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ARTICLE INFO ABSTRACT

Diabetes is prevalence in Malaysia affecting 21 % of her adults. The
occurrence of this metabolic disease is linked to the excessive intake of high
calorie sugar. Although non-sugar sweeteners are available, artificial
sweeteners pose adverse side effects to human health while natural
sweeteners such as sweet proteins suffer low heat stability thus limiting their
utilization in food processing. However, sweet protein mabinlin from the

Article history:

Received 7 February 2017
Received in revised form
1 September 2017
Accepted 1 October 2017

K.eys/ords: plant mabinlang (Capparis masaikai Levl.) is a promising sugar substitute
SDla etes due to its excellence high heat stability and intense sweetness. Nevertheless,
ugar

its mass production is hampered by the scarcity of the plant. Recently, 2s
albumin in cacao (Theobroma cacao) showed high similarity to mabinlin and
has more potential to be produced industrially because cacao are grown by
many countries including Malaysia. However, there is no report regarding
cocoa mabinlin characteristics, to date. In this study, we had purify 2s
albumin, a protein that is correspond to mabinlin in cacao via lon Exchange
Chromatography (IEX). All peaks were pooled and collected, and then run
through SDS- PAGE to confirm their purity. Peak 5 eluted from Q HP column
in IEX gave a single protein band at 21 kDa after staining with silver nitrate
solution. This study hopefully will lead to development of alternative low
calorie sweetener from local resources of Malaysia, thus impact on reducing
high sugar consumption related diseases, especially diabetes.
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Sweet Protein
Mabinlin

© 2017 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

In recent years, the prevalence of the diseases
related to the consumption of sugars, such as
obesity, diabetes, hyperglycemia, and caries, has
increased dramatically. In Malaysia, the number of
diabetes cases in 2014 had exceeded 3 million cases,
which is the highest among ASEAN countries. The
high sugar intake is believed to closely relate to this
issue. In this respect, the high number diabetes case
is acceptable since Malaysia is the 8th highest sugar
consumers in the world. By the 1990s Malaysians
were consuming an average of 24 teaspoons of
sugars per day now the figure has jumped to 26
teaspoons. The aforementioned facts suggest
reduction of sugar consumption in daily life. Yet, due
to culture, sugar free diet is not possible, or else
consumption of sweeteners is sometimes
unavoidable for food or beverages. Therefore, the
best way in addressing this issue is by sugar

* Corresponding Author.

Email Address: azwang@ums.edu.my (A. Awang)
https://doi.org/10.21833 /ijaas.2017.012.012
2313-626X/© 2017 The Authors. Published by IASE.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

57

replacement with low-calorie sweeteners. Despite
artificial sweeteners (aspartame, saccharin,
neotame, sucralose, and acesulfame potassium) have
higher sweetness and lower calorie compared to
sugar (Schiffman, 2012), yet these compounds are
often linked to some diseases due to their side
effects, including psychological problems, mental
disorder, bladder cancer and heart failure (Masuda
and Kitabatake, 2006).

Some proteins have been known to elicit the
sensation of sweetness (Gnanavel and Muthukumar,
2011; Rega et al, 2015; Masuda and Kitabatake,
2006). These proteins, so-called sweet tasting
proteins, include thaumatin, monellin, mabinlin,
brazzein, egg lysozyme, and neoculin (previously
considered as curculin) (Picone and Temussi, 2012)
are considered to be promising as low calorie
sweeteners for sugar replacement (Masuda and
Kitabatake, 2006). Monellin and thaumatin are
considerably exhibiting higher sweetness compared
to other sweet-tasting proteins, but these proteins
are sensitive against heat treatment. This limits
application of these proteins in higher temperature,
including hot beverages.

Despite no common structural features among
sweet tasting proteins, however, it is believed that
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the proteins elicit their sweet taste, in human and
other mammals, by interacting with sweet taste
receptor (Nelson et al., 2001; Margolskee, 2002; Li et
al., 2002; Matano et al., 2015). The sweet receptor
consists of a heterodimer of two sequence-related
subunits that belong to the class C Gprotein- coupled
receptor (GPCR) family: Taste type 1 Receptor 2
(T1R2) and Taste type 1 Receptor 3 (T1R3). On the
basis of their sequence similarities to mGluR1,
mGIuR3, mGIluR7, and rhodopsin (Kunishima et al.,
2000; Muto et al., 2007; Palczewski et al., 2000) each
subunit has been proposed to consist of three main
structural domains: the Venus flytrap module
(VFTM) containing lobes 1 and 2, which can be in an
“open” or a “closed” conformation; the cysteine-rich
domain (CRD), which was named for nine conserved
cysteine residues in the mGluR subgroup of family C;
and the hepta-helical transmembrane domain (TMD)
(Pin et al., 2004).

Among all of the sweet tasting proteins, only
mabinlin is stored in seeds, and the rest are
accumulated in fruits; all of them show lower
similarity in amino acid sequence. In term of heat
stability, mabinlin is known to be a heat-stable sweet
tasting protein (Liu et al., 1993). Mabinlin is firstly
found in mature seeds of Capparis masaikai Lvl.,
which grows in a subtropical region of Yunnan
province of China (Liu et al, 1993). At least four
isoforms, namely, mabinlin I-1, mabinlin II, mabinlin
III, and mabinlin IV, were found in the fruits
(Nirasawa et al., 1994; Gu et al,, 2015). Among them,
mabinlin II is heat-stable and its sweetness is not
lost after 48 h of incubation at 80 °C. The amino acid
sequence of mabinlin II was determined and found
to be a heterodimer composed of the A chain of 33
amino acid residues and the B chain of 72 amino acid
residues (Liu et al., 1993).

The heat stability of mabinlin II has been shown
due to the presence of disulfide bonds in its
structure. A-chain and B-chain of mabinlin II contain
two and six cysteine residues, respectively. The
formation of two interchain disulfide bridges at
Cys(A5)-Cys(B21) and Cys(A18)-Cys(B10), and two
intrachain disulfide bridges at Cys(B11)-Cys(B59)
and Cys(B23)-Cys(B67) were reported already
(Nirasawa et al, 1994). Cleavage of the disulfide
bridges destabilizes this protein and result in in
complete loss of the sweet activity of mabinlin II
(Nirasawa et al., 1994).

Recently, Niemenak et al. (2015) identified a
mabinlin-like protein in cacao (Theobroma cacao)
using proteomic approach. We believed it is a cacao
2S albumin protein, since it was reported having
high similarity and identity with mabinlin from
mabinlang (Kochhar et al, 2001). This protein is
highly expressed in zygotic embryos, which might be
due to its physiological function as energy storage.
Given the cacao industry in Malaysia grew to become
the third major commodity crop, mabinlin-like
protein from cacao is promising to be further
developed as sugar replacement. Currently, cacao is
used mainly in chocolate based products, which been
monopoly by giant company like Nestle. This
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reduced the marketability of products from small
scale plantation and makes them difficult to compete
in larger marketplace. Upon successful finding of
sweet protein from cacao perhaps will give them the
opportunity to divert the usage of their cacao.
However, further development of this protein from
cacao is limited by the lack of study on its sweetness,
thermal stability and the mechanism by which it
elicit sweetness response and, if any, thermal
stability.

So far, there is report on whether this protein
belongs to mabinlin II variant or the others.
According to Moreno and Clemente (2008), most of
the 2S albumins are considered major allergens in
walnut, Brazil nut, oilseed rape, castor bean, and
mustard seed. They are water-soluble seed storage
proteins present in dicotyledonous plants, including
legumes. They share a characteristic four helix, four
disulfide bridges structure (Monsalve et al., 2004)
with cereal o-amylase/trypsin inhibitors and
nonspecific lipid transfer proteins (nsLTP) and are
typically heterodimers, composed of a large and
small subunit joined by one or two disulfide bridges.
These two subunits result from post-translational
processing of the precursor protein at several sites,
close to the N-terminus, internally, and at the C-
terminus (D’Hond et al., 1993). Besides, several 2S
albumins show antimicrobial and antifungal
properties (Agizzio et al,, 2003).

Hence, we conducted this study in order to
understand the 2S albumin from cacao, whether or
not it having these kinds of properties, and exhibit
sweetness as its homologue from mabinlang.

Furthermore, the molecular mechanism of
sweetness is due to interaction of sweet tasting
proteins and sweet receptors T1R2/T1R3 that are
predicted to be unique for each sweet tasting
protein. However, the mechanism by which mabinlin
interacts to T1R2/T1R3 remains to be further
studied. Post-translational modifications (PTM) are
also predicted to play important role in the
sweetness. Yet, the presence and type of PTM of
cacao mabinlin need to be comprehensively studied.

The crucial step before characterize the
properties of cacao mabinlin is purification of the
protein. Various methods were commonly used to
obtain purified protein including precipitation, gel
size exclusion and ion exchange chromatography.
However, further development of this protein from
cacao is limited by the lack of study on its sweetness,
thermal stability and the mechanism by which it
elicit sweetness response and, if any, thermal
stability.

In this study, we reported a single purification
step via lon Exchange Chromatography (IEX) of 2S
albumin, a protein that is corresponding to mabinlin
in cacao. Our objective is to obtain a novel sweet
protein from cacao as a promising sugar replacer.

2. Methodology

The pods of T. cacao were collected from “Pusat
Penyelidikan Bioteknologi, Lembaga Koko Malaysia,
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Sabah”. The pulp of 200 g seeds was removed
completely before ground with 20 mM phosphate
buffer, pH 7.8 (containing 100 mM NaCl and 1 mM
DTT) with a ratio of 1:10 seeds to buffer at 4°C. The
mixture then filtered with 4 layer of cheese cloth,
thrice. After 3 times ultracentrifugation (35,000 rpm
at 4° C, 30 minutes), the supernatant was
concentrated by freeze dry and kept in -80°C.

2.1. Purification of 2S Albumin

The dried cacao powders were re-suspended in
50 mL of glycine buffer (50 mM, pH 9) before
dialysis for 16 hours. The solution was subsequently
passed through a sterile 0.22 pum filter and stored in
4’ C. Chromatographic steps were performed at room
temperature using Akta Prime Purification System.
The filtered cacao extract was applied to a Q HP
column (5 mL) equilibrated with 50 mM glycine/
NaOH, pH 9 at flow rate 1 mL / min. The proteins
adsorbed on the column were eluted with a linear
gradient of NaCl (0 - 1.0 M). Fractions for each peaks
were pooled and collected. Pure 25pug of 2s albumin
was obtained from 200 g of cacao seeds.

2.2. SDS- PAGE electrophoresis

Protein samples were denatured with two times
SDS  sample buffer (1M Tris HCI pH 6.8, 10 % (w/v)
SDS, 80 % glycerol, 0.5 M EDTA, 1 % BPB, 2-
mercaptoethanol) coupled with boiled at 95°C for 5
minutes. Protein separation was made on 12 %
sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) based on Laemmli
method (1970) method. The separation gel (30 %
acrylamide solution, 1.5 M Tris HCI (pH 8.8), 10 %
SDS solution, deionized water, 10 % APS (w/v),
TEMED) were prepared first and left approximately
45 minutes before stacking gel (30 % acrylamide
solution, 0.5 M Tris HCI (pH 6.8), 10% SDS solution,
deionized water, 10 % APS (w/v), TEMED) were
added and left for another 45 minutes. Then, 20 uL
protein samples for each peak were load in the well
and the gels were run at 150 V for 1 hour.

2.3. Gel visualization

Proteins had been visualized using Silver Nitrate
Staining kit protocol. The gels were placed in the 250
mL fixing solution (100 mL ethanol (95%), 25 mL
acetic acid glacial, MiliQ) for minimum 30 minutes
with gentle shaking. Then, the gels were sensitized
with 250 mL sodium thiosulfate solution (75 mL
ethanol (95 %), 1.25 mL Glutardialdehyde (25%
w/v), 10 mL sodium thiosulphate (5 % w/v), 1
packet of sodium acetate (17g) and mili Q) for
another 30 minutes. The sensitizer solution was
discarded and the gels were rinsed with miliQ for 20
seconds, thrice. 250 mL silver nitrate solution (25
mL silver nitrate (2.5 % w/v), 0.1 mL formaldehyde
(37 % w/v) and miliQ) was added and the gels were
gently agitated for 20 minutes. The container was
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covered with aluminum foils to protect from bright
light. The silver nitrate solution was then discarded
and the gels were rinse with miliQ for 20 seconds
thrice before 250 mL developing solution (1 packet
sodium carbonate (6.25g), 0.05 mL formaldehyde
(37 %) and miliQ) was added. The gels were
developed until protein spots were clearly visible. As
soon as an adequate degree of staining had been
achieved, the developer solution was discarded and
the gels were rinsed with miliQ and then immersed
with 250 mL stop solution (1 packet EDTA-
Naze2Hz0 (3.65 g) and miliQ) for 10 minutes. Lastly,
the gels were washed with miliQ before proceed
with image digitalization by using the “Image Lab
Bio-rad” software.

3. Results and discussion

Although most of 2S albumins have been
identified as major allergens in many allergenic nuts
and seeds (Pastorello et al., 2002), there is no report
regarding its properties in cacao. As suggested by Liu
et al. (1993) mabinlin is a storage protein that
having sweetness activity. This was supported by
their finding of the mabinlin homologues in the
seeds of mabinlang.

In this study, we focus on purify 2S albumin from
cacao since it was reported to have high similarity
(55 %) and identity (43%) with mabinlin (Kochhar
et al, 2001). According to Niemenak et al. (2015),
isoelectric point (pl) for cacao mabinlin is 5.9. Thus,
Q HP column was use in this study due to its strong
anion binding capacity, which remains charged and
have high loading capacities over broad pH ranges,
as claimed by the manufacturer. The elution pattern
is shown in Fig. 1.

After the purification process, Q HP column
yielded several peaks, which we believe represented
major seed proteins such as vicilin, since it was up-
regulated in cacao zygotic embryos during
maturation (Niemenak et al., 2015). Besides, cacao
seeds are known to contain two prominent storage
proteins (Voigt et al, 1994): an albumin and a
globulin fraction (Kratzer et al., 2009).

Voigt et al. (1994) also suggested proteins
constitute 10-15 % dry weight of cocoa seeds, the
second most abundant constituent after cocoa fat.
They had employing SDS-PAGE showed four
predominant proteins represent 95 % (w/w)
suggested that the total seed protein content is
composed of 52 and 43 % of albumin and globulin
fractions, respectively (Voigt et al., 1994).

When comparing many purification of 2S albumin
from various plants, most of them involved at least
two steps of purification processes. For example 2S
albumin from peanut (Arachis hypogaea L.), size
exclusion chromatography coupled with ion
exchange chromatography was used (Duan et al,
2013). While in hazelnut, combination of size
exclusion and RP- HPLC chromatography were used
(Garino et al., 2010).

However in this study, we used only single step
purification via ion exchange chromatography, after
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omitting ammonium sulfate precipitation. This is to
maintain native state of the proteins as well as to
expedite the purification process. Plus, risk of
protein denaturation also reduced. Ion exchange
chromatography method provides the concomitant
purification of the target protein and the small

particle size (34pum) of the column allows fast
adsorption and desorption even at high sample
loadings and flow rates. Besides, the column can be
reused, which decreases the cost of materials. Hence,
it is the most suitable method for fast protein
purification.
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Fig. 1: Protein elution profile on lon Exchange Chromatography (IEX) in Q HP column. 5 g sample was re-suspended in 50
mM glycine/ NaOH, pH 9.0 and eluted with linear gradient of NaCl (0- 1.0 M)

The purity of the proteins eluted was confirmed
via SDS-PAGE, stained with silver staining protocol.
This is to utilize the protein binding properties of
silver ions, which are then reduced to silver metal
using a developing solution, creating a visible image.
The primary benefit of silver staining is high
sensitivity, as it is able to detect less than 1 ng of
protein (Weiss et al, 2009), making it extremely
useful for applications involving low protein levels.

From the results, we can see multiple protein
bands present before purification (Fig. 2) were
removed after undergo ion exchange
chromatography (Fig. 3). A single protein band was
obtained in lane (5), showed a highly purified
protein. However, three protein bands were
obtained in lane (6), most probably due to
concentrated mixture of cacao proteins that having
same pl. In lane (6) and (7), the band not entirely
pure since there are very faint bands appeared,
might be some proteins trapped during purification
process. Whereas for lane (F.T) until lane (4), no
band were present, may be because no or very small
concentration of protein was eluted.

Based on the molecular weight of the protein
bands, we suggest that protein at 47 kDa, 31 kDa and
15 kDa are most probably subunits of vicilin-like
globulin in cacao (Niemenak et al,, 2015). Whereas
protein at 21 kDa was concluded to be 2S albumin, a
protein that is correspond to mabinlin in cacao
referring to Kochhar et al. (2000).

In addition, electrophoretic patterns of total
cocoa proteins showed that there are a number of
other highly expressed proteins in cocoa seed
(Lerceteau et al., 1999). It is quite possible that one
or more of these other relatively abundant cocoa
seed play vital role in cacao flavor, as well as other
function which remains to be identified.
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Fig. 2: SDS-PAGE showing protein bands after seed
extraction with phosphate buffer, pH 7.8 containing
100mM NaCl and 1mM DTT. Lane (L) indicates protein
marker; (a) supernatant; lane (b) diluted supernatant; (c)
diluted pellet and (d) pellet

In later paper, we will describe in details on
structures and activities of cacao 2S albumin
obtained in this study including sweetness, thermal
stability and post- translational involved.

4., Conclusion

Single successive chromatography steps, anion
exchange resulted in apparent homogeneity of the
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protein preparation as judged by SDS-PAGE followed
by Silver Nitrate staining protocol. It can be
concluded that a single native cacao 2S albumin, of
molecular weight 21 kDa has been produced and
purified in this study.
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Fig. 3: SDS-PAGE showing purity of eluted protein from
IEX: Lane (L) indicate protein marker; lane (F.T) flow
through; lane (1) peak 1; lane (2) peak 2; lane (3) peak 3;
lane (4) peak 4; lane (5) peak 5; lane (6) peak 6, lane (7)
peak 7 and lane (8) peak 8. Band in red box indicate 2S
albumin protein that is correspond to mabinlin in cacao
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