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Abstract 

 

Tuberculosis (TB) ranks alongside HIV-AIDS and malaria as one of the leading causes of 

death by infectious disease worldwide. The 2015 Millennium Development Goals (MDGs) 

for reducing the mortality rate and the incidence of new patients to 50% of the 1990 

incidences have nearly been reached. However, the prevalence of multidrug-resistant TB 

(MDR-TB) remains well off-track and needs to be addressed as a public health crisis. Within 

the past 40 years only one new anti-TB drug with a unique mode of action, namely 

bedaquiline (FDA approved in 2012), has become available for drug resistant strains of TB 

but even this has concerning side effects. Clearly, there is an urgent need for safer drugs that 

have no pre-existing resistance mechanism to terminate the global prevalence of drug 

resistance TB. 

 

Biotin biosynthesis has been proposed as a promising druggable target for anti-TB drug 

discovery. Biotin is an essential metabolite required for growth of all living cells. Biotin is 

synthesized de novo in microorganism, plants, and fungi. The absence of this metabolic 

pathway in humans makes biotin biosynthesis attractive for antibiotic discovery. In particular, 

biotin biosynthesis plays an important metabolic role as the sole source of biotin in all stages 

of the tuberculi life cycle due to the lack of biotin transporter. Biotin is intimately associated 

with lipid synthesis where the products form key components of the cell membrane that is 

critical for bacterial survival. Therefore, enzymes involving in lipid synthesis and biotin 

biosynthesis have been designated as an excellent target for the development of new anti-TB 

drugs to combat drug resistant TB.  
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Dethiobiotin synthetase (DTBS) catalyzes the penultimate step of the biotin biosynthetic 

pathway. It was selected as a target for screening inhibitors for M. tuberculosis biotin 

biosynthesis in this study due to its essential role in the growth and virulence of tuberculi. X-

ray crystal structures of M. tuberculosis DTBS (MtDTBS) reveals two preformed adjacent 

ligand-binding pockets that allowed DAPA and NTP substrates to bind independently, 

making both pockets attractive for drug discovery. Enabling technologies were developed for 

the characterization of DTBS enzymes, including in silico screening coupled with X-ray 

crystal structures and three new facile assays for identifying ligand binding in the NTP 

pocket, namely an enzyme assay, a competitive ATP-binding assay and surface plasmon 

resonance (SPR) analysis. Unexpectedly, MtDTBS was shown to have broad specificity for a 

variety of nucleotide triphosphates, although the enzyme had the highest affinity for CTP in 

competitive binding and SPR assays. For the first time, X-ray crystal structure of MtDTBS 

bound to a nucleotide triphosphate (CTP) has been reported, showing that the nucleoside base 

is stabilized in its pocket through hydrogen-bonding interactions with the protein backbone, 

rather than amino acid side chains. These novel findings for MtDTBS are in contrast to other 

DTBS orthologs, for example Escherichia coli DTBS (EcDTBS) preferentially binds ATP 

primarily through hydrogen-bonds between the adenine base and the carboxamide side chain 

of a key asparagine. Mutational analysis performed alongside in silico experiments revealed a 

gate-keeper role of asparagine at position 175 in E. coli DTBS that excludes binding of other 

nucleotide triphosphates. Due to the absence of the gate-keeper at an equivalent position, 

MtDTBS thus has the broad specificity to multiple types of nucleotide triphosphates.   

 

The X-ray crystal structure of MtDTBS in complex with CTP was used in an in silico, 

fragment-based approach to drug discovery. Compounds identified by in silico docking were 

verified using an SPR binding assay and DTBS enzyme assay. Total six hits (namely CT6, 
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CT7, B1, B3, B7, and B9) were identified that were predicted to bind to the protein “hot 

spot” located in the phosphate-binding loop at the junction of the two ligand binding pockets. 

Lineweaver-Burk analysis revealed one compound, gemcitabine, was competitive against 

DAPA and ATP. The low molecular weight (< 300 Da), low chemical complexity, and good 

ligand efficiency (LE) (0.2-0.3 kcal/mol/heavy atom) of the hits make them attractive targets 

for chemical development into more drug-like leads. Interestingly, the anti-cancer 

gemcitabine CT6 clearly showed in vitro inhibitory activity against MtDTBS, suggesting an 

application of this existing drug as a new anti-TB agent. As proof of concept, the potential 

optimization of leads has been proposed via merging CT6 with DAPA carbamate in order to 

avoid potential toxicity that might cause through off-target of human NTP-dependent 

enzymes. Finally, the potential transcriptional regulation of M. tuberculosis biotin 

biosynthesis has been firstly proposed in order to understand the biotin metabolism of 

tuberculi and to combat TB effectively.  

 

 

Thesis layout: 

The thesis will be presented as a combination of conventional chapters and publication 

formats. Two manuscripts are presented in chapter 4 and 5 with their own referencing. A 

general introduction, general materials and method, and final discussion and future direction 

is also be included to link together all the research conducted during my candidate. A 

publishing agreement with all co-authors involved with the work is included. 

 

 

 

 



	   ix	  

Statement of Originality 

 

I certify that this work contains no material which has been accepted for the award of any 

other degree or diploma in any university or other tertiary institution to Wanisa Salaemae 

and, to the best of my knowledge and belief, contains no material previously published or 

written by another person, except where due reference has been made in the text. 

 

I give consent to this copy of my thesis when deposited in the University Library, being made 

available for loan and photocopying, subject to the provisions of the Copyright Act 1968. 

 

I also give permission for the digital version of my thesis to be made available on the web, 

via the University’s digital research repository, the Library catalogue and also through web 

search engines, unless permission has been granted by the University to restrict access for a 

period of time 

 

 

 

……………………………………………     ………………….. 

     Wanisa Salaemae        Date 

 

 

 

 

 

 



	   x	  

Communications and Presentations 

 

W. Salaemae, M. Y. Yap, S. W. Polyak, M. C. J. Wilce, G. W. Booker (2013) CTP analogs 

as novel inhibitors of Dethiobiotin synthetase: Implication for tuberculosis research. Drug 

Discovery and Therapy World Congress, Boston, USA. Poster Presentation. Awarded the 

Royal Thai Government Scholarship to cover registration, flights and accommodation.  

 

W. Salaemae, M. Y. Yap, S. W. Polyak, M. C. J. Wilce, G. W. Booker (2012) A new 

approach to combat drug resistant tuberculosis via inhibiting the dethiobiotin synthetase. 

Adelaide Protein Group Meeting, Adelaide, Australia. Poster Presentation. 

 

W. Salaemae, S. W. Polyak, G. W. Booker (2012) Novel inhibitors of dethiobiotin synthetase 

from Mycobacterium tuberculosis represent an avenue to the discovery of new anti-TB 

agents. Australian Society for Medical Research Meeting SA Division Scientific Meeting, 

Adelaide, Australia. Oral Presentation. 

 

W. Salaemae, S. W. Polyak, G. W. Booker (2012) Dethiobiotin synthetase in Mycobacterium 

tuberculosis: A novel drug target. 37th Lorne Proteins Conference, Lorne, Australia. Poster 

Presentation. Awarded student registration of $295. 

 

W. Salaemae, S. W. Polyak, G. W. Booker (2011) Novel inhibitors for the biotin biosynthesis 

pathway in Mycobacterium tuberculosis. Australian Society for Medical Research Meeting 

SA Division Scientific Meeting, Adelaide, Australia. Poster Presentation. 

 

 



	   xi	  

Acknowledgement 

 

I would like to express my profound gratitude to my supervisor, Grant Booker, for having a 

place for me to work in his lab. Grant, I still remember your first reply within a few hours 

after I sent email to express my interest of doing PhD in your lab. Your enthusiasm was 

encouraging and I am glad that I decided to come and completed my PhD here. Thank you 

for your expertise and knowledge about structure-based drug design and computational 

approaches that really fulfill my interest of drug discovery field.   

 

I extend gratitude to my co-supervisor, Steven Polyak. I appreciate the amount of time and 

support that you gave me throughout my PhD. This thesis would not have been completed 

without your constant and untiring advice, guidance, expertise and assistance. Thank you for 

encouraging me to start this project from my questions. I used to think it is very difficult to 

develop new assays but finally, I can make it because of your great advice. 

 

I was the recipient of the Royal Thai Government Scholarship, which funded my PhD 

studies, living expense and travel costs for attending an international conference in Boston. I 

truly appreciate the financial assistance. 

 

I would like to thank Min Yap and Matthew Wilce from Monash University for solving X-

ray crystal structure of MtDTBS in complex with CTP. Without this structure, my PhD 

project should not be completed. Thank you to Staphan Meding, James Eddes and Chris 

Crusaro from the Adelaide Proteomics Centre for your assistance with the mass spectrometry 

works. Thanks to Colleen Bindloss for your assistance with gel filtration and ASTRA. 

Thanks to the Wallace & Frobe Lab, the Whitelaw lab and the Brunning lab for being my go 



	   xii	  

to place when I need to borrow some chemicals. To everyone in the department, the different 

labs and the lovely people from CSU and other support staffs, thank you for the smiles and 

chats in the hallways. 

 

Thanks to the Booker lab member for their support during my PhD. Especially Kate Wegener 

for helping me with all aspects of structural analysis. Thank you Al Azhar for being a good 

lab college, a wonderful brother who always listen and give advice whenever I had problem, 

and also being a great friend who I spent fun time for sports, parties, or either helping me 

move houses. Jiulia, thanks for your neurofens and of course chocolate therapy (you still 

need them until you finish PhD J). Thanks Ashleigh, Andrew, Louise and David for making 

the lab the positive place to work. Thanks previous lab members, Mike (special thanks for 

allowing me to hit your arm when I got bad assay results J), Sushil, Lungisa and Wei Wei 

for being so helpful. Thanks all my students for listening to my supervision and helping me 

many parts of my project. 

 

I would like to thank the most important people in my life, Dad, Mom, and my brothers for 

their love and belief in me. Dad, now I become Dr Wanisa as I have promised you since I 

was 15 years old. Thank to Toori for constant cheering me up and trying to understand me 

when I needed particularly during thesis writing. Thank all of my friends, especially Dylan, 

Shee Chee, Cher-Lynn, Yassir, Silvia, Nisa, Wimie, P’Bee, P’Noks, P’Lukyee, Prae and 

Yulee, that have supported and gave me accompany during my stay in Australia. You make 

my serious life more interesting and enjoyable. I love you all and I look forward to see you 

again somewhere soon. 

 


	TITLE: Novel inhibitors for biotin biosynthesis pathway in Mycobacterium tuberculosis
	Table of Contents
	Abbreviations
	Abstract
	Statement of Originality
	Communications and Presentations
	Acknowledgement


