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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 
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cell cycle progression at 72 h and leading to an increase in the G0/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 
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sel, DCM-F2 menyebabkan perencatan besar perkembangan kitaran sel pada 72 jam 

dengan peningkatan populasi G0/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.   

© C
OPYRIG

HT U
PM



v 

ACKNOWLEDGEMENTS 

I would like to thank all those people who have made this doctoral degree thesis 

possible and an enjoyable experience for me. First and foremost, I wish to express my 

sincere gratitude to my supervisor, Prof. Dr. Cheah Yoke Kqueen for his constant 

guidance and support throughout the duration of my study. My special thanks to my 

co-supervisors, Assoc. Prof. Dr. Tham Chau Ling (UPM), Assoc. Prof. Dr. Ho Kok 

Lian (UPM) and Dr. Rozida binti Mohd Khalid (UKM), for their valuable guidance 

and support.  

My appreciation also goes to all lecturers, lab-mates, administrative staffs, and 

laboratory technologists from the Department of Biomedical Sciences, Faculty of 

Medicine and Health Sciences, Universiti Putra Malaysia (UPM). Thank you for all the 

guidance, motivation and support.  

I am grateful for the financial support from Ministry of Higher Education (MOHE) for 

giving me the MyBrain15-My PhD scholarship. Thank you also goes to the Yayasan 

Penyelidikan Antartica Sultan Mizan (YPASM) and University Putra Grant for 

providing funding to support this study. 

Last but not least, I would like also to express my deepest gratitude for a constant 

support, emotional understanding and love that I received from my family. Their 

willingness to motivate me has helped me achieve great heights in this path of 

excellence. 

© C
OPYRIG

HT U
PM



vii 

 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfilment of the requirement for the degree of Doctor of Philosophy. The 

members of the Supervisory Committee were as follows: 

 

 

Cheah Yoke Kqueen, PhD 

Professor Ts. 

Faculty of Medicine and Health Sciences 

Universiti Putra Malaysia 

(Chairman) 

 

Ho Kok Lian, PhD 

Associate Professor 

Faculty of Medicine and Health Sciences 

Universiti Putra Malaysia 

(Member) 

 

Tham Chau Ling, PhD 

Associate Professor 

Faculty of Medicine and Health Sciences 

Universiti Putra Malaysia 

(Member) 

 

Rozida binti Mohd Khalid, PhD 

Senior Lecturer 

Faculty of Science and Technology 

Universiti Kebangsaan Malaysia 

(Member) 

 

 

_______________________________     

     ZALILAH MOHD SHARIFF, PhD 
     Professor and Dean 

     School of Graduate Studies 

     Universiti Putra Malaysia 

       

     Date: 14 October 2021 

© C
OPYRIG

HT U
PM



viii 

 

Declaration by graduate student 

 

 

I hereby confirm that: 

 this thesis is my original work; 

 quotations, illustrations and citations have been duly referenced. 

 this thesis has not been submitted previously or concurrently for any other degree 

at any other institutions; 

 intellectual property from the thesis and copyright of thesis are fully-owned by 

Universiti Putra Malaysia, as according to the Universiti Putra Malaysia (Research) 

Rules 2012; 

 written permission must be obtained from supervisor and the office of Deputy 

Vice-Chancellor (Research and Innovation) before thesis is published (in the form 

of written, printed or in electronic form) including books, journals, modules, 

proceedings, popular writings, seminar papers, manuscripts, posters, reports, 

lecture notes, learning modules or any other materials as stated in the Universiti 

Putra Malaysia (Research) Rules 2012; 

 there is no plagiarism or data falsification/fabrication in the thesis, and scholarly 

integrity is upheld as according to the Universiti Putra Malaysia (Graduate Studies) 

Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia (Research) 

Rules 2012. The thesis has undergone plagiarism detection software. 

 

 

 

Signature: _______________________ Date: __________________ 

 

 

Name and Matric No.: Yeoh Chiann Ying (GS42455) 

  

© C
OPYRIG

HT U
PM



x 

 

TABLE OF CONTENTS 

      

             

 Page 

ABSTRACT i 

ABSTRAK iii 

ACKNOWLEDGEMENTS v 

APPROVAL vi 

DECLARATION viii 

LIST OF TABLES xiv 

LIST OF FIGURES xv 

LIST OF APPENDICES xviii 

LIST OF ABBREVIATIONS xix 

 

CHAPTER   

1 INTRODUCTION 1 

 1.1 Problem Statement 2 

 1.2 Justification for the study 2 

 1.3 Hypothesis 3 

 1.4 Aims of the study  3 

 1.5 Conceptual framework  4 

   

2 LITERATURE REVIEW 6 

 2.1 Cancer 6 

  2.1.1 Cancer statistics 6 

  2.1.2 Malaysia scenario 8 

  2.1.3 Breast cancer 8 

  2.1.4 Epidemiology of breast cancer 11 

  2.1.5 Aetiology of breast cancer  12 

  2.1.6 Treatment of breast cancer  12 

  2.1.7 Drawbacks of currently available 14 

   chemotherapeutic drugs                                                               

  2.1.8 Characteristic of an excellent  

  anti-cancer drug candidate 

16 

 2.2  Natural Products 16 

  2.2.1 Natural products as novel anti-cancer  

 agents 

18 

  2.2.2 Challenges of the use of natural   

 products as therapeutic agents 

18 

 2.3 Actinobacteria 19 

  2.3.1 Barrientosiimonas humi 20 

  2.3.2 Bioactive compounds produced by 21 

   extremophilic actinobacteria  

  2.3.3 Actinobacteria as anti-cancer agent 26 

 2.4 Programmed cell death pathways in cancer 40 

  2.4.1 Apoptosis 42 

  2.4.2 Autophagy 43 

  2.4.3 Necrosis and necroptosis 44 

© C
OPYRIG

HT U
PM



xi 

 

 2.5 Cell cycle progression and cancer  45 

 2.6  Cellular metabolism 46 

  2.6.1 Metabolics profiling by Biolog ̕s   

 Phenotype Microarray (PM) 

48 

   

3 GENERAL METHODOLOGY 50 

 3.1 Introduction 50 

 3.2 Media and solutions preparation 52 

  3.2.1 Actinomyces broth 52 

  3.2.2 Actinomyces agar 52 

  3.2.3 Nutrient agar 52 

  3.2.4 80% Glycerol  52 

  3.2.5 Vanillin/sulphuric acid 52 

  3.2.6 Preparation standard drug, doxorubicin 53 

  3.2.7 Preparation of MTT dye  53 

 3.3 Cell lines culture  53 

  3.3.1 Cell lines 53 

  3.3.2 Growth and maintenance of cell lines 54 

  3.3.3 Defrosting of cell lines  54 

  3.3.4 Cryopreservation of cell lines 54 

  3.3.5 Cell counting 54 

 3.4 Preparation of B. humi cultures 57 

  3.4.1 Culture stock of B. humi  57 

  3.4.2 Fermentation of B. humi  57 

  3.4.3 Isolation and preparation of EA-BH  57 

   

4 CYTOTOXICITY OF B. Humi CRUDE EXTRACT ON 

DIFFERENT CANCER CELL LINES  

58 

 4.1 Introduction  58 

 4.2 Materials and methods 59 

  4.2.1 Culture stock of B. humi 59 

  4.2.2 Fermentation 59 

  4.2.3 Preparation of crude extract 59 

  4.2.4 Preparation of stock solution 59 

  4.2.5 Cell culture 60 

  4.2.6 Determination of cytotoxicity of  

  EA-BH 

60 

  4.2.7 Real time cell growth assay 60 

  4.2.8 Selectivity of EA-BH 61 

  4.2.9 Statistical analysis 61 

 4.3 Results and discussion     61 

  4.3.1 Cytotoxicity of EA-BH 61 

  4.3.2 Real time cell growth assay 66 

  4.3.3 Cytotoxicity and selectivity of EA-BH 71 

 4.4 Conclusions 73 

   

5 DETERMINATIONS OF CYTOTOXICITY AND MODE 

OF CELL DEALTH INDUCED BY B. humi FRACTION 

ON HUMAN BREAST CANCER 

74 

 5.1 Introduction  74 

© C
OPYRIG

HT U
PM



xii 

 

 5.2 Materials and methods 75 

  5.2.1 Extraction and purification of EA-BH 75 

  5.2.2 Sample preparation 76 

  5.2.3 Cell culture 76 

 5.2.4 Determination of cytotoxicity of the   

 isolated fractions  

76 

  5.2.5 Real time cell growth assay 76 

  5.2.6 Morphological study 77 

  5.2.7 Determination of mode of cell death 77 

  5.2.8 Cell cycle analysis 77 

  5.2.9 Determination of caspase activity 78 

  5.2.10 Statistical analysis 78 

 5.3 Results and discussion  78 

  5.3.1 Bioassay guided fractionation of  

  EA-BH 

78 

 5.3.2 Determination of cytotoxicity of the  

 isolated fractions  

82 

               5.3.3 Real time cell growth assay 87 

 5.3.4 Morphological assessment of cancer  

 cells treated with DCM-F2 

96 

   5.3.5 Mode of cell death induced by DCM-F2  

 in MCF-7 and MDA-MB-231 cells  

99 

 5.3.6 Cell cycle arrest in MCF-7 and MDA- 

 MB-231 cells by DCM-F2  

103 

 5.3.7 Determination of caspase activity in  

 DCM-F2 treated breast cancer cells  

107 

 5.4 Conclusions 110 

   

6 PHENOTYPE MICROARRAY PROFILING OF THE 

CYTOTOXIC ACTIVITY OF B. humi  

111 

 6.1 Introduction 111 

 6.2 Materials and methods 112 

  6.2.1 Cell culture 112 

 6.2.2 Preparation of phenol red-free MC-0  

 medium          

112 

  6.2.3 Preparation of cell suspension 112 

  6.2.4 Dispense cells into PM-M plates                    113 

       6.2.5 Kinetic determination of cellular  

 energetics 

113 

 6.2.6 Data quantification & statistical   

 analysis                 

113 

 6.3 Results and discussion 114 

  6.3.1 Metabolic fingerprinting of  

  MDA-MB-231            

114 

 6.3.2 Metabolic profiling of MDA-MB-231  

 cells exposed to DCM-F2 

117 

  6.3.3 Altered cellular metabolism 126 

 6.4 Conclusions 133 

 

 

© C
OPYRIG

HT U
PM



xiii 

 

7 ISOLATION AND CYTOTOXICITY OF THE ISOLATED 

COMPOUNDS FROM ORGANIC EXTRACTS OF B. humi     

134 

 7.1 Introduction  134 

 7.2 Materials and methods  135 

  7.2.1 Culture stock of B. humi  135 

  7.2.2 Sample preparation 135 

  7.2.3 Isolation and purification of compounds 135 

  7.2.4 Elucidation of structure 135 

  7.2.5 Cell culture 136 

  7.2.6 Bioassay for the isolated compounds         136 

  7.2.7 Statistical analysis 136 

 7.3 Results and discussion 137 

 7.3.1 Structure elucidation of isolated   

 compounds 

137 

 7.3.2 Determination of cytotoxicity of the  

 isolated compounds 

139 

 7.4 Conclusions 143 

   

8 SUMMARY, CONCLUSIONS AND FUTURE 

DIRECTIONS 

144 

 8.1 General discussion 144 

 8.2 Conclusions 146 

 8.3 Recommendations for future research  148 

   

REFERENCES  149 

APPENDICES 169 

BIODATA OF STUDENT 185 

LIST OF PUBLICATIONS 186 

 

© C
OPYRIG

HT U
PM



xiv 

 

LIST OF TABLES 

 

 

 

Table  Page 

2.1 Characterization of four main breast cancer subtypes 

 

10 

2.2 List of bioactive compounds produced by polar actinobacteria 

 

23 

2.3 Commercial chemotherapeutic drugs isolated from soil actinobacteria 

 

27 

2.4 Potential anti-cancer drug leads isolated from soil actinobacteria 

 

34 

2.5 Comparison between different types of cell deaths  

 

41 

3.1 List of cell lines used in this study and its specified culture media 

 

53 

4.1 The cytotoxic effects of EA-BH 

 

64 

4.2 The cytotoxic effects of positive control, doxorubicin 64 

4.3 RTCA results of EA-BH 

 

69 

4.4 Toxicity assessment of EA-BH by RTCA system 

 

72 

5.1 Four major fractions from the fractionation of EA-BH and the yield 

 

80 

5.2 The cytotoxic effects of partitioned extracts from EA-BH 

 

83 

5.3 The cytotoxic effects of isolated fractions from DCM extract  

 

85 

5.4 The cytotoxic effects of partitioned extracts from EA-BH in MCF-7 

 

91 

5.5 The cytotoxic effects of partitioned extracts from EA-BH in MDA-

MB-231 

 

91 

5.6 The cytotoxic effects of the positive control drug, doxorubicin 91 

6.1 Preparation of MC-0 medium 

 

112 

6.2 Metabolic profiles of MDA-MB-231 cells and treated MDA-MB-231 

cells exposed to B. humi compound 

 

120 

6.3 Pathways involved with substrates from the Biolog phenotypic 

microarray 

 

125 

7.1 Cytotoxicity of compounds isolated from B. humi towards MCF-7, 

MDA-MB-231 cancer cells and H9c2 normal cells as determined by 

MTT assay at 72 h and reflected by IC50 value (μg/mL) 

140 © C
OPYRIG

HT U
PM



xv 

 

LIST OF FIGURES 

 

Figure  Page 

1.1 Conceptual Framework 

 

5 

2.1 Distribution of cancer cases and deaths worldwide in 2020 

 

7 

2.2 The incidence of the most commonly diagnosed cancer cases and 

deaths worldwide 

 

7 

2.3 The most commonly diagnosed cancer incidence by country in 2020 

among women 

 

11 

2.4 Types of cell deaths 

 

40 

3.1 Research methodology flow chart used in this study 

 

51 

3.2 Hemacytometer slide and coverslip 

 

55 

3.3 Haemocytometer with Neubauer chambers 

 

55 

4.1 Effect of EA-BH on the viability of human breast cancer cells 

(MCF-7 and MDA-MB-231) as determined by MTT assay 

 

64 

4.2 Effect of EA-BH on the viability of normal cells (H9c2 and HEK-

293) as determined by MTT assay 

 

65 

4.3 Real-time cell growth analysis profiles of EA-BH against different 

cancer cell lines, (A) MCF-7, (B) MDA-MB-231, (C) SCC-9, (D) 

A549 and (E) HepG2 

 

69 

4.4 Effect of EA-BH on the viability of MCF-7 at different time point 

as determined by RTCA assay 

 

70 

4.5 Effect of EA-BH on the viability of MDA-MB-231 at different time 

point as determined by RTCA assay 

 

70 

4.6 Toxicity assessment of EA-BH against normal cell line, H9c2 by 

using RTCA system 

 

72 

5.1 TLC profiles of the four fractions (F1-F4) 

 

80 

5.2 Flow chart of bioassay-guided fractionation of EA-BH 

 

81 

5.3 Effects of partitioned extracts from EA-BH on the viability of MCF-

7 as determined by MTT assay 

 

83 

5.4 Effects of partitioned extracts from EA-BH on the viability of 

MDA-MB-231 as determined by MTT assay 

 

84 

© C
OPYRIG

HT U
PM



xvi 

 

5.5 Effect of isolated fractions from DCM extract (F1-F4) on the 

viability of MCF-7 cancer cells as determined by MTT assay 

 

86 

5.6 Effect of isolated fractions from DCM extract (F1-F4) on the 

viability of MDA-MB-231 cancer cells as determined by MTT  

 

86 

5.7 Real-time cell growth analysis profiles of partitioned extracts from 

EA-BH against MCF-7 cells, (A) DCM (B) Aqueous 

 

88 

5.8 Real-time cell growth analysis profiles of partitioned extracts from 

EA-BH against MDA-MB-231, (A) DCM (B) Aqueous 

 

89 

5.9 Real-time cell growth analysis profiles of isolated fractions (F1-F4) 

from DCM extract against human breast cancer cells, (A) MCF-7, 

and (B) MDA-MB-231 

 

93 

5.10 Toxicity assessment of the isolated fractions against normal cell 

line, H9c2 by using RTCA system 

 

95 

5.11 Population and morphological changes of MCF-7 cells (A & B), 

and MDA-MB-231 cells (C & D), treated with DCM-F2 at IC50 for 

72 h 

 

97 

5.12 Close-up view of MCF-7 and MDA-MB-231 cells treated with 

DCM-F2 at IC50 for 72 h 

 

98 

5.13 Determination of apoptosis in DCM-F2 treated MCF-7  

 

101 

5.14 Determination of apoptosis in DCM-F2 treated MDA-MB-231  

 

102 

5.15 Cell cycle profile of MCF-7 cells treated with DCM-F2 at indicated 

concentrations for 72 h 

 

104 

5.16 Cell cycle profile of MDA-MB-231 cells treated with DCM-F2 at 

indicated concentrations for 72 h 

 

105 

5.17 Determination of caspase-like activity in DCM-F2 treated breast 

cancer cells, A) MCF-7 and B) MDA-MB-231 

 

109 

6.1 Metabolic fingerprint of MDA-MB-231 breast cancer cells 

 

116 

6.2 Comparison of substrate metabolism in MDA-MB-231 cells 

 

118 

6.3 Comparison of substrate utilization in both control and treated 

MDA-MB-231 cells are shown on PM plates (PM-M1 to M4) 

 

127 

6.4 Schematic showing the pathways involved with substrates from the 

Biolog phenotypic microarray 

 

129 

7.1 Structures of the isolated compounds 137 

© C
OPYRIG

HT U
PM



xvii 

 

 

8.1 An overview flow chart of the results obtained in this study 147 

© C
OPYRIG

HT U
PM



xviii 

 

LIST OF APPENDICES 

 

 

Appendix  Page 

A List of materials and apparatuses 169 

B Growth curve of Barrientosiimonas humi 172 

C Plate layout for MTT assay 173 

D Plate layout for Real Time Cellular Analysis (RTCA) 174 

E Cell number standard curve for MCF-7 and MDA-MB-231 175 

F Fractionation of DCM extract using column chromatography 176 

G Quick protocol for Biolog’s Phenotypic Microarray for 

Mammalian Cells (PM-M) 

179 

H Substrate templates of Phenotype MicroArrays (Biolog, Hayward, 

CA) 

180 

© C
OPYRIG

HT U
PM



xix 

 

LIST OF ABBREVIATIONS 

 

 

Acetyl-CoA Acetyl coenzyme A 

 

AIF Apoptosis-inducing factor 

 

ANOVA One-way analysis of variance 

 

ATCC American Type Culture Collection 

 

ATP Adenosine triphosphate 

 

BECN1 Beclin 1 

 

BuOH n-Butanol 

 

CDK Cyclin-dependent kinases 

 

CHCl3 Chloroform 

 

COSY ¹H-¹H Correlation Spectroscopy 

 

dATP Deoxyadenosine triphosphate  

 

DCM Dichloromethane 

 

dH2O Distilled water 

 

DKP Diketopiperazines 

 

DMEM Dulbecco’s modified eagle medium 

 

DMSO Dimethyl sulfoxide 

 

DNA Deoxyribonucleic acid 

 

EDTA Trypsin-ethylenediaminetetraacetics acid 

 

ER Estrogen receptor 

 

ESIMS Electrospray ionization mass spectrometry 

 

EtOAc Ethyl acetate 

 

EtOH Ethanol 

 

FADH2 Flavin adenine dinucleotide 

 

FAS Cell surface death receptor 

© C
OPYRIG

HT U
PM



xx 

 

FBS Fetal bovine serum 

 

FDA The Food and Drug Administration 

 

FKBP12 FK506-binding protein 12 

 

FT-IR Fourier-transform infrared spectroscopy 

 

GLUT1 Glucose transporter 1 

 

H2SO4 Sulphuric acid 

 

HER2 Human epidermal growth factor receptor 2 

 

HIF-1α Hypoxia inducible factor- 1α 

 

HMBC Heteronuclear Multiple Bond Correlation 

 

HMQC Heteronuclear multiple quantum coherence 

 

IAPs Inhibitors of apoptosis proteins 

 

IC50 Half maximal inhibitory concentration 

 

LC-MS Liquid chromatography–mass spectrometry 

 

LDH Lactate dehydrogenase 

 

MDR Multidrug resistance 

 

MEM Minimum essential medium 

 

MeOH Methanol 

 

MHz Megahertz 

 

mTOR The mammalian target of rapamycin 

 

MTT 3-(4,5- dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide 

 

NADH Nicotinamide adenine dinucleotide 

 

NaOH Sodium hydroxide 

 

NaP Sodium-pyruvate 

 

NMR Nuclear magnetic resonance 

 

Ox-Phos Oxidative phosphorylation 

© C
OPYRIG

HT U
PM



xxi 

 

p21/Cip1 Cyclin-dependent kinase inhibitor 1 

 

p53 Tumour suppressor gene 

 

PBS Phosphate buffer saline 

 

PCD Programmed cell death 

 

PKA Protein Kinase A 

 

PKC Protein kinase C 

 

PM Phenotype Microarray 

 

PM-M Phenotype Microarray for Mammalian Cells 

 

PS Phosphatidylserine 

 

RC Radial chromatography 

 

RIP Receptor-interacting protein kinases 

 

RNA Ribonucleic acid 

 

RT Room temperature 

 

RTCA Real Time Cell Analysis 

 

SD Standard deviation 

 

SI Selectivity index 

 

TCA Tricarboxylic acid 

 

TLC Thin Layer Chromatography 

 

TNBC Triple-negative breast cancers 

 

TNFα Tumour necrosis factor-α 

 

TRAIL TNF related apoptosis inducing ligand 

 

TXNIP Thioredoxin-interacting protein 

 

WHO World Health Organization 

 

XIAP X-linked inhibitor of apoptosis protein 

 
13C NMR Carbon nuclear magnetic resonance  

 

© C
OPYRIG

HT U
PM



xxii 

 

1H NMR Proton nuclear magnetic resonance 

 

7-AAD 7-amino-actinomycin D 

© C
OPYRIG

HT U
PM



1 

 

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 (Ivanova 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.  
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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 
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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. 
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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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