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Abstract— Protein production by bacteria might be increased in stressful conditions such as in the presence of antimicrobial agents.
Many studies have proven that antibiotics or antimicrobial agents at low concentration are able to activate or repress gene
transcription process in bacteria. However, there have been comparatively few studies on the potential of natural compounds in
nature as a specific chemical signal that can trigger a variety of biological functions. An attempt was made to study the effect of
essential oil from Cymbopogon nardus in regulating protein production by Bacillus subtilis ATCC21332. The bacterial cells were
further exposed to the C. nardus essential oil at concentration of 0.02 % for 48 h at 37°C. The intracellular proteins were then isolated
and analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Proteins profile showed that a band with
approximate size of 180 kDa appeared for the treated bacteria with C. nardus essential oil. An alignment of peptide sequences to the
NCBI BLAST database revealed that B. subtilis ATCC21332 in stressful condition tend to produce intracellular protein recognized as
respiratory nitrate reductase o subunit enzyme. Besides, the extracellular proteins secreted by B. subtilis ATCC21332 after being
subjected to 0.02% of C. nardus essential oil for 48 and 72 h at 30°C, were further analyzed on antimicrobial activity. The
extracellular proteins secreted by B. subtilis ATCC21332 prior to enhancing with 0.02 % C. nardus essential oil at 30°C for 72 h

exhibited antimicrobial activity towards two strains of bacteria, which are Bacillus cereus and Escherichia coli.

Keywords— Bacillus subtilis ATCC21332; Cymbopogon nardus essential oil; protein.

I. INTRODUCTION

Naturally, most of bacteria including Bacillus subtilis can
produce proteins either intracellular or extracellular proteins
at certain environmental conditions. Intracellular protein that
act inside cells are responsible for catalysing the millions of
reactions that occur in metabolic pathway such as glycolysis

in the mitochondria and photosynthesis in the chloroplast [1].

Whilst, extracellular protein is the protein secreted by a cell
and that works outside of the cell such as the human
digestive enzyme, known as proteases [2].

Bacillus sp. produce a broad spectrum of bioactive
peptides with great potential for biotechnological and
biopharmaceutical application, including lipopeptides which
act as biosurfactants and peptides antibiotics with potent
antimicrobial activities [3]-[4]. However, under hostile and
challenging environmental conditions, such as depletion of
nutrients, oxygen, and changes in temperature, bacteria
launch stress responses which improve their chances to adapt
and survive to the various insults. Bacteria could develop a
special physiologic mechanism for their survival by
producing the specific proteins as well increasing the protein
level production [5].

Antimicrobials represent one of the many stresses that a
microbial pathogen must sense and response to, in order to
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thrive in harsh environmental conditions that allow the cell
to cope with drug-induced stress. Such mechanisms include
metabolic alterations that minimize the toxicity of the drug,
as well as the activation of chaperones and the signal
transduction cascade dedicated for sensing and responding to
various stress [6]. Study showed that the protein levels are
increased for the bacteria to survive in stressful surroundings,
such as in the presence of antibiotics [5].

Antibiotics are bioactive compounds that can serve as a
weapon in microbial communities at high concentrations due
to their inhibitory activity towards other microorganisms. In
ecological environments, these compounds may be at lower
concentrations and likely play additional roles as signalling
molecules [7]. Antimicrobial agents or antibiotics with
different structures and modes of action at sub-minimal
inhibitory concentrations (sub-MICs) have the ability to
cause global changes in gene transcription [8].

It appears that many antimicrobial agents or antibiotics,
when used at low concentrations, have in common the ability
to activate or repress gene transcription, which is distinct
from their inhibitory effect [9]. For example, sub-MICs of
antibiotics were found to enhance and modulate the
production of new phenazines, streptophenazines A-H, in a
marine Streptomyces isolate. Streptophenazines showed an
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antimicrobial activity against B. subtilis and Staphylococcus
lentus [10].

It is well established that bacteria are exposed to and
respond to many different extracellular signals in the
environment. However, there have been comparatively few
studies on the potential of natural compounds in nature as a
specific chemical signal that can trigger a variety of
biological functions. Therefore, this present study focused
on the roles of natural antimicrobial compounds or
specifically C. nardus essential oil in regulating intracellular
proteins production by B. subtilis ATCC21332.

Escalating incidents of life-threatening infections by
antibiotic-resistant bacteria in recent years have provided
strong impetus to discover new antibiotics. Thus, this study
was also aimed for future discovering of microbial proteins
or peptides that have a potential as a novel source of
antimicrobial substances. In this present study, an attempt
was made to evaluate the antimicrobial activity of
extracellular proteins secreted by B. subtilis ATCC21332
during mild stress condition in the presence of C. nardus
essential oil.

Il. MATERIAL AND METHOD

A. Essential Qil, Bacterial Strains and Culture Conditions

Cymbopogon nardus essential oils were provided by Al-
Mugarram Holdings Sdn Bhd. Bacillus subtilis strain
ATCC21332, obtained from the American Type Culture
Collection (ATCC) were grown in Mueller-Hinton Broth
(Oxoid, USA). Test microorganisms used for antimicrobial
screening include Staphylococcus aureus, Staphylococcus
epidermidis, Bacillus cereus, Escherichia coli, Klebsiella
pneumonia and Shigella dysentriae, obtained from ATCC
were grown in Mueller-Hinton Broth (MHB; Oxoid, USA).

B. Intracellular Proteins Production and Extraction

Intracellular protein production and extraction were
carried out based on the method proposed by [11]. The
bacterial cells were harvested in 100 ml conical flask
containing 10 ml of MHB with gentle agitation at 37°C.
After an overnight incubation, 1 ml of bacterial culture was
then transferred to 50 ml of fresh MHB medium in 250 ml
conical flask before being shaken vigorously at 37°C. After
3 h of cultivation, 0.02 % C. nardus essential oil was then
added to the bacterial culture. The culture was further
incubated at 37°C for 48 h with gentle agitation. A culture to
which essential oil was not added serve as a control.

After 48 h of fermentation at 37°C, 1 ml of each bacterial
culture was transferred to 1.5 ml microcentrifuge tube and
centrifuged at 2,000 x g for 5 min at room temperature
(Microcentrifuge; Eppendorf, USA). The pellet cells which
are intracellular proteins were then separated from
fermentation medium and washed with phosphate-buffered
saline (Cambrex Bioscience, Belgium) twice, before being
dissolved in sterile distilled water. The protein suspension
was then mixed with Laemmli buffer (Bio-Rad, USA) and f3-
mercaptoethanol (Sigma-Aldrich, USA) in 1:1 ratio before
being heated at 95°C for 10 min and cooled on ice. The
protein samples were further analysed by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).

C. Extracellular Proteins Production and Extraction
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Fermentation process for production of extracellular
proteins was conducted based on the method proposed by
[12]. In this process, a single colony of B. subtilis
ATCC21332 was inoculated with 50 ml of MHB and
incubated at 30°C with gentle agitation. C. nardus essential
oil at concentration of 0.02 % was then added to bacterial
culture after 8 h of cultivation and the culture was further
shaken vigorously at 30°C for 48 h and 72 h. A culture to
which essential oil was not added serve as a control.

The extracellular proteins from supernatant were
extracted according to the method proposed by [13]. After
each 48 h and 72 h of fermentation, the bacterial cells were
separated from the supernatant by centrifugation at 900 x g
for 15 min at 4°C (Microcentrifuge; Eppendorf, USA). The
separated supernatant was then collected and transferred to a
new tube. Approximately 80 % (w/v) of ammonium sulphate
(Sigma-Aldrich, USA) was added to the supernatant for the
protein precipitation process before being kept for 1 h at 4°C.
The precipitated extracellular proteins were then collected
by centrifugation at 15,000 x g for 20 min. The resulting
pellet was resuspended in phosphate buffer solution (PBS,
pH 6.8) before being further evaluated for antimicrobial
activity.

D. Sodium Dodecyl Sulfate-Polyacrylamide Gel
Electrophoresis (SDS-PAGE) and Protein Identification

The intracellular  proteins  were analyzed by
electrophoresis on Tris-HCI ready gels with 10 % cross
polymer in a Protean Ill electrophoresis system (Bio-Rad,
Hercules, CA) with benchmark prestain protein ladder (10-
260 kDa) (Fermentas, USA). The protein bands made visible
by staining with Biosafe™ coomasive blue R-250 staining
solution (Norgen Biotech Corporation, Canada) and the
bands of interest were identified by amino acid sequencing.
The sequences were screened for similarity to proteins in the
NCBI BLAST database.

E. Antimicrobial Activity Screening via Well Diffusion Test

Antimicrobial activity of extracellular proteins against
selected bacterial strains was determined by using agar well
diffusion test based on [14]. Each bacterial culture at a
concentration of 107 cell/ml was spread onto Muller-Hinton
Agar (MHA; Oxoid, USA) plates. Wells with 6 mm
diameter were then made with agar by using sterile borer. A
10 wl of each extracellular protein with different durations of
fermentation was loaded into each respective well. The agar
plates were then incubated at 37°C and the diameter of clear
inhibition zones were measured after 24 h of incubation.

I11. RESULTS AND DISCUSSION

Bacteria often encounter drastic changes in their
environment, including fluctuations in the level of external
oxygen and starvation. In order to adapt and survive in these
environments, bacteria need the capability of protecting
DNA damages by endogenous and exogenous metabolites
and regulating the expression of a variety of genes, which
makes it able to adapt to different temperatures, pH and
osmotic pressures, as well as oxidative and ultraviolet light
stresses [15]-[16].

The essential oil from C. nardus is known as citronella oil,
has been traditionally used as mosquito repellent, household
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fumigant or fragrance agent in food commodities, soaps and
cosmetics [17]. Besides, a study by [18] showed that C.
nardus essential oil has antimicrobial activity against S.
aureus, S. epidermidis, B. subtilis, E. coli, S. typhimurium
and S. marcescens.

Several studies have shown that antimicrobial agents at
sub-MIC or lower concentration were able to cause global
changes in the bacterial gene transcription process [19], [20],
[8], [21]. carter, davies, Henderson]. Besides, it has been
reported that the protein levels are increased for the bacteria
to survive in stressful surroundings, such as in the presence
of antibiotics [5]. Therefore, attempt was made to study the
effects of C. nardus essential oil at 0.02 % in enhancing
protein production by B. subtilis ATCC21332.

There was a long-held belief that the Gram-positive soil
bacteria, B. subtilis are strict aerobe. However, recent studies
have shown that B. subtilis will grow anaerobically, either
by using nitrate or nitrite as a terminal electron acceptor, or
by fermentation [15]. In this report, the effects of C. nardus
at low concentration on protein production by B. subtilis
ATCC21332 were studied. After 48 h of fermentation
process at 37°C in the presence of 0.02 % C. nardus
essential oil, the microbial proteins were isolated and
analysed by SDS-PAGE. The SDS-PAGE analysis was
conducted in order to further determine and identify any new
protein produced by B. subtilis ATCC21332 after being
induced with C. nardus essential oil. Based on the SDS-
PAGE profile as shown in Figure 1, B. subtilis ATCC21332
introduced a new intracellular protein with approximate size
of 180 kDa after being treated with C. nardus essential oil.
Further analysis on the intracellular proteins produced by B.
subtilis ATCC21332 prior to enhancing with C. nardus
essential oil was done by amino acid sequencing. The
peptide sequences of intracellular proteins produced by B.
subtilis ATCC21332 after inducing with C. nardus essential
oil are shown in Figure 2. An alignment of peptide sequence
to NCBI BLAST database revealed that B. subtilis
ATCC21332 in stressful condition (on the presence of C.
nardus essential oil) tend to produce intracellular protein
recognized as respiratory nitrate reductase a subunit enzyme.

B. subtilis ATCC21332 encounter drastic changes in their
environment with the presence of C. nardus essential oil,
resulting in the production of respiratory nitrate reductase o
subunit enzyme. C. nardus essential oil may induce the
fluctuation of external oxygen level. The external oxygen
limitation is sensed by bacterial cells and the bacterial cells
then adjust their cellular metabolism to promote growth in
an anaerobic environment. These changes are achieved by
modulating protein activity, by regulating the expression of
the appropriate genes, or both.

A two-component signal transduction system composed
of a sensor kinase, ResE, and a response regulator, ResD,
occupies an early stage in the regulatory pathway governing
anaerobic respiration. One of the essential roles of ResD and
ResE in anaerobic gene regulation is induction of fnr
transcription upon oxygen limitation. Fnr is a transcriptional
activator for anaerobically induced genes, including those
for respiratory nitrate reductase, narGHJI. B. subtilis has two
distinct nitrate reductases, one for the assimilation of nitrate
nitrogen and the other for nitrate respiration [15]. Thus,
essential oil may affect the activity of respiratory nitrate
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reductase produced by B. subtilis ATCC21332 by regulating
the expression of narGHJI genes.
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Fig. 1 SDS-PAGE profile for intracellular proteins produced by B. subtilis
ATCC21332 in the presence of C. nardus after 48 h of incubation: Lane (1)
protein ladder (10-170 kDa); Lane (2) — (4) in the absence of C. nardus
essential oil (as a control); Lane (5) — (7) in the presence of C. nardus
essential oil.

1 MEK EEMEPLF REL NYFEPIE HHENKHIQTT REDEDWENVY ENRWQFDEVY
51 RETHGVNCTE SCEWNTFVEN GIVIWEGQNL NYPETGPDMP DFEPRGCPRG
184 ASFEWYTYEP LEVEYPYVRG VLINLWREAL QANONPLDAW KSIVENPER A
151 KIVR G GFVRAEWPEY LELIZASLLY TVMKYGPDRN VEFSPIPAME

151 SEYIT WG VPLTRTPDAH FLAEARYKGA KVIS: v
301 SIRQETDGAL AMAMGHVILG EFYVNQETER FIEYAKQYTD FPFFVTLSKE
351 HGVYTAGRFL HAKDIGROTE HDOWEKPAVWH EQTIAFAIP) GTMGERWDGD
401 QKWNLHMIDE ETGDPIEPRL SLLGIEDEIG TVRIPYFIND GNKVLERDLY

4351 IKKINLNGEE VOVT TVFDLI LANYGVNRGF GEQSAVIYDD FERFTPAWQE

501 QMTGIKKEAY IKIAREFAQN AIDTDGREMI IVEAGINUWE HEDTI¥RAVL

551 NLVLL VEAQG VNGGOWARYY GOEKLRPAEG WOTLANAKDW EGVPELONGT

601 SFFYFATDOW RYEDQPISDL ASPLAASSRY KHHADYNVLA ARLGWLISYD
651 TFNONGIDLY KEAEKAGATT PEDIGAYVAS QLOEKK LKFA EDIDNEVNF
T8 PRNLFVWRAN LISSIGKGUE ¥ FLKHLLGTT NGLMNDDSDE RIEEIKWRE
751 QAPESKIDLL INIDFRMAST ALYVEDIVIPA ATWYERNDLE STRMMPFIND

£01 FAPAEAPWE SKSDWDIFKA LIKAVEDLAE EVDMEPVEEY VATPLLHDTH
{RGECEA IPGETHIPNIQ VVERDYKRIF HEM TALGPHA
VES LERRLGEITS DS VAKGONT SEARQAAEAL
SLENITNLKLKDL AFEREEECFT FEQITAQPKT
1001 VITSPAFTGS EKGORRYSPF TINVEKLEW RTLTGRQSYY VDHELMMEFG
1851 ETMATFRPL QRRPFLSKRFP DOEGKEIVLN YLTPHN SMYFDELIM
1101 LTLFRGGP TV WAMNKDDA EDT DIKDNDWIEC FNENGVVY
1151 MARMIILAQDE HINVPGTELT NNRGGTHNIP TRIDVEPTOM IGGYAQLIYG
1201 FNYYEPTENG RDLNVVIRKL KEVDWLED

Fig. 2 Peptide sequences of intracellular protein produced by B. subtilis
ATCC21332 via treatment with C. nardus essential oil.

The extracellular proteins isolated after the treatment with
0.02 % C. nardus essential oil were labelled as PN1 and PN2,
each for 48 h and 72 h of fermentation time respectively.
Whilst, the control protein samples (those that produced
without prior treatment with 0.02 % C. nardus essential oil)
were labelled as CN1 and CN2 for 48 h and 72 h
subsequently. In this study, the antimicrobial activities of
extracellular proteins were evaluated against different types
of Gram-positive and Gram-negative bacterial strains,
including S. aureus, S. epidermidis, B. cereus, E. coli, K.
pneumonia and S. dysentriae. The spectrum of antimicrobial
activity was determined according to size of inhibition zone
formed as shown in Figure 3.
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Fig. 3 The inhibition zone produced by well diffusion test

The results of antimicrobial activity for both extracellular
proteins (PN1 and PN2) and control (CN1 and CN2)
samples produced by B. subtilis ATCC21332 at 30 °C for 48
h and 72 h fermentation time are shown in Table 1. The
extracellular protein produced by B. subtilis ATCC21332
after inducing with 0.02 % C. nardus essential oil at 30°C
for 48 h (PN1) could not inhibit any of the bacterial strains
tested. Nevertheless, PN2 which is the extracellular proteins
produced by B. subtilis ATCC21332 after inducing with
0.02% C. nardus essential oil at 30 °C for 72 h exhibited
antimicrobial activity towards B. cereus and E. coli.
Meanwhile, the control samples (CNland CN2) which are
the proteins produced by B. subtilis ATCC21332 without
inducing with 0.02% C. nardus essential oil did not show
any antimicrobial activity against all the bacterial strains
tested. Generally, Gram-positive bacteria are easy to be
inhibited compared to Gram-negative bacteria. The Gram-

negative organisms are less susceptible to the action of
antimicrobials since they possess an outer layer of
membrane which protects the cell wall. The cell wall
restricts the hydrophobic compounds to diffuse through the
lipopolysaccharide covering [22].

The extracellular proteins produced by B. subtilis
ATCC21332 after inducing with 0.02% C. nardus essential
oil for 48 h of fermentation at 30°C showed no antimicrobial
activity against any bacterial strains tested. It might be due
to lack of any new extracellular proteins produced when the
bacteria cells were induced with C. nardus essential oil. It
showed that B. subtilis ATCC21332 has the ability to adapt
and maintain its normal physiological function, hence could
overcome the environmental stress caused by C. nardus
essential oil within 48 h of incubation.

Nevertheless, the protein synthesized by B. subtilis
ATCC21332 prior to enhancing with 0.02% of C. nardus
essential after 72 h of fermentation at 30°C could inhibit
only two strains of bacteria which are B. cereus and E. coli.
This low antimicrobial activity could be related to the
presence or production of new intracellular protein which is
respiratory nitrate reductase o subunit enzyme after the
bacterial cells have been induced with C. nardus essential oil.
However, other factors should be considered such as the pH
of the medium, incubation period, temperature and cell
density. These factors would be affected the enhancement of
antimicrobial protein production [23].

TABLE |
SPECTRUM OF ANTIMICROBIAL ACTIVITY OF EXTRACELLULAR PROTEINS PRODUCED BY B. subtilis ATCC21332 PRIOR TO ENHANCING
WITH C. nardus ESSENTIAL OIL

Test/Control Samples

Test Microorganisms

B. K. pneumonia S. dysenteriae S. S. epidermidis E. coli
cereus aureus

3PN1 (48h) - - - - - -
PN2 (72h) + - - - - +
bCN1 (48h) o - - - - -
CN2 (72h) - - - - - -
°MHB + EO - - - - - -
IMHB - - - - - -
€S + + + + + +

3PN1-PN2 Protein produced by B. subtilis after inducing with 0.01 MIC of C. nardus essential oil, each at 48h and 72h of incubation time; "CN1-CN2 Protein
produced by B. subtilis without inducing with 0.01 MIC of C. nardus essential oil, each at 48h and 72h of incubation time; “MHB+ EO MHB with C. nardus
essential oil as negative control; “MIHB as negative control; ®Streptomycin sulfate as a positive control; f +inhibition zone; %- no inhibition zone.

IV. CONCLUSIONS

The present study is done to explore the effects of C.
nardus essential oil at low concentration (0.02 %) in
inducing the production of proteins by B. subtilis
ATCC21332. This study discovered that B. subtilis
ATCC21332 in harsh environmental conditions with the
presence of 0.02 % C. nardus essential oil was able to
produce the intracellular proteins which are recognized as
respiratory nitrate reductase o subunit enzyme. However, B.
subtilis ATCC21332 in this mild stress environment could
only secrete the extracellular proteins with a low
antimicrobial activity. Therefore, other related factors such
as pH of the medium, incubation period, temperature and
cell density in which could affect the enhancement of
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antimicrobial protein production should be considered for
further research.
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