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ABSTRACT: Protein molecules which bind and inhibit the activity of serine protease enzymes are known
as serine protease inhibitors. These are proteolytic enzymes which possess triad of aspartic acid, histidine and
serine in their active site. They have been found in microbes, plant tissues, animal tissues and fluids and
insects. In plants, they play a vital role in defence mechanism against predators and pathogens. Serine protease
inhibitors are mostly detected in seed extracts. The present study aims the development of callus cultures of
Momordica dioica for the production of serine protease inhibitors which may have potential as bioinsecticide.
Callus cultures of M. dioica were established from various explants which obtained from in-vitro as well as in-
vivo growing plants. M. dioica seedlings were developed under in-vitro condition through germination of
stored seeds on water agar medium. Sixty percent germination was achieved. Leaves obtained from outdoor
grown plants were proved to be the best explants for callus formation with 60% rate of callus induction.
Protein profile of callus and media samples was analyzed through SDS-PAGE and two proteins were found to
be similar and expressed in seeds also along with several others. Trypsin inhibitory activity was reported in
callus extract (91%) and media samples (54%). Since trypsin inhibitory activity was also observed in the
protein extracted from the medium, it is believed that the protein involved is extracellular. © 2015 iGlobal
Research and Publishing Foundation. All rights reserved.

NOTE: Full length manuscript of Kumar et al. Production of Serine Protease Inhibitors from Momordica
dioica Cell Cultures. 2014; 4(3): 209.

INTRODUCTION

Serine proteases are proteolytic enzymes which possess
triad of aspartic acid, histidine and serine in their active
site. These enzymes are widely distributed among living
organisms including plants, animals, microbes and insects
where they take part in a variety of physiological
processes like protein digestion in intestine, blood
clotting, muscle contraction etc. Living organisms also
contain inhibitory molecules which bind at the active site
of serine protease leading to their inactivation when there
is no requirement. These inhibitory molecules are named
as serine protease inhibitors. Serine protease inhibitors
have been found in microbes, animal tissues and fluids,
plant tissues and insects. Naturally occurring protease

inhibitors are polypeptides and proteins which have been
classified into families primarily on the basis of the
disulfide bonding pattern and the sequence homology of
the reactive site. The reactive site is defined as the portion
of the primary sequence that directly interacts with the
protease. Most of the inhibitors follow a common
mechanism of inhibition where inhibitors mimic the
structure of substrate molecule, therefore, bind at the
active site of enzyme and prevent its action [1]. Presence
of serine protease inhibitors is a more common
phenomenon in animal kingdom as compared to plant
kingdom. In animals they play a vital role in regulation of
variety of physiological processes which are mediated
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through proteins like blood clotting, inflammation, muscle
contraction, movement of blood cells, signal transduction,
cell division, digestion etc. In addition to having many
natural physiological functions these inhibitory molecules
find applications in medicine, agricultural, biology etc.
They have been implemented in a number of pathological
conditions in humans including pulmonary emphysema,
various blood clotting disorders, inflammatory processes
etc. In contrast to animals, presence of these inhibitory
proteins is limited to few plant families, namely
leguminosae, solanaceae and gramineae [2]. In plants,
protease inhibitors play a vital role in defense mechanism
against predators and pathogens [3]. These inhibitory
molecules prevent proteolysis in the midgut of insect
larvae leading to their starvation and subsequent death
[4]. Serine protease inhibitor was first reported from
soybean which was found to be toxic to the larvae of flour
beetle, Tribolium confusum [5]. Following these initial
studies, many reports have demonstrated retardation in the
growth and development of insect pests fed on diets
incorporating serine protease inhibitors (SPIs), or on
transgenic plants expressing SPIs. Four serine protease
inhibitors were identified from Solanum nigrum, which
were found to be different substantially in their substrate
specificity, accumulation pattern and their effect against
different herbivorous insects [6]. Kansal et al. [7] have
detected presence of trypsin inhibitor in Cicer arietinum
and its efficacy against Helicoverpa armigera . Human
elastase inhibitory action of serine protease inhibitor from
Tamarindus indica was reported by Fook et al. [8].

A novel serine protease inhibitor was detected in seed
extracts of Momordica dioica in our laboratory
(unpublished). The plant belongs to family cucurbitaceae
and is native of tropical Asia and distributed throughout
India. The green fruits and leaves of M. dioica are used as
vegetables. Decoction of different parts of M. dioica have
many medicinal uses like antifungal, anti-inflammatory,
hepatoprotective, anti-malarial, anti-parasitic, antiseptic,
antioxidant, hypoglycemic, antidiabetic, insecticidal,
anticancer and analgesic properties [9, 10, & 11]. Its
cultivation can also be done using the tuberous roots and
stem cuttings but it is not feasible because of limited
availability of tuberous roots and late availability of stem
cuttings in fruiting season. In addition, tuberous roots
have low multiplication rate [12]. Thus seeds are not
available in plenty. Establishment of callus cultures can
possibly overcome this problem. However, such cultures
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should produce the serine protease inhibitors, in
appropriate quantity for their commercial utilization.

The present paper describes establishment of callus
cultures of M. dioica and production of serine protease
inhibitor proteins under in-vitro conditions.

MATERIALS & METHODS

Callus induction

Three different types of explants (leaves, hypocotyl
segments, cotyledons) were collected from in-vitro raised
seedlings of M. dioica and used for callus induction. In
addition, three more explants (leves, nodal segments, inter
nodal segments) were collected and used for callus
induction from M. dioica plant grown outdoor. Explants
from outdoor grown plants were washed with tap water to
remove adhering dirt. Surface sterilization was done with
0.2% HgCl, solution containing few drops of Tween-80
for ten minutes. Sterilents were removed by washing with
sterilized distil water for 3-4 times.

For callus induction MS agar medium supplemented with
BAP (2.0 mg 1) and 2, 4-D (1.0 mg I'") was utilized.
Subculturing of obtained callus was done every 21% day
on the same medium. The cultures were incubated in the
growth room at 28 + 2°C, 50% humidity under dark
conditions.

Protein extraction

Ice-cold extraction buffer consisting of 175mmol dm?
Tris/HCI (pH = 8.8), SDS (y = 50 g dm ), glycerol (¢ =
15 %) and 2-mercaptoethanol (¢ = 0.07%) was used to
extract protein from seeds as well as from callus. Five
grams of seeds and 5gm of callus was crushed and
dissolved in 3-5ml of extraction buffer in order to prepare
seed extract and callus extract respectively. Cell debris
was removed by centrifugation at 500 g at 4 °C for 15
minutes. The supernatant was transferred to a new tube
and proteins were precipitated by adding four volumes of
ice-cold acetone containing trichloroacetic acid (¢ = 10%)
and 2-mercaptoethanol (¢ = 0.07%). Samples were stored
at -20 °C for at least 1 hour. Pellets were obtained by
centrifugation at 15000 g at 4 °C for 45 minutes, and
washed three times with an ice cold solution of 2-
mercaptoethanol (¢ = 0.07%) in water/acetone (¢ = 20%).
Pellets were centrifuged at 15000 g forl5 minutes
between washes. Supernatant were discarded, and pellets
were dried under air at room temperature [13]. The callus
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extract was concentrated by using Amicon® Ultra 4 ml
centrifugal filter device having pore size of 10 kDa.

Protein profiles of seeds, leaves and callus were analyzed
through sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE). A 12% acryl amide gel was
used for separation. Staining and destaining was done by
using coomassie brilliant blue solution and methanol-
glacial acetic acid (3:1) solutions respectively.

Trypsin inhibition assay

The trypsin inhibitory activity was assayed by
determining the residual trypsin activity following the
method of Kakade et al. [14] with slight modifications,
using BApNA as the substrate and bovine trypsin as the
standard enzyme. The reaction mixture contained 0.3 ml
diluted trypsin inhibitor (callus extract or culture
supernatant or culture medium), 0.3 ml trypsin (2 mg in
40 ml 0.001 M HCI) and 2.1 ml of BApNA (30 mg
dissolved in minimum volumes of DMSO and adjusting
its final volume to 100 ml with 0.05 M Tris-HCI, pH 8.2,
containing 0.03 M CacCl,) in a final volume of 2.7 ml. The
final concentration of BApNA in the reaction mixture was
0.54 mM and the number of trypsin units was 180. After
incubating the mixture at 37 °C for 15 minutes in a
shaking water bath, the reaction was stopped by adding
0.3 ml of 30% (V/V) glacial acetic acid. A blank and a
trypsin control were run simultaneously. The absorbance
was recorded at 410 nm against the blank. The amount of
substrate hydrolysis by the enzyme was calculated using
the molar extinction coefficient of 8800M™cm™ at 410
nm. Trypsin inhibition activity was calculated by

following formula:
(Absorbance of control) — (Absorbance of sample)

Inhibition (%) = x 100

(Absorbance of control)

RESULTS & DISCUSSION

Callus formation was achieved from variety of explants
which were excised from in-vitro as well as in-vivo
growing plant of M. dioica. For developing seedling as a
regular source of explants, seeds were germinated on
three different types of solid supports like water agar
medium, moist filter paper and soil. For germination both
fresh as well as stored seeds were tested. As shown in
Table-1 no germination was obtained from fresh seeds
and stored seeds proved better. Maximum germination
(60%) was achieved from stored seeds on water agar
medium. Considerable percentage of germination (40%)
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was also obtained from stored seeds which were
inoculated on moist filter paper but time taken for
germination was more as compared to time taken by seeds
which were inoculated on water agar medium.

(b)

Fig. 1 Callus of M. dioica obtained from (a) leaf
explants; (b) hypocotyl explants
Calli were obtained from leaves as well as hypocotyls

(Fig 1) while cotyledons remained unresponsive.
Response of various explants for callus formation is
summarised in Table 1. Among all explants, leaves taken
from in-vivo as well as in-vitro growing plants gave best
response in terms of maximum percentage of callus
induction (50-60%) followed by hypocotyls (50%).
Intermodal segments were least responsive among all.
Efficient plant regeneration via callus organogenesis was
attempted by Devendra et al. [15] from leaf. Eighty
percent explants gave positive response on MS agar
medium containing 2, 4-D and BAP. Micropropagation of
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M. dioica was also achieved through somatic
embryogenesis [16]. Response of various explants (leaf,
cotyledon, and root) of M. dioica for callus culture
establishment was analyzed by Bhosle and Paratkar [17].
They gave a hypothesis that developed callus can be
useful in large-scale production of plant secondary
metabolites.

97 kDa

66 kDa

43 kDa

20 kDa

21 kDa
65 kDa
35kDa

Fig. 2 Analysis of protein profile of M. dioica. Lane M:
marker; lane 2: leaf extract; lane 3: callus extract;
lane 4: media sample; lane 5: seed extract.

Successful establishment of callus cultures was followed
by analysis of protein profile of developed callus through
SDS-PAGE. Simultaneously protein profile of seed and
leaf extracts were also analyzed on the same gel for
comparison (Fig 2). Few proteins (two) which are
expressed by callus cells are present in seed extract along
with several others. The protein concentration is very less
and not detectable in leaf extract. The protein bands
which are shown in callus extract also detected in media
sample on which callus was growing. Presence of similar
protein bands in media sample indicates the extracellular
nature of these proteins. The approximate molecular
weight of detected proteins is 6.5 kD and 3.5 kD (Fig. 2).

The trypsin inhibitory activity was reported in seed
extract of M. dioica previously in our lab and the
molecular weight of the purified inhibitor molecule was
found to be around 10kDa (unpublished). Therefore,
trypsin inhibition assay was performed with callus extract
and media sample. Callus extract had shown higher level
of inhibition of trypsin activity (91%) as compared to that
shown by media sample (54%). Trypsin inhibitors which
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were reported in other species of Momordica are of
similar molecular weight (below 10 kDa). Five trypsin
inhibitors, having a molecular weight of 5.1 kDa, 4.8 kDa,
4.4 kDa, 4.1 kDa, and 3.9 kDa, respectively, were isolated
from Momordica cochinchinensis seeds [18]. A trypsin
inhibitor consisting of only 62 amino acids was detected,
purified and characterized from seeds of M. charantia [19
& 20]. The trypsin inhibitor which was expressed in the
seeds of M. dioica was also found to be expressed by
callus cells.

Name of Explant Callus Induction (%)

Leaves in-vivo 60
Leaves in-vitro 50
Hypocotyl segment 50
Nodal segment 40

Internodal segment 10

Cotyledons No callus induction

Table 1 Response of various explants for callus induction

CONCLUSION

A significant percent of trypsin inhibition has been
reported from Momordica dioica callus cells as well as
media samples. The trypsin inhibitory activity of media
samples indicate towards extracellular nature of protease
inhibitor. Therefore, the work will be extended towards
the establishment of suspension cultures for the
production of trypsin inhibitor at large scale and its
evaluation as bioinsecticide.
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