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Secondary metabolites from novel extremophilic actinobacteria are found to be potent
sources of diverse novel anti-cancer compounds. Currently, development of new and
effective cancer therapies remains a challenge due to the problems of systemic toxicity
and multidrug resistance in cancer. Barrientosiimonas humi is a novel soil
actinobacteria, which was isolated from Barrientos Island, Antarctica. The genus
Barrientosiimonas belongs to the order Actinomycetales, which have ability in
producing diverse pharmacological compounds. In this study, the cytotoxic effects of
ethyl acetate extract and compounds isolated from B. humi were examined using
bioassay-guided fractionation, and the molecular pathway involved was also
determined. The ethyl acetate extract was obtained from fermentation of B. humi by
using solvent extraction and fractionation of the crude extract was conducted via
column chromatography. Cytotoxicity was evaluated by using MTT and the
iCELLigence Real-Time Cellular Analysis (RTCA) assays. Morphological changes,
cell death mechanism, cell cycle profiles and caspases expressions of treated breast
cancer cells (MCF-7 and MDA-MB-231) were determined. Furthermore, metabolic
alterations induced by B. humi on MDA-MB-231 cells were assessed by Biolog’s
Phenotype (PM-M) MicroArray. Major compounds present in B. humi were isolated
using different chromatographic techniques. Results revealed that ethyl acetate extract
isolated from B. humi (EA-BH) was cytotoxic against both MCF-7 and MDA-MB-231
cells. The extract was then subjected to bioassay-guided fractionation, which yielded
four fractions. One of the purified fractions, designated as DCM-F2, exhibited the
strongest cytotoxic activity among all the fractions and thereby was selected for further
studies. DCM-F2 had selective cytotoxic effect on MCF-7 and MDA-MB-231 cells in
concentration- and time-dependent manners. DCM-F2 inhibited cell growth by
induction of apoptosis cell death and cell cycle arrest. DCM-F2 triggered apoptosis cell
death in both MCF-7 and MDA-MB-231 cells, particularly in the early stage apoptosis.
The caspase-3/7 activity in DCM-F2 treated MDA-MB-231 cells showed caspase-
dependent apoptosis, whereas MCF-7 showed caspase-independent apoptosis. Based
on the cell cycle profile, cells treated with DCM-F2 caused significant inhibition of



cell cycle progression at 72 h and leading to an increase in the GO/G1 population. PM-
M assay analysis revealed that the most associated metabolic pathway following
treatment of MDA-MB-231 cells with DCM-F2 was glycolysis metabolism. A total of
five compounds were successfully obtained. Diketopiperazine, (-)-cyclo (Pro-Tyr) was
demonstrated to be the most cytotoxic and selective against MCF-7 and MDA-MB-231
cells compared to other compounds. As a conclusion, EA-BH exhibits significant
cytotoxicity in MCF-7 and MDA-MB-231 cells with low toxicity by inducing
apoptotic-related pathways, cell cycle arrest and altered glycolytic pathway. These
results highlight the potential therapeutic value of B. humi in breast cancer treatment.
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Metabolit sekunder dari aktinobakteria ekstremofilik baru mempunyai potensi tinggi
dalam menghasilkan pelbagai sebatian antikanser baru. Pada masa ini, pembangunan
terapi kanser yang baru dan berkesan menjadi cabaran kerana masalah keracunan
sistemik dan rintangan ubat-ubatan dalam kanser. Barrientosiimonas humi adalah
aktinobakteria baru yang diasingkan dari sampel tanah yang dikutip dari Pulau
Barrientos, Antartika. Genus Barrientosiimonas yang berasal dari order
Actinomycetales boleh menghasilkan pelbagai sebatian farmakologi. Dalam kajian ini,
kesan sitotoksik ekstrak etil asetat dan sebatian yang diasingkan dari B. humi diuji
menggunakan fraksionasi berpandukan bioasai, dan laluan molekul yang terlibat telah
ditentukan. Ekstrak etil asetat diperoleh daripada penapaian B. humi dengan
menggunakan ekstraksi pelarut. Pemencilan ekstrak mentah dilakukan melalui
kromatografi lajur. Sitotoksik ditentukan dengan menggunakan ujian MTT dan
Analisis Masa Selular (RTCA). Perubahan morfologi, mod kematian sel, profil kitar
sel dan ekspresi caspases sel-sel kanser payudara (MCF-7 dan MDA-MB-231) telah
ditentukan. Tambahan pula, perubahan metabolik yang diakibatkan oleh B. humi pada
sel MDA-MB-231 telah dinilai menggunakan Biolog's Phenotype Microarray (PM).
Sebatian utama yang terdapat dalam B. humi terpencil menggunakan teknik
kromatografi yang berbeza. Keputusan menunjukkan bahawa ekstrak etil asetat yang
diasingkan dari B. humi (EA-BH) adalah sitotoksik terhadap kedua-dua sel MCF-7 dan
MDA-MB-231. Ekstrak ini kemudiannya tertakluk kepada pemencilan berpandukan
bioasai, yang menghasilkan empat pecahan. Salah satu pecahan, yang ditetapkan
sebagai DCM-F2, menunjukkan aktiviti sitotoksik yang paling kuat di antara semua
pecahan dan dengan itu dipilih untuk kajian selanjutnya. DCM-F2 mempunyai kesan
sitotoksik terpilih pada sel-sel MCF-7 dan MDA-MB-231 bergantung pada masa dan
dos. DCM-F2 menghalang pertumbuhan sel dengan induksi apoptosis dan
penangkapan Kitaran sel. DCM-F2 menyebabkan apoptosis dalam kedua-dua sel,
terutamanya pada peringkat awal apoptosis. Aktiviti caspase-3/7 di DCM-F2 yang
dirawat MDA-MB-231 sel menunjukkan apoptosis yang bergantung kepada caspase,
sedangkan MCF-7 menunjukkan apoptosis bebas caspase. Berdasarkan profil kitaran



sel, DCM-F2 menyebabkan perencatan besar perkembangan kitaran sel pada 72 jam
dengan peningkatan populasi GO/G1. Analisis asai PM-M menunjukkan bahawa laluan
metabolik yang paling berkaitan selepas mendedahkan MDA-MB-231 sel ke DCM-F2
adalah metabolisme glikolisis. Sebanyak lima sebatian telah berjaya diasingkan.
Diketopiperazin, (-)-siklo (-Pro-Tir), adalah sebatian yang paling sitotoksik dan selektif
kepada kanser payudara berbanding dengan sebatian lain. Kesimpulannya, EA-BH
menunjukkan sitotoksisiti yang ketara pada sel MCF-7 dan MDA-MB-231 dengan
ketoksikan yang rendah melalui jalur apoptotik, penahanan kitaran sel dan perubahan
jalur glikolitik. Hasil ini menunjukkan nilai terapi B. humi yang berpotensi dalam
rawatan kanser payudara.
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CHAPTER 1

INTRODUCTION

Cancer is the leading cause of morbidity and mortality worldwide, where the incidence
rate of cancer cases appears to be on the rise in recent years (Sung et al., 2021). The
global emergence of multidrug-resistant in cancer causes enormous healthcare costs.
Many chemotherapeutic drugs available in the market cause adverse effects in patients
with reduced therapeutic effect. Also, treatment of cancer is complex and challenging
because numerous biochemical pathways are involved. To date, the development of
new anti-cancer agents, preferably natural products with novel mode of action/
mechanisms, is an urgent medical need. About 83% of the approved anti-cancer drugs
are isolated from natural origins as they are considered less toxic and safer than
synthetic drugs (Newman and Gragg, 2016).

Actinobacteria are the most promising producers for medically important secondary
metabolites with diverse biological activities including antimicrobial, antioxidant,
antitumour and antiviral activities (Manivasagan et al., 2014). Actinobacteria isolated
from soil, in particular, have been found to be important for the discovery of diverse
commercially available anti-cancer drugs, such as doxorubicin, bleomycin and
mitomycin (Pettit, 2004). Isolation and identification of novel actinobacteria is of great
interest for the discovery of new and novel therapeutic drugs because this genus could
produce compounds with highly active secondary metabolites with low toxicity.
However, nowadays, it has become an increasingly daunting challenge to search for
suitable drug leads from microbial sources, due to frequent genetic exchange among
microorganisms that may share similar physical and chemical features to survive in a
specific environment (Bredholt et al., 2008).

Current trend has been shifted to the isolation of actinobacteria from exotic and less
explored sites such as marine (Manivasagan et al., 2014), and polar regions (lvanova et
al., 2007). Various extremophilic actinobacteria are able to survive under hostile
habitat due to their diverse physiology, metabolic adaptability and flexibility. Thus,
there is a high possibility that the extremophilic actinobacteria could produce new
valuable metabolites. Previously, more than 50 rare actinobacteria have been identified,
which are known to produce more than 2500 active compounds (Kurtboke, 2012).

Barrientosiimonas humi (B. humi) is a novel extremophilic soil actinobacteria isolated
from Barrientos Island, Antarctica in 2007. It belongs to the members of family
Dermacoccaceae under phylum actinobacteria (Lee et al., 2013). The preliminary
screening of crude extract from B. humi exhibited a broad spectrum of antibacterial and
anti-cancer activities on HT-29 colon cancer cells (Lee, 2015). This actinobacteria is
worth studying because, at present, there is no published report with respect to
biological activities of the compounds derived from B. humi.



As the continuous study, the present study was conducted to evaluate the cytotoxic
activities of the compounds produced by B. humi through bioassay-guided
fractionation. The bioactive compounds were then isolated for structural elucidation,
followed by mode of cell death and metabolomics studies. Identification of effective
therapeutic targets which could specifically modulate cell cycle, inhibit cancer cells
growth and subsequently activate apoptosis is utmost important. Furthermore, high-
throughput metabolic profiling was conducted to determine which metabolic
modulations are specific to growth and inhibition of triple-negative breast cancer, by
comparing the metabolic profiles of untreated control and treated MDA-MB-231 cells.
Assessment of the metabolic alterations induced by bioactive compounds would be a
rational approach to discover novel cancer therapeutics.

1.1  Problem statement

Breast cancer was one of the top commonly diagnosed cancers worldwide, contributing
11.7% of all cancer cases diagnosed in 2020. It ranks the top in women for both
incidence and mortality rate worldwide with nearly 2.3 million new cases in 2020
(Sung et al., 2018). Due to this alarming statistics, breast cancer become a major public
health burden worldwide. Chemotherapy is widely used in breast cancer treatment.
Unfortunately, the mortality rate of breast cancer patients is still remains high due to
the risk of cancer recurrence and metastasis. The majority of recurrent and metastatic
cancer are caused by the development of drug resistance during chemotherapy (Gillet
and Gottesman, 2010). Furthermore, chemotherapeutic drugs are prone to cause
adverse drug reactions (ADRs) to patients, as most of them are non-selective towards
cancer cells, inevitably affect the surrounding normal cells and vital organs like heart,
kidney and liver normal cells (Saini et al., 2015). Common chemotherapeutic drugs
used to treat breast cancer, such as doxorubicin, trastuzumab, cisplatin, paclitaxel,
docetaxel and 5-fluorouracil (Lindley and Michaud, 2005) have been reported to cause
cardiotoxicity (Volkova and Russell, 2011), hematotoxicity (Goekkurt et al., 2009) and
hepatotoxicity (Waseem et al., 2015). It is clear that current treatment for breast cancer
are not ideal due to toxicity, and thus, new kind of chemotherapeutic drugs with better
efficacy and minimal side effects are required. Besides that, advances in MDA-MB-
231 triple negative breast cancer (TNBC) early diagnostics and therapy are often
hindered by the metabolic heterogeneity of the diseases. Although extensive molecular
studies have been performed to identify promising therapeutic targets for the
identification of TNBC, the metabolomics alterations that indicate the progression of
TNBC still remain poorly understood. Therefore, metabolic profiling of the
metabolism of TNBC is of clinical importance to improve breast cancer therapeutics.

1.2 Justification for the study

In an attempt to overcome the complications related to current cancer treatment,
natural products, produced by certain microorganisms, could be potent lead
compounds with good cytotoxicity against cancer cells with lower systemic toxicity.
Currently, isolation of new actinobacteria from poorly explored regions such as polar
region has caught the attention of researchers. Previous studies revealed that



compounds derived from extremophilic actinobacteria has anti-cancer properties
(Shivlata and Satyanarayana, 2015; Abdel-Mageed et al., 2010; Berdy, 2005). In this
study, a novel extremophilic actinobacteria, B. humi was screened for initial
identification of anti-cancer agent because this novel genus actinobacteria belongs to
the order Actinomycetales, which have the ability in producing diverse bioactive
compounds (Lee et al., 2013; Berdy, 2005). In addition, the ethyl acetate extract of B.
humi was reported to be cytotoxic against HT-29 colon cancer cell line (Lee, 2015).
Therefore, it is advantageous to isolate compounds from B. humi as a novel bioactive
compound could be produced by this novel genus with strong cytotoxicity and
selectivity against breast cancer. This actinobacteria is worth studying because, at
present, there is no published report with respect to biological activities of the
compounds derived from B. humi on cancer. Elucidation of a series of molecular
events of programmed cell death and metabolic alterations induced by bioactive
compounds of B. humi in breast cancer cells may lead to the discovery of novel
therapeutic targets for anti-cancer drug development.

1.3 Hypothesis

It was hypothesized that ethyl acetate extract of B. humi will show cytotoxic effects,
activate cell cycle arrest and apoptosis in MCF-7 and MDA-MB-231. The metabolic
alterations induced by B. humi on MDA-MB-231 will be determined. Subsequently,
major compounds present in B. humi will be successfully isolated and identified.

1.4 Aims of the study

The general objective of this study was to elucidate the cytotoxicity effect of the
secondary metabolites produced by a novel actinobacteria, Barrientosiimonas humi (B.
humi) and the mode of cell death involved in MCF-7 and MDA-MB-231 breast cancer
cells.

The specific objectives of this study include:

1. To evaluate cytotoxic effects of B. humi crude extract on different cancer cell lines
(MCF-7, MDA-MB-231, A549, SCC-9 and HepG2).

2. To examine bioassay-guided fractionation of compounds from ethyl acetate
extract of B. humi against MCF-7 and MDA-MB-231 cells.

3. To elucidate the mechanism underlying the cytotoxicity of MCF-7 and MDA-MB-
231 cells.

4. To assess the metabolic alterations induced by B. humi on MDA-MB-231 cells
using metabolomics approach.

5. To evaluate cytotoxic effects of the major compounds present in B. humi on MCF-
7 and MDA-MB-231.



1.5 Conceptual framework

The conceptual framework of research is presented in Figure 1.1. Initially, the crude
extract of B. humi was prepared and screened via in vitro studies. Initial screening
results from a previous study showed the crude extract of B. humi exhibited significant
antibacterial and anti-cancer activities (Lee, 2015). Thus, the cytotoxic effect of the
crude extract was further evaluated on different cancer cell lines. The bioactive
fractions derived from the crude EtOAc extract were identified based on bioassay-
guided fractionation using an optimized organic solvent system. Finally, pure
compounds were successfully isolated, moleculer structures of B. humi compounds
were elucidated. Target compounds were then tested in vitro for anti-cancer properties,
followed by determination of mechanisms of actions underlying the cytotoxicity.

There are some research directions worth explorations in future studies. For instance,
the synergistic effect of the isolated compounds should be further studied to enhance
drug efficacy. The signaling pathways induced by bioactive compounds must be
examined to unveil its potential as an anti-cancer agent. Also, the complexity of drug
discovery process in living organisms such as absorption, distribution, metabolism, and
elimination (ADME), metabolism-related pathways (CYP450) should be assessed both
in vitro and in vivo. Cytotoxicity assessment should be carried out using in vivo animal
model in order to provide true picture on the effectiveness of the isolated compounds.
Furthermore, in silico computer modelling can be used to predict pharmacokinetic and
pharmacodynamics properties before in vivo studies.
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