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Abstract: Antibiotics administered against bacterial infections develop resistant strains which are an alarming trend that
impacts great significance in human health perspective. Research indicates that antimicrobial peptides (AMP) can be used as
potential alternatives to antibiotics, without inducing early antimicrobial resistance. Most of AMPs reported in the data base
were of animal origin while very few were reported from plant sources. In light of this, 50 types of germinating seeds were
systematically investigated for the presence of small peptides having AMPs. Selected seeds were germinated on brown sheet at
different time intervals and proteins were extracted with both liquid nitrogen and phosphate buffer (PBS) treatments. Small
peptides of <10kDa were obtained by 5kDa flow through and the same was confirmed by SDS-PAGE. Extracted small
peptides were checked for antimicrobial activity against four clinical isolates i.e., Staphylococcus aureus, Escherichia coli,
Klebsiella pneumoniae, and Pseudomonas aeruginosa. Results indicate that Soya, Barley, Maize, Jowar and Wheat
germinating seeds were found to have more antimicrobial peptides acting on gram positive and gram negative bacteria.
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INTRODUCTION

Antimicrobial peptides (AMPs) are small and
evolutionarily conserved components of the innate immune
response, in majority of living organisms. They are found
among all classes of life ranging from prokaryotes to
humans [1,2]. The major reported AMPs were of animal
origin comprising mainly Cecropin, Dermaseptins,
Magainin, Opistoporin, Cathelicidin, Proline rich, Glycine
/arginine rich peptides, Brevinin peptides, Tachyplesin,
Alpha defensins, Beta defensins, 6 defensins and Insect
defensins [3]. In plants, however few antimicrobial
peptides have been isolated from roots, seeds, flowers,
stems, and leave from a wide variety of species and have
demonstrated activities against pathogenic organisms like
viruses, bacteria, fungi, protozoa, and parasites. Thionins,
Defensins, Lipid transfer proteins, Puroindolines, and
Snakins were different groups of AMPs reported in plants
[4].

The antimicrobial peptides were gaining more
attention because of the importance of combating with new
generations of antibiotics against drug resistant bacteria [5].
One of the most important advantages of antimicrobial
peptides is that in contrast to conventional antibiotics, they
have several targets and several modes of actions. So
resistance against such antibacterial peptides is apparently
more difficult to be emerged in comparison with existing
antibiotics [5]. However, some human pathogenic bacteria
had been able to develop resistance against human
antimicrobial peptides during evolution [6,7]. Plant
antimicrobial peptides could be better than human because

they have rare contact with human pathogens to induce
such resistance mechanisms in them.

Seeds are generally rich in proteins which would be
fragmented by number of proteases during germination.
Proteases cleave storage protein to give small peptides.
Major AMPs reported in plants were 5- 13 kDa[4]. Such
small AMPs were shown to demonstrate good antibacterial
activity even at extreme conditions. Research is warranted
on screening of antimicrobial peptides from plant sources
specially germinating seeds that can significantly contribute
to the development of new antimicrobial peptides. In the
present study, we made an attempt to extract and isolate
small peptides of < 10kDa from germinating seeds and
evaluate their antimicrobial activity against selected
bacteria like Staphylococcus aureus, Escherichia coli,
Klebsiella pneumoniae, and Pseudomonas aeruginosa.

MATERIALS AND METHODS
Chemicals

All the media and chemicals employed in this study
were from Hi-Media Chemicals of A.R grade, and all the
solvents used were from Qualigens of A.R grade.

Bacterial cultures

The reference /standard organisms used in this study
viz., Staphylococcus aureus (MTCC 9542),Escherichia coli
(MTCC 1698), Klebsiella pneumoniae (MTCC 10309), and
Pseudomonas aeruginosa (MTCC6458) were obtained
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from Microbial Type Culture Collection (MTCC), Institute
of Microbial Technology (IMTECH), Chandigarh, India.
All cultures were sub-cultured at regular intervals on
nutrient agar and stored at 4° C as well as at -20°C by
making their suspension in 10% glycerol.

Seeds

Soya, Barley Vijay, Maize, Jowar, Paddy, Millets, Foxtail-
Millets, Red gram, Green gram, Black gram, Ground nut,
Pea, Field Bean and Wheat seeds were procured from
Faculty of agriculture, Agriculture University and some of
them were purchased from local markets (Table 1).

Table: 1. Seed varieties collected from different Agriculture Universities

.No Name Variety Place

1 Red gram LRG41 Lam Guntur
2 Green gram LGG460 Lam Guntur
3 Black gram LBG 752 Lam Guntur
4 Paddy BPT5204 Bapatla

5 Millets ABH1 Anantapur
6 Ground nut K6 Anantapur
7 Foxtail Millets Surayanandi Nandyala
8 Jowar NTJ2 Nandyala
9 Soya JS335 Adelabad
10 Barley Vijay M130 Dharwad
11 Wheat DWR 195 Dharwad
12 Maize DHM117 Hyderabad
13 Pea Arkel New Delhi
14 Field Bean TFB5 Tirupathi

Seed Germination

Seeds were surface sterilized using 1% mercuric
chloride (HgCl2).The seeds were soaked in distilled water
for 6-12 hours, and germinated on sterile brown paper in
the dark at 26°C for 2, 4, 6, 8, 10, 12, 14 and16 days
respectively based on the seed variety.

Extraction of proteins from plant materials for
AMPs

Ungerminated and germinated seeds were dried to
reduce 10% moisture at 600C. These samples were kept at
40C in a tightly closed polyethylene bags [8] before use.
Dried seeds were ground with liquid nitrogen using pre
chilled motor and pestle [9, 10] and Phosphate buffer pH
7.5 [11].The supernatant was further salt precipitated,
cutoff separated and used for the estimation of total protein,
antimicrobial activity and subjected to SDS-PAGE [12].
The sample was centrifuged at 10000 rpm for 15 min and
stored at -20 in a freezer.

Partial purification of small peptides
Ammonium sulfate precipitation

PBS and liquid nitrogen processed samples containing
soluble portions were treated with 75% ammonium sulfate
maintained at 4°C for 20 h [13, 14] and centrifuged at 10K
rpm for 20 minutes. Precipitated proteins were further
purified by buffer exchanged with 0.1M phosphate buffer

by American stirrer. Protein concentration was estimated
after ammonium salt precipitation [15].

Cut off separation

The dialyzed protein samples were passed through 5
kDa cutoff spin column (Thermo Scientific Protein
Concentrators PES, 5K MWCO)[16]. The flow through
obtained after centrifugation at 5000 rpm for 10 min was
used protein for estimations and antimicrobial activity.
Estimation of Total Proteins by Lowry’s method
Germinated and ungerminated seeds extracted mixture,
ammonium sulfate precipitated samples and 5Kd cutoff
flow throughwere used for estimation of Protein content by
Lowry (1951)[19] method using bovine serum albumin
(BSA) as standard. The experiments were repeated in
triplicates.

Antimicrobial assay

The antimicrobial activity was determined using agar
well diffusion assay (ADA) [17] against MTCC standard
cultures  (Staphylococcus aureus, Escherichia coli,
Klebsiella pneumoniae and Pseudomonas aeruginosa).
Inoculum was prepared by adding 0.1 ml of overnight
cultures of each organism into 20 ml of sterile LB broth
and incubated for 5 — 8 h to standardize the culture of
108cfu/ml. Wells of 8 mm diameter were bored on
Mueller-Hinton agar plates to which 100pl of culture were
spread and 100ug protein containing each cutoff flow
through samples were added to the wells. The plates were
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incubated for 24 hours at 37°C [18] and zone of inhibition
was measured. For each combination of extract and the
bacterial strain, the experiment was performed in duplicate
and repeated thrice.

The bacteria with a clear zone of inhibition for more
than 12 mm were considered to be sensitive. The
antibacterial activity of different germinating seed extracts
was compared with five commonly employed antibiotics
viz. Ampicillin,  Chloramphenicol,  Streptomycin,
Ciprofloxacin and Kanamycin of specific concentrations
used.

SDS-PAGE

The fractions having antimicrobial activity were run on
sodium  dodecyl sulphate  polyacrylamide  gel
electrophoresis (SDS-PAGE) using 15% gel, by method
described by Laemmli (1970). After completion of the
electrophoresis the gel was sensitized using 0.02% sodium
thiosulfate (Na2S203) solution followed by staining with
0.1% silver nitrate (AgNO3) at room temperature for 2
hours. 3% (w/v) sodium carbonate (Na2CO3, pH 11.4)
containing 0.05% formalin (v/v) in water was used as
developer, finally the gel placed in the solution of 5% (v/v)
acetic acid in water to stop the staining process.

RESULTS

Mature seeds of different varieties (Table 1) were
collected and stored in room temperature. 100gm seed

sample of each variety was used for following experiments.

Table: 2.Antibiotics concentrations: Ampicillin (A-10 pug), Chloramphenicol (C-30 ug),

Partial purification of small peptides
Ammonium sulfate precipitation

Ammonium sulfate precipitated samples were dissolved
in 0.1M phosphate buffer and were used for protein
estimation. The concentrations of protein ranging from
0.3+0.01 — 270.87+0.28 mg/g wt. Germinated Glycine max
seeds liquid nitrogen treated sample got maximum of
proteins  through ammonium sulfate  precipitation
(270.87+0.28 mg/gmwt) and lower concentration of
proteins resulted in Cocosnucifera L (0.3£0.01 mg/gmwit).
Moderate  concentrations  (175.87+0.28-224.63+0.42
mg/gmwt) were observed in Phaseolus wvulgaris and
Citrullus lanatus.
Cutoff separation

After salt precipitation and dialysis, sample solutions
were passed through 5SMWCO column and the filtrates
were again subjected to protein estimation. The estimated
protein content ranged from 0.05+0.03-18.6+0.1 mg/gm.

Estimation of Total Proteins by Lowry’s method

50 germinated and ungerminated seeds were processed
with PBS and liquid nitrogen, samples were used for total
protein estimation. The estimated proteins were ranging
from 0.5+0.02 to 370.53+0.78 mg/gm seed weight (table
4). The extracted proteins were high in germinated seeds
treated  with  liquid  nitrogen  Glycine  max,
(370.53+0.78mg/gm seed wt) whereas total protein content
was found to be very less in Cocosnucifera L 0.5+0.02
mg/gm seed wit.

Ciprofloxacin (Cf-5 pg),

Kanamycin (K-30 ug), Streptomycin (S-10 ug), and Tetracycline (T-30 ug).

S.No Standard Inhibition Zone in mm
antibiotics
S.aureus P.aeruginosa | E.coli K.pneumoniae
1 Ampicillin 18.1+05 R 19.9+0.4 7.310.1
2 Streptomycin 221+0.2 10.1+0.3 9.1+03 147+0.2
3 Ciprofloxacin 248+0.3 26.7+0.1 23.2+0.3 -
4 Chloramphenicol 17.2+0.1 20.8+0.1 128+04 -
5 Kanamycin 105+0.3 20.4+0.4 215+0.1 9.1+0.3
6 Tetracycline 16.2+0.2 175+0.1 13.8+0.3 16.9+0.1
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Table: 3, protein concentration (mg/gmwt) with different treatments; TP: total proteins; NS: ammonium sulphate buffer; CS: cutoff separation; PBS: Phosphate
buffer; LigN2: liquid nitrogen.

£ Mo Mama/{mg/gm wi) Ungerminated sssds Cerminated sssds
RS Lig M2 RS Lig M2
TR HE (=1 TR HE (=1 TR HE (=1 TR HE (=1

1 CHyelne man 2496 = 0.71 170.53 = §.35 10.57 = 0.28 280.27 = 0.78 194.43 = 0.2 1128 =011 320, =071 230.8 = 0.57 12.85 = 0.05 370,53 = 0.78 270.87 = 0.28 18.6=0.1
2 Asichis hypegiea 150.17 = 028 057 = 0.42 7.26 = 0.05 170.77 = 0.28 107.63 = 0.64 7.17 w002 204,87 = 6.71 130.7 = 0.78 B.24 = 0.04 250.57 w §.71 175.87 = 028 101 = 0.1
3 Sorghum vulgare 5587 m 035 3847 0.07 2141 .03 .17 a7l 4087 .21 320 mila BS.5 w028 58.8 m 0.57 31T wd.18 1.7 m 085 458 w21 5.5] m0.08
4 Pendsttom glascum 48,93 = 0.21 44,8 = 0,35 1.3 0.4 82.87 & 0.57 57,9 0,35 3.75 @ 0,05 0,87 = 0.99 437 = 0.28 453 = 0,04 120,53 & .78 87.83 = 0,35 .17 = 0,04

] Eleusing concana 38.23 = 0,04 24,43 = 007 1.72 = 0.08 433 = (.83 28.3 = (.42 1.93 = 0.02 514 %057 34,47 = (.49 2,19 = 003 49,18 = 0.07 48.27 = .42 3,79 = 0.04
L] Teigonslls baum-gascm L 130.2 = 0.4 89.83 = 0.42 4.7« 0.02 150.57 = 0.78 105.57 & .84 8.6 = 0.07 170.17 = .28 120.87 = 0.28 7.7 = 0.08 210.8 = .35 151, = 0.35 13.7 = 004

7 Vigna adata 13983 = 0.21 P85 = 0.7 5.20 = 0.04 161.73 = 0.64 115.8 = 0.57 T.44 @ 004 178.77 = 035 13089 = .37 7.71 = 0.09 220,63 = 0.78 162.1 = 0.28 12.09 = 0.1

B Vigna munge 14217 @ 0.07 108.33 & 0.84 407 wi11 182.83 & (.42 134.7 @ 0.07 B84 w017 19387 @ 0.42 143.17 @ (.42 10.1 @ 0.02 23157 w 0,71 175.23 @ 0.07 1428w 0.2
& Triticum amtivum T0.23 w 0.07 44.4 m §.71 321 m 8.7 0,87 m 0.84 435 m .21 3.8 m 004 1163 m 8.67 7813 m .14 5.87 m .04 136.77 m &.28 #1.8 w042 B.1m .04
10 ZEh TAYE 40,3 = 0,07 5.9 = 0.57 1,71 = 0.03 58,37 w040 38.7 0,57 1,45 = 0,05 47,5 0.1 4587 =031 439 = 0,02 8.8 =042 41,37 = 0,14 4,88 = 0,03
11 Hosdeum vlpise 78, = 0.14 49.17 = .35 329 =019 819028 54.77 = 0,78 3.89 = 0.01 97.47 = 0.49 .14 = 0.04 43 =015 110.7 = 0.07 77.1 = 0.49 4.4 = 0.02
12 Avind sativa 98.13 = 0.14 6.2 = .43 4,28 = 0.03 127.57 = .28 89.13 = 0.21 5.15 & 0046 145.8 = 0.78 100.31 = 0.04 7.3 = 0046 157.7 = .64 113.33 = 0.42 10.27 = 0.04
13 Oryza aativa TEE014 4,03 & 007 030 & 0,04 11.8a049 833 a02l 04F w002 13, @ 0.07 012 a004 0.8f w002 200042 13,13 w021 070 w004
14 Phassolus vulgaris 1741 & 0,14 1214w 0,84 781 &000 180,77 & 0,82 138774 0,20 #1353 &0,03 21183 & 048 1348w 0,14 8,74 0,03 240,73 & 0,42 108,7 & 0 4% 148 & 0,02
15 Clea astetiniuam 124.93 = 0.21 B6.07 = 0.21 5.11 = 0.07 134.67 = 0.64 96.8 = .42 6.11 = .05 156.13 = 021 111.03 = 0.64 6.47 = 0.08 181.2 = 0,78 135.2 @ 0.42 1039 = 0.04
18 Erannica juncea 3107Twi1a 2,08 w 0.01 0.17 0,02 703 @ 0.07 4.6 0.07 0.44 w 0.04 13.57 @ 0.07 703 @ 0.07 0.72 0,03 2143 w078 13.33 @ 0.07 1.1w0.04
17 Cajanua cajan 132,17 m G.48 B2.08 m0.14 4.8 m 008 153.87 m &.21 2.8 m 028 5.88 m 0.08 18087 m &.71 11663 m &.84 11.75 m .05 21233 m 088 134.37 m &.28 1368 m 0.03
18 Punica Eranatm 437 =043 1.8 =007 015 = 0,03 717031 45 a031 039 = 0,02 10,87 = 0,71 7,87 - 047 A8 = 0,03 1347 =031 B4l =011 0,58 = 0,03
19 Zingld oficinale 503014 2.7 =0.14 0.25 = .04 9.14 = .01 493 = 0.14 0.39 = 0.02 12.87 = 0.4 783 =041 .45 = 0.02 14.37 = 0.49 9.07 = 0.14 0.8] = 0.04
0 Cimum tiulonum 14.9 = 0.28 945 = (.11 0.7 = .08 1537 = (.28 18.33 = 0,35 1.1 = 0.05 31.8 = (.42 21, = 0.4 1.45 & 0.05 37.93 = (.84 158 =0.14 2,29 = 0.02
21 Curcuma lenga 41,87 @ 0.07 2887 w037 103 w008 Tad42 MA4Tw0al 2,21 w003 83 7Ta04a2 44,07 w 0.84 2,13 a0.03 TATw0T1 30,73 w049 4,00 w003
22 Alos venn 2314028 873007 1,14 40,13 317085 1484014 1329 & 0,01 4277T.028 32,4071 1,11 & 0,08 3177Tw028 2803 w014 2,53 &004
b Cocos nuciin L 0.5 & 0,02 0.3 & 0.01 005 & 0,03 1,24 %004 0,85 & 0,04 0,070,081 3,37 & 049 3.3 & 0,07 019 & 0,02 543 031 337Ta031 0,28 & 0,02
24 Carles pagava L 13223 % 0.14 B7.87 w040 582w 0.07 171.E w064 118.37 & 0.84 6.87 w0.03 20183 w (.02 1428 m0.14 1180w 0.02 250.63 w 0.78 182.37 & 028 122 w028
25 Sapindun saponaria 15.03 m 0.07 151 m .04 4,88 m .03 2337w 7] 12.85 m .04 1.1 mo.08 424 m 078 2483 m 057 182 m .08 41,87 m 048 342w 0.48 385 mdl
28 Olea surcpasa limdil o0 w002 008 m 0.01 3,23 m 0.07 18,72 m 0.01 @13 @ 0,03 3.24 m 0.07 3 dmb2l 020 m 0,03 TAT e 042 237wl 033 m 0,03
27 Phaudn sativom 44,8 = .35 9.7« 0.4 2.1 =005 54.53 = 0.49 38.33 = .49 2.58 = .05 47, = .14 45.83 = 0.28 4.1 =002 82.73 = 0.49 57.13 = 0.35 34 =000
28 hlagifn indica §.24 = 0.08 4.57 = (.28 .25 = .02 9.3 = 0.07 6.43 = 0.07 .48 = 0.03 20.3 = 0.07 14.57 = .42 1.08 = 0.03 38.2 = (.42 26,37 = .35 1.62 = 0.05
Pl Prusiva iffinisea 1014 0.55 & 0.05 .08 = 0.02 4.5 w35 133 007 0.21 & 0.02 B.05 & 0.04 513021 0.30 = 0.01 13, w035 7.7 @ 0.07 0.57 & .08
i Secale cereale 2127 w084 1287035 1,02 40,07 3107078 3143 w078 2,1&004 717084 4303 &0.20 38) u008 $0O57T&07R 81,7042 4124008
31 Solanum lycopsmizum 4347w 2617w 014 207 a 0.08 #lLEmbee 80,7 m 0.84 418w 004 178,13 w033 121,47 w033 B.odm 0.02 216 w092 14757 w071 12,48 w 0.08
32 Citras vinsnalx 2082w 1,41 118,03 & 0,42 008w 008 47 2Ta0,70 1444 0,71 12,1 0,01 281, &0,70 174,03 & 0,33 11,38 w011 W07 w048 2573 w0 4% 10,3% & 0,04
i3 Pldivm guajava B, & 03,35 493 & 0,07 037 & 0,02 0.3 & 1,13 13,87 & 0,21 1,02 & 0,07 31, & 0.82 198 & 0,21 1,48 & 0,08 41,33 « 0.5 27,37 & 0,14 3.1 & 0,05
34 Areca eatechi #.17 w014 4.8w0.21 0.45 w .04 18.73 = 0.21 10.5 = 0.07 0,66 = 0.04 278w 0.4 15.6 = 0.07 1.43 w 0.05 43.07 w042 25.47 w 0.07 2.55 w (.05
35 Cucurbits manima 4083 w040 03imila 228 m0.02 $0.53 m0.21 54.7 m 0.07 315 m .03 1211 m 078 T8.5m0.28 840 m 0.04 17108 m .02 118.8 m0.40 2.4 m0.04
38 Citrullua lanatus 220. m 0.14 138.7 m 0.28 10.18 m 0.02 24.8m 0.07 158.97 m 0.28 1.07 m 0.08 281.17 m 0.07 19113 m 0.89 14.87 m 0.03 311.m 0.85 22427 m 0.42 18.08 m 0.07
37 Hellanthos anawss 119.77 & .33 T8.93 0,11 5.27 005 150.5 = 0.28 97.67 = 042 408 0.1 173.7 m .04 117.83 & .33 7.3 a0.03 207, w (.14 142, & 0.4 9.5 . 002
38 Fieus casica 303 =014 1.77 = 0.07 0.18 = .04 9.23 = 007 5.7 0.07 0.48 = .03 18.47 = 0,35 12.7 = 0.57 .88 = 0.03 3l =071 2147 = 028 1.4] = 0.04
E Assinihive efHgive T9.77 = 0.57 53.87 = 0.21 3.52 = .08 100.53 = .92 65.6 = 0.78 4,81 = 0.04 121.33 = 0.78 B2.07 = 0.35 5.48 = 0.05 150.8 = 0.57 10.83 = 0.14 6.2 = 0.04
a0 Phawsolus vulgariy 17883 & 0,07 1204 & 0,57 7434002 22084070 148 0 & 0,07 ®.20 w002 2014 w070 187 7Tw071 12,70 e 0,24 320,77 @ 048 124,83 w042 1422013
41 Raphanus sativis 5.5 & 0.07 3770328 0,28 & 0,04 8.2 & 0,07 5.7 & 0.07 0,38 & 0,03 15,37 & 0,21 10,8 & 0,28 0,77 & 0,08 20,87 & 0,57 13,8 & 0,21 087 & 0,04
41 Phyllanthos smiblica 49 =007 1.93 = 0.07 0,28 = 0,04 7,13 = 0,08 457 =028 0.3 = 0,03 714 = 0.04 9004 04 =003 12.5 = 0.07 B.87 =035 0,88 = 0,04
43 Capricum annuum syenne 188mble 1187071 678w .08 1240028 1283 mb.28 .87 w002 1247 m .40 13.8mb8 084 w008 1323w 18.87 m 040 112w .08
44 ‘Cuminum cyminum 48 7T m0.42 3287Tmb.14 2.27 m 0.02 #0.9m0.21 42, m 0.4% 3.83m0.04 110.73 m 0.78 T.8m0.89 4.81 m 0.08 150.57 m 0.78 108.9 m 0.28 7.02m0.1
45 Corlandrum siivim 14.93 = 0.21 9.73 m (.04 0.09 w 0.02 18.73 m 0.49 1044028 0.78 m .03 17.17a (.14 12.07 w042 0.71 m {04 11.73 m .43 14.6a0.14 1.04 & 0.04
44 Mledicage sativa 199.9 = 0.92 11987 = 0.14 P45 % .05 250.87 = 0.71 180.7 = 0.57 10.56 = 0.05 270.7 = .71 175.8 = 0.42 10,3 0.04 35053 = 0.71 23757 = (.71 1439 = 0.04
47 Candvilia snaifbemii 499 = .28 296 = 0.21 2.13 = .02 B6.73 = 0.21 57.67 = 0.35 4.47 = .05 0.8 = 0.47 58.43 = 0.28 3.81 = 0.03 151, = .64 105.67 = .35 7.6 = 0.04
an Higella sativa AT ET w014 2033028 2,04 w 0,04 T2A w014 4427 w014 1FF w0l A1, 0,78 357 w004 303 w004 120,7 & 0,84 05707l 8,17 w004
4% Vigna unguloula 15,00 = 0.07 P88 4018 0,84 001 M4TTa0 14 1573 w035 1.08 &0.05 3183 w084 WFa028 1214003 077092 ITATa0 42 2884005
0 Tt pipa 0. w078 35.77a0.28 1.59 = 0.02 F0.8 =071 5527 m 104 3.78 m 0.03 120.8 = .71 T0.7 . 3,28 459 = 0,03 150.4 = 0.28 787 = 041 7.57 w007
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Antimicrobial assay

Total of 50 germinating and un-germinated seeds
extracted peptides were screened for antimicrobial activity
against Klebsiella pneumoniae, Pseudomonas aeruginosa,
Escherichia coli and Staphylococcus aureus species.

In agar well diffusion method using extracted AMPs,
there were clear and noticeable zone of inhibition resulted,
against gram positive and gram negative bacteria. 5Kd
column flow through of each germinating and
ungerminating seed sample with constant concentration 100
ug of small peptides used for antibacterial activities. The
results of the antimicrobial activity are shown in the Tables
3aand 3b.

Forty four seed extracts have shown antimicrobial
activity against at least one of the test micro-organisms
with inhibition zones ranging from 0.52+0.04mm to
22.16+£0.04 mm. Both the germinating and ungerminating
protein extracts of 20 seed samples exhibited antimicrobial
activity against 4 different pathogenic gram positive and
negative bacterial species. The broad spectrum activity was
shown by both PBS and liquid N2 extracts of Vignamungo,
Triticumaestivum, Zea mays, Hordeumvulgare, Brassica
juncea, Cajanuscajan, Punicagranatum, Pisumsativum,
Magiferaindica  kernel, Prunusarmeniaca, Helianthus
annuus, Amaranthuscruentus, Phyllanthusemblica,

Coriandrumsativum. Among these, both active extracts of
Zea mays, Cajanuscajan, Punicagranatum, Pisumsativum,
Mangiferaindica kernel and Coriandrumsativum exhibited a
strong activity against the 4 bacterial species studied with
diameter of inhibition zones ranging from 16.44+0.04mm -
22.16£0.04 mm. The highest activity was observed with lig
N2 treated germinating seed extracts of Pisumsativum,
showing 22.16£0.04 mm diameter of zone against
Staphylococcus aureus, 18.58+0.03 mm against Escherichia
coli, 9.35+0.05 mm against Klebsiella pneumoniae, and
8.23+0.05 mm against Pseudomonas aeruginosa. The PBS
extract of ungerminated seeds of Avena sativa show
minimum antimicrobial activity against Staphylococcus
aureus (0.84+0.03mm), Curcuma longa- Escherichia coli
(0.61+0.03mm),Solanumlycopersicum - Klebsiella
pneumoniae (0.49£0.03mm),
andAmaranthuscruentusPseudomonas aeruginosa
(0.51£0.01mm).. The moderate activity against at least one
of the four strains was shown by Coriandrumsativam,
Glycine max, Avena sativa, Cicerarietinum,
Zingiberofficinale, Ocimumtenuiflorum, Cocosnucifera L,
Carica papaya L, Oleaeuropaea, Solanumlycopersicum,
Citrus  sinensis, Psidiumguajava, Areca catechu,
Raphanussativus,Cuminumcyminum, Medicago sativa,
Canavaliaensiformis, Nigella sativa Vignaunguiculata and
Prunusarmeniaca(5.11+0.02— 19.61+0.02 mm)(Table 4).

Both PBS and lig N2 extracts of Aloe Vera,
Sapindussaponaria, Secalecereale, Ficuscarica, Capsicum
annuum ‘Cayenne and Cucurbitapepo showed no
antimicrobial activity. PBS, which served as negative
control, produced no zone of inhibition. The activity of
PBS and liquid N2 extracts of Pisumsativum against
Staphylococcus aureus was found to be similar to that of
(S-10 pg) Streptomycin, more than that of (A-10 pg)
Ampicillin, (C-30 pg), Chloramphenicol, (K-30 pg)
Kanamycin, (T-30 pg) Tetracycline and less than (Cf-5ug)
Ciprofloxacin (Table 2).

(4)

Fig 2-5: Small peptides activity against 4 different
pathogenic organisms (Escherichia coli, Staphylococcus
aureus, Kilebsiella pneumoniae and Pseudomonas
aeruginosa) A —Pisumsativum; B —Punicagranatum; C-
Cocosnucifera L; D —Zea mays; E-Phaseolus vulgaris.

SDS-PAGE

Proteins extracted from germinating and ungerminated
seeds were precipitated with 75% ammonium sulfate, while
cutoff separated samples were subjected to antimicrobial
activity. Samples showing maximum zone of inhibition
were separated through 15% SDS-PAGE. Different bands
of less than 10kDa resulted after germination and liquid
nitrogen treatment as seen in Fig: 1
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Fig: 1 (A): Pisumsativum(l) Phosphate buffer
extraction sample, (2) Liquid nitrogen extraction
sample, (3)75% ammonia precipitation sample, (4) >
5Kd cutoff flow through sample, Molecular weight
markers

Statistical analysis

All the experiments were carried out in triplicate thrice
(n=9). The statistical analysis of the data was carried out by
analysis of the variance (ANOVA). Results were
considered significant when p < 0.05.

DISCUSSION

Plants store proteins in seeds. Deposition and
reactivation of storage protein in seeds through proteolytic
cleavage plays an important role in germination processes
[20]. In germinating seeds special endopeptidases trigger
storage protein breakdown. So germinating seeds contains
abundantly small proteins and peptides. These small
peptides show antimicrobial activity against surrounding
microbial environment to control diseases and enhance the
growth of the early plant lets [21]. Hence an attempt is
made to explore the possible antimicrobial peptides
generated through different extraction processes in
germinating and ungerminated seeds.

The degradation of proteins in germinating barley seeds
was initiated by proteinases, which converts insoluble from
(high molecular weight) to soluble form (low molecular
weight) of proteins [22]. Cysteine proteinase [23] and
endopeptidases were increased to mobilized and degraded
storage proteins in germinating  seeds  of

Vignamungo[24].Under liquid nitrogen, proteins pulverized
to a powder with a mortar and pestle for extraction of
fragmented peptides [25].

We investigated the yield of antimicrobial peptides with
different extraction methods, as 0.1M phosphate buffer
reported in M. sativa L. seeds (2) and liquid nitrogen
extraction for M. truncatula seeds protein extraction [26,

27. Compared the yields of peptides obtained by both
methods for germinating and ungerminated seeds.

Protein extraction from different kinds of plant materials
like leaves fruits and seeds using liquid nitrogen [10] in
Tobacco [28] were reported.

Initial small peptides purification was achieved by
ammonium sulfate precipitation. 75% ammonium sulfate
saturation was used for precipitation of proteins and
peptides [22]. Precipitated proteins were dissolved in 0.1M
phosphate buffer pH 7 (15). This solution was further
filtered through <5Kd cutoff column (16). In the present
work, Pisumsativum showed maximum activity against
Staphylococcus aureus, Escherichia coli, Klebsiella
pneumoniae, and Pseudomonas aeruginosa using disc
diffusion method. Saima and Azra [29] reported
antimicrobial peptide(s) from seed/pod of PisumsativumL.
(garden pea). Their study assessed antibacterial activity
against a number of bacteria: Micrococcus luteus,
Staphylococcusaureus, Staphylococcus  epidermidis,
Escherichia coli, Klebsiella pneumonia, Salmonella typhi,
Proteus wvulgaris,Pasterurellamultocida, and Pseudomonas
aeruginosa.

Plant antimicrobial peptides are very similar to other
antimicrobial peptides regarding their greater activities
against Gram positive bacteria [30, 7, and 31]. Different
kinds of antimicrobial substances were reported like
saponins [32], canavanine [33] and some important
antifungal defensins [34].

Antimicrobial activity of AMPs was reported in wheat
endosperm against bacteria  Staphylococcus —aureus,
Micrococcus lutius, Klebsiella and Bacillus [35]. Constant
protein concentration samples were used for antimicrobial
activity with agar well diffusion method [36] with standard
reference antibiotics. Antimicrobial activity showing
samples were separated through 12%SDS-PAGE with
constant voltage 100V (12). It revealed that germinating
seeds were containing more number of small peptides.
Most of them were having antimicrobial activity and
present in the water soluble fraction of seeds.

Concluded that, extracts of antimicrobial peptides from
different germinating and ungerminated seeds of
Pisumsativum, Punicagranatum, Cocosnucifera L, Zea
mays, Phaseolus vulgaris showed broad spectrum of
antibacterial activity. 5kDa MWCO eluted peptide samples
were active against number of bacteria.
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Table: 4 Cutoff separated samples (100pg/ml) zone of inhibition; Escherichia coli (E.c), Klebsiella pneumoniae (K.p), Pseudomonas aeruginosa (P.a) and Staphylococcus
aureus(S.a).

ol separstion scne of inbisisos (100 )
S No Name ngennesated seeds Germating seods
ras Lig N2 PBS Lig N2
Ec Kp Pa Sa Ec Kp P.a Sa Ec Kp Pa Sa Ec Kp Pa Sa
1 Giyome max 3274017 2712003 23584003 2194003 624001 6124004 584001 492004 6114003 5302003 5264003 454002 112420051059 =00610234005 8132003
2 Asachis bypogaea NA NA NA NA NA NA NA NA 2472003 13=002 1112003 1.26=004 3522005 223=00% 2142004 2492003
3 Sorghum bacolor NA NA NA NA NA NA NA NA 2372002 225=004 124=003 116004 5922002 267=015 2542005 3452006
4 Peoussetum glancum 152006 13=001 1S53=002 142=002 16=001 T+00! 1812003 1542003 142001 123=002 1572011 1372029 152005 147=002 1452004 1722002
5 Eleusne coracana 1LiE=006 179=002 15=001 NA 4522002 369=003 454002 NA 252001 28=004 2885201 NA 6742003 678=002 6382006 NA
Trigooelia foemmm
6 gaecuml G62=002 052=004 0M=002 09=001 182001 132=002 160=003 1222002 3712002 261=005 351=006 252=004 747=006 544=003 756=003 485=004
7 Vigns radiata 1932012 212=002 124=003 NA 372001 422002 234003 NA 7252004 £38=002 4142015 NA 132120451624=01]1 £49=002 NA
B Vigna mungo 16014 18=004 NA 1892002 3412002 3%9=002 NA 367002 67002 7T38=008 NA 7522002 1345:0041488=003 NA 15452004
9 Triticurn aestivess 261=007 216=00% 2I33=003 162=002 $13:003 436=004 4722002 3822002 1024=003 971=0035 959=002 776006 20280091958 =0093924=2004 15842004
10 Zeamays NA 233=003 214=003 2422002 NA 409=001 432:00% 487004 NA £47=008 8722007 92320 NA 1686 =00417382003 1845204
11 Hordewn vagare 074£002 1142008 1222002 1822001 1222002226006 2732004 3432002 232003 72001 5182007 637£002 5212002 95007 1024200612792002
12 Avens saova 114008 NA 0932003 084+003 2974004 NA 182004 144001 4394002 NA 3684009 3824007 10444004 NA T #0085 8312008
13 Oryzasativa NA NA NA NA 3084002 NA 2394003 NA 4794003 NA £47 0 006 NA 8194003 NA 1083w 0.05 NA
14 Phaseoks vulpwes 22392 0.09 NA NA Na 3fx001 NA NA NA T 2008 NA NA NA 14582006 NA NA NA
15 Cicer anetum 182002 NA NA 172007 362+002 NA NA 3462003 645=004 NA NA T =003 12492002 NA NA 13.522029
16 Brassca pmcen 182=008 19=001 14=003 22=001 371=003 412=002 388=003 41=001 762004 646=138 686=006 747T=0037 1579=0021455=0071231=0071531=0.09

?
17 Cajpmn cajpn 172002 NA 182=002 231=002 3422002 NA 379=002 348005 678=017 y 72322004 392007 132=0M NA 1S3=008 1624=005
18 Punica gransan 182002 149=003 22=001 262=002 31z001 379=003 421002 S$S28:002 S$782003 691=003 7482008 59=00! 11220 13852=01 121420041742=002
18 Zaghey officnale. 226007 089=026 252=002 1855:007 3551:002218=002 4822002 379=004 73592003 446=00% 392008 641=003 14192003 861 =004 14862004 12832002

g

20 Ocesum teanocum NA NA NA Na 0494002 0842003 1322002 122001 2392001 266=005 3232003 319£003 4792003 343=002 6562006 8392004
2 Carcama booga 0614003 NA 0532003 0£3:00% 2112003 NA 2233002 1484002 4114003 NA 4412006 339+00! 8194003 NA £774008 6822002
22 Ao Ve NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2 Cocos mceral. 1394013 NA NA 1124002 23+001 NA NA 249003 4782002 NA NA 396007 8594002 NA NA 1035004
2 Carica papayva L L1001 NA 171=003 148002 242002 NA 27001 3182002 481003 NA $742005 6392002 §6=002 NA 1072=006.1239=003
2 Sapmduy saponaria NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

26 Olea mzopaen 142=002 133=003 153=002 134=005 339=003 281=00] 242002 259002 611002 S21=002 439=006 $37=002 114520041023 =004 9432005 10452004
27 Paum sathvum 3282012 122=002 19=004 248005 S77=005319=003 3142003 S532009 9372002 242=002 4112003 1017=003 18582003 935=00% £23=005 2216004
28 Magfera indica 199008 NA 261=008 3541£001 535zx001 NA 518006 6282003 638002 NA E812006 1119:0021389+003 NA 1632008 19612002
28 P smemiaca 214002 NA NA 272+:004 3181:003 NA NA 5112002 7912003 NA NA 863003 185822002 NA NA 16422005
30 Secale corede NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA Na

31 Solawmms lycopersiow 0814007 0494003 1494003 1624002 2124002 2194001 2724002 2524004 3984006 412400% 4854008 512400 6494003 6844004 $£6320048 9824002
32 Carus siecosts NA NA 1154008 2994006 NA NA 28540058 3084002 NA NA 4854004 5470002 NA NA £234005 10456004
33 Pwdum gmjova 1752004 NA NA 179003 3492002 NA NA 3172002 7212003 NA NA 615005 1335004 NA NA 1236 20.0%
34 Aseca catechn 088=002 121=001 162=002 207=002 42=001 316=005 28004 4312003 783=002 $79=003 429=003 §21=003 1536=0031044=004 9232005 1381001
35 Cocwbtamavima 1982006 271=002 231=007 145=005 42=001 45=001 415004 324003 7112002 R11=003 759=002 639002 1382=0021454=0041263=20051184=003
36 Cindus hinstes 12+008 175=004 241=005 1512008 252001 3412003 4132005 3422004 4382002 S$72=018 6512005 S556=004 9192002 1124=0041353=2005 10162004
37  Helanthossuss 172002 215=004 NA 264004 33x001 355=00% NA 412001 S68=003 T09=003 NA 77002 104=001 1255=004 NA 1524=004
38 Faous carica NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

39 Awaoethos cruestus 1312002 08=008 0512001 122002 264204 2722002 2422002 4172006 6244004 211=00% 24892002 776£003 1148+002613=00% £4=008 15742004
40 Phraseoles vulgars 124001 NA NA NA Ja2+002 NA Na NA 7254004 NA NA NA 14344024 NA NA NA

§1  Raphsous sathus 1144004 1424002 154001 244000 3724004 3594003 3224002 4140003 712008 S$852007 5314002 784004 123840051043 200510274005 14444004
42 Phfardusemblica 2412003 2482002 1932006 222+002 4152004 5122002 3812003 43592006 7232008 8952005 7382000 8142003 13122003 1424=00411502007 15.1520.04

43 Capscum anmsm 'C NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
43 Cwmirean cyminan. 075004 13=001 NA 155007 21001 339=002 NA 359005 76001 S57=003 NA 675004 1415005 98=008 NA 1242002

45  Cormndrum sathn 219002 15=001 17=001 208£003 4112003388004 345=004 3312003 7512005 6S7T=047 6182006 BE65=006 146720021133=0051053=20051644=004
46 Medicago satha 199008 171=002 162=002 241+003 382+002 35+004 2742005 4612003 7142003 6R81=003 $56=2004 281:00F 1322001 1235=0031015=200413.54200%
7 Canmvabsegfcemis 213=00% 148=002 179=003 164=006 3222002328003 3842003 5282001 823002 683=006 THE=005 7512003 15540041361 =00714437200%5 13522007

48 Nigela catha NA NA NA 209001 NA NA NA 4122002 NA NA NA 678+0.02 NA NA NA 12432003
49 Vgnaunpsculaea 18534003 1634003 1624002 264003 38940023474003 3784002 4144008 674001 7172006 6844003 6122008 1239500213 45400812484005104330.03
40 Cuowbdiza pepo NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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