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ABSTRACT

Actinomycetes are aerobic filamentous Gram-positive bacteria that produce various
secondary metabolites, notably antibiotics. Unfortunately, the effectiveness of this
bacteria has been jeopardized in recent years due to the rise of multidrug-resistance
bacteria. Hence, researchers have switched to ‘non-streptomycetes’ to gain novel
metabolic compounds. The current study was designed to extract and identify the
microbial compounds from mangrove rare actinomycete, Actinophytocola sp. K4-08
(KR902625) was previously isolated from Kuantan mangrove sediments. To date, this
is the first study that demonstrates the properties of the genus Actinophytocola sp.
concerning their biological potential. Colonies of Actinophytocola sp. K4-08 was
subjected to morphological characterization using gram staining and scanning electron
microscope (SEM). Actinophytocola sp. K4-08 is a Gram-positive bacterium with
branched substrate mycelium fragmented into a rod-like shape and regular round
chain spore formation. Moreover, this strain utilised more than 10 carbon sources and
tolerated up to 10 % sodium chloride (NaCl), demonstrating its adaptation to the
marine environment. Crude extracts from both supernatant and cells of
Actinophytocola sp. K4-08 were prepared using different solvent namely, ethyl
acetate, methanol, and acetone with XAD-2 resins. Extraction with ethyl acetate
produced dark yellow liquid residue and brownish solid residues with the highest
crude at 1.35 g. Solid acetone (AE) and liquid methanol (ME) crudes showed
significant antibacterial activities against Bacillus subtilis with inhibition of 7.9 £ 0.1
mm and 12.0 + 0.0 mm respectively through disc diffusion susceptibility test. Overall,
liquid crude extracts exhibited higher antagonistic activity against B. subtilis than
solid crude extracts. The antioxidant activities of crude extracts were further assessed
using total phenolic content (TPC), total flavonoid content (TFC), free radical 2,2-
diphenyl-1-picrylhydrazyl (DPPH), and ferric reducing antioxidant power (FRAP)
assay. Liquid ethyl acetate (EA) crude demonstrated higher TPC and TFC, while solid
EA crude showed higher DPPH scavenging and FRAP assays. Both solid and liquid
EA crude extracts have moderately good antioxidant potential. Liquid EA crude was
further analysed for cytotoxicity assays against human non-small lung cancer cells.
AS549 cell was the most sensitive toward the liquid EA crude than the H1299 cell line,
with a higher reduction in cell viability at 62.52 + 0.76 % and 79.13 £+ 0.90 %,
respectively. The presence of O-H, C-H, and C=C bonding was identified using
Fourier-transform infrared spectroscopy (FT-IR) and 2,4-bis (1,1-dimethyl ethyl)-
phenol (2,4-DTP), an anticancer drug was detected in solid ME crude using gas
chromatography-mass spectrometry (GC-MS). Chemical profiling using reversed-
phase thin-layer chromatography (RP-TLC) and high-performance liquid
chromatography (HP-LC) showed good separation of microbial compounds in liquid
EA crude with acetonitrile and water (1: 1.5, v/v) solvent ratio. Ningpeisinoside,
lamiophlomiol A and pseudolaric acid AO-B-D-glucopyranoside were detected using
liquid chromatography-mass spectrometry (LC-MS). The present findings suggested
that rare mangrove actinomycete, Actinophytocola sp. K4-08 is a high-potential
candidate with interesting biosynthetic capabilities for the drug discovery program.
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CHAPTER ONE

INTRODUCTION

1.1 RESEARCH BACKGROUND

Microbial natural products are the most reliable, well-known sources of new
medicines and continue to be an incredible resource for drug development with
various therapeutic agents. Infinite structural diversity and a chemical variety of
compounds with a wide range of biological activities make natural microbial products
the most versatile potential for the new antibiotic (Sheena & Helen, 2017). The
discovery of antibiotics from microbial fermentation was practised many years ago.
Since the discovery of penicillin, countless antibiotic and biologically active
substances have been procured from microbial cultures. Antibiotic (Greek; anti:
against, bios: life) is a chemical substance produced by microorganisms used to kill or
inhibit the growth of other organisms specifically and automatically possessed
antimicrobial activities (Aryal ef al., 2019; Parham et al., 2020). The actinobacterial
origin was reported to produce about 7000 secondary metabolite compounds and was
recognized as a member of a class of Actinobacteria as the primary contributor to
natural products (Rao et al., 2017). Therefore, actinomycetes have been gaining
attention from pharmaceutical industries because of their ability to produce many

bioactive secondary metabolites (Jagannathan et al., 2021).

Actinomycetes are ubiquitous in nature and predominantly soil inhabitant
aerobic filamentous bacteria under the order of Actinomycetales, which are
noteworthy as the antibiotic producer with known structurally varying secondary
metabolites (Hotam Singh Chaudhary et al., 2013; Devanshi et al., 2021) that
possessed antimicrobial, anti-parasite, antiviral, antitumor and cytotoxic properties
followed by the unique chemical structures (Kekuda et al., 2010; Rajan &
Kannabiran, 2014; Dhakal et al., 2019). Furthermore, around 23 000 bioactive
secondary metabolites emitted by microorganisms have been reported, and over 10
000 of these compounds are produced by actinomycetes representing 45 % of all

bioactive microbial metabolites discovered (Valli ef al., 2012). Among actinomycetes,
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the genus Streptomyces is established to produce roughly 7600 bioactive secondary
metabolite compounds (Chamikara, 2016). Moreover, about 75 % of metabolites and
at least 5000 documented biologically active compounds belonged to the Streptomyces
genus (Pacios-Michelena et al., 2021). In recent years, enduring infectious diseases
and rapidly mounting multi-drug resistance (MDR) pathogen strains have alarmed the
scarcity of available antibiotics. Hence, seeking novel drugs to maintain the integrity
of antibiotics against pathogenic microorganisms is highly demanded (Vivas et al.,
2019). However, finding new microbial metabolites is becoming increasingly
complex, and the frequency of the rediscovery of known compounds by Streptomyces
was pretty high. Under this situation, most researchers are changing their focus from

Streptomyces to non-Streptomyces.

Rare actinomycetes, also known as ‘non- Streptomyces’- non-taxonomic term,
are typically slow-growing, challenging to isolate, and culture Actinobacteria.
Therefore, they were regarded as less exploited microorganisms and might be
considered the high potential producers of novel natural metabolite compounds (Baltz,
2006). Various marine rare Actinobacteria produce bioactive molecules such as
Verrucosispora sp. AB-18-032 (abyssomicins), Micromonospora sp. M71-A77
(levantilides), Nocardiopsis sp. (nocapyrones), Marinispora sp. NPS12745
(Ilynamicinws) and Actinomadura sp. (Halomadurone) (Dhakal et al., 2017). For
encountering the marine rare Actinobacteria, isolation effort has been focused on
poorly studied habitats such as deep-sea, mangrove sediments, and extreme
environments to obtain new marine diversities. However, many natural environments
are still either unexplored or underexplored. Thus, can be considered a luxurious
resource for isolating lesser studied microorganisms, including rare actinomycetes
(Ouchari et al., 2019), with tremendous potential to produce interestingly new

compounds (Hug et al., 2018).

One of the most favourable explored regions is the mangrove forest. The
mangrove is an eccentric woody plant community of the intertidal coast in the tropical
and subtropical coastal region (Selvam, 2019). Mangrove swamps occupy about 180
000 km? (Chen & Shih, 2019) and cover approximately 75 % of the world’s tropical
and subtropical coastlines (Nicholls et al., 2018). Mangrove forests are an important

type of wetland ecosystem that has a vital role in the ecological, economic, and social
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