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ABSTRACT

Momordica cymbalaria is an underutilized folk vegetable crop in the northern region of Karnataka, India. Its
fruit is consumed as diet, which has antidiabetic and hypolipidemic effect. A 17 kDa protein known as M.cy
protein has been identified as anti-hyperglycaemic peptide present in fruit. The crop duration is from June to
September and propagated through tuber only, while, seeds are dormant. The callus induction was achieved
from explants enriched with 2, 4 D (3 mg L-1) and BAP (0.2 mg L-1). Crude protein was extracted from the
callus and the seed using extraction buffer (50 mM Sodium acetate buffer, pH 4.8). The extracted protein was
subjected to SDS-PAGE. The protein ladder used in the present study was pre-stained with three color, covering
wide range molecular weights from 10 to 245kDa. The three bands roughly identified around 10 kDa to 25
kDa named as PF1 (Protein fraction), PF2 and PF3 were isolated from the gel and were subjected to in vitro
anti-diabetic assay by á-amylase enzyme assay kit and the inhibitory activity was expressed as percentage of
inhibition. All the protein fractions PF1, PF2 and PF3 showed positive for the á-Amylase enzyme assay indicating
that there are other peptides present in the callus apart from the M.cy protein present in the seeds that have
anti hyperglycaemic properties.
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INTRODUCTION
Plant foods play a vital role in cultural system of tribal
people for reducing various disorders and found to be
a good source of secondary metabolites (Raghavendra
et al., 2021). As research interest is now shifted from
secondary metabolites to bio-molecules, plants are now
under exploration for the presence of proteins and
bioactive peptides for the disease management (Shital
et al., 2020). The use of medicinal plants for the
treatment of diabetes dates back from the Ebers
papyrus of about 1550 B.C. It antiquated used in the
distinctive medicinal systems for a long time for the
treatment of diabetes mellitus (Jeyadevi et al., 2012).
The genus Momordica native to the tropic (Robinson
& Decker-Walters, 1997) comprises about 59 species
(Schaefer & Renner, 2010) distributed chiefly in
Africa and Southeast Asia (de-Wilde & Duyfjies,
2002). Karnataka, Madhya Pradesh, Maharashtra,
Andhra Pradesh and Tamil Nadu are the regions
wherein these genera are found in plentiful.
M. cymbalaria is a climbing annual or a perennial

herb with slender, scandent, branched, striate stem.
The leaves are orbicular-reniform, fruits are 20-25 mm
long, pyriform and the seeds are 4.6 long, ovoid
shaped, smooth and shiny. Flowers are unisexual. The
roots are woody, tuberous and perennial. Numerous
pharmacological actions of M. cymbalaria have been
studied in animal models for anti-diabetic activity
(Mahesh et al., 2018), cardioprotectivity (Koneri et al.,
2007), hepatoprotective activity (Kumar et al., 2008),
nephroprotectivity (Kumar et al., 2011), and
reproductive health (Abbirami et al., 2021). The
available literature shows that there are more than 400
plant species showing hypoglycemic activity and
though some of the plants are believed in the
indigenous systems of medicine for their activities, it
remains to be scientifically well-known.
M. cymbalaria not only exhibits anti-hyperglycaemic
activity but also anti-diabetic activity with the possible
involvement in regeneration of β cells and by
increasing insulin levels. (Rao et al., 2003). The
present study is a preliminary attempt to isolate a
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bioactive compound, a possible peptide responsible for
antidiabetic activity in callus cultures of Momordica
cymbalaria.

MATERIALS AND METHODS

Callus induction

The planting material were collected from the
agriculture field of Kaladagi village, Bagalkot district,
Karnataka and sown in College of Horticulture
Bagalkot. Leaves and stem were used for callus
induction. Explants were surface sterilized with 0.1%
mercuric chloride and washed with water for four
times to remove the traces of mercuric chloride and
aseptically trimmed (1.5 to 2.0 cm) and inoculated
onto MS medium supplemented with sucrose (30
g L-1), 0.2 mg L-1 BAP and varying concentrations
from 0.5 mg L-1 to 4 mg L-1 each of 2, 4-D, NAA and
Kinetin for callus formation. The media were solidified
with 0.8% (w/v) agar and adjusted to pH 5.8 prior to
autoclaving at 121°C for 20 min. Cultures were
maintained at 26±2°C under a 16-h light/8-h dark
photoperiod.

Isolation and identification of anti-diabetic factor

Extraction of protein

The extraction of protein was carried out as described
by Maddirela et al. (2010) with appropriate
modifications. All the steps were carried out at 4°C.
Crude protein was extracted using extraction buffer
(50 mM Sodium acetate buffer, pH 4.8). 50 mg callus
were homogenized in 5 mL of 50 mM Sodium acetate
buffer, pH 4.8 and the homogenate was filtered and
centrifuged at 12,500 × g (REMI, India) for 20 min
at 4°C, the supernatant was collected and the total
protein was estimated by Bradford method (1976). The
crude protein sample so extracted was used as protein
source. In parallel the protein was also extracted from
the seeds of Momordica cymbalaria  for the
confirmation of the presence of anti-diabetic peptide
(Maddirela et al., 2010).

SDS PAGE analysis

The standard protocol followed for SDS-PAGE was
as described by Laemmli et al. (1970) using 5%
stacking gel and 10% separating gel with slight
modification. The separation buffer contained: 0.5 M
Tris-HCl (pH 6.8), 2.5% SDS, 10% glycerol and 5%

2-mercaptoethanol. Bromophenol Blue was added to
the sample buffer as tracking dye. Approximately
8 μg of protein was loaded into each well. In order to
check the reproducibility of the method two separate
gels were run under similar electrophoretic conditions.
The molecular weights of the seperated polypeptides
were determined by using molecular weight protein
standards “MBT 092” from Himedia, pre-stained with
three-color awning wide range molecular weights from
10 to 245 kDa.

Protein isolation from polyacrylamide gels

The lower 3 peptide bands (Fig. 2) roughly identified
around 10 kDa to 25 kDa named as PF1 (Protein
fraction), PF2 and PF3 were localized, cut with a
razor blade and washed (three times for 5 mins) with
2 mL of 250 mM Tris buffer/250 mM EDTA, pH 7.4,
followed by three rinses of 5 min with distilled water
(Retamal et al., 1999). The water was removed and
the gel slices were chopped finely (in pieces of 2-5
mm) then 1 mL of buffer containing 50 mM Tris HCl,
0.1 mM EDTA and 150 mM NaCl was added (the
ratio of buffer volume to gel piece volume was
approximately 2:1). The chopped gel along with buffer
was incubated in a rotary shaker overnight at 30oC.
Later, centrifuged at 12,000 rpm for 10 minutes at
4oC. The supernatant was carefully then pipette out
into an eppendorf tube.

Anti-diabetic assay by α-amylase enzyme assay

In vitro amylase inhibition was studied by the method
of Bernfeld (1955) with appropriate modifications. A
total of 500 µl of sample (seed, crude callus and eluted
protein bands) and 500 µl of 0.02 M sodium
phosphate buffer (pH 6.9 with 0.006 M NaCl)
containing α-Amylase solution (0.5 mg/mL) were
incubated for 10 minutes at 25°C. After pre-
incubation, 500 µl of 1% starch solution in 0.02 M
sodium phosphate buffer was added to each sample
at 5s interval. This reaction mixture was then
incubated for 10 minutes at 25 p C. 1.0 mL of DNS
was added to stop the reaction. These tubes were then
incubated in boiling water bath for 5 minutes and
cooled to room temperature. Finally, this reaction
mixture was again diluted by adding 10 mL distilled
water and the absorbance was measured at 540 nm.

 X 100



Prefatory studies on identification of anti-diabetic factor

LC-MS analysis

The supernatant obtained from the SDS PAGE were
subjected to LC (Waters Acquity UPLC) with a
quaternary pump and a diode array detector (DAD).
The column is coupled with an MSD Ion Trap XCT
mass spectrometer (Waters Xevo G2-XS QTof)
equipped with an electrospray ionization interface.
Samples (200 µL) were injected onto a BEH C-18
column (50 X 2.1, 1.7 µ). The mobile phase composed
of A- 0.1% formic acid in water and B – Methanol
with a flow rate of 0.4 mL-min following the gradient:
98–2% A linear (0–8 min), 2–98% B linear (0–8 min).
This was followed by a 15 min equilibrium period with
initial conditions. Spectra were recorded in negative
and positive ionization mode between m/z 50 and
1200.

RESULTS AND DISCUSSION

Collection of plant materials and callus induction

The efficacy of callus initiation be contingent on many
factors (Magdalena et al., 2020). In the present study,
callus induction was observed in both stem and leaf
explants on the medium supplemented with either
auxins alone (2, 4-D/NAA/Kinitine) or low cytokinin
to high auxin concentrations (data not shown) as
mentioned in the materials and methods. The induced
callus proliferated and covered the entire surface of
the explants after 2-3 weeks of culture period. The
maximum per cent of callus induction was noticed in
leaf segment followed by stem segment. Medium
supplemented with 2,4-D (3 mg L-1) and 6-BAP
(0.2 mg L-1) combination found to be optimal for
callus induction and proliferation when compared to
NAA and Kinetin for both the explants. Callus induced
with 2,4-D and NAA was white-friable and fast
growing (Fig. 1), whereas, the callus induced with
Kinetin combination was green-compact (Fig. 1).
Callus induction through an auxin–cytokinin
combination has been reported for several plants
including Pedalium murex (Saravanan et al., 2007),
Brassica oleraceae (Munshi et al., 2007), Solanum
tuberosum L (Ahmet Metin & Sezai, 2015), Nelumbo
nucifera (Xianbao et al., 2020). Nikam et al. (2008)
has reported the successful influence of
aforementioned combination on induction of callus in
Momordica cymbilaria.

Fig. 1 : Different stages of callus initiation

a, b and c: explants inoculated on media containing 2,4D/
BAP (3/0.2 mgL-1) after 8 days of initiation, 15 days after
initiation and 25 days after initiation respectively; d, e and

f: explants inoculated on media containing NAA/BAP
(2.5/0.2 mgL-1) after 10 days of initiation, 20 days after

initiation and 30 days after initation respectively; g, h and
i: explants inoculated on media containing Kinetin/BAP
(2.5/0.2 mgL-1) after 10 days of initiation, 20 days after

initiation and 30 days after initiation

SDS PAGE analysis

Electrophoretic pattern of callus proteins in the present
study are presented in Fig. 2. Some bands obtained
on the gel were too faint and were not visible in the
photograph. The protein bands were separated
according to their molecular weight i.e. higher
molecular weight proteins were in the upper region and
the lower molecular weight proteins were in the lower
region of the gel. The three bands roughly identified
around 10 kDa to 25 kDa named as PF1, PF2 and
PF3 were isolated from the gel and were subjected to
in vitro anti-diabetic assay by α-amylase enzyme
assay.

Fig. 2 : Protein banding pattern in SDS-PAGE

Lane 1-6 shows coomassie brilliant blue stained
electrophoretogram (on 12% SDS-PAGE) of sodium acetate
extract of callus culture showing several different protein
bands; Lane 7 shows banding of standard protein markers



α-amylase enzyme inhibitory assay

The inhibitory activity was expressed as percentage
of inhibition. Seed crude protein, crude callus protein
and the three protein fractions PF1, PF2 and PF3
showed positive for the α-amylase enzyme inhibitory
assay. Per cent inhibition was higher in the peptide
proteins fractions followed by seed protein and callus
protein. The protein fraction PF1, PF2 and PF3
showed 40.8, 40.2 and 40.6% inhibition respectively
whereas seed protein showed 36.9% and crude callus
protein showed 17.2%. Many peptides are proclaimed
from different plants for their anti-diabetic activity
(Sarmadi et al., 2012; Vaštag et al., 2014; Arise, 2016;
Gonzalez Garza et al., 2017; Wang et al., 2018).

LC-MS analysis

LC-MS chromatogram of the separated bands from
SDS PAGE and seed crude protein extract is shown

in Fig. 3. The result showed the presence of molecular
mass of 17 kDa peptide in the seed protein extract
(Fig. 3a) which was earlier reported by Maddirela
et al. (2010). The callus peptides isolated when
subjected to mass spectrometry showed the absence
of 17 kDa peptide. (Fig. 3b,c,d). The ionization of the
PF1 didn’t show the presence of 17 kDa protein. The
PF2 samples ionized negatively and positively. Neither
of the charges show the ionization at 17 kDa proving
the absence of the peptide that is present in the seed.
Fig. 3d showed the ionization of sample PF3 both
negatively and positively. The mass of the peptide
didn’t ionize at 17 kDa indicating the absence of 17
kDa peptide.

Various peptides have been reported from diverse
plants that have anti-diabetic activity (Shital et al.,
2020). Exultance of hormone-like peptides along with
insulin-like peptide in several plants’ species support

Fig. 3 : Mass spectrometry study of the separated bands from SDS PAGE, and seed crude protein extract

a. Seed crude protein b., PF1, c. PF2, d. PF3
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this supposition, it is contemplated that the signaling
peptides in plants existed from about 1 billion years
ago (Collier et al., 1987; Fukushima et al., 1976;
Leroith et al., 1985; Morley et al., 1980). In the
present study, the MS data depicted the result as
follows, though the 17 kDa was absent in all the three
peptide fractions of the callus, there was inhibition of
the α-amylase enzyme proving the presence of anti-
diabetic factor. The peptides were more efficient in
inhibiting the α-amylase activity when compared with
the seed or crude callus extract. This indicates that that
there are other peptides present in the callus cultures
of Momordica cymbalaria apart from the M.cy protein
present in the seeds that have anti-hyperglycemic
properties.

CONCLUSION

Apparently, most of the bioactive peptides accessible
for the treatment of diabetes have arose from the
synthetic route or derivative from recombinant
technology, which further adds in the inclusive cost
of the treatment. To make peptide therapy fiscal, there
is a demand to explore plant-based biomolecules. In
the present study, we have succeeded in a preliminary
attempt to prove that callus of Momordica cymbalaria
have anti-diabetic peptide. However, the specific
bioactive peptide responsible for anti-diabetic activity
was not identified. Seeds of the plant has the well-
studied information of the presence of M.cy protein
that has anti diabetic activity. We tried for the same
in the callus, but we originate unlike peptides apart
from M.cy protein studied earlier. And also, we have
attempted only fundamental in vitro studies leaving
substantial opportunity for further studies in in silico
and characterization of these peptides etc. In
conclusion, this is the first report showing presence
of antidiabetic peptides in the callus cultures of
Momordica cymbalaria.
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