorbance of 562 nm. The BCA test was conducted to ascertain
the lectin concentration in the purification results. Furthermore, the
concentration ranged from 1284.83 to 2947.33 ug mL", with the
highest observed in the flow-through. The BCA test is a widely used
procedure for determining protein concentration due to its simplicity,
sensitivity, repeatability, and reproducibility [19].

3.5. Hemagglutination

In this test, a sample concentration gradient from 4 to 1 pg mL"' of the
purified fraction at pH 9.6 was used. Table 3 shows the results of the
hemagglutination test and it was compared with that of the SDS-PAGE
analysis.

The hemagglutination test was performed on the fractionation results
at pH 9.6, which showed the most optimal outcome with the presence
of a tarin compound. Therefore, SDS-PAGE analysis and determination
of protein concentration were performed on the resulting fraction. The
hemagglutination test was conducted using three different concentrations,
to identify the presence of lectin protein [23]. Lectin agglutinates red

Table 2: Purified lectin protein concentration at pH 9.6.

Sample Lectin protein concentration (ug mL™)
Flow through 2947.33

4™ fraction 1550.94

5™ fraction 1561.5

6™ fraction 1482.61

7™ fraction 1486.5

8™ fraction 1423.16

9™ fraction 1398.72

10" fraction 1284.83

blood cells through non-covalent interactions with carbohydrates on the
cell surface [24]. The hemagglutination results for pH 9.6 purification
showed that fractions 4-10 had a positive result, indicating the presence
of lectin protein. However, the flow-through sample at concentrations
3 and 1 pg mL"' showed a negative result with sediment formation
in the wells. Agglutination was affected by temperature and pH,
where increasing the temperature of lectins derived from Momordica
charantina plants to 55°C decreases the agglutination ability by 50%.
The optimal pH range for lectins in plants is 5-8, and increasing the
pH to 10-11 causes a 50% reduction in the agglutination ability [23].
Furthermore, the new lectin from loach skin mucus showed maximum
agglutination at pH 7-8.5 and temperature between 20 and 50°C, while
the lowest agglutination occurred at pH <6 and temperatures >50°C
[25]. In this study, agglutination was observed between lectin extracted
from C. esculenta rhizomes and rabbit erythrocytes due to the presence
of carbohydrates on the surface of the cell.

4. CONCLUSION

In conclusion, the isolation and purification procedure of lectin from
C. esculenta had the best conditions with extraction using PBS solvent
and purification using ion exchange chromatography at pH 9.6. The
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Table 3: Illustration of pH 9.6 purification hemagglutination test results.
1 (control) 2 (4 pg mL™)
A (flow through) - +

B (fraction-4)
C (fraction-5)
D (fractions-6)
E (fraction-7)
F (fraction-8)
G (fraction-9)
H (fraction-10) +

Fractions

+ o+ o+ o+ o+ o+

3 (3 pgmL™) 42 pgmL™) 5 (1 pgmL™)
- + -
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +

(+): There was lectin protein activity, and (—): No lectin protein was identified

results of SDS-PAGE of lectin isolates showed a molecular weight of
12.5 kDa which complies with tarin compounds. It is expected that
the outcome of this research can be useful in the isolation of lectin
from C. esculenta thizome so that it can be applicable in larger-scale
production.
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