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ABSTRACT

Antimicrobial Peptides (AMPs) from plantsrepresent a group of diverse biologically active protein molecules. In
recent years, a wide variety of AMPs have been isolated and characterized for their biological properties from
variousplants. The current study was designed to screen Areca catechu Linn.for the presence of antibacterial
peptides. The present works is most probably the first to report two antimicrobial peptides (68 kDa and 65 kDa)
from A. catechu Linn. with activity against S. epidermidis, E. coliand P. mirabilis.
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INTRODUCTION

Nature may be regarded as the best combinatoréhish with its numerous therapeutic agents to hedp in his
struggle for survival against microbial infectiofhe history of use of natural products as theripgis as ancient
as human civilization and, for a long time, minsradlants and animal products have been the maita® of drugs
[1]. Medicinal plants have played a prime role iaintaining human health through their inclusiormirman diet as
vegetables, spices, tonics and masticatory prod8etgeral preclinical and clinical studies haveneixed various
medicinal properties such as anti-inflammatory, icxdant, anti-microbial, anthelmintic, anti-canger
cytoprotective, hepatoprotective, etc. in a hugmlmer of medicinal plants. The medicinal propertéplants have
often been attributed to their secondary metalmldaéso often referred to as the phytochemicalsAghrt from the
biologically active phytochemicals, Antimicrobialeptides (AMPs) from plantsrepresent a group of dize
biologically active protein molecules. Antimicrobipeptides have been recognized as potent alteesatp the
contemporary antibiotics [3, 4].AMPs are small noollar weight proteins which have broad spectrunmaotobial
activity against bacteria, viruses, and fungi. Ehpeptides are reported to be evolutionarily coreskiand have
both hydrophobic and hydrophilic sidechains thatl#e& the molecule to be soluble in aqueous enviemsand at
the same time facilitate their entry into the lipich membranes [5].AMPs target a previously unaigpreciated
‘microbial Achilles heel’, a design feature of thacrobial cellular membrane. This feature distirsipgis broad
species of microbes from multicellular plants andrals [4]. The present study was aimed at screethia crude
protein extracts ofareca catechu Linn.forantimicrobial peptides as the same have yab been reported for the
antimicrobial peptides.

Areca catechu Linn.is a tree with an annulate stem. The stemuisosinded by a crown of pinnate leaves. The
leaflets are numerous, the petioles expanded intoroad, tough, sheath-like growth at the lower et
inflorescence is a spathe which is compressed &afgrays; the spadices are much-branched, beariragtebte
male and female flowers. The male flowers are saradl numerous; the female flowers are solitarynagroups of
two or three and much larger than the male; biddlmaers have also been recorded; the fruits a@dor oblong,
smooth and orange or scarlet when fully ripe. Tary single-seeded and the endosperm or seed-kpopellarly
called the "arecanut”, is greyish brown and rur@natith reddish brown lines. It isa widely cultiedt plant in
eastern countries like India, Bangladesh, Ceylonlayh, the Philippines and Japan. In India, thatpk widely
distributed in coastal regions, from Maharashtra&évala and Tamil Nadu. It also grows in the Dec@dateau,
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Assam, Meghalaya, West Bengal, and the AndamanNicdbar Islands. The traditional uses of the plarg
summarized in Table 1.

Table 1: Medicinal uses of the plant

Plant part used Used as Used in
Raw Anaemia, fits, leucoderma, leprosy, obesity and
Nut _ _ _ _ _ _ worms
Ointment(in combination with other ingredients) ddbulcers
Along with opium Intestinal trouble
Kernel of green  Astringent and stimulant (chewed with betel peepet Regular purpose
fruit lime)
Root Juice Liver diseases

&
Figure 1: Areca Catechu Linn. Tree
(Insert: Nuts)

Vernacular Names:

English : Beetel nut, Areca nut
Assamese : Tamol, Guwa
Sanskrit : Akoth

Bengali :Supari

Hindi : Chamarpushpa, Supari
Manipuri :Kwapambi, Kwamaru
Marathi : Pophal, Pugaphal, Supari
Botanical Classification:

Kingdom : Plantae

Division : Magnoliophyta

Class : Liliopsida

Sub-class : Arecidae

Order : Arecales

Family : Arecaceae

Genus Areca

Species catechu Linn.
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MATERIALS AND METHODS

Plant Material

Nuts of Areca catechu were selected for the present study. The nuts weliected and washed immediately with
sterile distilled water. The outer cover was rembwad the kernel was weighed and preserved askyptioa
further use.

Extraction of Total Proteins

The total proteins were extracted from the kernelthe method of Aliahmasdi al.(2011) [6]. Protein isolation
buffer containing 50 mM phosphate buffer (pH 7)m& EDTA, 5% glycerol and 50 mMNaClwas used for
extracting proteins. Extraction buffer (cold) waddead to the material (10:1 v/w) and homogenizea imortar
pestle. The mixture was incubated 2 hours at 4°€ shaking incubator (Certomat, Sartorius Stediern@any). It
was then centrifuged at 12,000 rpm for 20 min & 4Sigma 3-30K Refrigerated Centrifuge, Germanye T
supernatant was sterilized using 0.22 um membrittee. fThe crude protein solution thus obtained wased at
4°C until further use.

Estimation of Proteinsby Bradford Assay

The proteins in the crude solutionwere quantifigdthee Bradford assay[7]. A standard curve was pegpasing

bovine serum albumin (BSA) with concentrationsha tange of 100 to 2000 pg/ml. 2.0 ml of the assagent was
mixed with 40 pl of the standard solution and irettéld for 15 minutes.The absorbance was measurg@batm

using a spectrophotometer (Shimadzu UV-1800 spgletitometer, Japan). The regression equation farbhsce
versus concentration was determined and the protgitent in the sample was calculated using thatesu

In vitro Antibacterial Activity Assay

Test Organisms

Standard bacterial strains were obtained from IMAEChandigarh. Two Gram Positive bacteiacillus subtilis
MTCC 441; Saphylococcus epidermidis MTCC 435 and two Gram Negative bactefscherichia coliMTCC 739;
Proteus mirabilis MTCC 1429 were used for the stithe cultures of test organisms were maintainedutrient
Broth (Hi-Media, Mumbai).

Antimicrobial Susceptibility Test

The samples were screened for antibacterial agiinivitro by agar-well diffusion method [8].Muller Hinton Aga
(Hi-Media, Mumbai) was prepared according to maauufier’s instructions. Glass petri plates (Diamédi@® mm)
were sterilized prior to use. 20 ml ofagar mediumswpoured into the petri plates under laminar laiwv fin a
biosafety hood and was allowed to solidify. Aftelidification,100 ul of inoculum was spread on thgar plate
using a sterile L- spreader. Wells (diameter 6 mmje boredin the agar plates using a sterile gledisborer. Each
well was loaded with 50 pl of the test sample. iroextraction buffer was used as negative cortndl Ofloxacin
(5 pg/ml) was used as the standard drug. The plates incubated at 25°C for 24 hours after whiehdlameter of
the zone of inhibition formed around the well wasasured. The experiment was repeated thrice anchéam
diameter of the zone of inhibition was determined.

Purification of Antibacterial Peptides

The proteins present in the crude solution wereipitated using acetone. Acetone solution was abtde-20°C
and was added to the protein solution in 1:1, h@ &4 (v/v) ratios. The mixture was then centrédgat 20,000
rom for 5 minutes at 4C. The protein palette was allowed to air dry aedlissolved in phosphate buffer.The
protein fractions thus obtained were screenedritbacterial activity as mentioned in the previsestion.

Determination of Minimum Inhibitory Concentration ( MIC) and Minimum Bactericidal Concentration

(MBC)

MIC and MBC were determined by the procedure dbedriby Ericsson and Sherris (1971) [9] with some
modifications. Two-fold dilutions of the proteinafttion with antibacterial activity were preparediutrient broth.
50 pl of the inoculums were added to each test tRbsitive control tubes were prepared with 1 nmibith and 50
ul of the inoculums and no sample. Negative coritrioés for each dilution were also prepared ane waintained
without the inoculums. All tubes were incubated8@tC for 18 hours and then examined for growth bgeoving
for increase in turbidity at 620 nm.The minimum centration of protein fraction which exhibited tindibition of
bacteria was considered as the minimum inhibit@rycentration (MIC). A loopful from each of the testd control
tubes was then streaked onto petri plates contamiririent agar medium. The plates were incubat&¥ &C for 18
hours. After incubation, the minimum concentratibat did not show the growthof bacteria was consideas
minimum bactericidal concentration (MBC).
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Determination of temperature stability of the protens:

The protein fraction with antimicrobial activity waubjected to thermal treatment by incubatior@tC, 0°C, 8°C,
25°C, 40°C and 70°C for 4 hours. The concentratibproteins in the sample was determined before aftet
temperature treatment by the Bradford assay [deasribed in the previous sections. The samplealsasassayed
for antimicrobial activity by methods outlined imet previous sections.

Characterization of Antibacterial Peptides by SDSPAGE

The antimicrobial peptides present in the protedctfion were characterized by SDS- PAGE [10]. Etgattoresis
was performed at 100 volts for 55 minutes. At thd ef the run, the protein bands were visualizedilwer staining
[11].

RESULTS AND DISCUSSION

A standard graph for Bradford assay was preparied) @900 pg/ml stock of Bovine Serum Albumin (BS#jd the
amount of proteins in the solution was calculatednfthe following regression equation (Figure 2)-

1.40
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A 595

0.80 /
0.60

y = 0.0006x - 0.0142
0.40 / R2=0.99
0.20 /
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Figure 2: Bradford Assay: Standard Graph

Y= 0.0006 x — 0.0142; &= 0.99
where, y = absorbance at 595 nm, x= concentratiqugiml

The total protein content Af catechu kernel was determined to be 1205.89 + 29.17ug/ml.

The total proteins of. catechu were observed to inhibit the test strains ex&tibtilis. Among the Gram Positive
and Gram Negative bacteria, Gram Negative bacteei@ observed to be more susceptible to the protain.
catechu (Figure 3) The negative control did not inhibit the test istsa The proteins present in the crude solution
were fractionated by precipitation with acetonéifferent ratios and the individual fractions wehen screened for
protein content and antimicrobial activity (Table Zhe results showed that the proteins were abeemactions 1
and 3 which were obtained with 1:1 and 1:4 rativ)(ef acetone respectively, while the fractiontained using
acetone in 1:2 ratio (v/v) contained 500.33 + 2u@ml of proteins.Moreover, only fraction 2 exhddt the
inhibition of S. epidermidis, E. coli and P. mirabilis.Similar to the case of the crude samgBesubtilis was not
inhibited by any of the fractions.

Scholar Research Library



Dibya Jyoti Hazarika and Kaushal Sood Der Pharmacia Lettre, 2015, 7 (1):1-7

[y
o

H
I

[y
N

=
o

Diameter of Zone of Inhibition (in mm)

O T T
B. subtilis S epidermidis E. cali P. mirabilis

Figure 3: Antimicrobial activity of Total Proteins of A. catechu

Table 2: Protein Content and Antimicrobial activity of Proteins Fractions ofA. catechu

Sample: Acetone Protein Content Diameter of zone of inhibition

Fraction . (inmm)
viv) (nugm) — —5=htills S epidermidis  E.coli _P. mirabilis
1 1:1 - na na na na
2 1:2 500.33 + 21.67 na 10+1 12+1 11+1
3 1:4 - na na na na

na= No Activity
Results expressed as mean + sd of three replicates
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Figure 4: Effect of Temperature on Antimicrobial Activity of A. catechu Fraction 2

The minimum concentration of fraction 2 requirechilniting the growth of the bacterial strains ande th
concentration required to exert bactericidal effeas determined and is presented in Table 3. ThHe Wlues were
observed to be in the range of 250 pg/ml to 500nugvhile the MBC values were observed to range fri0n0
pg/ml and above. Among the three strafsmirabilis was observed to be more susceptible to the AMPaircdat
from A. catechu (MIC= 250pg/ml; MBC= 1000 pg/ml). The results sugigthat the AMPs fronf\. catechu may
have potential applications agaifstcoli andP. mirabilis which are commonly responsible for various infecs of
gut and urinary tract in humans, especially in imewgompromised individuals.The effect of tempemton the

5
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activity of the antimicrobial peptides of fracti¢hwas studied and the results are presented irrd=igult was
observed that fraction 2 retained antimicrobialvétgt against the test strains even after expostoextremely low
(- 20°C) and extremely high (78C) temperatures for 4 hours. Optimum activity wasesved in the temperature
range of 25C to 40°C. The AMPs obtained in fraction 2 were furtherrelagerized by SDS-PAGE (Figure 4). The
electrophoretogram revealed the presence of twygppptides of 68 kDa and 65 kDa.

Table 3: MIC and MBC of the Antimicrobial Peptides from A. catechu

Strain MIC (in pg/ml)  MBC (in pg/ml)
S epidermidis 500 > 1000

E. coli 500 1000

P. mirabilis 250 1000

Figure 5: SDS-PAGE Electrophoretogram ofA. catechu Protein Fraction 2 (Lane 4 & 5)
Lane 2 (Marker)

The main groups of antimicrobial peptides foungblents are grouped into three types—thionins, difisrand lipid
transfer proteins[12].The thionins constitute aifaraf basic peptides with low molecular weight (kBa) and are
rich in basic and sulfur-containing residues. Themhers of this group share high sequential ancctsital
similarities and exert toxic effects against baatefungi, yeast, animal and plant cells. Sevdnairtins have been
isolatedfrom barley, wheat, oats, rye and sugart & 17]. Other reported thionins from plants lie-
viscotoxins and phoratoxins from mistletoe specay] crambin from the cruciferous plaBtambeabyssinica.
Thionins from cereals an@yrulariapuberaand some other dicotyledonous plants have been rstiowcontain
disulfide bonds.Thioninhave been reported to exbsir effects on the membrane through binding with
phospholipids[18]. Another group of plant antimicial peptides known as thedefensinsare small 45+B#ho
acids long cationic peptidesthat are widely disiiéol among dicots and monocots.These were origigatiuped
with the thionins and were definedrashionins. The lipid transfer proteins have thdigbto facilitate the transfer
of phospholipids among natural or artificial memi®@s and by linking to fatty acidsvitro[12]. Plant lipid transfer
proteins are quite abundant in plants and incluaedroups, LTP1 and LTP2. Members of the plant LTé&ily
are about 10 kDa in size and consist of 90-95 aragids.They are basicin nature with isoelectrimfmobetween 9
and 10.The LTP2 family members showsimilarity witle LTP1 family but are only about 7 kDa in sizéey
contain about 70 amino acids on average and alsmgmide. Antifungal and antibacterial activitibave been
reported for LTPs of various plants including bgylmaize, spinach, andl thaliana[19- 21]. The peptides reported
in the present work are distinct from the majossés of AMPs. Further works are required to idgrntié sequence
of the peptides for understanding their structune lsiological functions.

Although A. catechu has been reported for its various medicinal préggrispecially antibacterial and antiviral
activities[22- 24] to the best of our knowledgesrhhave been no reports onthe antibacterial actifithe peptides
isolated from the kernels of tife catechu nuts. Therefore, the present works is most probiayfirst to report two
antimicrobial peptides (68 kDa and 65 kDa) fréntatechu. Further works towards the purification and sequegnci
of the antimicrobial peptides reported in the pnéstudy are being pursued.
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