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Abstract: The objective of this research was to isolate novel peptides from extracts prepared from native
microbial, plant and fermented sources. The antimicrobial properties of these extracts were 1mtially tested using
Escherichia coli, Pseudomonas aeruginosa, Staphylococeus aureus and Bacillus cereus. The exact species
and stramns of these test microorgamsms were confirmed by identifying its 165 RINA sequence. The most
pronounced inhibition zone for ethanolic extracts was obtained with Andrographis pawiculata. For
peptide/protein extracts only Allium sativim showed promising results. The particular compound responsible
for the inhibition in each case is undergoing characterization by using High Performance Licquid

Chromatography (HPL.C) and mass spectrometry.
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INTRODUCTION

Biologically active peptides and polypeptides occur
n a vast range of sizes and no generalization can be made
about the molecular weights m relation to their functional
properties. Naturally occurring peptides range m length
from two amino acids to many thousands of residues.
Even the smallest peptides can have biologically
important effects.

A variety of peptides and proteins have been used to
produce biopesticides, biopesticidal
pestresistant crops. These compounds derive from a
number of sources including the venoms of predatory or
parasitoid animals (Taniai, 2002), arthropod-pathogenic
microbes including bacterial symbiotes of
entomopathogenic nematodes (Beard, 2001), plant lectins,
protease mhubitors (Brunelle et af., 2005) or ribosome
mactivating proteins (Sharma, 2004), arthropod hormones
and neuropeptides (Altstein, 2004; Borovsky, 2003), plant
defensins (Lay and Anderson, 2005) and plant hormones
(Dinan, 2001).

The gene-encoded cationic antimicrobial peptides
(AMPs) are important mediators in the primary host
defense system against pathogenic microorganisms,
which are widely distributed in nature. In the last few
vears, the burgeoning reports of the occurrence and
characterization of low-molecular-mass AMPs from a wide
variety of orgamisms have been accumulating at a rapid
rate because of their biochemical diversity, broad

microbes and

specificity against bacteria or fungi (Sitaram and Nagaraj,
2002) and also because some of them have anti-viral
(Sitaram and Nagaraj, 2002), anti-tumoral (Rozek et al.,
2000) or wound-healing effects (Fernandes et al., 2002).

On the other hand, the resistance to antibiotics of
bacteria has also risen dramatically and the resistance to
most or all available agents has appeared in the clinic over
the past decade. There 1s a growing need to discover and
introduce new drugs and AMPs provide new promising
candidates for screening of new antibiotics.

This study was undertaken to isolate novel peptides
and secondary metabolites from selected Malaysian
indigenous microbial, plant and fermented sources.
Subsequently, these peptides and secondary metabolites
were tested iz vitro using test microorganisims.

MATERIALS AND METHODS

This study was conducted at the Fermentation
Technology Laboratory, Division of Microbiology,
Institute of Biological Sciences, Faculty of Science and
Department of Molecular Medicine, Faculty of Medicine,
University of Malaya. The research project was
conducted from September 2007 to August 2008.

Sample preparation: Plant samples were cleaned and
dried at a temperature not exceeding 40°C and pulverised
to powder form. Fermented samples were prepared by
exposing them to solid state lactic acid fermentation at
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20% moisture. These test samples were prepared in
triplicates and also used for the subsequent part of this
study.

Ethanol extraction: The powder was soaked in 95%
ethanol for a week. The extracts were filtered and
evaporated to dryness under reduced pressure at 40°C in
a rotary evaporator and then weighed to determine the
total extractable compounds. The crude extracts were then
transferred to  wvials and kept at -4°C. These crude
extracts were dissolved in water or solvents and used for
the assessment of antimicrobial activity (Seveno ef al.,
2008).

Peptide/protein extraction: Tissue was placed in a cold
mortar and pestle. Approximately 2 mL of extraction buffer
was added for every 1 g of tissue. The extraction buffer
consists of 5mL of KPO,, 0.5 M of EDTA, 1 mL of triton
X-100, 12.5 mL of 80% (v/v) glycerol and 15.4 mg of
DTT for every 100 mL. The tissue was grounded till no
more tissue was visible. All steps were carried out at 4°C.
The ground tissues were transferred mto a centrifuge tube
and centrifuged at 12,000 rpm for 15 min. The pellet was
discarded and the supernatant was collected and stored
at -20°C. The samples were freeze dried prior and
reconstituted imto 5 mlL of buffer before protein
determination.

Protein quantification: Protein standards of appropriate
concentration mn the same buffer as the sample was
prepared using bovine serum albumin (Sigma-Aldrich Inc.,
Samt Louis). The protein standards ranged from 0.1 till
1.4 mg mL.~". After adding 3 mI. of Bradford Reagent to
each tube, these were vortexed gently for thorough mixing
(Bradford, 1976). The samples were incubated at room
temperature for 15 min and absorbance was measured at
595 nm. The protein concentration was determined by
comparison of the measured absorbance to a standard
curve prepared using the protein standards (Bradford
Reagent product mamwal, Sigma-Aldrch, Inc., Samt
Louis).

Microbial strain identification of test microorganisms:
The microbial DNA was extracted using either the
i-genomic BYF DNA Extraction Kit for gram positive
bacteria or the 1-genomic CTB DNA Extraction Kit for
gram negative bacteria, (iINtRON Biotechnology,
Seongnam). The extracted genomic DNA was examined by
electrophoresis in a 1% agarose gel. Universal primers
used to amplify 163 tRNA gene were (27f: 5°-AGA GTT
TGA TCA TGG CTC AG and 1492r : 5°-TAC GGC TAC
CTT GTT ACG ACTT) (Bioneer Corporatiorn, Daejeon).
PCR conditions used for amplification were: initial
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denaturation at 94°C for 5 min followed by denaturation at
94°C for 1 min, annealing at 52°C for 1 min, extension at
72°C for 1.5 min and a final extension at 72°C for 10 min.
Reaction mixtures of 20 uL. n total contained 2 uL of
10x PCR buffer, 2 ul. of ANTP mix (2.5 mM each), 1 ul. of
each primer (10 pmoles), 50 ng of DNA template, 0.5 pL of
i-Tag™ DNA polymerase (35U pL™") (INtRON
Biotechnology, Seongnam). The PCR products of
approximately 1.4 Kbp were examined by electrophoresis
m a 1.5% agarose gel. The PCR product was purified
using PCRquick-spin™  (iNtRON  Biotechnology,
Seongnam). The 163 rRNA gene sequencing was done by
Macrogen Inc. (Seoul) which uses ABI 3730x1 DNA
analyzer. The 165 rRNA sequences obtained were
compared with the NCBI database using Blastn. Tdentity
of >98% was the criterion used to identify the microbial
species and strain.

Antimicrobial tests: Antimicrobial tests were performed
based on the recommendation of the British Society for
Antimicrobial Chemotherapy and National Committee for
Clinical Laboratory Standards (2005) guidelines. Bacterial
test cultures were grown overnight on Mueller Hinton
broth (Becton, Dickinson and Company, Franklin Lakes).
The inocula suspension concentration was diluted with
0.85% sterile saline solution to achieve an optical density
between 0.08 to 0.1 units at 625 nm. Before inoculation,
the mnocula was diluted 10 times to make it approximately
10° colony forming unit per ml.. Mueller Hinton agar
plates were prepared in advance. Sterile cotton swabs
were used to streak entire plates with the inoculum
suspension. Sterile 6 mm filter paper discs (Whatman
International Ltd, Maidstone) were used to place the
samples on agar plates. The samples concentration was
adjustedtol mg mL™" for protein/peptide extract and
50 mg mL™" for ethanolic extract. All the plates were
incubated at 37°C for 16 h. The positive control used was
Tetracycline (Oxoid, Basingstoke).

RESULTS AND DISCUSSION

Identification of test microorganisms: The microbes were
identified using 165 RNA sequences as Bacillus cereus
ATCC 14579, Staphylococcus aureus RE122, Escherichia
coli UTIR9 and Pseudononas aeruginosa.

The results (Table 1, 2; Fig. 3) show the inlibition of
various plant and fermented samples that were tested
against gram negative bacteria (Escherichia coli and
Pseudomonas aeruginosa) and gram positive bacteria
(Bacillus cereus and Staphylococcus aureus). The four
bacteria obtained from the Microbiology Department were
further analysed for their exact speciesfstrain by 163
rRNA sequence determination and comparison to existing
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Tabk 1: Inhibition zore s of warions plat and fennerted ethanolic extracts

Bahdbiion Tore (row) agine

Phnt specie £ ennerited sanples £ coll S aumeus B cereus P U a
Androeraafos o ke Hao mhibiion 1110 1410 11515
Crrcimna magen (| Tixneric) Ho inhibiion 8515 10,540 .5 Q50
Crt o pagpara (Papaya leaf) Hao mhibiion Ho wrkdbition Ho mbdbition Ho xhibitim
Alfimy sativum (Carlic) Ho inhibiion Ho bdbition 7.0£1.0 TOx10
ChmnEnmagem cofmatus [ Lernon, gracs)) Hio hibiion Mo wrkdbitioe Mo mbdbition Mo xhibitim
Fennerited bean Hio mihibiion Mo wridbitice Hao mbdbition TO£1ND
Finctioral food paste Hio hibiion Mo wrkdbitioe Mo mbdbition Mo xhibitim
Fenmerited extract Ho ivkibiion Ho ibdbition Ho irbdbitiom B0x10
Fenmerited wive g4 writh lactic a0id bacteria Ho mhibiion Ho mbdbition Ho bdbitiom Ho dihdbition
+ cozirol 1510 la=0 1910 lasx05
- cordral Ho imhibiion Ho imbdhition Ho inkibition Ho whibition
O testswrere dotwe b triplicates
Table 2: Inhibition zote of warioie prote dvpeptide e dracts
Inbibition more (fron] gzaihet
Phit speci s fennerted sanples E coly S LS B cereus P asruginosg
Arvdrogrgelns paover uiaha Ho mbdbiton Ho irbdbiten Ho mbdbitem Ho mbibion
Crrrimsa sy [ Tineric) Ho mhbitio Ho mbhbitim Hao mbibition Hao mbibiion
Cremira pugpaqp a Papines leaf) Ho mhdbition Ho irbdbition Ho inbdbition Ho inbibiion
Al st (Carlic) 1515 28+21 16.3£1.5 919
Chmndvpragms cfimatus | Lemon grass)) Ho mhdbition Ho irbdbition Ho inbdbition Ho inbibiion
gty gificinale [Gitger) Ho mhibitian Ho mhdbition Ho mhibition Ho inhibiion
Fegn vl (Beetooot) Ho whbition Mo mhdbitia Mo mbdbition Hio mhibiion
Alliue cepa (Big ordorg) Ho mhibitian Ho mhdbition Ho mhibition Ho inhibiion
Allien cepa (Small ordor) Ho vhdbition Ho irhdbition Ho inbdbition Ho ribibiion
Jfimy emdie @ chereraia [ Bitter gonard) Ho mhdbitian Ho rkdbition 00413 JURIESTRY
ek evtdic @ chararaia see ds Ho mhdbitian Ho phdbiticn Ho mbdbition Ho mbdbiicon
Ammicus aparus cten (Bittor mishooom) Hao mhdbition Ho mbhbitio Hao mbdbition Hao mbibiion
Apmrcas s oo e hody Ho mhdbition Ho mbdbitia Mo mbdbition Hio mbibiior
+re Cordral 1305 300 40 2kl
- e Ciovitrol Ho inhibitic Ho inhbition Ho inhibition Ho inhibiion
Al testevaere dore i triplicates
1] ) Androprapkis paviculain
M Chrruma wangm
[ Covica papapa
40 gy AlBum safivum
B Chasdopo gy dibmtus
b (% Farmerte dbean
30 0 Pmctiomal foodpaste
g {7 Ferm exted extract
E £ Ferments dwive @i with lactic ac i bacteria
20
TR
| || e

Warioe phits sndfemm erded smples

Fig. 1: Ethandlic extract jdeld. % (whiz) weld refers to gravimetric determination of total extractsble compownds

expressed as a percentage of the sample weight

databazes. The amourt of secondary metsbolite and
peptide extracted from warious plant and fermented
extracts ave shown in the bar chatta(Fig 1, 2.
Fermented extract followed by funetional food paste
showed highest total extractable compounds from  the
ethatnlic extract with 45 and 30%, respectively. Total
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extractable compound from  fermented Anegar was
20% and the rest of the sample was below 20%. On
the  other Thand, Adrographis padcdate and
Alliven safiwem showed the highest proten content
with 1.77 and 120 mg g, respectively. These
were folowed by Singiber officinde withl.56 mg &'
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0 Androprapkis paviculan
1 Chrico papaya kaf (Papaym)

E Beta vulpyis (Beetroot)
Al cepo (Sm adlondm)

M1 Mdopordica chorantia ceeds

4 Apmices Hspores Fnuiting body
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iy dice charantio (Biter gomd)
mdparicus disporys cem (Bubton miehnoom )

Fig 2:Proteinpeptide extract ywield Concentration refers to protein or peptide concentrationinmg g~ tissue

Fig. 3: Effect of ethanolic extracts on bacteria growth

Heplylococos awrers and () B ooli

and both Curcma mangga and Cypmbopogon cifrafes
with 1 36 mg 7', The rest of the samples have protein
content below 1,30 mg &'

The most pronounced inhikition zone for ethanolic
extract was obtained with Awdrographis peviculata
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(a) Fseudomoras acruginosa, (H) Baoillus serews, (0

producing intibiticn zones of 11 mm aganst S awraus,
14 mm againd B cerews and 115 mm  agsinst
F. agruginosa Instudies done by Singha of ol (2003, the
agueous extract and the arabinogalactan protein fract ons
showed inhibition against B ooli and P asrugimosa ng
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not towards S. aureuws. Their 80% methanol and
chloroform extraction of Andrographis pariculata did not
show mhibition agamst E. coli, P. aeruginosa or
S. aureus. Hence, these findings are contradictory to
present findings. These differences could be attributed to
the solvents used in the cwrrent study for extraction.
Moreover, the used strain of the bacteria could also affect
the results sigmficantly.

Ethanolic extracts from Curcuma mangga produced
mhibition zones of 8.5 mm against S. aureus, 10.5 mm
against B. cereus and 9.5 mm against P. aeruginosa.
Extracts from Allium sativien inhubits both B. cereus and
P. aeruginosa, respectively with 7 mm inhibition zones.
Ethanolic extracts prepared from fermented bean and
fermented extract only mhibited P. aeruginosa with 7 and
8 mm inhibition zones, respectively. Ethanolic extracts
from many plant sources have been shown to have
biological activity against bacteria. For instance, the
ethanolic extracts from Rhus (Nassar-Abbas and Halkman,
2004) are inhibitory towards gram positive and gram
negative bacteria. A comprehensive review of the
biological activities of Rhus extracts details the promising
potential of the extracts of parts of this plant (Rayne and
Mazza, 2007).

Peptide/protein extracts from Allim sativum showed
promising results with 15 mm inhibition zones against
E. coli, 28 mm against S. qureus, 163 mm against
B. cereus and 9 mm against P. aeruginosa. Extracts from
Momordica charantia were more selective and showed
inhibition only against B. cereus and P. aeruginosa with
9 and 10 mm mtibition zones, respectively. Present results
are in agreement with those of Gosh et al. (2008) who
showed that ageous extracts are generally less potent in
their bioactivity than methanolic extracts.

CONCLUSION

Ethanolic extracts of Andrographis pamiculata
exhibited some degree of antibacterial activity towards
P. aeruginosa, S. awreus and B. cereus. However, its
peptide/protemn extract did not produce any inhibition
towards the bacteria species tested. Peptide/protein
extract of Allium sativim exhibited a strong inhibition
zone against both gram negative and gram positive
bacteria but its ethanolic extract only produced a small
degree of mlubition against B. cereus and P. aeruginosa.
The particular compound responsible for the inhibition in
each case 13 undergoing characterization by using High
Performance Liquid Chromatography (HPL.C) and mass
spectrometry.
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