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Abstract

Actinomycetes are biotechnologically important for their unrivalled capacity to produce bioactive secondary metabolites.
Although thousands of antibiotics have been discovered from actinomycetes, these represent only a small fraction of the
entire reservoir. Thus, screening of actinomycetes from poorly studied environment is a valuable attempt. In the present study,
an effort was made to isolate, identify and evaluate the antimicrobial activities of actinomycetes from Tanjung Lumpur
Mangrove Forest of Pahang, Malaysia; an underexplored ecosystem. Out of 1366 actinomycetes that were successfully
enumerated, a total of 40 representative isolates were selected for further evaluation. The anfimicrobial activity of the
representative isolates were first assessed using the cross streak method against Bacillus subtilis, Candida albicans, Escherichia
coli, Serratia marcescens and Staphylococcus aureus. Twenty five isolates displayed antagonistic potential against at least
one of the test organisms. Of this, 40% exhibited anfibacterial activity, 24% exhibited antifungal activity and 36% displayed
both. The cell-free supernatant of the active isolates were then further evaluated using the agar well diffusion method, in
which only 4 isolates displayed inhibitory activity. A total of 13 representative isolates were identified and characterized using
16S rRNA gene partial sequencing. They were further classified info 7 genera namely Strepfomyces, Micromonospora,
Rhodococcus, Gordonia, Pseudonocardia, Mycobacterium and Actinophytocola. These findings suggested that mangrove of
Tanjung Lumpur is a rich source of actinomycetes for the discovery of bioactive secondary metabolites.
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1.0 INTRODUCTION Actinomycetes are slow growing, aerobic,
filamentous Gram—positive bacteria belonging to the
class Actinobacteria. Actinomycetes are widely
distributed in  nature. They are primarily soil

inhabitants, but have also been found in the

In recent vyears, the hunt for new bioactive
compounds continues fo rise in order to combat and
reverse the rapid spread of life threatening diseases

caused by multiple anfibiotic resistant pathogens.
Although considerable progress has been made
within the field of chemical synthesis, high throughput
screening and  engineered  biosynthesis  of
antimicrobial compounds; nature remains as the
most versatile and prominent source [1], [2].
Secondary metabolites can be derived from all living
things. However, among them, actinomycetes are of
special interest; as they are known to produce
chemically diverse compounds with a wide range of
biological activities [3].

atmosphere, aquatic ecosystem as well as extreme
environment such as the cryophilic and thermophilic
regions [1], [4]. [5]. Actinomycetes are responsible for
the production of various commercially available
antibiotics  such as  tetracycline, rifampicin,
chloramphenicol and erythromycin [4]. To date,
approximately 70% of naturally occurring antibiotics
originate from actinomycetes [5].

On the ground that poorly explored habitats
provides better prospects for discovering new
bioactive compounds, acfinomycetes from such
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ecosystems are currently being the centre of interest
[1], [4]. [é]. Little is known about the diversity of
actinomycetes in mangrove ecosystem though the
isolation of Isoptericolla chiayiensis [7], Jishengella
endophytica [8], Verrucosisspora wenchangensis [?],
Micromonopora haikuoensis [10] and
Actinoallumurus acanthiterraei [11] demonstrates the
view that mangrove has the potential of becoming
new repertoire of highly diverse actinomycetes.
Mangrove ecosystem is unique for its nutritional
versatility as its muddy alluvial soil is high in organic
matter, nifrogen and sulphur content which able to
support diverse group of microorganisms [12]. This
habitat is under the influence of both terrestrial and
marine ecosystem, forming a distinctive saline
environment. This can be a determinant factor fo
genetic and metabolic adaptation, promoting the
production of chemically diverse bioactive
compounds. Tanjung Lumpur mangrove that is
situated in Pahang, Malaysia is under the influence of
Kuantan River which flows out to South China Sea.
This study area lies in wet ftropical zone with
semidiurnal  tides [13]. This locafion is an
underexplored ecosystem, hence, it is foreseen to be
a rich repertoire of bioactive actinomycetes. The
primary aim of this study was to isolate, identify and
evaluate the antimicrobial potential of
actinomycetes isolated from mangrove forest of

Tanjung Lumpur, Malaysia.

2.0 EXPERIMENTAL
Isolation of Actinomycetes

Sediment samples were collected from 2 sampling
sifes of Tanjung Lumpur mangrove (N 03° 48.074' E
103° 19.682" and N 03° 48.068' E 103° 19.671'). At
each locatfion, 3 sediment core samples were
collected at a depth of 0-30 cm. The collected
samples were air dried at room tfemperature, ground
and sieved to remove large organic matters prior
pretreatment. Selective prefreatments include wet
heat treatment in sterilized sea water (60 °C, 20 min)
and dry heat freatment (120 °C, 60 min) [14]. The
prefreated sediments were serially diluted 1:10 (v/v)
to 10¢ and plated onto series of isolation media:
starch-yeast extract agar (SYE), malt exitract-yeast
extract agar (ISP2), oatmeal agar (ISP3), inorganic
salt-starch agar (ISP4), starch-casein agar (SCA),
glucose asparagine agar (GAA), actinomycetes
isolation agar (AIA) and marine agar (MA). The SYE
was prepared using sea water to maximize the
recovery of salt-requiring actinomycetes. All media
were supplemented with nystatin (50 ug mi-') and
incubated at 30°C for 14 days. Isolates were selected
based on their typical actinomycete morphological
appearances.

Antagonistic Potential of Actinomycetes

The isolates were preliminary screened for their
antagonistic activity using the conventional cross
streak method against Bacillus subtilis IMR B 144/11 C,
Candida albicans IMR C 523/11 A, Escherichia coli
ATCC 25922, Serratia marcescens IMR 974/05 B and
Staphylococcus aureus ATCC 25923. The individual
isolate was streaked at the cenfre of nutrient agar
plate and incubated at 30°C for 7 days. Fresh
overnight culture of the fest organisms were
perpendicularly streaked to the isolates and
incubated at 37°C (24 hr) and 30°C (48 hr) for
bacteria and fungus, respectively. Confrol plates
were prepared without inoculating the
actinomycetes to assess the normal growth of the
test organisms. Antagonistic potential was observed
by measuring the zone of inhibition formed. Results
are presented in the following manner: — no activity,
+ weak activity (< 25% inhibition), ++ moderate
activity (25-50% inhibition) and +++ good activity (>
50% inhibition) [15].

Antimicrobial Assay Using Agar Well Diffusion Method

Actinomycete isolates displaying promising
antagonistic activity were inoculated into 100 ml of
SYE broth and incubated for 7 days at 30°C with
continuous shaking at 200 rom. Cell-free supernatant
of each isolate was obtained through centrifugation
of the fermentation medium at 9000 rom and
filtration using 0.2 um filter membrane. The same test
organisms used during preliminary screening were
employed in this assay. Wells (6 mm) were made
using sterile borer on Mueller Hinton agar that was
previously seeded with the test organisms. About 100
ul of cell-free supernatant was added to each well.
The diameters of inhibition were observed after 24 hr
(837°C) and 48 hr (30°C) of incubation for bacteria
and fungus, respectively. The results were described
in the following manner: weak activity (5-9 mm),
moderate activity (10-20 mm) and good activity (>
20 mm) [16].

Molecular Identification of Actinomycetes

Genomic DNA of representative isolates were
extracted using MasterPure™ Gram Positive DNA
Purification  Kit  (Epicentre, USA) using the
manufacturer’s protocol. The PCR amplification of
16S rRNA gene were done using the following set of
primers: 27F (5'-AGAGITTGATCCTGGCTCTCAG-3’)
and 1492R (5'-GGTTACCTIGITACGACTT-3’) [17]. The
PCR reactions were performed in a final volume of 50
ul which consist of 200 ng DNA template, 25 ul of
MyTag™ Mix 2X (Bioline, UK) and 0.4 uM primers
under the following conditions: initial denaturation at
940C for 5 min, followed by 30 cycles of 94°C for 30 s,
55°C for 60 s and 72 °C for 4 min; and extension step
at 72°C for 10 min. The amplification products were
confirmed using 1% agarose gel and sent fo 15t Base
Laboratory, Malaysia for purification and sequencing.
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Phylogenetic Analysis of 16S rRNA Gene Sequences

The resultant 16S rRNA gene sequences were
manually verified and edited using BioEdit Sequence
Alignment Editor. The partial nucleotide sequences
analysis of the isolates were carried out via GenBank
BLASTn (http://www.ncbi.mim.nih.gov) search tool.
This provided the closest phylogenetic neighbours of
each isolates. Partial 16S rRNA gene sequences of
the isolates were deposited to GenBank under the
following accession numbers: K4-03 (KR902623), K4-07
(KR902624), K4-08 (KR902625), K4-13 (KR?02626), K4-15
(KR902627), K4-16 (KR902628), K4-19 (KR?02629), K5-03
(KR902630), K5-04 (KR902631), K5-11 (KR?02632), K5-13
(KR902633), K5-14 (KR902634) and K5-19 (KR902635).
Sequences were then aligned using ClustalW
software and the phylogenetic tree was inferred by
the neighbour joining algorithm using Molecular
Evolutionary Genetic Analysis (MEGA version 6.0).

3.0 RESULTS AND DISCUSSION
Selective Isolation

In fotal, 1366 actinomycete isolates have been
successfully recovered from Tanjung Lumpur
mangrove using various isolation media and
pretreatment procedures. They were selected based
on their dull, chalky, leathery appearances and
earthly smells. The wet heat pretreatment was found
to be more effective in enumerating actinomycetes
from Tanjung Lumpur mangrove; 79.3% of the total
isolates were successfully recovered using this mild
heating regime. The ISP4 medium displayed the
highest percentage of recovery (30.0%), followed by
AlA (23.6%). However, the use of SCA and SYE
resulted in greafer recovery of wide variety of
actinomycetes, based on their morphological
characteristics. Both spore forming and non-spore
forming actinomycetes had been isolated using
these media. This indicates that presence of
seawater in SYE and high carbon-to-nitrogen ratio in
SCA promote the recovery of actinomycetes.

Forty representative isolates were selected based
on their morphological characteristics and further
categorized into 7 colour series based on the colour
of their mature aerial mycelia namely black, grey,
orange, pink, red, white and yellow. Members of
white series (55.0%) represent the most predominant
group, followed by orange (27.5%) and grey (12.5%).
This finding is in agreement with a study conducted
by Xi and colleagues (2011) which demonstrated the
domination of these colour groupings from marine
associated ecosystem in China [18]. Members of
white and grey colour series tend to have
unfragmented substrate mycelia and abundant
aerial mycelia with long spore chains. While the
orange colour series appeared as tiny and solid
colonies with unusual hyphae.

Antimicrobial Activity of the Actinomycetes

The anfimicrobial activity of the isolates were first
assessed using the cross streak method against 5 test
organisms (2 Gram-positive bacteria, 2 Gram-
negative bacteria and 1 fungus) as presented in
Table 1. It was observed that 62.5 % (n=25) of the
fotal representative isolates displayed antagonistic
activity against at least one of the test organisms. Of
the 25 isolates, 40% exhibited antibacterial activity,
24% exhibited anfifungal activity and 36% displayed
both. Most bioactive isolates displayed antagonistic
potential against the Gram-positive bacteria than
the Gram-negative ones. Gram positive bacteria
lack of lipopolysaccharide outer membrane, thus,
promoting the permeability of bioactive secondary
metabolites produced by actinomycete isolates [19].

Evaluation on the anfimicrobial activity of the
cel-free  supernatant of the isolates was
demonstrated using the agar well diffusion method
against the same test organisms during the
preliminary screening. Three members of genus
Streptomyces (K4-03, K4-13, and K5-04) and one of
genus Micromonospora (K5-13) exhibited
antimicrobial activity against more than one test
organisms. Isolate K4-03 and K5-04 displayed broad
spectrum of anfimicrobial activity against all test
organisms for both cross streak and agar well
diffusion methods (Table 1). Both isolates were found
fo belong to genus Streptomyces based on the 16S
rRNA partial sequence analysis, whereby isolate K4-03
and K5-04 having the closest relationship fo
Streptomyces  enissocaelis NBRC 100763 (99%
similarity) and Streptomyces albidoflavus DSM40455T
(98%  similarity),  respectively. The  cell-free
supernatant of isolate K4-03 displayed sftrong
inhibitory activity against Gram positive bacteria (B.
subtilis =23.3 £ 0.6 mm and S. aureus = 21.0 £ 0.6 mm)
and moderate activity against Gram negative
bacteria and fungus (E.coli = 16.7 £ 1.0 mm, S.
marcescens = 19.7 £ 0.6 mm and C. albicans = 17.7
0.6 mm). Therefore, Streptomyces sp. K4-03 can be
considered as the most promising actinomycetes
isolated from mangrove of Tanjung Lumpur for
microbial natural product discovery. The
idenfification of Streptomyces as the most bioactive
genus is in agreement with other previous studies
[14]. To date, Streptomyces remains as the unrivalled
microbial bioactive compounds producers [2], [3].

It was also remarkable to note that members of
some rare genera displayed antimicrobial activity in
the cross streak assay. Isolate K4-16, a member of
genus  Pseudonocardia demonstrated  specific
antifungal potential by exhibiting moderate activity
against C. albicans as demonstrated by previous
studies [16], [20]. Another rare actinomycete, isolate
K4-08 which belongs to genus Actinophytocola
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Table 1 Antimicrobial activity of selected bioactive actinomycetes using cross streak and agar well diffusion method
Isolate B. subtilis S. aureus E. coli S. marcescens C. albicans
CS AW CS AW CS AW CS AW CS AW
K4-02 + - + - - - - - +++ -
K4-03 +++ +++ +++ +++ +++ ++ +++ ++ +++ ++
K4-04 +++ - + - - - - - +++ -
K4-05 - - - - - - - - - -
K4-06 ++ - - - - - - - - -
K4-08 +++ - +++ - - - - - - -
K4-09 +++ - +++ - - - +++ - +++ -
K4-10 +++ +++ — — — —
K4-11 +++ - +++ - - - + - - -
K4-13 +++ + +++ ++ + + + ++ - +
K4-14 +++ - +++ - - - +++ - - -
K4-15 - - - - - - - - +++ -
K4-16 - - - - - - - - ++ -
K4-18 + - + - - - - - - -
K4-19 +++ - ++ - — _ T+ _ _ _
K5-02 - - - - - - - - -
K5-03 + - - - - - - - + -
K5-04 +++ ++ +++ ++ +++ + +++ ++ ++ ++
K5-09 + - + - - - - - - -
K5-10 - - - - - - - - - -
K5-12 - - - - - - - - - -
K5-13 + ++ + + - - - — — -
K5-18 + — + — — — — — +++ -
K5-19 + - - - - - - - - -
K5-20 + - + - - - - - - -
Note. “CS"- cross streak assay; “AW"- agar well diffusion assay; “~" no activity; “+" weak activity; “++" moderate activity; “+++" good activity
demonstrated strong antibacterial activity against B. (Mycobacterium), Nocardiacea (Gordonia,
subtilis and S. aureus. Studies showed that screening Rhodococcus) and Pseudonocardiacea
on antimicrobial activity of members of this genus (Actinophytocola, Pseudonocardia) had been

had not yet been reported. Even though isolate K4—
08 and K4-16 displayed promising antimicrobial
activity in the cross streak assay, their cell-free
supernatant did not exhibit any positive activifies.
Nevertheless, on the premise that rare actinomycetes
might produce novel bioactive compound, isolate
K4-08 and K4-16, alongside isolate K4-03 are the
most suitable candidates for microbial
bioprospecting studies. Hence, optimization can be
done to ftrigger the production of antimicrobial
compounds into the fermentation medium. In this
study, 10% of total isolates displayed antimicrobial
activities, thus, providing an evidence that mangrove
actinomycetes of Tanjung Lumpur are highly
capable in production of bioactive metabolites.

Phylogenetic Analysis and Diversity

A total of 13 actinomycetes were identified using
molecular characterization. Three isolates were
selected based on their promising anfimicrobial
activity, while others were chosen based on their
morphological characteristics. The 16S rRNA gene of
the isolates were compared with those retrieved from
Genbank and used to construct phylogenetic free as

illustrated in Figure 1. In total, representative of 7
established actinomycetes genera belonging to 5
families which were Streptomycetacea
(Sfreptomyces), Micromonoporacea

(Micromonosporal, Mycobacteriacea

successfully isolated. This clearly displayed a wide
tfaxonomic distribution of actinomycetes in Tanjung
Lumpur mangrove ecosystem. Members of genus
Streptomyces and Micromonospora were the most
predominant observed with relative abundance
value of 38.5% (n=5) and 21.3% (n=3), respectively.

It was interesting fo note that single isolates
belonging to the genera Mycobacterium,
Actinophytocola, Pseudonocardia and Gordonia
formed relatively distinct phylogenetic lines, with 97—
100% similarity to their nearest neighbouring strains.
These genera are categorized under the rare
actinomycetes group; a classification made on
actinomycetes that has much lower isolation
frequency than that of Streptomyces [21]. Pairwise
comparison of the 16S rRNA gene sequences of
isolate K4-07 and K5-11 displayed similarity to
Mycobacterium  peregrinum  ATCC14467 and
Gordonia terrae NBRC100016 at 98% and 99%,
respectively. These genera were classified under the
order of Corynebacteriales, hence, they were
clustered alongside Rhodococcus sp. K5-14 in the
same descendent clade as seen in Figure 1. This
provides further evidence about the presence of
these genera in mangrove ecosystem as reported by
previous studies. Hong and co-workers (2009)
isolated Gordonia and Rhodococcus from mangrove
of Hainan Province in China [14], while Guo and
colleagues (2011) studied the population of
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Mycobacterium sp. from mangrove wetland of Hong
Kong [22].

Isolate K4-16 displayed relatively monophyletic
cluster with strain  Pseudonocardia antitumoralis
SCSIO01299 (99% similarity), which was supported by
a booftstrap value of 99% in the neighbour—joining

100

96

a7

free. It also formed a distinct phyletic line with P.
kongjuensis and P. ammonioxydans. Studies have
shown that members of genus Pseudonocardia can

Streptomyces enissocaesiliss NBRC100763 [B249930]

Isolate
@pfcmyces champavatfi NRRLB5682 [NR115669]
Streptomyces sampsonii  NRRLB12325 [NR116508]
100 | Streptomyces albidoflavus  DSM40455T [Z76676]
Streptomyces coelicolor  DSM40233 [NR116633]
Streptomyces exfoliatus  NBRC13475 [AB184668]
Isolate [IUM K5-04 [KR802631]
100 | Strepfomyces rochei  SCSIOZ-SH13 [KCT47481]
Isolate IIUM K403  [KR902623]
ag | Streptomyces werraensis  NBRC13404 [NR112390]
Streptomyces pseudogriseolus MNRRLB3288 [NR043835]
100 | Strepfomyces cellulosae  NBRC13027 [AB184265]
Isolate [IUM K5-03  [KR902630]
Streptomyces rubrogriseus NBRC15455 [NR041188]
Streptomyces coelicoflavus  NBRC15399 [NR041175]
Streptomyces diastaticus NRRLB1773 [DQ026631]
35 | Isolate [IUM K4-13  [KR902626]
99

g3, Micromonospora maritima  D10-9-5 [NR109311]

98
gg  Isolate [IUM K408 [KR902625] 7
Actinophytocola sediminis ~ YIM75635 [JN186338]
Actinophytocola corallina  NBRC105525 [NR112955]
Actinophytocola timorensis NBRC105524 [NR112954]

57
100l Gordonia terae NBRC100016 [BAFD01000032)
100 Isolate IIUM K511  [KR902632]
Gordonia rubnperfincia N4 [NR104572]

Rhodococcus coprophilus  CUBBST [NR029206]
Rhodococcus pyridiniverans  [NR121768]
Isolate [IUM K5-14  [KR902634]

g3 L Rhodococcus rhodochrous  DSM43241 [X79288]

be found in various habitats including mangrove as

reported by Mangamuri and colleagues [16].

HUM K415 [KR902627]

Streptomyces

Isolate IUM K419 [KR902629]

Isolate [IUM K5-13 [KR902633]

Micromonospora carbonacea DSM43815 [X92608]
Micromonospora wenchangensis  2602GPT1-05 [NR109624]
Micromonospora krabiensis  MA-2 [MR041266]
Mn:mmanospora
Micromonospora sediminicola  SH2-13 [NR113304]
Micromonospora manina  JSM1-1 [NR112537]

Isolate IUM K519  [KR02635]

Micromonospora aurantiaca ATCC27029 [CP002162]

Actinophytocola

Pseudonocardia kongjuensis LM157 [NR025384] 7
Pseudonocardia ammonioxydans  HS [MR115248]

Isolate [IUM K4-16  [KR902628]
g5 | Pseudonocardia antifumoralis  SCSI001299 [JN204514]
Gordonia lacunae  BS2 [NR044120]

Pseudenocardia

30

Gordonia

Mycobacterium peregrinum  ATCC14467 [NR114447]
Mycobacterium wolinskyi  ATCC700010 [NR042922]
IMycobacterium barrassiae  CIP108545 [MR115330]
Isolate UM K4-07  [KR902624]

86

Mycobacterium
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—
o0.m

Escherichia coli MG1655 [NR1027804]

Figure 1 Phylogenetic tree based on 16S rRNA sequences using neighbour—joining method showing relationships between the
selected 13 isolates isolated from mangrove of Tanjung Lumpur and their closely related type strains. Values on the node indicate
the booftstrap values based on 1000 resampled dataset. The scale bar represents 0.01 substitutions per nucleotide position

This study also demonstrates the isolation of genus
Actinophytocola; a member of family
Pseudonocardiacea that was not commonly
reported in mangrove environment. Isolate K4-08
formed a distinct phylogenetic cluster supported by
99% bootstrap value with A. sediminis (99% similarity)
that was previously found in the deep sea sediment
of South China Sea [23]. This shows actinomycetes
from  mangrove  ecosystem  possess  strong
phylogenetic line with those originate from marine
environment. Isolate K4-08 was obtained from
sediment sample (N 03° 48.074" E 103° 19.682’)
pretreated using dry heat method and incubated on
ISP4 medium. It formed unfragmented substrate

mycelium on agar media and appeared as cream
coloured colonies on both SYE and ISP4 media. Aerial
mycelia were also observed with spore chain
structures. To date, genus Actinophytocola only
consist of 7 validly published species names isolated
from various habitats. A. oryzae was recovered from
the rootfs of Thai glutinous rice plants [24], while A.
burenkhanensis [25], A. corralina [26], A. timorensis
[26] and A. xinjiangensis [27] from terrestrial soils as
well as A. gilvus [28] that was isolated from extreme
desert environment. This genus has yet been
reported in fidakinfluenced ecosystem such as
mangrove. Thereby, this is the first report to describe
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the isolation of genus Actinophytocola from
mangrove sediment, particularly in Malaysia.

4.0 CONCLUSION

In conclusion, large numbers of actinomycetes were
successfully enumerated from mangrove of Tanjung
Lumpur  using  various  established isolation
procedures. Actinomycetes present in this mangrove
ecosystem is not only limited to Streptomyces—
Micromonospora grouping but rich diversity of rare
genera were also discovered. This study
demonstrates the first  association of genus
Actinophytocola with  mangrove ecosystem. The
present findings not only provide further evidence on
the existence of various taxonomic actinomycete
groups, but also display the potential of this diversity
for biotechnological exploitation. High percentage of
bioactive actinomycetes isolated from this habitat
indicates that mangrove of Tanjung Lumpur provide
a valuable source of actinomycetes with interesting
biosynthetic capabilifies.
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