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Molecular Microbiology

Programme leader

Associate Professor Brian Monk

e uty	 rogra e	 eader 	 sso iate	 ro essor	 eoffrey	 o ins

Programme overview 

Molecular Microbiology research within the SJWRI encompasses microbiological 
investigations applied to a variety of disciplines relevant to Dentistry. These 
include endodontics, periodontics, implantology, cariology and treatment with 
antimicrobials, antifungal and antibacterial drug development, drug resistance, 
structural biology and microbial genomics. Research is primarily conducted 
in the Molecular Biosciences Laboratory, which in October 2018 relocated to 
a	 te orary	 a ility	 in	 the	 ground	 oor	 o 	 the	 e art enty	 o 	 io he istry	
Building.

Major funding supporting research within the Programme during 2017-2018 
came from the New Zealand Dental Research Foundation, the Ministry of Health 
Oral Health Research Fund, the New Zealand Health Research Council, the 
Marsden Fund, the Ministry of Business Innovation and Employment, the Catalyst 
Fund of the Royal Society of New Zealand, the Maurice and Phyllis Paykel Trust, 
the Fuller Scholarship, the SJWRI Sir Thomas Kay Sidey Postdoctoral Fellowship, 
Otago Innovation Ltd, the Otago Medical Research Foundation, KiwiNet, the 
Lottery Grants Board, the Otago Participatory Science Platform (supported by 
MBIE Curious Minds).

Current research

Structure-directed discovery of next-generation antifungals

Principal Investigators: Brian Monk, Mikhail Keniya, Rajni Wilson, Alia Sagatova

A paucity of structural information on existing antifungal targets and the 
e erging	 roble 	o 	anti ungal	resistan e	affe t	both	 edi ine	and	agri ulture.	
These problems are being addressed by overexpressing in yeast the azole 
drug	 target	 lanosterol	 de ethylase 	 the	 terbina ne	drug	 target	s ualene	
onoo ygenase 	the	e hino andin	drug	target	glu an	synthase	and	drug	e u 	

pumps from the ATP binding cassette and major facilitator superfamilies. These 
onstru ts	 rovide	 roteins	 or	 uri ation	and	stru tural	 resolution	by	 ray	

crystallography plus key tools that enable targeted screens for antifungals and 
valuable	tests	o 	anti ungal	e a y.	

Since 2014 the group has deposited in the Protein Data Bank over 30 
rystal	 stru tures	 o 	 wild	 ty e	 and	 utant	 lanosterol	 de ethylase	 ro 	

Saccharomyces cerevisiae in complex with a range of azole drugs and agrochemicals, 
lus	the	 rst	 rystal	stru tures	o 	a	 ull length	lanosterol	 de ethylase	 ro 	

fungal pathogens (Candida glabrata and Candida albicans). This information 
is being used to design potent chimeric antifungals that combine the best 
attributes of existing antifungals and has enabled computer-based screens of 
large	 o ound	libraries	in	efforts	to	dis over	novel	anti ungals.	 ur	resear h	
lat or 	has	also	underta en	resear h	on	lanosterol	 de ethylase	in	other	

important and emerging fungal pathogens including the human pathogens 
Aspergillus fumigatus, Cryptococcus neoformans and Candida parasilosis and the 
plant pathogens Zymoseptoria tritici and Phakopsora pachyrhizi.

 



 
Visiting researchers
Jasper James (2018-2019), 
Universiti Kebangsaan 
Malaysia, Kuala Lumpur
Associate Professor Michaela 
Lackner (2018), Medical 
University of Innsbruck, Austria
Dr Khoon Lim, CReaTE group, 
Centre for Bioengineering and 
Nanomedicine, UO Christchurch

Intramural collaborators
Dr Mihnea Bostina, 
Department of Microbiology
Professor Kurt Krause, 
Department of Biochemistry
Associate Professor Joel 
Tyndall, School of Pharmacy
Dr Mihnea Bostina, 
Department of Microbiology

Extramural collaborators
Associate Professor Marina 
Bakri, University of Malaya
Dr Ariya Chindamporn, 
Chulalongkorn University
Professor Gary Dunny, 
University of Minnesota
Dr Edmund Fleischer, 
MicroCombiChem, Germany
Associate Professor Maggie-Lee 
Huckabee, Uni of Canterbury
Dr Anette Klinger, 
MicroCombiChem, Germany
Professor Susumu Kajiwara, 
Tokyo Institute of Technology
Professor Amarila Malik, 
Universitas Indonesia
Associate Professor Alok Mitra, 
University of Auckland
Dr David Musson, University of 
Auckland
Dr Kyoko Niimi, Tokyo Institute 
of Technology
Dr Masakazu Niimi, Tokyo 
Institute of Technology
Professor David Perlin, Rutgers 
University
Professor Rajendra Prasad, 
Jawaharlal Nehru University
Associate Professor Jacinta 
Santhanam, Universiti 
Kebangsaan Malaysia
Dr Jan Schmid, Massey 
University, Palmerston North
Professor Robert Stroud, UCSF
Dr Thomas Tomasiak, 
University of Arizona

The group published 5 papers and a book chapter in 2017-2018. Our primary 
funding is a Health Research Council of New Zealand grant (2016-2019) entitled 
“Structure-directed discovery of next-generation antifungals”, which built on a 
previous Marden Fund grant (2010-2015) and a Health Research Council of New 
Zealand grant (2013-2016). The Sir John Walsh Research Institute has supported 
the research of Thomas Kay Sidey Postdoctoral Fellow Alia Sagatova on squalene 
onoo ygenase.	 his	resulted	in	the	e ression	and	 uri ation	o 	this	i ortant	

antifungal target from yeast. The award of a Catalyst Fund grant supports 
collaboration with Associate Professor Michaela Lackner of the Medical University 
of Innsbruck (pictured above with PhD students Yasmeen Ruma and Parham 
Hosseini). This research is providing phenotypic and structure-based insight into 
the intrinsic azole resistance associated with the ancient mucormycete family of 
fungal pathogens. 

Research collaborations have involved Associate Professor Joel Tyndall in the 
University of Otago School of Pharmacy, the laboratory of Professor Robert Stroud 
at UCSF (San Francisco), the combinatorial chemistry company MicroCombichem 
(Wiesbaden, Germany) and Bayer AG Crop Protection Division (Monheim, 
Germany and Lyon, France). 
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Visiting researcher Associate Professor Michaela Lackner and PhD students Yasmeen Ruma and 
Parham Hosseini discuss phenotypes obtained with recombinant yeast.



Before organisms can cause oral infections, they must 
rst	 olonise	 the	 oral	 avity.	 ittle	 is	 nown	 about	 the	

range of fungal species and diversity of C. albicans strains 
that colonise people’s mouths. We have used rDNA 
sequencing and multilocus sequence typing (MLST) to 
identify and investigate fungi colonising people with 
dentures, oral cancer and older people. Surface roughness 
of oral surfaces can facilitate oral colonization. We have 
investigated	how	inter ro i al	redu tion	o 	teeth	affe ts	
surface roughness and microbial adherence. Our group 
published 6 papers and 2 book chapters in 2017-2018. 
Our research has involved collaborations with Associate 
Professor Alok Mitra (University of Auckland), Dr Jan 
Schmid (Massey University, Palmerston North), Professors 
Lutz Schmitt and Holger Gohlke (Heinrich Heine University 
Düsseldorf, Germany), and recently with Associate 
Professor Jacinta Santhanam (Universiti Kebangsaan 
Malaysia, Kuala Lumpur, Malaysia) and Professor Stefan 
Raunser (Max Planck Institute for Molecular Physiology, 
Dortmund, Germany).

Oral bacteriology 
Principal investigators: Geoffrey Tompkins, Peter Cathro

a teria	 are	 involved	 in	 various	 diseases	 affe ting	 the	
teeth and gingival tissues. Current projects in this group 
include: (i) development of new antimicrobials directed at 
the extremely alkaline-tolerant bacteria that cause root 
canal treatments to fail; (ii) evaluation of lasers to remove 
bio l s	 ro 	 dental	 i lants 	 iii 	 the	 involve ent	 o 	
dental plaque bacteria in the development of aspiration SJ
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Fungal colonisation and drug-resistance 

Principal investigators: Richard Cannon, Li Mei, Ann Holmes, 
Hee Ji Lee and Erwin Lamping

The increased incidence of infections caused by drug 
resistant microorganisms is a major global health 
concern. While the multidrug resistance of bacteria 
is most prominent, drug resistance of fungi is also of 
great concern. The main cause of high-level azole drug 
resistance in the most common oral fungal pathogens, 
Candida albicans and other non-albicans Candida species, 
is the over-expression of ATP-binding cassette (ABC) 
transporters that protect cells from azole antifungals. 
We have used our patented, and further optimised, 
Saccharomyces cerevisiae system for heterologously 
expressing membrane proteins to study C. albicans	e u 	
pump Cdr1. In a project supported by the Marsden Fund, 
site-directed mutagenesis has been used to investigate 
the role of amino acids, particularly cysteines, in pump 
function. We have also used the expression system to 
study	 C	 e u 	 u s	 ro 	 other	 i ortant	 ungal	
species such as Candida krusei, Candida utilis, Penicillium 
marneffei, and the Fusarium solani species complex. Other 
ro e ts	have	i 	identi ed	the	 utations	in reased	
old	e ression	o 	the	 a or	hu an	 ultidrug	e u 	 u 	

ABCB1 in our S. cerevisiae host and sequenced its entire 
genome; ii) created a functional, but cysteine-less, version 
of C. albicans Cdr1 for it’s structural characterization; and 
iii) studied the possible homo-dimerization of Cdr1 in live 
yeast cells. 

Above: Assoc Prof Brian Monk in the new temporary home for the 
Molecular Biosciences Laboratory in the Department of Biochemistry.

BDS (Hons) student Danyon Graham presenting his summer student 
research at the 94th IADR General Session in Seoul, June 2016. 



neu onia	 in	 stro e	 atients 	 v 	 the	 effe t	 o 	 various	
antimicrobials, including chlorhexidine, and silver-based 
anti i robials	affe t	oral	 i robial	e ology.

Developing novel antimicrobial agents for oral 
applications 
Principal investigators; Dawn Coates and Gemma Cotton

Antibiotic resistance has become an increasing problem 
in clinical medicine. This team undertakes research on the 
development of novel antimicrobials for oral applications 
and as an adjunct to bone grafting materials. Research 
includes both chemically synthesised compounds 
and those derived from New Zealand native plants. 
nti i robial	 a tion 	 or ulation 	 release	 ro les 	

molecular mechanisms of action, along with in vitro and in 
vivo	trials	on	e a y	and	 o atibility	are	all	 ondu ted.

Microbial profiling and bacteria genome 
sequencing using next-generation DNA sequencing 
technology
Principal investigator: Nick Heng

The oral cavity of each human and animal harbours its 
own distinctive community of microbes, termed the 
“oral microbiota”. The human oral microbiota alone is 
estimated to comprise over 700 species of microbes. Many 
species have long been associated with disease such as 
Streptococcus mutans (dental caries) and Porphyromonas 
gingivalis	 eriodontal	disease .	 a terial	 ro ling	o 	oral	
samples from healthy or diseased participants using 
next-generation DNA sequencing technology have 
helped identify some species that may either contribute 
to diseaseprogression or are associated with good oral 
health. This research group is also interested in revealing 
the genomic secrets of cultured species such as the 
antimicrobial-producing Streptococcus salivarius (from 
humans) and new oral streptococcal species isolated 
from other animals.

Development of tools to monitor probiotic bacteria 
using real-time quantitative PCR
Principal investigator: Trudy Milne and Nick Heng

Probiotic species are those that, when colonising humans 
or	 ani als 	 are	 believed	 to	 on er	 bene ial	 effe ts	
on their hosts. Oral probiotics have been developed 
and are commercially-available to combat/prevent oral 
pathogens such as Streptococcus mutans (dental caries) 
and Porphyromonas gingivalis (periodontal disease). 
This research team is focused on developing real-time 
C 	 robe	sets	 to	s e i ally	dete t	 arti ular	 robioti 	

species. These molecular tools would be useful in 
monitoring probiotic strains colonising their hosts and, 
in combination with next-generation DNA sequencing, 

deter ine	 i 	 they	 e ert	 any	 in uen e	 on	 the	 oral	
microbiota.

Microbial biofilms 
Principal investigators: Vincent Bennani and Li Mei

ost	 i roorganis s	live	within	bio l s	and	in	the	 outh	
these	bio l s	 an	 ause	diseases	su h	as	dental	 aries 	
periodontitis and peri-implantitis. We are interested in 
how	 bio l s	 or 	 on	 oral	 sur a es	 in luding	 denture	
a ryli 	 i lant	 titaniu 	 and	 orthodonti 	 a lian es	 	
and	 easuring	how	effe tive	 ethods	are	 or	 re oving	
these	 bio l s.	 e	 have	 also	 investigated	 the	 use	 o 	
Streptococcal salivarius strains as probiotics to inhibit 
the growth of oral pathogens and improve oral health in 
orthodontic patients.

Oral immunology
Principal investigator: Trudy Milne

Furthering our understanding in the area of 
immunopathogenesis of periodontal disease and the 
relationship between periodontal and systemic diseases 
will	 bene t	 lini ians.	 	 study	 o 	 eriodonto athogens	
associated with periodontal disease and their ability to 
alter gene expression in various oral mucosal diseases, 
particularly oral lichen planus and squamous cell 
ar ino a	is	ongoing.	 e	are	also	interested	in	the	effe t	

bacteria and Type 2 diabetes has on dental pulp vitality 
and	healing.	 he	grou 	has	 ublished	 ve	 a ers	in	
2018. Primary funding has been from the New Zealand 
Dental Research Foundation. 

Funding highlights

Tools for drug discovery from an ancient fungal family. Catalyst 
Seeding Fund of the Royal Society of New Zealand. B.C. Monk 
and M. Lackner. $80,000.

A pipetting robot. New Zealand Dental Research Foundation. 
H.J. Lee, R.D. Cannon and B.C. Monk. $15,000.

Engineering yeast as an ideal expression host for human 
P-glycoprotein (ABC1). Otago Medical Research Foundation. E. 
Lamping and R.D. Cannon. $15,000.

Drug resistance in the emerging fungal pathogen Candida 
auris. Maurice & Phyllis Paykel Trust. R.D. Cannon and E. 
Lamping. $10,000.

y e 	diabetes	 	 ow	do	hu an	 ul 	 ells	res ond	to	glu ose	
and lipopolysacchardies? New Zealand Dental Research 
Foundation. Lara Friedlander, Shaikha Al Samahi, Trudy Milne, 
Haizal Hussaini, Alison Rich. $14,890.

Expression of vascular endothelial growth factor and 
associated pathways in oral squamous cell carcinoma. (2018) 
New Zealand Dental Dental Research Foundation. Haizal 
Hussaini, Harsha De Silva, Sajith Edirisinghe, Trudy Milne, 
Alison Rich. $14,496.
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Cotton, G. C., Lagesse, N. R., Parke, L., & Meledandri, C. J. 
(2018). Antibacterial nanoparticles. In S. Hashmi, E. Bayraktar, 
G. Batalha, D. Brabazon, M. Buggy, I. A. Choudhury, … C. 
Zavagalia (Eds.), Reference module in materials science and 
materials engineering. Elsevier. doi: 10.1016/B978-0-12-
803581-8.10409-6. 
Presentation of the synthetic methods, mechanism of action, and 
applications of inorganic nanoparticles as inherent antimicrobial 
agents. 

Smith, M. M., Duncan, W. J., & Coates, D. E. (2018). Attributes 
of Bio-Oss® and Moa-Bone® graft materials in a pilot study 
using the sheep maxillary sinus model. Journal of Periodontal 
Research, 53(1), 80-90. doi: 10.1111/jre.12490. 
Efficacy of regenerative bone scaffolds in an in vivo system, used in 
the development of the Silverbone project . 

Cotton, G.C., Schwass, D.R., Duncan, W.J., Meledandri, C.J. 
Patent WO2017061878A1. Antimicrobial containing silver gel. 

Cotton, G.C., Schwass, D.R., Meledandri, C.J. WO2018217104A1. 
PatentGlass ionomer cement containing silver nanoparticles.

Benn, A., Heng, N., Broadbent, J.M., Thomson, W.M. (2018) 
Studying the human oral microbiome: challenges and the 
evolution of solutions. Australian Dental Journal 63(1), 14-24. 
doi: 10.1111/adj.12565.

Grazia, S.E., Sumayyah, S., Haiti, F.S., Sahlan, M., Heng, N.C.K., 
Malik A. (2017) Bacteriocin-like inhibitory substance (BLIS) 
activity of Streptococcus macedonicus MBF10-2 and its 
synergisti 	a tion	in	 o bination	with	antibioti s.	 sian	 a i 	
Journal of Tropical Medicine 10(12), 1140-1145. doi: 10.1016/j.
apjtm.2017.11.001.

Heng, N.C.K., Yeh, C.-W., Malik, A. (2017) Draft genome 
sequence of Weissella confusa MBF8-1, a glucansucrase- and 
bacteriocin-producing strain isolated from a homemade soy 
product. Genome Announcements 5(4), pii: e01497-16. doi: 
10.1128/genomeA.01497-16.

Hidayat, M.F.H., Milne, T., Cullinan, M.P., Seymour, G.J. (2017) 
Feasibility of the Salivary transcriptome as a novel biomarker 
in determining disease susceptibility. Journal of Periodontal 
Research. DOI:10.1111/jre.12522. Journal of Periodontal 
Research 49 (6) 817-826. 

Al-Dujaili, M., Milne, T., Cannon, RD, Farella M. (2018) Postnatal 
expression of chondrogenic and osteogenic regulatory factor 
mRNA in the rat condylar cartilage. Archives of Oral Biology 
93, 126-132.

Parachuru V., Coates, D. Rich A., Milne T., Seymour G. (2018) 
FoxP3+ regulatory T-cells may play a more prominent role 
than	 	in	 hroni 	in a atory	 eriodontal	disease.	 ournal	
of Periodontal Research. DOI:10.1111/jre.12552 

Javvadi, LR., Parachuru, VPB, Milne, T., Seymour, GJ., Rich, 
AM (2018) Expression of IL33 and IL35 in oral lichen planus. 
Archives of Dermatological Research. 310(5):431-441. doi: 
10.1007/s00403-018-1829-5.
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Key publications

Monk, B.C., Keniya, M.V., Sabherwal, M., Wilson R.K., Graham, 
D.O., Hassan, H.F., Chen, D., Tyndall, J.D.A. (2018) Azole 
Resistance Reduces Susceptibility to the Tetrazole Antifungal 
VT-1161. Antimicrobial Agents & Chemotherapy 63(1). pii: 
e02114-18. doi: 10.1128/AAC.02114-18. 
Our research platform provided key insights into azole resistance 
to a new investigation antifungal drug in clinical trials.

Keniya, M.V., Sabherwal, M., Wilson, R.K., Woods, M.A., 
Sagatova, A.A., Tyndall, J.D.A., Monk, B.C. (2018) Crystal 
Stru tures	 o 	 ull ength	 anosterol	 e ethylases	 o 	
Prominent Fungal Pathogens Candida albicans and Candida 
glabrata Provide Tools for Antifungal Discovery. Antimicrobial 
Agents & Chemotherapy 62(11). pii: e01134-18. doi: 10.1128/
AAC.01134-18. 
The first crystal structures of the full-length lanosterol 
14α-demethylases obtained from fungal pathogens.

Keniya, M.V., Ruma, Y.N., Tyndall, J.D.A., Monk, B.C. (2018) 
Heterologous Expression of Full-Length Lanosterol 

e ethylases	 o 	 ro inent	 ungal	 athogens	 Candida	
albicans and Candida glabrata Provides Tools for Antifungal 
Discovery. Antimicrobial Agents & Chemotherapy 62(11). pii: 
e01131-18. doi: 10.1128/AAC.01131-18. 
The development of an expression system allowing the production 
and phenotypic ananlysis of lanosterol 14α-demethylases from 
two important fungal pathogens.

Caramalho, R., Tyndall, J.D.A,. Monk, B.C., Larentis, T., Lass-Flörl, 
C., Lackner, M. (2017) Intrinsic short-tailed azole resistance in 
mucormycetes is due to an evolutionary conserved aminoacid 
substitution	 o 	 the	 lanosterol	 de ethylase.	 S ienti 	
Reports 7(1):15898. doi: 10.1038/s41598-017-16123-9. 
The use of phenotypic information and structures obtained 
by homology modelling to understanding the intrinsic azole 
resistance of mucrormycete pathogens.

Tanabe K., Bonus M., Tomiyama S., Miyoshi K., Nagi M., Niimi 
K., Chindamporn A., Gohlke H., Schmitt L., Cannon R.D., Niimi 
M., Lamping E. (2018) FK506 resistance of Saccharomyces 
cerevisiae Pdr5 and Candida albicans Cdr1 involves mutations 
in the transmembrane domains and extracellular loops. 
Antimicrobial Agents and Chemotherapy 63(1): e01146-18. 
How the immunosuppressor FK506 inhibits fungal multidrug efflux 
pumps and how they become insensitive to FK506-inhibition. 

Lamping, E., Zhu, J., Niimi, M. and Cannon, R.D. 2017. Role of 
ectopic gene conversion in the evolution of a Candida krusei 
pleiotropic drug resistance transporter family. Genetics 205(4): 
1619-39. 
Research highlight in the Genetics Society of America Genes to 
Genomes blog. This article describes how an entire multidrug efflux 
pump family of the fungal pathogen Candida krusei evolved, over 
100s of millions of years, to combat antifungal attack. 

Lamping, E., Madani, G., Lee, H.J., Niimi, M. and Cannon, R.D. 
2017. Structure-function analyses of multidrug transporters. 
In Candida albicans: Cellular and Molecular Biology, Chapter 
18: 379-406. 2nd Ed, R. Prasad. Springer International, ISBN 
978-3-319-50409-4, doi: 10.1007/978-3-319-50409-4_18. 
Invited book chapter summarizing our current understanding 
of the two major efflux pump super-families, MFS and ABC 
transporters, in the major human fungal pathogen, Candida 
albicans.


