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Abstract

The mangrove designates a highly productive ecosystem with important economic and
environmental functions. Endophytes are microorganisms that live in the intercellular spaces of plant
tissue.

This study aimed to isolate and identify bacterial endophytes from five mangrove plants and to
determine, antimicrobial properties of the isolates and the plant extracts against four pathogenic
bacteria: Bacillus cereus, Staphylococcus aureus, Escherichia coli and Salmonella typhimurium
using the deferred antagonism and the microdilution assays. Of the total 33 endophytic bacteria
isolated, 18 strains showed antagonistic effects. Twelve of these inhibitors were identified using
VITEK 2. Crude protein from each of the producer strains were precipitated and tested for minimum
inhibitory concentration (MIC) against the pathogenic bacteria using the microdilution assay.

Best activities were recorded for Staphylococcus intermedius and Bacilus licheniformis (19 pl/ml)
against B. cereus. The S. infermedius also inhibited growth of both S. aureus and S. fyphimurium
(89 yliml).  Staphylococcus lentus, Bacillus pumilus and Bacillus coagulans possessed activities
against S.fyphimurium with an MIC value of 78 pg/ml.

For the plant extract, the lowest MIC value (9.7 pg/ml) was obtained by Aviecenna lanata and
Sonneratia caseolaris against B.cereus. S.caseolans also showed significant inhibitory effects
against £.cofiand S.typhimurium (19.5 pg/ml). Our results indicated the potentiality of the isolated
bacterial endophytes as a producer of antimicrobial substances which could be developed for
various applications. MIC values obtained for the plant extracts in this study showed the effective

plant part and extracts to be further developed and profiled as antimicrobial agents.
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Introduction

Endophytes are microorganisms including bacteria that live in the
intercellular spaces of plant tissue with no apparent damage to
their host. They represent a huge diversity of microbial adaptations
that have developed in special sequestered environment [1]. Plant
host interaction requires sustained and prolonged reactions against
the defense mechanisms of the host by the endophyte. This could
act as a selection pressure for the development of novel metabolic
pathways and therefore, makes endophytes to be considered as a
rich source of effective new bioactive substances [2].

Bacterial endophytes provide a broad variety of bioactive
metabolites including substances of peptide structure such as
bacteriocins. These substances are a heterogeneous group of
ribosomally synthesized peptides that inhibit or kill bacteria that are
usually, but not always, closely related to the producer strain [3].
Example of such usefull metabolite is nisin, a bacteriocin produced
by Lactobacillus lactis and exhibits antibacterial activity against a
wide range of Gram-positive bacteria [4,5]. Bioactive metabolites

(co) T

from a variety of Gram-positive species including Staphylococcus
and Bacillus species have been characterized [6,7].

The mangrove habit has proved to be a rich source of endophytes.
They occupy the upper part of the trees as the bases of mangrove
trunks and aerating roots are permanently or intermittently
submerged. Bacterial endophytes colonize an ecological niche
similar to that of phytopathogens, which make them suitable as
biocontrol agents [8]. Interactions of endophytes under this
environmental condition may lead to the production of wide group
of chemicals of interesting pharmaceutical applications [9].
Mangroves are highly productive ecosystem with various important
economic and environmental functions. Large number of mangrove
plant species are used in traditional medicine [10]. Extracts from
different mangrove plants such as Avicenna sp, Rhizophora sp,
Sonneratia sp, and Bruguiera sp were reported to possess
antimicrobial effects among other medicinal properties [10,11,12].
Methanolic bark extracts of Cerigps fagal showed higher
antibacterial activity against Vibrio alginolyticus. This activity was
reported as equivalent to the antibiotic drug Streptomycin [13].
Bark extract of Xylocarpus granafum was reported to possess a
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significant antidiarrhoeal activity with dose-dependent effects on /n
vivo model [14].

Mangrove plants and their endophytes represent a rich source of
effective metabolites to be investigated as an endless source of
novel constituents. A systematic investigation of this source of
natural products may lead to the discovery of novel bioactive
agents with useful medicinal and pharmaceutical applications.

This report highlights isolation and identification of bacterial
endophytes from five Malaysian mangrove plants. The report also
highlights determination of antimicrobial properties of, the isolated
bacterial endophytes and the mangrove plants.

Material and methods

Collection of plant material

Plant parts including leaves and roots from five mangrove plants
were collected from a lagoon in the Setiu District of Terengganu
State on the east coast of peninsular Malaysia. The plant spceies
were:  Avicennia lanata, Rhizophora mucronata, Rhizophora
apiculata, Sonneratia caseolaris, and Xylocarpus moluccensis.

Culuring, isolation and identification of bacterial
endophytes

For culturing of bacterial endophytes, a number of ten healthy
leaves from each plants were collected and kept in sterile bags. Al
samples were transfered immediately to our laboratory and stored
at 4 C for further process. The collected leaves were washed in
running water to remove soil particles and then surface sterilized
by sequential immersion in 70% ethanol for 5 min and sodium
hypochlorite for 10 min. The samples then washed three times in
sterile distilled water to remove surface sterilizing agents before
being soaked in 10% sodium bicarbonate. Each of the samples
was then cut into small fragments (2-5 mm). All the work was
performed in the sterilized laminar air hood. Five fragments of each
samples were plated on nutrient agar (Difco agar) and incubated at
37 C for five days and observed for the growth of bacterial colonies
surrounding the leaf fragment. Pure cultures of bacterial
endophytes were developed by dilution-streaking on the same
media. Bacterial strains with potential antagonistic interactions
were selected for further test.

Preparations of the palnt extracts

The collected samples including leaves and roots were dried in
oven (55 C) for seven days, grounded and extracted sequentially
using dichloromethane, ethyleacetate and methanol. Obtained
residue were concentrated to dryness and kept on fridge (10 C) for
further process.

Determination of potential antagonistic interactions and
identification of the active bacterial strains

Potential antagonistic interactions of the isolated endophytic
bacterial strains were obtained using the deferred-antagonism
plate assay. Bacterial strains appeared to produce inhibitory
substances were inoculated along a striaght line through the centre
of Difco agar plates by using sterile cotton-tipped swabs dipped in
overnight broth cultures. The plate was incubated for 24-h at 37 C
to allow bacterial growth and production of inhibitory substances.
Then the indicator strains were inoculated perpendicular to the
producing bacteria with sterile cotton-tipped swabs dipped in
overnight broth cultures. The plate contents were incubated for a
further 24 h at 37 C before they were examined for the presence of
inhibition zones at the intersections of the streak. Only bacterial
strains with clear antagonistic interactions were stained,
morphologically characterized and further identified using the fully
automated VITEK 2 system.

Production and precipitation of Antimicrobial substances
by the isolated bacterial endophytes

Bacterial endophytes were primarily screened for production of
antimicrobial substances following cross-streak assay method
using four test organisms: Bacillus cereus, Escherichia col
Staphylococcus aureus and Salmonella typhimurium (data not
shown).

To produce and extract the antimicrobial substances of the isolated
endophytes, each strain was cultivated separately in tryptic soya
broth (TSB) for 24h at 30 C, centrifuged at 16 000 x g for 15
min. The supernatant was then concentrated with ammonium
sulfate to 80% saturation and precipitated at 4 C. The precipitated
proteins were pelleted by centrifugation at 16000 x g for 20 min at
4 C and sucked up from the bottom of the centrifuge tube (4 ml)
and re-centrifuged again for 10 min. The upper layer was carefully
sucked up. The remaining crude protein extract (2 ml) was re-
suspended in 2 ml of 50 mM phosphate buffer (pH 7.0). The stock
solution (I ml of crude protein extract dissolved in | ml of 50 mM
phosphate buffer) was tested for antimicrobial activity using the
micro-dilution assay as described below for determination of the
minimum inhibitory concentrations.

Determination of antimicrobial activity of the crude
bacterial proteins and the plant extracts

The antibacterial activities of the crude proteins and the plant
extracts were determined using the serial dilution technique
described by Eloff [15], using 96-well micro-plates. Two ml cultures
of four bacterial strains: Gram-positive Bacillus cereus and
Staphylococcus aureus and two Gram-negative: Escherichia coli
and Salmonelia typhimurium were prepared and placed in a water
bath overnight at 37 C. The overnight-cultures were diluted with
sterile MH broth (1 ml bacteria/ 50 ml MH broth) and adjusted to an
optical density of 0.4.

100 pl of the stock solution (initial concentration of 1 mi/ml) were
two-fold serially diluted with 100 pl sterile distilled water in a sterile

PAGE|426| [}



Elbeen ef al International Journal of Phytomedicine 6 (3) 425-432 | [2014]

96-well micro-plate from well A to H before adding 100 pl of each of
the test bacterial strains .

For the plant extracts, the residue obtained were resuspended to a
concentration of 5 mg/ml with 50% ethanol. For each of the four
bacteria used, 100 pl of the re-dissolved extract were two-fold
serially diluted with 100 pl sterile distilled water in a sterile 96-well
micro-plate. A similar two-fold serial dilution of gentamicine sulfate
(Sigma) (0.1 mg /ml) was used as a positive control against each
bacterium. One hundred pl of each bacterial culture were added to
each well as mentioned earlier. The plates were covered and
incubated overnight at 37 C. To indicate bacterial growth, 50 pl of
0.2 mg/ ml of Resazurin blue was added to each well and the
plates incubated at 37 C for 30 min. Bacterial growth in the wells
was indicated by a pink colour, whereas blue wells indicated
inhibition by the tested substances.

Results and discussion

Isolation and identification of bacterial endophytes

A total of 33 bacterial endophytes were isolated and purified from
the leaves of five Malaysian mangrove plants. The removal of
surface microbial flora was achieved by the surface sterilization
process including sequential immersion in 70% ethanol, 10 %
sodium hypochlorite and sodium bicarbonate. The colonies were
purified and subjected to morphological characterization prior to

further identification process. Eighteen of the isolated strains
showed positive antagonistic effects against the indicator strains

when evaluated using the deferred-antagonism plate assay.
Twelve of these producer strains were identified to species level
suing VITEK2 (GP and CBC cards). The strains were identified to
be: Staphylococcus sciuri 1, Staphylococcus intermedius 3s,
Bacillus pumilus 1,,  Staphylococcus lentus 2, Bacillus
licheniformis  7j, Bacillus pumilus 3 Bacillus coagulans 1,;,
Staphylococcus lentus 4., Staphylococcus intermedius 4;, Bacilus
pumilus 2y, Bacillus pumilus 7, Staphylococcus lentus 7, and
Bacillus pumilus 7, Some of the relevant biochemical reactions
are given in Table (1).Six strains were reported unidentified. The
VITEK 2 is an automated microbial identification system that
provides highly accurate and reproducible results as shown in
multiple independent studies. With its colorimetric reagent cards,
and associated hardware and software advances, the VITEK 2
offers a state-of-the-art technology plat form for phenotypic
identification methods. The system was confirmed to provide
accurate identification reports without the need for further
assessment [16,17]. However, lack of information in the database
in some cases and /or low reactivity of the strains within the
incubation time may lead to failure of identification. This may justify
that six of our isolated strains were unidentified.

Crude proteins from the identified isolates were produced and
tested for minimum inhibitory concentration against the indicator
strains. The twelve isolated strains possessed different
antibacterial activities with an MIC values ranging from 19 to 250
pl/ml (Table 1).
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Bacterial strains of Siaphylococcus intermedius (3-and 4,) isolated
from  Rhizophora mucronata and  Sonneratia  caseolaris
respectively, showed wider spectra of activities against, Bacillus sp
(19 yl/ml), Staphylococcus aureus and Salmonella sp (39 pl/ml).
Stahpylococcus sciuri also possessed activities against S.aureus
and S.thyphimurium with an MIC value of 39 pliml. Staphylococcus
lentus showed activity against S.#yphimurium with an MIC value of
78 pl/ml but appeared to be weaker against the other indicator
strains. Interestingly, strain of Bacillus pumilus (2;and 3) isolated
from A.gpiculataand A.mucronatatogether with Bacillus coagulans
(7 isolated from Xylocarpus moluccensis, exhibited activity
against £.co/iwith an MIC value of 62 pl/ml.

Microbial antagonism can lead to the production of valuable
secondary metabolites. In particular, growth inhibitors as one of the
mechanisms of adaptation can provide advantages in competition
for available nutrients and living space [18]. This is very much true
with the bacterial endophytes regarding their special growth
environment [19].

Bacillus species in this study showed broad spectrum of activities
against the indicator strains. This is in agreement with previous
report of antimicrobial properties of 29 Bacillus species isolated
from the soil and found effective against Gram-positive and Gram-
negative bacteria [20,21]. Bacillus species are also known to
produce effective molecules during a biocontrol treatment of
systemic Staphylococcus aureus infections [22]. Antimicrobial
properties of Bacillus species against Gram-negative £.coli was
also recorded previously for B. thuringiensis, B. subtiis and B.
megaterium  strains [23].  Antimicrobial agents isolated from
Lactobacillus plantarum and identified as Plantaricin MG was
reported to have broad inhibitory activity against Gram-positive and
Gram-negative bacteria including Sa/monelia typhimurium [24].

The strain of Bacillus licheniformis in this study showed strong
activities against Bacillus cereus. This is in agreement with several

reports describing antimicrobial properties of Bacillus licheniformis
[25,26,27].

Staphylococcus species possessed inhibitory effects against
B.cereus, S.aureus, and Salmonella typhimurium in this study. The
best activities observed were recorded for  S.infermedius. A
previous report on the antagonistic effects of Sigphylococcus
strains against closley related species indicated production of
molecules with remarkable inhibitory effects against wide range of
bacterial strains including Gram-negative [28]. These findings
support our results of the antimicrobial properties observed by the
isolated Staphylococcus species in this study.

Antibacterial properties of the mangrove plant extracts

The antibacterial activities of the plant extracts was determined
using the serial dilution technique. Four bacterial strains were used
and the antibacterial results obtained are presented in Table 2. The
lowest MIC value (9.7 pg/ml) was obtained by dichloromethane leaf
extract of A./antana and methanolic leaf extract of S.caseolaris
against the Gram-positive bacteria Bacillus sp. Dichloromethane
extract of S.caseolaris and methanolic leaf extract of A. /anata
showed inhibitory effects against £.co/f with an MIC value of 19.5
pg/ml. The lowest MIC values against S.#yphimurium was 19.5
pg/ml obtained by methanolic extract of S.caseolaris followed by
dichloromethane, root and leaf extracts of A mucronata and
A.lanata respectively (MIC value of 39 pg/ml). The lowest MIC
value obtained against S.aureus was 78 pg/ml. This was recorded
for methanolic leaf extracts of A./anata, methanolic, root and leaf
extracts of A mucronata and  S.caseolaris respectively. MIC
values recorded for the positive control was 1.9 pg/ml against 5.
cereus, 7.8 pg/ml, against £.cofi 1.9 pg/ml, against S.aureus and
0.5 pg/ml against S.&yphimiurium.
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Table 2. Ethnobotany and Minimum inhibitory concentration (MIC) values (ng/ml) of the extracts obtained from the five mangrove plants as
detected using the micro-dilution assay

Plant name Ethnobotanical uses Plant extract tested MIC values (ug/ml)
Bacteria tested
Bc Ec Sa St
Aviecenna Aviecenna sp are used  for Meth- leaf extract
lanata stomach  problems inccluding 15.6£2.7 19.5+1.8 78+2.1 312+3.4
diarhoe,  small pox, leprosy, ~Dich-leaf extract 9.7+1.2 312:4.3 15621 39+1.8
diuretic [30].
Rhizophora Used for diarthea, nausea, Meth-root extract 312+3.6 312+3.7 625+7.8 312432
apiculata vomiting,  typhoid and microbial Dich-root extract
related infections [9’30] 562+3.2 281+1.6 562+2.5 562+3.1
Rhizophora Hemorrhage, hepatitis, ulcer and Meth-leaf extract 281423 281425 562+1.6 562+4.2
mucronaa haematuria [31] Dich-leat extract 195:24  156:30  156:27 312131
Meth-root extract 156+1.8 312+4.1 78+15 312417
Dich-root extract 19.5+2.4 156+2.5 156+2.4 39+2.3
Sonneratia Different parts are used to relieve Meth-leaf extract
caseolaris cough, as astringent and antiseptic, 9.7+1.1 7842 1 78+1.9 19.5+2.0
also used for haemorrhage and Dich-leaf extract
anthelmintic [7,10]. 312+3.3 19.5+3.2 312+2.9 156+2.8
Xylocarpus used as an astringent and for Meth-root extract 140+1.7 281+3.6 562+4.1 140+2.8
moluccensis fever, dysentery, diarrhoea and R
other abdomimal toubles Dich-root extract 312:16  312:26  625:31  625:34
[31].
Gentamicin
sulfate 1.9+0.9 7.8+1.0 1.9+0.9 0.5+0.9

Results expressed as means + SD. Bc=Bacillus cereus; Ec=Escherichia coli, Sa=Staphylococcus aureus. St=Salmonelia typhimurium.

Methanolic leaf extract of S. caseolaris in this study possessed the
best activities against all the tested bacterial strains with an MIC
values ranging between 9.7 and 78 pg/ml. During previous
investigation of antimicrobial effects of Sonneratia species, a
methanolic extract was found to be effective against £.coli and
S.aurus and B.cereus [12]. Thus , it is possible to observe similar
activities with the related species S.caseolaris suggesting that
extract of the plant could be used as antimicrobial agents.
Dichloromethane leaf and root extract of A. mucronata also
showed wide range of activities against B. cereus, E.colj S.aureus
and S.#yphimurium .This may be due to the presence of mixture of
various antimicrobial agents in these extract [29].

Dichloromethane leaf extract of A. /anata showed interesting
activity against B cereus, and S.yyphimurium. Antimicrobial
properties of the closely related species A.marina was intensively
studied and clearly highlighted [9]. The Antibacterial effects
observed by the extract of A./anatain this study may be due to the
presence of similar or related active agents.

Mangrove plants thrive under extreme environment which lead to
the development of special metabolic pathways to produce unique

chemicals that enable them to tolerate such stressful growth
conditions. Some of these chemicals are confirmed to be of great
potential as a source of novel agents for various pharmaceutical
and other industerial applications.

Several reports have clearly indicated the isolation of agents
proven to be antimicrobial effective such as tannins, flavonoids,
sterols, coumarins, glycosides, fatty acids, organic acids, alkaloids
and saponins from mangrove and mangrove associated plants [9].
The observed antibacterial activities in this study support these
findings and therefore require further study to isolate and develop
these agents as potential antimicrobial drugs.

Conclusion

In this study, we investigated antimicrobial properties of extracts
from five mangrove plants and their isolated bacterial endophytes.
Obtained results indicated the presence of antimicrobial agents
produced by the bacterial endophytes. These agents might be or
related to bacteriocin-like substances. Bacteriocins are specific and
highly potent proteins with antimicrobial properties that have
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gained more attention recently as new molecules with interesting
pharmacological properties. Efforts have been made in recent
years to unravel the production of bacteriocins- like inhibitory
substances from different bacterial groups including bacterial
endophytes.

Our results also confirmed the antimicrobial properties of extracts
from the investigated plants However, no correlation could be
made between the activities of endophytes and the plant extracts.
This suggested that biological activities observed in this study may
be due to the effects of different metabolites that acting
independently through different mechanism of actions in separate
pathways.

This is the first report describing isolation and identification of these
bacterial endophytes from the selected five mangrove plants in
this study using the VITEK 2 system. The novelty of the work also
includes determination of the antagonistic effects of the isolated
strains against  the pathogenic bacteria using the minimum
inhibitory concentration techniques. MIC values of the plant
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