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Thanks to all of you who shared your thoughts on what you 
collectively think NZSBMB should be doing. It’s really helpful for us 
to hear opinions, and there were some stellar ideas in there! For 
those who are impatient, here’s the short version of the column: 
we’re going to start funding regional meetings (see page 4) — 
we should start thinking about public engagement — the 
position of NZSBMB secretary is opening up. 

Meetings. From year to year, our Annual Meeting takes on vastly 
different forms. Last year, we had a joint meeting with the NZ 
Microbiological Society in Wellington. This year it is part of 
Combio 2015 in Melbourne, but, sadly, we probably aren’t going 
to have our AGM in Melbs. In 2016, our plans are to hold it in 
conjunction with Queenstown Research Week. There are pros 
and cons with all three of these, but the key parameters are 
simple: do we attend, do we find the meeting worthwhile, and 
do we derive any financial value? From feedback I’ve had, it’s 
pretty clear that there are some strong opinions out there. To 
sum up what you’ve told me very briefly:  

Combio: Some like it — it was 
great when it was in 
Christchurch in 2009 — but 
Australia is far away, and no 
one goes specifically because 
of NZSBMB. 

QRW: people either love or 
hate QRW. These days, it 
seems many go based on 
what topics come up in the 
satellites. The main QMB 
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meeting itself is starting to look to many like a fifth 
wheel.  

In both the above, NZSBMB involvement may 
amount to sponsoring a session or having our 
Custom Science Speaker present their research. 

NZSBMB/NZMS 2014: everyone I’ve heard from 
really loved this meeting. Certainly from the 
perspective of the NZSBMB exec, it was a very 
successful meeting, and the AGM was well 
attended. 

Combio and QRW are both excellent 
conferences, and both serve important roles. 
However, I think the key difference between 
them and last year’s NZSBMB/NZMS meeting is 
that our 2014 meeting was focused on the 
science that NZSBMB members do. Our 2014 
meeting gave our students and younger 
scientists the opportunity to present their 
research. And combining with another small 
society gave the meeting an extra dimension — 
for many, there was strong overlap with NZMS 
interests.  

As a Society, it is important to engage with the 
big meetings in our neighbourhood, and we fully 
intend to do so. Both Combio and QRW are 
really important dates on our calendar, and it 
makes sense for us to continue to support these 
events. While we all like to grumble from time to 
time, we’d surely all grumble if those meetings 
suddenly ceased to be.  

To ensure we have more experiences like the 
2014 meeting, it’s important we continue to 
support you, our members, and build up an 
exciting calendar of events. One interesting idea 
I received was from Kathryn Stowell, who would 
like us to consider reviving regional meetings – 
smaller, informal meetings that provide an 
opportunity for the community in a particular 
region to gather together, share science, and 
get to know one another better. 

We think that’s a great idea, and we reckon 
there’s enough in the coffers to kickstart regional 
meetings. We will now be offering support for 
run-on-a-shoestring 1-day regional meetings. We 
will provide a domestic airfare for an out-of-
region invited keynote speaker, and funds for 
morning/afternoon teas. In return, we would ask 
for a meeting report, to be published in these 
pages, and for participants to become 
members, so that we can continue to support 
such meetings! We will accept applications on a 
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rolling basis, and do our best to meet demand – 
the organisation is up to you good folk! More 
details are on page 4. 

Science & Society. Another area where we might 
consider developing our profile is at the interface 
between science and society. There are many 
science topics that have captured the public’s 
imagination, horrified them, or both. In some of 
those areas, the NZSBMB community has expert 
knowledge one way or another. Two that are on 
my radar are DIY molecular biology (which falls 
under the broader area of biohacking), where 
people are making use of basic molecular 
biological tools in their garages and 
communities, and genome editing and design. I 
often look in awe at how public discussions on 
these topics are had elsewhere in the world. We 
have scientists in NZSBMB that are just as able 
speakers, just as knowledgeable, and just as 
engaged. There are many ways this could 
happen: public lectures, science in the pub 
meetings, science cafés… the list is long. We 
should probably also be discussing these things 
within our own organisation, maybe even 
releasing statements or white papers on these 
topics, rather than waiting for non-expert 
organisations to do so. It is my hope that such 
grand things will evolve naturally out of our 
community meeting more frequently and talking 
shop. Those are the kinds of initiative NZSBMB 
should be supporting all of us to do. We hope 
that the regional meetings initiative will help us to 
move in that direction.  

We want you! Last, but not least, Kerry Loomes is 
stepping down as secretary of the society this 
year. Kerry has done a brilliant job, and we’re 
sorry to see him go. Kerry’s departure opens up a 
slot on the Exec, and we are actively looking for 
a replacement. If you are keen, or would like to 
nominate someone, we’d love to hear from you! 
Please send me an email at the address below. 

That’s all for now. As always, I’m really happy to 
hear your opinions, so drop me a line if there’s 
anything you’d like to discuss. And special thanks 
to Miriam Sharpe, who makes sure we get the 
newsletter out on time!  

May all your manuscripts be accepted in great 
journals, and your grant applications funded!  

Ant 

Email: anthony.poole@canterbury.ac.nz 

Twitter: @pouletm 
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Meet 
the 

Scientist 
Dr Peter Mace 
Department of Biochemistry,  

University of Otago 

1

Describe your research in one sentence. 

Deciphering the structural biology of signalling 
proteins that regulate cell death and 
proliferation.  

What gets you up in the morning?  

At the moment in Dunedin it’s the need to get 
up and get the fire going before the kids get up! 
After that it’s very motivating to have multiple 
projects in different areas moving well in the lab. 
Being able to pick and choose each day which 
one deserves attention means things never get 
boring.  

What are you doing right now? 

Right at this very moment I finished reading an 
article on how easy it is to DIY toilet replacement 
(the toilet in our new house has been bugging 
me for months!). At work I am juggling between 
a losing quest to have a useful attention span in 
the lab, coaxing stubborn proteins to cooperate, 
and trying to get the first couple of manuscripts 
from my lab into the public domain.  

Do you know your h-index? 

Yep, the Google Scholar version at least. Some 
people say its inflated but I like to kid myself that 
it is just more up to date! 

What bit of research has caught your eye 
recently? 

Was just looking at a recent tumour sequencing 
study in small cell lung cancer 
(10.1038/nature14664). This is a paper that 
sequences over a hundred tumours and has so 
many authors they had to be printed at the back 
rather than the front, and the first conclusion is 
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that these tumours all have mutated p53 and 
RB1—classical tumour suppressors. There were 
other points as well, but it emphasises that 
knowing how something goes wrong doesn’t 
make it easy to fix it! Also an interesting opinion 
piece (10.15252/embr.201540943) hypothesising 
that the only truly fair method of peer review is 
single-blind in favour of authors, i.e. reviewers 
identities should be known to everyone but no 
one should know authors identities (including 
editors).  

How did you get into science?  

I come from a family overrepresented in 
engineers, so always had a bit of a scientific 
bent. I started out for med school but curiosity 
got the better of me.  

What would you have done if you didn’t go into 
science? 

No idea. Maybe I’ll let you know once I’ve tried 
replacing the toilet and I might have found my 
true calling.  

What do you consider to be the highlight of your 
career so far? 

Hard to single out one scientific highlight, each 
piece of work seems to be a highlight at that 
particular point in time, only to be surpassed by 
whatever is around the corner. A more enduring 
highlight would have to be the people I have 
got to meet along the way, an interesting 
bunch! 

If you were stranded on a desert island, what 
three biochemicals and/or biochemists would 
you want with you? 

Barley, hops, yeast and hope that it rains……. 
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Member’ on the FAOBMB website at: 
http://faobmb.net and email Kerry Loomes 
k.loomes@auckland.ac.nz 

__________________________ 
 

NZSBMB regional meetings 
 
The NZSBMB is pleased to announce support for 
regional meetings. We will consider applications 
for regional meetings covering any research 
topics that fall within the broad areas covered 
by the Society.  
 
Applications are for short, stand-alone meetings, 
typically ½-1 day in length. 
 
Successful applicants will have a budget of up to 
$700 for use on domestic airfares for an invited 
keynote speaker from outside the region, and for 
morning/afternoon teas or lunches. 
 
NZSBMB members will not pay any registration 
costs. Non-members can either join NZSBMB or 
pay registration equivalent to a one-year 
membership. For undergraduate, and non-
doctoral postgraduate attendees, payment 
and/or membership in NZSBMB is voluntary. 
 
The meeting organiser is responsible for writing a 
meeting report, which will be published in the 
NZSBMB newsletter, and for ensuring 
membership/registration/payment for all 
participants. The organiser will be responsible for 
all local organisation and arrangements. 
 
Application instructions: 
The meeting organiser(s) should send a brief 
(approx. 300 word) outline of the proposed 
meeting to the secretary of the NZSBMB. This 
needs to be with the NZSBMB no later than 3 
months prior to the meeting. A decision 
regarding funding will be made within 1-2 weeks 
of receiving the application. 
 
NZSBMB secretary: Kerry Loomes 
k.loomes@auckland.ac.nz 

NZSBMB Noticeboard 

1

Just in case it slipped your mind…. 
  
NZSBMB is calling for nominations and 

applications for the Custom Science 
Award. This year the successful recipient will 
present the award lecture at Combio 2015  in 
Melbourne (27 September to 1 October). The 
award will comprise a cash prize, registration and 
airfares to attend Combio, and a $2000 travel 
grant to attend a conference of choice. 
  
The closing date for application submissions is 
August 21. 
For further details and the criteria on which the 
award is based please go to http://nzsbmb. 
science.org.nz/awards.html  

__________________________ 
 

Young Scientist Program: 
Travel Fellowship for 2015 FAOBMB 
Congress 
 
The FAOBMB society is 
offering travel support 
for doctoral students 
and postdoctoral 
fellows. NZSBMB 
members are eligible to 
apply. So please feel free to consider this 
opportunity. 
 
Ten Young Scientist Program Travel Fellowships 
will be awarded to qualified young Biochemists 
or Molecular Biologists from the FAOBMB region 
to attend and present their research in a Young 
Scientist Program to be held from 24-26 
November 2015 in Hyderabad, India and also 
participate in the 14th FAOBMB Congress at the 
same venue from 27-30 November, 2015. The 
fellowship provides support for traveling costs 
and accommodation during the Congress (27-30 
November) up to US$1,000.  

For more information, please see ‘Societies 
Profile’ under ‘About FAOBMB: Constituent 
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Queenstown Research Week 
29th August - 4th September, 2015 

Queenstown   Research   Week   (QRW)   is   New   Zealand’s   premier   annual   biological   sciences   event  
encompassing 3 major annual meetings; Queenstown Molecular Biology Meeting, Australasian Winter 
Conference on Brain Research and NZ Medical Sciences Congress, plus six additional satellite meetings on 
a diverse range of themes.  Last year QRW had nearly 1000 registrants. The week is divided into blocks 
and  participants can attend any meeting in the block for which they register.  In addition, to celebrate the 
25th anniversary of QMB meetings, any fully paid registrant at one of the 6 QMB satellite meetings will get 
free registration at the QMB and Medsci meetings.  So we look forward to seeing you at QRW2015. 

Featuring:  

New Zealand Medical Sciences Congress, 31st Aug - 2nd Sept 

Australasian Winter Conference on Brain Research, 29th Aug - 2nd Sept 

The Australasian Society of Clinical and Experimental Pharmacologists and Toxicologists, 
1st -3rd September 

Queenstown Molecular Biology Meeting (25th Annual Meeting), 31st Aug - 2nd Sept  
QMB Proteins Satellite Meeting, 3rd - 4th Sept 

QMB Computational Genomics Satellite Meeting, 3rd - 4th Sept 

QMB Digestive Diseases Satellite, 30th - 31st Aug 

National Symposium on Infectious Disease and Antimicrobial Resistance: Challenges,  
Opportunities and Successes, 30th -31st Aug 

QMB Animal Genetics Satellite, 3rd - 4th Sept 

QMB Heart Satellite Meeting, 3rd - 4th Sept 

11th World Congress on Neurohypophysial Hormones, 29th Aug -1st Sept 
 

 

Visit our completely new website for speaker lists, programmes and registration information 

www.queenstownresearchweek.org 
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17 June, 2015 
 
 
Dear FAOBMB Council Delegates, representing Member Societies 
 
The 14th FAOBMB Congress will be organized by colleagues at the Centre for Cellular 
and Molecular Biology (CCMB) Hyderabad , India, during 27-30 November, 2015 at the 
Bangkok International Trade and Exhibition Center, Bangkok, Thailand. We would like to 
invite all of you and also members of your Societies to attend this Congress. The 
information can be found in the Congress website http://www.ccmb.res.in/faobmb2015/ 
and FAOBMB website www.faobmb.net. 
 
Immediately preceding the Congress, the Young Scientist Program (YSP) will be held 
during 24-26 November, 2012 at the CCMB in Hyderabad. This event is aimed at bringing 
young scientists from FAOBMB regions to come together for discussion and exchange of 
knowledge and ideas in relation to their research in the field of Biochemistry and Molecular 
Biology. As is the case with similar YSP events organized in conjunction with IUBMB and 
FEBS Conferences and Congresses, the goal of this FAOBMB YSP event is to increase 
academic experience of the participants and to promote future networking in the region 
and beyond. The schedule of the Program, designed for about 30 YSP Participants, is 
provided in the attached file. 
 
FAOBMB will sponsor 8-10 applicants from FAOBMB region from the usual Travel 
Fellowships budget ($US 8,000 this year; being a Congress year). Two Young Scientist 
Awardees of FAOBMB (details of the winners for 2015 are to be announced soon on the 
FAOBMB website) will join the YSP Program. Other young scientists from India will be 
sponsored by local sources. 
 
For the remaining spaces, we would like to invite all member Societies to sponsor 
your young scientists to join this YSP program. The support your Society provides 
should cover a substantial proportion (at least 80%, or all if possible) of the roundtrip travel 
cost, plus an additional $US 250 to cover accommodation during the Congress period. 
Accommodation and meals during the YSP will be provided to all participants at no cost, 
as well as free registration at the Congress itself. 
 
For these Special Fellowships, there will be reserved as many places for successful 
applicants from your country as you provide fellowships. The FAOBMB judging panel for 
YSP will carry out the selection on your behalf. However, as it is important that your 
member Society contributes to the selection process, the Delegate to FAOBMB Council 
from your country will be invited to provide a rank-ordered list of applicants from your 

Federation of Asian and 
Oceanian Biochemists and 

Molecular Biologists 
www.faobmb.net 

 

Continued page 2 
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country, using the same selection criteria and evaluation form as the full members of the 
judging panel. The timing of all this will be in the first three weeks of August, immediately 
after the deadline for applications of 31 July 2015 for the YSP-Travel Fellowships 
 
Please advise, no later than 31 July, 2015, with email to each of us (as well as to the 
Secretary General of FAOBMB, Phillip Nagley) of the number of young scientists your 
society will be able to sponsor. 
 
We hope that your Society will take this opportunity to enable high-achieving young 
biochemists and molecular biologists in your country to participate in this exciting regional 
YSP. 
 
To assist your colleagues in your Member Society consider this request, I attach the 
Guidelines for the YSP-Travel Fellowship. Both we and Professor Nagley are anticipating 
that many Societies will provide one or more Specific Fellowships, and we now look 
forward to your support for this initiative, as was the case for the very successful YSP held 
in 2012 in Bangkok, Thailand, in conjunction with the 12th FAOBMB Congress 
 
 
 
Thank you very much for the upcoming contribution and support. 
 
Kind Regards 
 
 
Professor Sheila Nathan 
 
Chair of FAOBMB Fellowships Committee - sheila@ukm.edu.my 
 
Dr AS Sreedhar 
 
Chairperson of YSP at 14th FAOBMB Congress - assr@ccmb.res.in 
 
cc. Professor Phillip Nagley 
 
Secretary General of FAOBMB - phillip.nagley@monash.edu 
 
 

Apply for the next NZSBMB travel award round  

Do you want support for your next 
conference overseas? 

1

Student Travel Awards are available to support travel 
to any international conference. Awards are up to 
NZ$1000 each, and are intended to assist post-
graduate students to attend their first conference 
outside New Zealand. There are two rounds of student 
travel awards each year. 

In addition, we are now offering a new category of 
award - the Early Career Travel Award. This is in 
conjunction with the Biochemical Society (UK), and it 
is open to student members, as well as early career 

Students and New Post-docs!  

2

researchers (0-3 years post-PhD). These awards are 
specifically to enable attendance at Harden 
Conferences or Focused Meetings of the Biochemical 
Society. 

Details of the awards, and the application form, are 
available at 

http://nzsbmb.science.org.nz/awards.html. 

Completed application forms and letters of 
recommendation should be emailed to the Secretary, 
Dr. Kerry Loomes (k.loomes@auckland.ac.nz).  
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ASBMB Report 
aka hi from our Aussie mates 

1

Greetings NZSBMB, 

Despite it being autumn/winter in the Antipodes, 
the last few months have still been eventful ones 
for the ASBMB. A number of our members have 
been awarded prestigious honours. Professor 
Judith Clements was made a Companion of the 
Order of Australia (AC) for her contributions to 
the understanding of cancers, particularly 
prostate cancer. Professor Murray Norris was 
made a Member of the Order of Australia (AM) 
for his contributions to the development of 
treatments for cancer in children. Both of these 
awards were conferred during the recent 
Queen's Birthday holiday. Professor Susan Clark, 
a world-renowned pioneer in the field of 
epigenetics and epigenomics, who has also 
been instrumental in developing techniques to 
detect DNA methylation, was recently elected to 
the Australian Academy of Science. 

In late March, fellow ASBMB member, Professor 
Jacqui Matthews, and I were given the 
opportunity to attend "Science meets 

2

Parliament" (SmP) in Canberra. SmP is a unique 
program run by Science and Technology 
Australia (STA), that endeavours to help scientists 
better communicate their work to the media, 
politicians and policymakers. Each year, various 
scientific societies select two of their members to 
attend SmP and this year, Jacqui and I were 
lucky enough to represent the ASBMB. 

The first day of SmP consisted of a series of 
workshops designed to increase our 
understanding of the role of science in the 
media and in politics. Journalists gave us insights 
into the news cycle and some tips on how to 
make our science newsworthy. We also learned 
about the policymaking process and how 
science can influence this process. We were also 
given tips on how best to convey our work to the 
politicians we were scheduled to meet the 
following day. 

The second day of SmP consisted of several 
media events. One of these was the launch of a 
report on the contribution of advanced physics 

Jacqui Matthews and Chu Kong Liew attending SmP at Parliament House in Canberra (photo: Lorna Sim). 
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Professor Ian Chubb launching the report on advanced physics and mathematics (photo: Lorna Sim). 
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and mathematics to the Australian economy, by 
Professor Ian Chubb, Chief Scientist for Australia. 
While scientists often trumpet the fact that 
investment in science results in a significant 
return, this was one of the few studies that 
actually attempted to quantify this contribution, 
which was estimated (conservatively) to be 11% 
of the GDP or $145 billion a year. It is difficult to 
argue with the value of science and science 
education with numbers like this, especially 
considering that the report didn’t include 
contributions made by biological or biomedical 
science. I’m not sure if an equivalent report has 
been compiled for New Zealand but I wouldn’t 
be surprised if science in NZ has a similarly large 
impact. 

Of course, the most eagerly awaited (and 
terrifying) part of SmP was the opportunity for a 
face-to-face meeting with a parliamentarian. 
Each SmP delegate was assigned to meet with a 
parliamentarian and while some of them were 
unavoidably detained (as mine was), others 
were incredibly receptive to scientists and their 
work. For instance, during Jacqui’s meeting with 
her parliamentarian, she and the other three 
scientists covered topics ranging from chronic 
pain, to biomechanical modeling, nutrition and 
how to promote and support science teaching in 

4

schools. All in all, being able to attend SmP was a 
wonderful opportunity and I’d like to extend my 
thanks to STA for organizing such a great event 
and to the ASBMB for sending us along. 

As we head into the second half of the year, 
preparations are well underway for ComBio 2015, 
the ASBMB’s flagship conference 
(https://www.asbmb.org.au/combio2015/index.h
tml). To be held in Melbourne from 27 September 
to 1 October 2015, the conference already 
boasts an exciting lineup of plenary speakers, 
including Martin Caffrey (UK), Ana Maria Cuervo 
(USA), Carolyn Moores (UK), Lucca Scorrano 
(Italy) and Minoru Yoshida (Japan). The streams 
cover a variety of research areas, including 
Cancer Biology, Education, Infection and Host, 
Global Change Biology, Plant Cell Biology, 
Neuroscience, and Regenerative and 
Developmental Biology. All NZSBMB members are 
eligible for discounted registration fees at 
ComBio so if any of the topics or speakers pique 
your interest, I’d strongly encourage you to head 
to Melbourne for what promises to be another 
stellar meeting. 

Until next time, 

Chu Kong 

(Editor, Australian Biochemist) 
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The ENIGMA (Evidence-based Network for the 
Interpretation of Germline Mutant Alleles) 
consortium (http://www.enigmaconsortium.org/) 
is world-leading in familial breast and ovarian 
cancer susceptibility gene variation research. 
The 2015 meeting was held in Porto, Portugal, 
with a congregation of 89 experts to discuss their 
on-going research in a closed forum, while 
providing opportunities to establish further 
collaborations for these projects. Held over three 
days, this conference updated members about 
the work undertaken within each of the five 
working groups (Analytical, Pathology, Clinical, 
Splicing, and Functional) and enlightened me to 
the thought processes of the world leaders in this 
field through the frequent open discussions 
throughout. My supervisor, Dr Logan Walker, is 
the only New Zealand member of ENIGMA so I 
had a unique opportunity to attend the meeting 
and develop links with collaborators, as well as 
present an update on a study that we have 
been leading.  

I was thrilled to be given the opportunity to 
personally share the work from my thesis at this 
prominent meeting during the Splicing Working 
Group Session. My research, entitled “Evaluating 
BRCA1 and BRCA2 sequence variants that 
modulate isoform expression”, focuses on single 

11th Meeting for the ENIGMA  
(Evidence-based Network for the Interpretation of 

Germline Mutant Alleles)  
Consortium 

 Porto, Portugal 
June 2015 

Vanessa Lattimore 
Department of Pathology, University of Otago 
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nucleotide variation within the breast cancer 
susceptibility genes, BRCA1 and BRCA2. We 
utilised novel next-generation sequencing (RNA-
seq) and in situ hybridisation technology 
(RNAscope) to detect splicing changes caused 
by these variants. RNA-seq provided us with the 
tools to detect quantitative mRNA isoform 
expression changes that are very difficult to 
accurately measure using current techniques. 
Our work has provided valuable additions to the 
known list of mRNA isoforms expressed by BRCA1 
and BRCA2, and also highlights how the 
expression level of each of these isoforms is 
highly variable and difficult to compare 
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Gordon Research Conference on 
Animal-Microbe Symbioses 
Waterville Valley, New Hampshire, USA 
June 2015 
Filomena Ng 
AgResearch Ltd. and  
Institute of Fundamental Science, Massey University 

3

between individuals. This work was well received 
and aids in decisions regarding the value of 
incorporating such measurements into variant 
multifactorial classification systems. 

Over the length of the conference I heard 
about the exciting research members within 
ENIGMA are undertaking as they continually 
improve the methods for determining variant 
disease risk. The work covered within each 
working group highlighted a different avenue for 
providing a piece in the puzzle toward this goal. 
All the pieces together define the framework of 
the continually evolving multifactorial analysis 
model that provides the most comprehensive 
disease risk measure currently available for 
BRCA1 and BRCA2 variants. Improvements and 
amendments to the variant classification system 
were discussed, with some suggestions 
approved for inclusion and others motioned to 
be more thoroughly researched prior to 
potential future implementation. ENIGMA has 
been officially recognised by ClinGen/ClinVar 
(online database used by clinical geneticists 
and genetic counsellors) as an expert panel for 
classification of BRCA variants and will play a 
leading role in the ‘BRCA Challenge’; a newly 
established initiative between the Global 
Alliance for Genomics and Health and the 
Human Variome Project to address the problem 
of variant interpretation and provide clinically 
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actionable information worldwide. Recently, the 
focus of ENIGMA has moved from solely BRCA1 
and BRCA2, to include several other breast 
cancer susceptibility genes, with the aim of 
extending variant classification protocols to 
include all clinically relevant breast cancer 
susceptibility genes. 

The evenings around the conference each 
provided an invaluable opportunity to discuss 
projects and ideas with other conference 
delegates in a less formal environment by 
exploring the city together and chatting over 
dinner. New collaborations were established as 
projects were discussed further over the 
numerous culinary delights provided by Porto.  

While my suitcase decided to have a holiday of 
its own in Dubai for the length of the 
conference, it only added to the experience. A 
quick trip to the local mall provided me with 
new (and clean!) clothes, while also allowing me 
a cultural insight into the characteristic 
Portuguese buildings and friendly locals prior to 
the meeting. In addition, I had the perfect 
icebreaker to encourage break time 
conversation. Overall, I found the whole 
experience to be a unique and worthwhile 
opportunity that I am so grateful to have been 
given and I thank NZSBMB for awarding me this 
travel grant that helped me to get there. 

1

On the day that >130 mm of rain poured on 
Palmerston North within 24 hours, I escaped our 
flooding garage to hop on a plane to attend the 
first-ever meeting on Animal-Microbe Symbioses 
at a Gordon Research Conference. The speakers 
presented research that spanned from the 

2

classical squid-Vibrio system of symbiosis to 
strange and wonderful cell shapes of 
ectosymbiotic bacteria adorned by marine 
nematodes. The conference organizers must 
have put a lot of care into arranging for 
speakers, because each speaker had a unique 
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CPDD + INRC + NIDA 
Phoenix, Arizona, USA 

June 2015 

Amy Ewald 
Victoria University of Wellington 

3

personality and sense of humour that made their 
presentations so enjoyable.  

In addition to speakers who presented their own 
research, there were also Discussion Leaders who 
gave a short presentation at the beginning of 
each session to put the research in context. As 
an example, we were challenged to think about 
symbiosis as a struggle for existence rather than a 
peaceful coexistence in Toby Kiers’ introduction 
to the plant-microbe symbiosis session, which 
was reminiscent of a TED talk. 

I was a little apprehensive about my poster 
presentation, because most researchers at the 
conference were interested in ecological 
questions about symbiotic microbes associated 
with their host of interest (why symbiosis exists in 
the system), whereas I am examining a microbial 
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adhesion protein with promiscuous host binding 
activity (how symbiosis is mediated). My poster 
was entitled “A culture-independent approach 
to identify adhesins involved in rumen microbial 
symbioses”, in which I described the use of 
phage display as an experimental approach to 
identify an adhesin from a methanogenic 
archaeon that can bind to ciliated protozoa 
present in the rumen (forestomach of ruminants). 
Like many of the interesting microbes that reside 
in the rumen, ciliates are difficult to maintain in 
culture, due to their sensitivity to oxygen (the 
rumen is an anoxic environment) and their 
complex growth requirements. I was very happy 
to meet a fellow methanogen/ciliate researcher 
who is exploring these interactions in the marine 
environment. 

In addition to scientists, the editor of Nature was 
also present at the conference to advertise for 
submissions to the new Nature Microbiology 
journal. It was also refreshing to hear the story of 
his career journey. 

I enjoyed the science presented at this 
conference tremendously and felt inspired by 
several ideas that are still in my mind. Also, I 
learned so much that I normally wouldn’t be 
exposed to, perhaps because the field 
represented at the conference is a little off 
centre from my research project. I am grateful to 
NZSBMB, the Institute of Fundamental Science at 
Massey University, and the conference organizers 
for supporting me with travel funding. 

1

Last June, I had the amazing opportunity to 
attend the 77th annual meeting of the College 
on Problems of Drug Dependence (CPDD), held 
in conjunction with the International Narcotics 
Research Conference (INRC) and National 
Institute on Drug Abuse (NIDA) international 

2

forum. Being able to attend this joint conference 
as a PhD student was a once-in-a-lifetime event 
as it only takes place once every four years (like 
the Olympics). The meetings were held in 
Phoenix, Arizona over a period of 8 days, and 
consisted of numerous plenary sessions as well as 



 14 Southern Blot    July 2015 

4

signalling responses at the receptor in order to 
selectively produce therapeutic effects with 
minimal adverse effects. 

I presented a poster at two different poster 
sessions and gave a talk on my PhD research, 
describing the use of a novel compound, 16-
bromosalvinorin A, as a potential anti-cocaine 
agent. Salvinorin A is a structurally novel kappa 
opioid receptor agonist which presents anti-
addiction effects with fewer adverse effects 
compared to traditional agonists. However, the 
short half-life of salvinorin A prevents its 
advancement into clinical settings, prompting 
investigation of salvinorin A-derived compounds 
with better pharmacokinetics. Our work on 16-
bromosalvinorin A has revealed that 16-
bromosalvinorin A presents longer in vivo effects 
and similar anti-cocaine effects, but show fewer 
side effects compared to salvinorin A. 

This trip was not all work and no play though, as 
my supervisor and I spent our evenings socialising 
with the other delegates. The conference dinners 
were a blast, with many people letting their hair 
down and showing off some groovy laboratory-
inspired dance moves. Overall, this conference 
was a great experience as it provided me with 
the opportunity to hear about a range of 
research on drug dependence, and allowed me 
to engage with many esteemed scientists in the 
addiction field. I have been very fortunate to be 
able to attend this conference, and am very 
grateful to NZSBMB for making this trip possible.     

 

3

themed symposiums in various areas of drug 
dependence.  

The NIDA international forum kicked things off on 
the first day, with a workshop by Dr Tom 
McGovern and Dr Richard Saitz on preparing our 
research for publication. It was a great 
opportunity to hear and discuss some of the dos 
and don’ts when submitting a manuscript. This 
session was followed by an open forum, in which 
their 20th anniversary was commemorated with 
various testimonials on how the forum helped 
build careers, accompanied by lots of cake. The 
main conference began the very next day with 
a series of talks on the current developments and 
interventions applied for patients suffering from 
substance use disorders. We also heard about 
the preclinical studies that were taking place in 
laboratories all around the world in the effort of 
developing a potential anti-addiction 
pharmacotherapy.  

Of particular interest was a session on the novel 
strategies for reducing opioid use. While highly 
useful in prevention of chronic pain, widespread 
use of mu opioid agonists such as morphine 
increases the vulnerability to opioid abuse. This 
session discussed various strategies that may 
reduce opioid abuse such as use of serotonin 
therapeutics, development of vaccines, as well 
as use of glial inhibitors that can alter the abuse 
liability of opioids. I also particularly enjoyed talks 
on functionally selective therapeutic 
compounds, whereby mu opioids can be 
encouraged to activate several, rather than all, 
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Earlier this year I had the privilege to attend the 
Gordon Research Conference ‘Proteins: From 
Fundamentals to Function’, held in the beautiful 
Lakes Region of New Hampshire in the United 
States. The meeting brought together 
experimental, theoretical and computational 
biochemists, biophysicists, chemists, biologists 
and bioengineers with talks spanning diverse 
aspects of protein science including function, 
dynamics, folding, and evolution. Several talks 
outlined the exciting advancements being 
made into studying these aspects in the context 
of living cells. This included my favourite talk by 
Philipp Selenko whose group is using in-cell NMR 
to look at proteins in live cells with atomic 
resolution.  

Gordon Research Conference  
Proteins: From Fundamentals to Function 
Waterville Valley, New Hampshire, USA 
June 2015 

Jennifer Crowther  
University of Canterbury 
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I had attended a much larger conference 
(~14,000 people) earlier in my trip to the States 
and I found the GRC to be a much more 
rewarding experience, as the restricted number 
of attendees (~200 people) made it much easier 
to network and make lasting connections with 
people. I presented a poster of my research, 
which involves the physicochemical 
characterisation, and comparison of the cow 
and goat orthologues of beta-lactoglobulin, an 
important protein in both cow and goat milk. 
Again the intimate size of the conference meant 
that I got plenty of valuable feedback about my 
work and lots of helpful suggestions.  

Other benefits of the conference included the 
round-table informal discussion topics at 
lunchtimes, such as how to maintain a healthy 
work-life balance, getting jobs in industry and 
having difficult discussions with your supervisor. 
There were also plenty of afternoon recreational 
activities and social events and lastly (but 
certainly not least) a gourmet buffet offered at 
every meal! I would highly recommend other 
students attend a Gordon Research Conference 
at some stage in their career. They are a great 
way to be exposed to the cutting edge science 
going on in your field and provide a supportive 
environment in which to have meaningful 
discussions with leading researchers. They offer 
many conferences throughout the year, on a 
broad range of topics, at a range of venues 
across the United States and Europe. I wish to 
thank NZSBMB for their generous assistance in 
making my trip to the US possible.  
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To kill a bacterium 
A complex 80-year-old story 

Feature Article: Antibiotics and antibiotic resistance 

Daniel J. Dwyer 
University of Maryland, USA 

We are fortunate to possess a wealth of knowledge regarding the primary intracellular 
targets of antibiotics and strong clinical appreciation for the viability-compromising effects of 
target inhibition by these remarkable chemical entities1. It is not by coincidence that 
antibiotic lethality is almost exclusively initialized in bacterial cells through the arrest of 
fundamental processes, i.e. DNA replication, RNA transcription, protein translation and cell 
wall biosynthesis. Yet the question of how antibiotics ultimately kill bacteria remains a 
quintessential ‘black box’ problem. Despite the ubiquity of their usage, our understanding of 
the specific events that connect drug–target interactions with antibiotic-mediated cell 
death, including the cell death process, remains incomplete. 

1

Technological advances and novel assay 
development provide an important complement 
to the foundational approaches that have 
associated antibiotic lethality with: (i) cell wall 
damage and structural integrity loss following 
treatment with cell wall synthesis inhibitors, (ii) 
DNA break and stable topoisomerase–drug–DNA 
complex formation from DNA topoisomerase 
inhibitors, and (iii) protein mistranslation, ribosome 
stalling and bioenergetic perturbation from 
protein synthesis inhibitors. There is a renewed 
appreciation for investigating bacterial cells as a 
physiological system, facilitated by the growing 
accessibility to various ‘-omics’ and high-
throughput screening platforms, as well as 
increasingly powerful computational hardware 
and software. This systems biology approach has 
motivated important advances in the field of 
antibiotics research by leveraging increased 
predictive power to formulate hypotheses 
connecting biological responses to drug–target 
interactions. The sum of all these studies has 
been to demonstrate, with increasing clarity, that 
the molecular mechanism of killing for each 
antibiotic is a multifactorial event involving 

2

alterations to the affected bacterium at the 
biochemical, molecular and ultrastructural levels. 

How is an antibiotic classified as 
bactericidal? 

Antibiotics are operationally classified on the 
basis of whether they induce cell death 
(bactericidal drugs) or inhibit cell growth 
(bacteriostatic drugs) in in vitro testing for a given 
bacterial organism. Antibiotics are further 
classified on the basis of their mechanism of 
action (i.e. cell wall synthesis inhibition), spectrum 
of activity (e.g. Gram-negative or Gram-positive 
organisms; narrow or broad), chemical structure, 
and whether the extent of killing is mainly 
dependent on either concentration or time. 

Bactericidals, the focus of this article, must 
achieve a 99.9% reduction in viable cells in 
laboratory testing to be considered inducers of 
cell death. This laboratory testing effectively 
measures the reduction in enumerated colony- 
forming units (CFU), after 18–24 hours of 
incubation on drug-free solid growth medium, of 
an initial fixed inoculum in liquid culture that is 

Abbreviations: ADEP, acyldespipeptide; CFU, colony-forming units; EDP, Energy-Dependent Phase; LPS, lipopolysaccharide; MBC, minimum 
bactericidal concentration; MIC, minimum inhibitory concentration; PBP, penicillin-binding protein; PG, peptidoglycan 

Reprinted with permission from The Biochemist, June 2015 

Miriam Sharpe


Miriam Sharpe
Feature article: Antibiotics and antibiotic resistance
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Figure 1. Determination of antibiotic bactericidality: 
minimum inhibitory concentrations (MIC) are defined as the 
lowest antibiotic concentrations that inhibit visible growth of 
a well-diluted, liquid bacterial culture after overnight 
incubation at appropriate growth conditions. Clinical MIC 
determinations can be performed using microbroth (in 
microplates) or macrobroth (in culture tubes) dilution 
methods using Muller-Hinton culture medium. Minimum 
bactericidal concentrations (MBC) are defined as the 
lowest antibiotic concentration that prevents growth of 
subcultured MIC liquid culture samples on solid, antibiotic-

2

alterations to the affected bacterium at the 
biochemical, molecular and ultrastructural levels. 

How is an antibiotic classified as 
bactericidal? 

Antibiotics are operationally classified on the 
basis of whether they induce cell death 
(bactericidal drugs) or inhibit cell growth 
(bacteriostatic drugs) in in vitro testing for a given 
bacterial organism. Antibiotics are further 
classified on the basis of their mechanism of 
action (i.e. cell wall synthesis inhibition), spectrum 
of activity (e.g. Gram-negative or Gram-positive 

3

organisms; narrow or broad), chemical structure, 
and whether the extent of killing is mainly 
dependent on either concentration or time. 

Bactericidals, the focus of this article, must 
achieve a 99.9% reduction in viable cells in 
laboratory testing to be considered inducers of 
cell death. This laboratory testing effectively 
measures the reduction in enumerated colony- 
forming units (CFU), after 18–24 hours of 
incubation on drug-free solid growth medium, of 
an initial fixed inoculum in liquid culture that is 
challenged with fixed concentrations of 
antibiotics for 18–24 hours2 (Figure 1). The three 
orders of magnitude reduction in CFU for 
bactericidal antibiotics is critical, as 
bacteriostatic drugs may achieve a 90–99% 
reduction in the same assay. The solid-phase 
minimum bactericidal concentration (MBC) 
enumeration assay, and the preceding liquid-
phase minimum inhibitory concentration (MIC) 
assay (which determines the lowest 
concentration of a given antibiotic at which no 
growth of a given bacterium in liquid culture is 
visible) are thus strongly interrelated. In general, 
bactericidal antibiotics possess MBCs that are 
the same or close to their MICs (e.g. a ratio less 
than or equal to four). In the context of 
antibacterial susceptibility testing, these critical 
data are complemented by the disc (or E-test 
strip) diffusion method, where bacteria are 
swabbed on to solid medium and the zone of 
growth inhibition surrounding the antibiotic-
containing discs are compared. 

80 years of inhibiting cell wall synthesis 

The first antibiotics to be broadly deployed were 
folate synthesis-inhibiting sulfonamides in the 
1930s, which are still prescribed today as a 
combination therapy with trimethoprim. These 
drugs are bactericidal to bacteria because they 
inhibit dihydrofolic acid production and 
utilization, thereby compromising the biosynthesis 
of nucleic acids (and some amino acids). The 
rapid emergence of sulfonamide-resistant 
Streptococcus pneumoniae, however, in the 
context of common sulfa drug allergies, required 
that new methods for treating infection soon be 
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Figure 2. Cell wall inhibitors: natural 
and semi-synthetic β-lactams 
interfere with cell wall 
(peptidoglycan) synthesis and 
maintenance via covalent 
inhibition of penicillin binding 
protein (PBP) transpeptidase 
activity, while glycopeptides (i.e., 
vancomycin) prevents PBP 
transglycosylase activity (in Gram-
positive organisms). Inhibition of this 
process impacts ultrastructural 
stability due to PBP poisoning, 
metabolic alterations associated 
with peptidoglycan precursor 
biosynthesis and cell wall stress, as 
well as potential aberrant autolysin 
activity. These effects underlie cell 
death, which often involves cell 
lysis. O, oxygen; N, nitrogen; S, 
sulfur; R, sidechain; NAC, N-
acetylmuramic acid; NAG, N-
acetylglucosamine; D-Ala, D-
Alanine. 
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realized. These issues, and the enormous socio-
economic pressures of World War II, motivated 
research and production development on 
penicillin G, a promising antibacterial first 
described by Alexander Fleming in 19293 with 
potent activity against streptococci. Penicillin G 
is one of a group of drugs isolated from 
Penicillium fungi, and is a member of the β-
lactam class of antibiotics that inhibits cell wall 
synthesis described below. The serendipitous 
discovery of penicillin G arose from the 
observation that Staphylococcus aureus growth 
was eliminated at a distance on Petri dishes 
shared with Penicillium fungi, suggesting a 
diffusible chemical inhibitor. Today, β-lactams 
(along with macrolide protein synthesis inhibitors) 
are the most commonly prescribed class of 
antibiotics based on current estimates in the USA 
and the UK. 

β-Lactams, a ‘suicide substrate’ 

The bacterial cell wall is composed of layers of a 
covalently cross-linked sugar and amino acid 
polymer matrix called peptidoglycan (PG, also 
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known as murein). Linear chains of alternating β-
(1,4)-linked N-acetylglucosamine and N-
acetylmuramic acid monomers are connected 
in a crystal lattice structure by cross-linking of 
short stem peptides between adjacent immature 
PG units. These four- to five-subunit stem peptides 
are attached to each N-acetylmuramic acid 
monomer, and transpeptidation between 
neighbouring polymers creates a mesh-like 
structure (Figure 2). The extent of PG cross-linking 
and the structural integrity of a bacterial cell are 
interdependent. Thus the ability of a bacterial 
cell to survive environmental conditions that 
affect, for example, osmotic pressure can be 
correlated with the mechanical strength 
afforded by PG cross-linkage, as well as the 
responsiveness of PG maintenance systems. The 
PG layer is assembled and maintained by the 
concerted transglycosylase and transpeptidase 
activity of membrane penicillin-binding proteins 
(PBPs), so named because these enzymes were 
shown during their discovery to be inhibited by 
penicillin G. Interestingly, the number of PBPs 
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differs among bacterial species, as does the 
distribution of bifunctional transglycosylase– 
transpeptidase (class A) and strict 
transpeptidase (class B) enzymes. 

β-Lactam antibiotics (including penicillins, 
carbapenems and cephalosporins) are exquisite 
chemical entities in that their core structure 
[which contains a cyclic amide β-lactam 
(penam) ring] is structurally analogous to the D-
alanyl-D-alanine end of the PG stem peptide4,5. 
Therefore β-lactams mimic the natural substrate 
for PBP enzymes and compete for PBP active 
sites as a deadly red herring. Formation of an 
irreversible covalent penicilloyl bond with the 
active-site serine residue of PBP transpeptidases 
serves to disable the enzyme, compromise PG 
biosynthesis and arrest cell growth. The potency 
of individual β-lactams varies, and is dependent 
on the differential affinity of each drug for PBPs, 
in both binding strength and number of PBP 
targets. 

For β-lactam antibiotics to achieve lysis of the 
bacterial cell, the drug molecule must be 
capable of inhibiting a class A PBP (e.g. 1a or 
1b), although this need not be the drug’s primary 
PBP target. It long been held that cell lysis 
induced by β-lactams is a phenomenon 
attributable to deregulated activity of cell wall 
hydrolases, which possess the ability to induce 
autolysis once cell wall integrity has been 
compromised. Despite decades of research, 
however, the complex mechanism underlying 
the bactericidal effect of PBP inhibition remains 
incompletely understood. 

Many ways to tear down a wall 

Actinobacteria-derived glycopeptide antibiotics, 
such as vancomycin, also achieve 
bactericidality by inhibiting the elongation and 
cross-linking of PG chains. However, these drugs 
diverge mechanistically from β-lactams, which 
inactivate PBPs, in that glycopeptides sterically 
inhibit PG homoeostasis by virtue of their large 
complex structure. More specifically, 
glycopeptides bind with high affinity to the 
terminal D-alanyl-D-alanine PG stem peptide via 
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five distinct hydrogen bonds, in essence forming 
a cap that prevents the addition of additional 
PG precursors and additional cross-links between 
adjacent stem peptides. Another important 
distinction between β-lactams and 
glycopeptides is that the latter are only 
bactericidal against Gram-positive bacteria, 
largely due to the lower outer membrane 
permeability of the Gram-negative cell wall. 

Antibiotics such as fosfomycin and bacitracin are 
bactericidal drugs that inhibit PG precursor 
biosynthesis, and thus act upstream of β-lactams 
and glycopeptides. Fosfomycin is a structural 
analogue of phosphoenol pyruvate, the 
substrate of the enzyme MurA (UDP- N-
acetylglucosamine enolpyruvyltransferase), 
which catalyses the first committed step in PG 
synthesis. Streptomyces-derived fosfomycin 
covalently binds the MurA active-site cysteine 
residue in the cytoplasm, irreversibly inactivating 
this essential gene in both Gram- negative and 
Gram-positive bacteria. Of note, the newly 
identified macrocyclic depsipeptide drug 
teixobactin achieves killing of Gram-positive 
bacteria by binding of the downstream MurG 
product lipid II and preventing this final PG 
precursor (a stem-peptide-ligated N-
acetylmuramic acid monomer) from being 
utilized. Bacitracin, like fosfomycin, is also a 
broad-spectrum bactericidal antibiotic, and is 
composed of a blend of Bacillis subtilis-derived 
cyclic peptides. Bacitracin interferes with the 
transport of PG precursors to the cell wall from 
the cytoplasm, and does so by preventing the 
dephosphorylation of bactoprenol (C55-isoprenyl 
pyrophosphate, which shuttles N-
acetylglucosamine and N-acetylmuramic acid 
monomers) by formation of a complex in the 
presence of divalent cations. 

The polymyxin antibiotics [colistin (polymyxin E) 
and polymyxin B], as well as daptomycin, 
achieve lethality by interacting with 
phospholipids at the outer membrane of Gram-
negative and Gram-positive bacteria 
respectively. Polymyxins are positively charged 
detergent-like drugs derived from Bacillus 
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Figure 3. DNA replication inhibitors: synthetic quinolone 
antibiotics interfere with changes in DNA supercoiling via 
inhibition of DNA topoisomerase II (gyrase) or IV. Complex 
formation between quinolones to DNA-bound 
topoisomerases leads to the formation of double-stranded 
DNA breaks and blocks DNA or RNA polymerase interaction 
with DNA. Cell death may occur in a protein synthesis 
dependent or independent manner, and involves cellular 
responses to DNA replication arrest and DNA damage 
activated by drug–target interaction. 
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polymyxa that exhibit a high affinity for the 
outer lipopolysaccharide (LPS) layer of Gram-
negative bacilli. These drugs are bactericidal 
at high concentrations, and cause 
morphological disruption (e.g. blebbing) at 
the cell surface before penetrating the cell 
and forming osmotic- collapsing pores that 
disrupt the cytoplasmic membrane. 
Daptomycin is a semi-synthetic Streptomyces-
derived lipopeptide antibiotic that induces 
depolarization of the bacterial membrane 
after aggregation and disruption of 
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membrane integrity. Interestingly, bactericidal 
activity is wholly dependent on the formation of 
a complex between the anionic 13-amino-acid 
peptide ring and patient serum calcium. Once 
this complex is formed and daptomycin is 
inserted into the outer membrane by virtue of its 
C10 fatty acid tail, the antibiotic functions like a 
cationic antimicrobial peptide. 

Transducing an envelope stress signal 

In 2004, a seminal discovery from the laboratory 
of Stanley Cohen demonstrated that PBP3 
targeting β-lactam antibiotics stimulated the 
DpiAB two- component signal transduction 
system, activating the global SOS stress response 
and inducing the formation of filamentous 
(elongated) cells6. The SOS response and 
filamentation have canonically been associated 
with the cellular response to DNA damage, a 
primary component of which is a delay of cell 
division triggered by SulA-mediated inhibition of 
FtsZ polymerization. FtsZ polymerization creates 
the septal ring that physically divides mother and 
daughter cells, and therefore it was hypothesized 
that SulA protects against β-lactam killing by 
limiting the interaction between inactivated PBPs 
and lytic murein hydrolases. In general terms, this 
and subsequent studies have cumulatively 
suggested that envelope stress signal 
transduction is a contributing factor to β-lactam 
bactericidality, and that PG homoeostasis may 
be an important factor in the lethality of 
antibiotics that do not target the cell wall 
directly. Indeed, exciting new work from the 
laboratory of Thomas Bernhardt has brought us 
closer to addressing this question7. In this study, 
profiling of PG precursors in response to β-lactam 
inhibition of PBPs suggests that envelope stress 
signals promote continuous precursor 
production, yet a surprising lack of feedback 
contributes to a metabolic ‘futile cycle’ that 
contributes to cell death. 

70 years of inhibiting protein synthesis 

The elemental process of protein translation 
begins when a complex is formed between an 
mRNA transcript, a free 30S ribonucleoprotein 
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ribosome subunit, initiation factors and an fMet-
charged aminoacyl-tRNA. The elongation phase 
of translation commences once the ribosome 
organelle is formed by further complexing with 
the 50S subunit and several cytoplasmic 
accessory factors (Figure 3). A broad range of 
antibiotics inhibit protein synthesis by interfering 
with the initiation, elongation and termination 
stages of translation through acute contacts with 
the ribosome. Bactericidal protein synthesis 
inhibitors achieve lethality not only by blocking 
translation and affecting polypeptide quality 
control, but also by pleiotropic perturbation of 
the cell envelope and protonmotive force 
(inclusive of the electron transport chain and 
respiration), as well as the diminished ability to 
exactingly mount a protein-based stress 
response. 

The only broadly bactericidal protein synthesis 
inhibitors are the aminoglycoside antibiotics, first 
isolated in 1943 from Streptomyces 
actinobacteria in the laboratory of Selman 
Waksman8. Structurally, aminoglycosides are six-
carbon aminocylitol rings linked to one or more 
sugar derivatives by glycosidic bonds, which are 
capable of binding the 16S rRNA component of 
the 30S ribosomal subunit. The interaction 
between bases of the 16S rRNA and 
aminoglycoside drugs can induce a 
conformational alteration at the ribosome A site 
between an mRNA codon and its cognate 
charged aminoacyl-tRNA. The net effect of this 
interaction is the stabilization of non-cognate 
mRNA–tRNA mismatched pairings (typically 
controlled for by mismatch repair), and the 
generation of cytotoxic mistranslated peptides 
that can be misincorporated or form 
aggregates. Other typically bacteriostatic 
protein synthesis inhibitors (i.e. 30S inhibiting 
tetracyclines and spectinomycin; 50S inhibiting 
macrolides, streptogramins, chloramphenicol 
and oxazolidinones) can be bactericidal in a 
species- or treatment-specific fashion. 

The complex process of aminoglycoside uptake 

With respect to aminoglycosides, uptake 
phenomenologically occurs in three steps that 
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involve respiration and bioenergetics. The first 
adsorption step is passive, taking place rapidly 
and non-specifically with the aid of electrostatic 
interactions. The second step, also known as 
Energy-Dependent Phase I (EDP-I), involves the 
active transport of additional drug molecules in 
a protonmotive force-dependent manner that 
correlates with the extracellular concentration of 
the antibiotic. Following slow cytoplasmic 
accumulation and gradual ribosome 
attachment during EDP-I, EDP-II is marked by 
accelerated drug uptake and ribosome 
saturation promoted by alterations in cellular 
electrochemical potential associated with the 
membrane-associated quinone pool and 
electron-shuttling cytochromes. This mechanism 
of uptake underlies the observation that 
aminoglycoside uptake is severely limited in, and 
not clinically indicated for, strict anaerobes. 

Notably, the bactericidal effect of 
aminoglycosides has been linked to 
ultrastructural alterations at the cell membrane 
that enhance drug uptake. One hypothesized 
mechanism for this is the incorporation of 
mistranslated membrane-associated proteins 
that alter membrane integrity, permeability and 
surface charge to the extent that 
aminoglycoside accumulation is increased. It has 
been hypothesized further that two-component 
system-regulated cellular responses to envelope 
stress alter bacterial metabolism in a detrimental 
manner, broadly similar to the role played by the 
DpiAB system in β-lactam killing.  

50 years of inhibiting DNA replication 

DNA topoisomerases (e.g. DNA gyrase and 
topoisomerase IV) catalyse DNA strand 
breakage and rejoining as they unwind DNA 
supercoils during DNA synthesis, RNA transcription 
and bacterial cell division. In 1962, the first 
quinolone drug, naladixic acid, was discovered 
as a by-product during the synthesis of 
chloroquine, an anti-malarial drug. Within 2 
years, it was appreciated that naladixic acid 
inhibited DNA replication and decatenation of 
interlinked chromosomes, activities then 
associated solely with DNA gyrase9. By 1967, this 
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Figure 4. Protein synthesis inhibitors: 
natural and semi-synthetic 
aminoglycoside antibiotics 
interfere with protein biosynthesis 
via binding with the 16S RNA of the 
bacterial 30S ribosomal subunit. 
Complex formation between 
aminoglycosides and the 30S 
subunit leads to misincorporation of 
amino acids into elongating 
peptides. Resulting mistranslated 
proteins can misfold and 
aggregate, or be incorporated 
into the cell envelope leading to 
perturbed proton motive force and 
stimulating increased drug uptake. 
These effects, in the context of 
ribosome poisoning and metabolic 
alterations elicited by aberrant 
protein synthesis, underlie cell 
death. 
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fully synthetic happy accident was being 
prescribed clinically for treatment of urinary tract 
infections. 

Owing to rapid resistance development, toxicity 
and a narrow spectrum of activity for naladixic 
acid, medicinal chemistry was employed to 
improve this drug and eventually lead to the 
development of fluroquinolone antibiotics. All 
quinolones comprise a core pyridine ring, with a 
carboxylic acid at C-3, a ketone moiety at C-4 
and various substituents at N-1, whereas 
fluoroquinolones additionally possess a fluorine 
atom at C-6 and a nitrogen ring at C-7. 
Currently, fluoroquinolones (i.e. ciprofloxacin, 
levofloxacin and moxifloxacin) are almost 
exclusively prescribed, and exhibit broad-
spectrum activity for a wide variety of clinical 
indications. 

Central to the lethality of fluoroquinolones is the 
formation of a stable covalent interaction 
complex between cleaved DNA and a drug-
bound topoisomerase enzyme (Figure 4). This 
initially bacteriostatic complex achieves multiple 
bactericidal secondary effects, including the 
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prevention of DNA strand rejoining, generation of 
double-stranded DNA breaks, and arrest of DNA 
replication machinery. Interestingly, the 
susceptibility of topoisomerase targets differs 
across bacterial species and fluroquinolone 
generation. In general, the primary target is DNA 
gyrase in Gram-negative bacteria and 
topoisomerase IV in Gram-positive bacteria for 
earlier-generation drugs (although the reciprocal 
topoisomerase will be inactivated at higher 
concentrations), whereas the most recently 
generated drugs can target both 
topoisomerases with relative equivalency across 
species. 

The involvement of a cellular response in 
quinolone lethality  

Given estimates that DNA gyrase is distributed 
along the bacterial chromosome every 100 kb, 
topoisomerase inhibition and stable complex 
formation have the potential not only to 
significantly compromise viability, but also to 
elicit a robust stress response to mitigate DNA-
based stress. As noted above, DNA damage is 
the canonical activation stimulus for the SOS 
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response, an autoregulatory network of genes 
that sense and respond to broad stressors by 
dynamically deploying a functional mosaic of 
gene products. This functional mosaic includes 
cell-division-arrest proteins, recombination 
machinery and DNA repair enzymes, and limiting 
activation of the SOS response genetically has 
been shown to both enhance fluoroquinolone 
lethality and reduce the formation of drug-
resistant mutants in vitro 

Seminal work by the laboratory of Karl Drlica has 
established that quinolones can be classified 
further on the basis of the involvement of 
downstream transcription and translation in their 
bactericidal mechanism10. A critical underlying 
aspect of the hypothesis that the lethality of 
certain quinolones is protein-dependent is that 
DNA–gyrase–drug complexes are reversible. 
Studies in which quinolone-treated bacteria 
were also exposed to the bacteriostatic protein 
synthesis inhibitor, chloramphenicol, have 
revealed three bactericidal mechanisms where 
lethal chromosome fragmentation: (i) requires 
protein synthesis in the presence of oxygen, (i) 
requires protein synthesis, but has no oxygen 
requirement, and (iii) does not require either 
protein synthesis or oxygen. It has been 
hypothesized further that the bacterial response 
to chromosome fragmentation affects cellular 
metabolism in a manner that promotes redox 
stress and the generation of reactive oxygen 
species11. It will be interesting to determine if 
these responsive contributors to quinolone 
lethality comprise a DNA damage-specific ‘futile 
cycle’, and to what degree the extent of DNA 
damage and the time invested repairing this 
damage impact bactericidality. 

ADEP antibiotics lethally enhance target 
activity 

In 2005, the bactericidal mechanism of 
acyldespipeptides (ADEPs), a functionally novel 
antibiotic group isolated from Streptococcus 
hawaiiensis collected in an Arizona canyon, was 
realized (ADEPs are not clinically approved 
antibiotics). ADEPs target the major bacterial 
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protease, ClpP, and uniquely kill Gram-positive 
pathogens by aberrantly stimulating excessive 
proteolytic activity12. Structural biology has since 
elucidated that ADEPs can physically pry open 
the opening to the ClpP barrel where proteolysis 
occurs, a conformational alteration typically 
performed by ClpP chaperones with tight 
regulation and in an ATP-dependent manner. 
Interestingly, it has been proposed that the 
ADEP–ClpP complex exhibits a preference for 
degrading proteins involved in cell division, 
including the aforementioned FtsZ. 

Antibiotic network biology 

As noted, the lethality of bactericidal antibiotics 
arises from a complex process that is initialized by 
the interaction between a drug molecule and its 
cellular target. This notion is evident from our 
current inability to deliver new compound leads 
from traditional phenotype screens that 
systematically assess growth inhibition of 
bacterial pathogens by small-molecule libraries, 
as well as more recent essential target-based 
approaches where individual proteins and 
compounds are assayed in vitro. The simple yet 
powerful fact that antibiotics are nothing new to 
cohabitating bacteria in their natural habitats 
urges that systems biology become a 
cornerstone in our fight against drug-resistant 
pathogens and drug development programmes. 

One way that systems biology has been applied 
to antibiotic research is through the 
development of quantitative models of 
metabolic flux and gene regulatory networks 
that take into account inhibition of drug targets. 
Such models are used to predict biochemical 
pathway behaviour, genetic interactions and 
regulatory overlap in stress responses induced by 
antibiotics. In this manner, we can approximate 
how groups of genes co-ordinate outputs to 
lethal stress inputs, rather than examining 
individual genes in isolation when there is 
tremendous built-in redundancy in bacterial 
physiology. This is generally achieved through 
iterative bioinformatics approaches that utilize 
data derived from high-throughput screens and 
high-resolution ‘-omics’ profiling, which can be 
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parameterized to paint a dynamic picture of 
antibiotic mode of action. For example, 
mapping of interactions among genes may 
allow us to predict the number and function of 
gene products that affect treatment as a 
function of concentration or exposure time, in 
susceptible and tolerant bacteria. Accordingly, 
this approach may also allow us to identify non-
obvious targets that do not have a clear 
association with cell death, providing novel 
therapeutic opportunities or, even more 
interestingly, methods for restoring susceptibility in 
resistant pathogens. 

A significant current focus of antibiotic systems 
biology is to deepen our understanding of the 
metabolic remodelling that is induced by 
antibiotics. Advances in metabolomics profiling 
and analysis, which offer quantitative insight into 
the physiological activity of a cell population by 
measurement of individual metabolites, have 
provided experimentalists with a platform for 
investigating metabolic flux in antibiotic- treated 
bacteria, and modifying what we know about 
antibiotic mode of action. For example, new 
work from the laboratory of Kyu Rhee has shown 
that treatment of Mycobacterium tuberculosis 
with three distinct anti- tubercular antibiotics 
triggered overlapping metabolic changes (most 
notably in the tricarboxylic acid cycle) that 
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could be causatively linked to drug tolerance in 
this highly lethal pathogen13. We should expect 
studies like these to shape new antibiotic 
discovery, accelerate drug adjuvant 
identification and offer opportunities for 
attacking resistant pathogens, while having a 
potentially transformative impact on clinical 
practice. 
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