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ABSTRACT

Aims: To investigate time-kill curve and morphological changes of Proteus mirabilis cells exposed to ethyl acetate crude
extract of endophytic fungus, Lasiodiplodia pseudotheobromae IBRL OS-64, isolated from Ocimum sanctum.
Methodology and results: Inhibitory effect of the fungal extract against the test bacteria via disc diffusion assay
showed a fair antibacterial activity with diameter of inhibition zone was 12.0 £+ 0.4 mm. The Minimal Inhibition
Concentration (MIC) and Minimal Bactericidal Concentration (MBC) values of the ethyl acetate extract against P.
mirabilis was 250 and 500 pg/mL, respectively. The value of MBC which is two-fold higher than MIC value indicated that
the fungal extract exerted bactericidal effect on bacterial cells of P. mirabilis. Time-kill curve study revealed that the
bactericidal effect of the crude extract towards test bacteria was both dose and time dependent. Scanning electron
microscope (SEM) observation revealed that the bacterial cells of P. mirabilis exposed to fungal crude extract resulted in
formation of pits, irregular shape of the bacterial cell and ultimately cell death beyond repair.

Conclusion, significance and impact of the study: The time-kill curve study, and cell morphological changes
suggested the potential of ethyl acetate extract of L. pseudotheobromae IBRL OS-64 against P. mirabilis infection by
formation of cavities, irregular bacterial cell that leads to ultimate cell death and the extract may have pharmaceutical
potential to be develop as antibacterial agent.

Keywords: Proteus mirabilis, minimal inhibition concentration (MIC), minimal bactericidal concentration (MBC), time-kill
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INTRODUCTION

Proteus mirabilis is one of human intestinal flora that has
been known to cause serious infections in humans. It is a
Gram-negative bacterium with rod shaped that is able to
produce hydrogen sulfide (O’Hara et al., 2000). This
organism is one of the most common pathogens found in
clinical specimens and could cause a variety of
community acquired infections such as wound, urinary
tract and blood stream infections (Endimiani et al., 2005).
Proteus mirabilis is also a well-known bacterium that
possess ability to secrete urease which could generates
ammonia and increases the pH of the urine up to 7.2
(Broomfield et al., 2009). The alkaline urine induces
calcium and magnesium crystallization which are able to
block the catheter lumen resulting acute urinary retention.
This phenomenon causes the development of bacteriuria
and other infections that finally lead to shock, bacteremia
and pyelonephritis (Kunin, 1989). Besides that, the strain
can form biofilm on medical devices including catheter
surface which resulting several complications (Scavone et
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al., 2016). The emergence of biofilm-related infection as a
result of the widespread use of medical devices in
healthcare settings elevate polymer-association infections
which mainly infected the immunocompromised patients
with implanted medical devices (Sadovskaya et al., 2005;
Percival et al., 2015).

In recent years, an increasing trend of antimicrobial
resistance by Enterobacteriaceae species, including P.
mirabilis has been observed and this leads to a change of
antimicrobial therapies, poor prognoses and thus elevates
the mortality of rate of hospitalized patients (Chen et al.,
2012). According to Yu et al. (2015), this strain is found to
be resistant to ampicillin, amikacin, chloramphenicol,
norfloxacin, gentamicin, sulfamethoxazole, and
sulfamethylisoxazole but susceptible to ofloxacin,
cefotaxime, and ceftriaxone sodium. Due to its resistance
to several antibiotic, there is a need for discovery of new
antibiotic with broad spectrum and mode of actions.

Nowadays, the discovery of endophytic fungi isolated
from medicinal plants has become popular among the
researchers due to their capability to produce secondary
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metabolites with pharmaceutical potentials (Strobel and
Daisy, 2003; Zhang et al., 2006). In the present study, the
Malaysian ethnomedicinal plant, Ocimum sanctum Linn.
or ‘selasih’ (local name) was selected as a host to harbor
fungal endophytes due to its traditional use and
ethnobotanical history. The plant has been reported to
possess several bioactive activities including antibacterial
(Rathnayaka, 2013), antifungal (Balakumar et al., 2011),
antioxidant (Selvam et al., 2013), antiparasitic (Garcia et
al., 2010), antidiabetic (Somasundaram et al., 2012),
anticancer (Sridevi et al., 2016) and so on. Interestingly,
fungal endophytes isolated from medical plants are able
to produce almost similar bioactive compounds or
secondary metabolites as their hosts (Alvin et al., 2014).
Some of compounds are co-produced by endophytes with
their respective hosts including azadirachtin, the natural
insecticide (Kusari et al.,, 2012) and anticancer drug,
camptothecin (Puri et al.,, 2005). The overlapping
production of secondary metabolites by endophytes and
their hosts may be due to their close relationship.
Moreover, endophytes may have combined and shared
genetic information from their hosts which elevates their
defense mechanism against insects and pathogens and
also stimulates their adaptability towards unfavourable
conditions (Abdalla and McGaw, 2018).

Lasiodiplodia pseudotheobromae is one of the
members of Botryosphaeriaceae that are known as plant
pathogens which cause several infections including
dieback (Kwon et al., 2017), canker (Castro-Medina et al.,
2014), fruit rot (Nogueira Junior et al., 2017) and
pedicel/peduncle discoloration (Dissanayake et al., 2015).
This strain was reported to exert several pharmaceutical
potentials including antibacteria (Wei et al., 2014),
antioxidant (Zhou et al., 2018), xanthine oxidase inhibitory
(Kapoor and Saxena, 2014) and fibrinolytic activity
(Meshram and Saxena, 2016). Several compounds have
been reported from L. pseudotheobromae such as indole-
3-carboxylic acid (Qian et al., 2014), dihydroisocoumarin
(Adetunji et al., 2018) and palmarumycins (Lue et al.,
2014). However, the information regarding bioactive
compounds and pharmaceutical potentials of L.
pseudotheobromae are very scarce. Thus, the present
study was designed to evaluate and observe the
antibacterial activity of ethyl acetate extract of L.
pseudotheobromae IBRL OS-64 against P. mirabilis and
its effect to the bacterial cells. The study is very significant
since the best of our knowledge, this is first report of L.
pseudotheobromae IBRL OS-64 isolated from medicinal
plant, Ocimum sanctum Linn.

MATERIALS AND METHODS
Endophytic fungus culture and maintenance

The endophytic fungus, L. pseudotheobromae IBRL OS-
64 was provided by the Industrial Biotechnology
Research Laboratory (IBRL), School of Biological
Sciences, Universiti Sains Malaysia, Penang, Malaysia.
The fungal isolate was cultured and maintained on potato
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dextrose agar (PDA) nourished with powdered host plant
(2 g/L) and stored at 4 °C prior to use. The isolate was
subcultured on sterile fresh media once a month to
ensure purity and viability.

Test microorganisms

The P. mirabilis culture from clinical sample was provided
by the Industrial Biotechnology Research Laboratory,
School of Biological Sciences, Universiti Sains Malaysia,
Penang, Malaysia. The bacterial culture was grown on
nutrient agar (NA) and incubated at 37 °C for 24 h. The
bacterial inoculum was prepared by picking five single
colonies from 24 h old culture and transferred them into 5
mL of 0.85% (w/v) sterile physiological saline. The
turbidity of the bacterial suspension was adjusted to
match 0.5 McFarland standards (approximately 1 x 108
CFU/mL).

Culture medium

Yeast extract sucrose (YES) broth (Merck, Germany)
nourished with host plant water extract was used as a
fermentative medium. Two grams of host plant powder
was added into 1000 mL distilled water, boiled for 30 min
and the mixture was filtered with muslin cloth. The filtered
host plant water extract was added with 20 g/L yeast
extract, 40 g/L sucrose and 0.5 g/L magnesium sulfate.
The pH of the culture medium was adjusted to 6.0 and the
medium was autoclaved at 121 °C for 15 min.

Fermentation and extraction

Two mycelial plugs of 3 days old of endophytic fungal
culture was introduced into 250 mL Erlenmeyer flasks
containing 100 mL YES broth. The cultures were then
incubated at 30 °C under static condition in the dark for
16 days. The fermentative broth and fungal biomass were
separated out using filter papers (Whatman, No.1). The
filtered broth was extracted thrice with an equal volume of
ethyl acetate (1:1; v/v). The upper organic phase was
collected and concentrated using a rotary evaporator. The
concentrated mixture was left to dryness in a fume hood
to obtain ethyl acetate fungal crude paste.

Disc diffusion assay

The assay was carried out according to the method
described by Jorgensen and Ferrero (2007); the fungal
crude extracts were dissolved in 50% (v/v) ethyl acetate
from fermentative broth to obtain 1 mg/mL extract.
Microbial inoculum was swabbed on the surface of the
Mueller Hinton agar (MHA) using sterile cotton swabs. An
amount of 20 pL of the fungal extract was impregnated to
the sterile Whatman antibiotic disc and then placed on the
surface of previously seeded medium. Five percent of
ethyl acetate was used as a negative control whilst
chloramphenicol (30 pg/mL) was set as a positive control.
The plate was then inversely incubated at 37 °C for 24 h.
The diameter of inhibition zone formed surrounding the
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disc was measured and recorded. The experiments were
carried out in triplicates at different occasions.

MIC and MBC determination

The minimum inhibition concentration (MIC) of the fungal
crude extract was determined in broth microdilution assay
as described by Jorgensen and Ferraro (2009) in a
sterile, 96-wells, U-shaped microtiter plate. The fungal
extract was prepared in sterile Mueller Hinton Broth
(MHB) medium and 100 pL of the extract was dispensed
into each wells of microtiter plate. On the other hand, 100
UL of bacterial inoculum at approximately 1 x 108 CFU/mL
was added into each of the wells for a final volume of 200
pL and the final concentration of bacterial in each well
was 5 x 10° CFU/mL. Chloramphenicol was used as a
positive control and 5% methanol was set as a negative
control. An amount of 40 pL of 0.2 mg/mL p-
iodonitrotetrazolium violet (INT) dissolved in 99.5%
ethanol solution was loaded to each well as a growth
indicator after a 24 h of incubation at 37 °C. The MIC
value was determined and recorded as the lowest
concentration of the crude extract that capable to inhibit
the visible growth of test bacteria after 24 h of incubation
period.

Minimum bactericidal concentration (MBC) of the
fungal crude extract was subsequently determined from
the MIC value according procedures described by CLSI
(1999). An amount of 0.1 mL of sample in the wells that
not show any bacterial growth at concentrations greater
than the defined MIC was streaked on a fresh MHA and
the procedures were repeated for the next wells in
ascending extract concentrations. The inoculated plate
was incubated at 37 °C for overnight. The MBC was
observed and recorded as the lowest concentration of
fungal crude extract that resulted in reduction of 99.9%
bacterial growth relative to the growth control.

Time-kill study

The efficacy of the fungal extract against test bacteria
was tested via time-kill study at concentration of 0.5x
MIC, 1x MIC, and 2x MIC. The MIC value of P. mirabilis
was 250 pug/mL as previously obtained. A volume of 0.1
mL of bacterial inoculum (approximately 1 x 108 CFU/mL)
was introduced into 50 mL Erlenmeyer flask containing
19.9 mL MHB with different concentrations of extract (0.5
x MIC; 125 pg/mL, 1x MIC; 250 pg/mL and 2x MIC; 500
pg/mL) vyielded the initial bacterial inoculum of
approximately 5 x 10°> CFU/mL. The culture consist of
bacterial inoculum and 1% DMSO (v/v) in MHB was set
as a growth control. Chloramphenicol (30 pg/mL) was
used as the drug reference. The cultures were
subsequently incubated in a rotary orbital shaker at 37 °C
with agitation rate of 150 rpm for 48 h. A volume of 0.1
mL of aliquot sample was taken every 4 h during time
interval of 0 to 48 h for viable cell count. The samples
were diluted and spread plate onto fresh MHA followed by
incubating at 37 °C for 24 h and the viable bacteria
colonies were then counted. To determine the colony unit
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per millilitre (CFU/mL), the plates only with the number of
colonies ranging from 30-300 was counted. A time-kill
curve (logio CFU/mL vs. time) was plotted for each extract
concentrations and control. The growth reduction in which
the time to achieve 50%, 90% 99% and 99.9% of
bacterial cells reduction was calculated.

Scanning Electron Microscopy (SEM)

Bacterial sample was prepared according to method
described by Taufig and Darah (2019). The mixture was
then incubated at 37 °C, 150 rpm for 36 h. At every 12 h
of time interval, the mixture was harvested and
centrifuged to obtain the bacterial cell pellet. Primary
fixation, post fixation and dehydration process of bacterial
pallet was carried out according to procedures described
by Borgers et al. (1989). Prior to SEM viewing, the dried
bacterial cells were mounted on specimen stub using
conductive tape and coated with 5-10 nm gold using
sputter coater machine, Fison SC-515, UK. The specimen
was then viewed under a scanning electron microscope
(SEM) (Leica Cambridge, S-360, UK).

Statistical analysis

All the experiments were performed in triplicates (n=3)
and the experimental data were expressed as mean +
standard deviation (SD). The data were analysed by
means of the One-Way ANOVA using SPSS 15.0 and
Duncan test was used to access the differences between
means. The results were considered statistically
significant if p< 0.05.

RESULTS
Disc diffusion assay

Figure 1 shows the inhibitory effect of the fungal extract
against P. mirabilis indicating by clear zone surrounding
the impregnated disc. Meanwhile, Table 1 exhibits the
diameter of inhibition zone of the extract towards P.
mirabilis with the value of 12.8 mm. Result showed that
ethyl acetate extract of L. pseudotheobromae IBRL OS-
64 exerted a fair antimicrobial activity against the test
Gram-negative bacteria.

MIC and MBC determination

Table 2 shows the MIC and MBC values of the extract
against P. mirabilis culture. The MIC and MBC values for
P. mirabilis were 250 pg/mL and 500 pg/mL, respectively.
The results revealed that MBC value was two-fold higher
than the MIC value, indicating that the concentration of
the fungal extract would have to be significantly increased
to kill bacterial cells, instead of inhibiting their growth. On
the other hand, the ethyl acetate extract of L.
pseudotheobromae IBRL 0S-64 exerted bactericidal
effect against test bacteria since MBC/MIC ratio was less
than 4 (Keepers et al., 2014).
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Time-kill study

The killing growth profile of ethyl acetate crude extract of
L. pseudotheobromae IBRL OS-64 against P. mirabilis
cells are shown in Figure 2. The growth of P. mirabilis
cells without exposed to the fungal extract (control)
showed a normal bacterial growth pattern with lag (0— 8
h), exponential (12-24 h), stationary (28-40 h) and death
(44-48 h) phases. At Y%x MIC value, the ethyl acetate
crude extract of L. pseudotheobromae IBRL OS-64
exhibited a drop in growth profile of P. mirabilis after 8 h
of exposure time. The bacterial growth was slightly
increased thereafter until it achieved the stationary phase
similarly to the control. It is noteworthy that in this stage,
the bacterial growth was higher than the control indicating
the antibiotic-induced phenomenon. On the other hand,
the MIC samples showed the reduction of viable bacterial
cells within 20 h of exposure time but a stagnant rate was
observed thereafter from the 20 h to 48 h of incubation
time. At the concentration of 2x MIC, the growth curve
exhibited a significant reduction in cells growth throughout
the incubation period. Bacterial cells of P. mirabilis was
treated with the fungal extract showed a dose-dependent
pattern in its growth. Time-kill curve clearly showed that
the increment in the extract concentration had resulted in
the enormous reduction of viable cells number. Table 3
shows the reduction in viable of P. mirabilis cell counts in
the presence of extract at different concentrations viz. ¥2x
MIC, MIC and 2x MIC. The result reflects that the higher
concentration of extract and longer incubation period
were required to exert inhibiting or killing effects on P.
mirabilis. On the other hand, higher concentration of

Figure 1: Inhibitory effect of ethyl acetate extract of L.
pseudotheobromae IBRL OS-64 against P. mirabilis. (a)
negative control, (b) positive control and (c) ethyl acetate
extract.

extract such as 2x MIC and MIC capable to kill bacterial
cell up to 99.9% but the highest concentration of extract
(2x MIC) need shorter time to reduce and kill the bacterial
cells (20-24 h) compared to MIC (32-36 h). Overall, the
time-kill curve and growth reduction analysis described
that ethyl acetate extract of L. pseudotheobromae IBRL
0S-64 has significant potency to kill bacterial cells
(bactericidal effect) at higher extract concentration (MIC
and 2x MIC) and the effect was depending on dose as
well as exposure time.

Table 1: Diameter of inhibition zone of ethyl acetate extract and control drug against P. mirabilis.

Diameter of inhibition zone (mm = SD)

Test bacterium Ethyl acetate extract

(2 mg/mL)

Chloramphenicol
(30 pg/mL)

Negative control
(5% ethyl acetate)

Proteus mirabilis 12.0+0.4

22.0+0.8

Table 2: Minimal inhibition concentration (MIC) and minimal bactericidal concentration (MBC) values of fungal crude

extract towards P. mirabilis.

Test bacterium MIC MBC Ratio Conclusion
(ng/mL) (ng/mL) (MBC/MIC)
Proteus mirabilis 250 500 2 Bactericidal

Table 3: Growth reduction of P. mirabilis cells against incubation time at different level of extract concentrations.

Time (h)
Percentage of reduction (%) Control ox MIC MIC 2% MIC
50.0 NR NR 4-8 4-8
90.0 NR NR 8-12 8-12
99.0 NR NR 16-20 16-20
99.9 NR NR 32-36 20-24

NR, not reached
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Figure 2: Time-kill curve of ethyl acetate crude extract of
L. pseudotheobromae IBRL OS-64 against P. mirabilis at
different extract concentrations.

Morphological changes of the bacterial cells

MIC values of ethyl acetate extract of L.
pseudotheobromae IBRL 0S-64 was employed to
qualitatively observe the morphological changes and
differences between untreated P. mirabilis cells compared
to the treated bacterial cells at different exposure time via
SEM analysis. The results for untreated P. mirabilis cells
were presented in Figure 3a whereas the treated bacterial
cells at 12 h, 24 h and 36 h of exposure time were
illustrated in Figure 3b, 3c and 3d, respectively. The
untreated cells of P. mirabilis had normal Gram-negative
cell conditions with rugose surface, rigid and rod shape.
After 12 hours exposed to the fungal extract, formation of
hole and pit (circle) were observed on the surface of the
bacterial cells. Figure 3c shows the 24 h of exposure to
the fungal extract where the cells started to undergo
some changes in their cell morphology. There were
cavities formed on the surface of bacterial cells (circle)
and this condition seems to be resulted from the leakage
of the cell cytoplasm. Some debris or small particles of
the bacterial cells were also observed indicating the
bursting on the cells (circle). The bacterial cells exposed
to the ethyl acetate extract at 36 h exhibited physical
damages including irregular shape of cells and ruptured
cells. This phenomenon suggests that some cells
undergone lysis and became completely disrupted. The
cells were might be burst beyond the repair indicated by
small cell debris. However, some of the cells were still in
intact shape and this may be due to efficacy of the extract
and the concentration of the extract might has to be
increased in order to completely killed all the cells.

DISCUSSION
Ocimum sanctum had been extensively studied for the
pharmaceutical potentials of the fungal endophytes
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associated with the medicinal plant. Several studies were
reported the capability of endophytic fungi isolated from
O. sanctum to exert significant antimicrobial activity
against pathogenic bacteria, fungi and yeast including
Nigrospora oryzae (Desale Monali and Bodhankar, 2014)
and Penicillium sp. (Jain and Gupta, 2012). In disc
diffusion assay, ethyl acetate extract of L.
pseudotheobromae IBRL OS-64 exhibited inhibitory effect
on test bacteria, P. mirabilis indicating by formation of
inhibition zones surrounding the impregnated disc. This
finding demonstrated that antibacterial compounds
presence in the extract when using ethyl acetate as
extraction solvent. The result was in agreement with
Kumatri et al. (2018) who reported the maximum biological
activity of fungal crude was observed in the ethyl acetate
extract demonstrating the semi-polar nature of bioactive
compounds.

In present study, the MIC value of the extract against
test bacteria were 250 pg/mL. The MIC value defined as
the lowest amount of extract need to completely inhibit
the growth of bacterial cells and the effectiveness of
antibacterial activity of the fungal extract against P.
mirabilis correlated with its MIC value. The extract with
the MIC values below 8 mg/mL was considered to have
significant antimicrobial activity (Fabry et al., 1998). The
capability of antibacterial activity of fungal extract might
be due to ability of the antimicrobial agent to penetrate
into cell wall. According to Hyldgaard et al. (2012), there
are specific interactions between the bioactive
compounds with the cell wall layers. This interaction might
be aiding the penetration of bioactive compounds into
bacterial cell and thus, interfering in the cell biosynthesis
which resulted in cell death.

On the other hand, the MBC value of the extract was
500 pg/mL and the result exhibited the MBC value was
two-fold higher than MIC value. According to Levison
(2000), good antibacterial drugs should have MBC values
not more four-fold higher than their MIC values.
Moreover, the MBC value that equals or eight-fold higher
than its MIC value will have tendency as bacteriostatic
agents (Rajabi et al., 2005). The present finding revealed
that the fungal extract exerted bactericidal effect at higher
concentrations and bacteriostatic effect at lower
concentrations. The result was in agreement with Lim et
al. (2006). According to Novais et al. (2017), it is possible
to identify and predict an antibacterial compounds profile
either bactericidal or bacteriostatic by determine the ratio
of MBC/MIC. The extract had bactericidal effect on the
bacterial growth if the ratio of MBC/MIC less than four
whilst if the value more or equal to four, it was concluded
to exert bacteriostatic effect (Rakholiya et al., 2014).
Therefore, the MIC and MBC values of the extract could
be a useful guideline in order to choose appropriate and
effective  dose of therapeutic  substances in
pharmaceutical and medical practices.

Time-kill curves are alternative approaches which
provide more details and dynamic information to evaluate
the relationship between antibiotic concentrations over
the exposure time (Nunart et al., 2017). In the present
study, the bacterial cells were reduced within 8 h of
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Figure 3: SEM micrographs of Proteus mirabilis treated with 0.5 mg/mL of L. pseudotheobromae IBRL OS-64 ethyl
acetate extract different time exposure. (a) 0 hour (control), (b) 12 hours, (c) 24 hours, (d) 36 hours. Scale bars: 2 um;

magnification: 10000x

exposure to ¥x MIC extract but, regrowth was occurred
thereafter. Similar observation was reported by Idris et al.
(2013) and they postulated that this phenomenon might
be due to insufficient extract to combat the bacterial cells.
The regrowth phenomenon may be attributed by two
distinct subpopulations with different susceptibility
whereby the resistant sub-population take over the
preferential killing of the susceptible sub-population at a
specified interaction time (Tam et al., 2005). Antibiotic
persistence may also induced the regrowth of bacterial
cells which is defined as the ability of a bacterial
subpopulation to survive upon antibiotic exposure due to
non-heritable phenotype variation that is distinct from the
mechanisms that generate resistance and these persister
cells even though represent a small portion of total cells
but, their survival allow the population to survive even in
high antibiotic dose exposure (Cabral et al., 2018). The
persisters could revert to an antibiotic-sensitive state after
stress subsides, reinitiate their cells growth and
repopulate the local environment. Current result also
revealed the antibiotic-induced phenomenon indicated by
the regrowth of bacterial cells in sub-MIC value beyond
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the control. According to Kaplan (2011), the low dose
antibiotic trigger to the induction of bacterial biofilm
formation which is one of antibiotic resistant mechanism
in several bacterial strains that might be due to inefficient
diffusion antimicrobial agent within biofilm matrix,
presence of persister cells and slow growth rate in biofilm.
This occurrence might result in the presence of resistance
bacterial cells that are able to resume their growth upon
low antibiotic dose. Furthermore, the post antibiotic effect
(PAE) might be occurred at low extract concentration in
which the remaining bacteria cells will resume their
growth (Ingerman et al., 1986). PAE is define as the
potential of antibiotic agent to delay regrowth of bacterial
population after short-term exposure and removal of a
drug (Mirjani et al.,, 2010). The present study also
revealed that the fungal extract is able to kill bacterial
cells at higher concentration such as 2x MIC rather than
to inhibit their growth. Similar observation was reported by
Ibrahim et al. (2015). Darah et al. (2013) suggested that
the extract possessed bactericidal properties at higher
concentration whereby the bacterial cell growth will be
eradicated. According to Pankey and Sabath (2004), the
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efficacy of antibacterial agents may be attributed by the
saturation of the protein binding site for the agents to
attach and react with the bacterial cells.

SEM studies were carried out to have a clearer view
of what happening in the time-kill studies and the results
revealed that the fungal extract produced considerable
morphological changes in the bacterial cells. There are
several main targets of antibiotic drugs in bacterial cells
including cell wall synthesis, plasma membrane integrity,
nucleic acid synthesis, ribosomal function and folate
synthesis (Harold and Thomas, 1996). However, the cell
wall synthesis and cell membrane integrity are the main
target of the antibiotic drugs. According to Taufiq and
Darah (2018), the crude extracts of natural products
either plants or microbial extracts would affect the cell
membrane permeability and the cell wall biosynthesis.
Bugg et al. (2011) reported that the biosynthesis of the
peptidoglycan layer in bacterial cell walls is a well-proven
target for antibiotic action since it is the action site of
several clinically important classes of antibiotics such as
R-lactam (penicillin) and glycopeptides (vancomycin). For
instance, beta lactam antibiotic interfere in penicillin
binding proteins (PBPs) by producing R-lactam ring that
mimicking the D-alanyl-alanine portion of peptide chain
that are normally bound by PBP. The PBP interaction with
-lactam ring resulted in blocking biosynthesis of new
peptidoglycans and the disruption of peptidoglycan layers
lead to the bacterial cell lysis (Kapoor et al., 2017).

Darah et al. (2013) reported the bioactive compound
of the methanolic extract of W. chinensis leaves that
attached on the cell surface structure had permeabilized
the bacterial membranes and any disruption the cell wall
integrity will have a great impact in bacterial growth. As
shown by the SEM micrographs, the bacterial cells
became crumpled and exhibited formation of the pits that
lead to the cell's leakage. According to Al-Adham et al.
(1998), these damages may indicate the loss of cellular
materials and organelles from the cell cytoplasm. In
addition to that, Hartmann et al. (2010) suggested the
formation of holes, dents and craters on the surface of
bacterial cells indicated the failure or mechanism rupture
of the cell wall and membrane. These altered and
unstable cells were collapsed and finally led to the cell
death.

CONCLUSION

The result of this study revealed that the ethyl acetate
crude extract of L. pseudotheobromae IBRL 0S-64
exhibited bactericidal activity towards P. mirabilis with
dose and time dependent. The fungal extract also showed
antibacterial activity by disrupting the normal cell
envelope of P. mirabilis which cause cell lysis and
ultimate death.
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