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Let me begin by congratulating everyone who helped to make our annual 
meeting, held in conjunction with Queenstown Research Week, such a great 
success. Around 40 of our members contributed as organisers, session chairs, 
speakers, poster presenters, and as the life of every party throughout the week! 
The Society sponsored poster prizes and a highly successful conference session 
for early career scientists. A/Prof. Debbie Hay (University of Auckland) was also 
anointed as the winner of the 2013 NZSBMB Custom Science Award, and gave 
an engaging award lecture on the molecular roles of G protein-coupled 
receptors in migraine and obesity. 

Speaking of prize winners, congratulations are also due to the latest recipients 
of NZSBMB Student Travel Awards: Colm Carraher (Plant and Food Research); 
Jeremy Keown (University of Canterbury); Benjamin Lau (AgResearch); and 
Daniela Quintana (Massey University). 

Amongst all the excitement in Queenstown, we also held our Annual General 
Meeting. Here’s what I had to say in my President’s Report: 

Increased engagement 
It has been a busy and successful year for the Society. There is a palpable 
sense that more people are engaging with the Society, in a variety of ways 
that I’d like to highlight briefly. We are continuing to support a large proportion 
of our student members through conference travel grants, though the number 
of applicants has been slightly lower this year. Thanks to the generous 
sponsorship of Custom Science, we are able to continue offering a great prize 
package for a more senior scientist. Our newsletter, Southern Blot, is really 
going well, and I’d like to record my gratitude to the editor, Dr. Miriam Sharpe, 
for doing such a good job. 

International linkages 
In the past year, the Society has also strengthened its 
linkages with a number of international organisations. 
We have reaffirmed our membership of the 
Federation of Asian and Oceanian Biochemists and 
Molecular Biologists, and they are very keen for us to 
make the most of their award and fellowship 
schemes. The Korean Society for Molecular and 
Cellular Biology also initiated a new partnership with 
us, which will involve reciprocal membership rights at 
each others’ conferences. We have begun a 
dialogue with the Australian Society for Biochemistry 
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and Molecular Biology about strengthening our relationship, 
but that is something to be pursued further in the upcoming 
year. 

New travel awards 
Perhaps most significantly, we have also signed a new 
agreement with the British Biochemical Society. Rather than 
supporting senior scientists to travel between our respective 
meetings, we will now support two student or early-career 
postdoctoral members per year. Starting with our March 
2014 travel round, we will offer $1,000 travel grants to attend 
BS-sponsored meetings (http://www.biochemistry.org/ 
Conference.aspx). The BS will cover registration and 
accommodation costs for our delegates. In return, we will 
host two BS student members at each of our annual 
meetings. This offers a new route for our postdoctoral fellows 
to be supported by the Society. 

A new logo  
This year, our biggest engagement with members was on 
the issue of a new logo for the Society. The design and 
feedback process was fascinating, and the depth of feeling 

was intense. The end result (as shown below and on the 
previous page) worked out very well…I hope you’ll agree! 

Conference planning 
2013 has been our third consecutive year of involvement 
with the Queenstown Research Week, which has been 
successful but suits some subsets of our members more than 
others. In 2014, we have been invited to join the NZ 
Microbiological Society, in November, in Wellington, for our 
first combined meeting since 2010. For 2015, we remain 
committed to making ComBio (venue TBD) our annual 
meeting. 

Vote of thanks 
Finally, I’d like to thank all of the members of the national 
committee for their efforts throughout the year. The emails 
flew thick and fast at times – the result of which has been 
reasoned discussion/debate, and ultimately consensus, on 
all of the issues mentioned above. 

Wayne Patrick 
wayne.patrick@otago.ac.nz 

New Zealand Society for Biochemistry and Molecular Biology 

Minutes of the 2013 Annual General 
Meeting 
Rydges Hotel Queenstown 28th August, 2013 

Meeting opened at 12.15pm. 

Attendees: Debbie Hay, Austen Ganley, Renwick Dobson, Wayne Patrick, Monica Gerth, Matteo Ferla, James 
Murphy. 

Apologies: Matt Templeton, Kerry Loomes, Peter Shepherd, Helen Fitzsimons, Christine Winterbourn. 

Minutes of the 2012 AGM were accepted as a true and correct record (Ganley/Hay). 

President’s Report (presented by Wayne Patrick) 

The report highlighted three areas of consideration for the society going forward. 

1. The continuing importance of student travel as a major role of the society. 
2. New support for the postdocs via the British Biochemical Society. 
3. New linkages – Korean biochemical society, ASBMB (and potentially with Japan – Action Point, Ganley). 
4. In particular, the society needs to consider whether Queenstown Research Week is the best vehicle for 

our future annual meetings. Current plan should be a joint meeting with the NZ Microbiological Society 
in 2014, and ComBio in 2015. 

Treasurer’s Report (presented by Ren Dobson) 

The Society recorded a net surplus of $1,382 for the 2012-13 year. This was largely thanks to the fact that our 
2012 LifeTech awardee has not yet spent her $2000 travel award (as the Biochemical Society Meeting isn’t until 
2014) and the funds for this were paid to the Society in the 2012-13 financial year. There was also a decrease in 
subscription income for the first time in four years, down from $8,550 to $8,100, which was signalled in the 



 3 Southern Blot    October 2013 

Treasurer’s report for the 2011-2012 year.  This is largely 
due to the uptake of the new five-year subscription 
option.  Overall, the financial position of the Society 
remains strong, owing only to our relatively large 
deposits (~$62,342), compared to the size of the 
society (~120 members).  There is however, an erosion 
of income that will need to be balanced in the long 
run. 

The financial report was circulated and approved by 

the attendees (Hay/Ganley). 

Election of Officers 

Following the establishment of a National Committee 
in 2012 it is mooted that the committee remain 
unchanged for the 2013/2014 year. Nominations 
would then be called for replacements to the 
executive positions on a revolving-regional basis at 
the beginning of the 2014/2015 year. 

Motion: That one Executive Committee position and 
two Regional Representative positions are open for 
election at each Annual General Meeting, beginning 
with the role of President at the 2014 AGM, then 
Secretary in 2015 and Treasurer in 2016, and 
continuing in this order for subsequent years 
(Patrick/Dobson). 

Motion was passed unanimously. In the associated 
discussion, it was agreed that a regional balance on 
the Executive Committee was also important, and 
would be taken into account during the process to 
nominate and elect officers. 

Other Business 

• The Treasurer recommended a change in the 
constitution to allow for an “audit review” 
instead of a full audit for the financial reports 
of the Society.  This was recommended by this 
year’s Auditor.  This is because the cost of a full 
audit is disproportionate to the size of the 
Society (currently ~$1700).  

• Motion: That Clause 9.1, point 2, of the 
Constitution be altered to read, “Receive a 
statement of income and expenditure, and a 
balance sheet, that have been subject to an 
Audit or a Review, by an independent 

 
Postdoctoral Fellow in Enzyme Engineering and Evolution 
Department of Biochemistry, University of Otago   

Dr. Wayne Patrick and Dr. Monica Gerth are looking to 
appoint a Postdoctoral Fellow on MBIE-funded projects, 
for 2 years in the first instance.  

Full details of the position, including a link to the portal for 
making an online application, can be found at:  
https://otago.taleo.net/careersection/2/jobdetail.ftl?lan
g=en&job=1301721   

The closing date for applications is 11 November, 2013. 

accountant.” (Dobson/Patrick). 
• The motion was passed unanimously. 
• There was considerable discussion about 

future annual meetings. It was agreed that, 
after 3 years at QMB, it was time to return to 
an income-generating format. Therefore, 
there was unanimous agreement that NZSBMB 
should accept the offer of the NZ 
Microbiological Society to hold a joint meeting 
in Wellington, in November 2014. Wayne also 
indicated that we have a prior commitment to 
make ComBio our annual meeting in 2015. 
However, it was also agreed unanimously that 
we should continue to support the 
Queenstown meetings, as we did in 2013 (i.e. 
through sponsorship of poster prizes, and 
possibly through continued sponsorship of an 
Early Career session). 

• The form for Student Travel Award applications 
was discussed. With the new award for travel 
to Biochemical Society meetings, it was 
agreed that the form needed to be 
revamped (Action Point: Dobson). 

• James Murphy suggested approaching 
companies for funding through the Society, 
with the goal of funding a Postdoctoral 
Fellowship. 

• Ren Dobson signalled that at some point the 
Society should consider changing the website 
so that we can collect membership fees 
online. 

Wayne declared the meeting closed at 1.30 pm. 

Executive Committee: Regional Representatives 

President: Wayne Patrick Auckland: Debbie Hay 
Secretary: Kerry Loomes Waikato:                 Tom Wheeler 
Treasurer: Ren Dobson Manawatu: Helen Fitzsimons 
 Wellington: David Ackerley 
 Canterbury: Margreet Vissers 
 Otago:  Stephanie Hughes 

Postdoc Wanted 
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Meet the Scientist 

Dr Julia Horsfield  
Department of Pathology, University of Otago. 

Describe your research in one sentence. 
Figuring out how chromatin-related mechanisms of gene 
transcription determine cell fate – during embryo development, 
and in cancer as well. 
 
What gets you up in the morning?  
Other than the cat?  The thought of coffee, science, and hugging 
my kids! 
 
What are you doing right now? 
Contemplating my to-do list and planning to write a talk on breast cancer for my visit to the Peter Mac Cancer 
Institute next week. 
 
Do you know your h-index? 
Only the Scopus version.  Hurry up and cite me already. 
 
What bit of research has caught your eye recently? 
Lots of interesting stuff has been published this year, but the paper I am obsessing over at the moment is 
“Mutational landscape and significance across 12 major cancer types” doi:10.1038/nature12634.  The latest 
sequencing technology was used to profile mutations in 12 different tumour types, and the results show that 
different cancers have distinct classes of mutations, some we never remotely anticipated.  Many of the mutations 
are in genes encoding my favourite protein complex, cohesin! To understand why there are so many cohesin 
mutations, clearly a massive influx of funding is required …  
 
How did you get into science?  
More like, why?  Because my Dad told me to.  But it was the Lab of Molecular Biology in Cambridge (UK) that 
made me stay in science!  Some people would pay good money to be scowled at by Peter Lawrence, still can’t 
believe I actually got paid for the privilege. 
 
What would you have done if you didn’t go into science? 
Not sure, because I am not terribly good at a lot of other things I like doing.  So “rock legend” is definitely out, 
along with “champion multisport eventer”.  I like freedom and being bossy, so I can visualise running my own 
business.  I can write pretty well, so maybe being a music/food/wine critic would be fun.  I can’t seem to stop 
arguing with people, so, Law? 
 
What do you consider to be the highlight of your career so far? 
While there has been quite a few rewarding science moments in my life (including watching my students 
graduate), I would have to say it’s creating the Otago Zebrafish Facility.  Its existence has enabled so much more 
amazing science to happen than an individual could achieve, and I hope will continue to do so. 
 
If you were stranded on a desert island, what three biochemicals and/or biochemists would you want with you? 
Edmond Halley would have been a great conversationalist – he did so much more than discover a comet.  
Francis Crick would have been great for an argument to pass the time away.  So those guys, if resurrectable.  
Would Emerson’s IPA count as a biochemical? 



 5 Southern Blot    October 2013 

Synthetic biology – An overview 

Synthetic biology is the de novo design and 
construction of genes used to create useful 
biosystems. While the term “synthetic biology” is often 
used loosely to refer to any genomic manipulation, 
true synthetic biology is distinct from its sister science 
of genetic engineering. The former is hallmarked by 
the use of chemical DNA synthesis, and the latter 
employs recombinant DNA techniques to shuffle 
existing genes between organisms (Serrano, 2007). 
Synthetic biology also borrows techniques from the 
fields of engineering, nanotechnology, electronics, 
and computing. 

Research efforts into using synthetic biology to 
produce biofuels, pharmaceuticals and other high-

Potential for bioterrorism in 
the age of synthetic biology:  
A technical analysis 

Eve Hopping 
Undergraduate Student 

Department of Biochemistry, University of Otago 

Feature Article 

value chemicals are already being heavily 
researched and financed, such as the prominent 
work to create an antimalarial drug production 
pathway in Saccharomyces cerevisiae (Ro et al., 
2006). In this project, a simplified version of the 
mevalonate synthetic pathway was designed, and 
was able to produce high volumes of the drug 
compound artemisinin. 

The design of a new gene commonly begins with the 
redesign of a naturally occurring gene of known 
function, such as simplification and reduction in 
number of the genes necessary to synthesise 
artemisinin (Ro et al., 2006).  

Next, oligonucleotides making up all the fragments of 
the desired gene are then created. The most powerful 
technique for this is in situ microarray synthesis 
(Richmond et al., 2004; Tian et al., 2004). 

Oligonucleotides are then assembled. Older 
methodologies are ligation (using areas of 
overlapping sequence) and PCR, using 
oligonucleotides to prime off each other) (Au et al., 
1998; Dillon and Rosen, 1990). Currently, the most 
powerful technique for assembly is ligation followed 
by Polymerase Cycling Assembly (Smith et al., 2003). 
Using this technology, a viral genome can be 
synthesised in two weeks. 

Synthetic biology and bioterrorism  

Applications of this technology range from origin of 
life studies, energy production, bioremediation, 
pharmaceutical production, and production of useful 

Image courtesy of Renjith Krishnan / FreeDigitalPhotos.net 
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chemicals (Haker, 2013). 
However, in the shadows of 
these beneficial uses, it has 
long been acknowledged 
that there is potential for 
synthetic biology to be 
misused for production of 
new bioterrorism weapons 

(Garfinkel et al., 2007).  

Bioterrorism, the use of natural disease-causing 
substances as biological weapons, has been present 
throughout human history. Pathogens such as the 
bacterium Bacillus anthracis have the capacity to 
cause widespread death, and the lethal anthrax 
attacks in the US shortly after 9/11 put bioterrorism in 
the public eye. 

Until the advent of synthetic biology, the use of 
biological weapons by non-governmental groups has 
been limited by difficulty in obtaining and spreading 
microscopic biological pathogens. However, 
synthetic biology could well be harnessed to 
overcome these limitations. 

This danger was demonstrated early on in the 
advancement of synthetic biology, when researchers 
at the State University of New York were able to 
synthesise an active poliovirus from oligonucleotides 
using an in silico template (Cello et al., 2002). The 

immediate implication of this work is that the same 
approach could be extended to synthesise other 
viruses, producing deadly bio-warfare agents, such as 
the Ebola virus, from scratch (Stähler et al., 2006). 

To synthesise poliovirus, the group obtained its 
genome sequence, available online from Genbank 
(Kitamura et al., 1981; Racaniello and Baltimore, 
1981a). 

They then used this sequence information to 
chemically synthesise the viral genome de novo, in 
cell free extract. Oligonucleotides were constructed 
through automated chemical synthesis, and the 
synthesised cDNA oligonucleotides were assembled 
by ligation and PCR. Reverse transcription of the 
cDNA virus yielded synthesised poliovirus with the 
biochemical characteristics and pathogenic effects 
of the naturally-occurring poliovirus (Cello et al., 2002). 

This poliovirus project took two years of painstaking 
work. As such, it may seem a stretch that the synthesis 
could be easily reproduced by an independent 
actor. However, with the current techniques of 
microarray-based oligonucleotide synthesis and 
Polymerase Cycling Assembly for ligation of 
oligonucleotides, synthesis of a viral genome could 
now be completed in 14 days, and for only a few US 
dollars (Tian et al., 2004; Smith et al., 2003; Stähler et 
al., 2006).  

Figure 1. An overview of the process of receiving a customised DNA sequence. This schematic highlights the lack of skill required on the part 
of the DNA recipient. 

Han,* 
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In 2005, the first chemical synthesis of an ‘extinct’ 
pathogen occurred, with the synthesis of the 1918 
pandemic influenza virus, an organism which killed an 
estimated 20 to 50 million people (Tumpey et al., 
2005). This was facilitated by recovery of some latent 
virus from the body of a victim of the disease, which 
had been preserved in permafrost. Upon recovery of 
the virus, it was sequenced, and the sequenced 
published online. Tumpey’s group then successfully 
synthesised the 1918 influenza virus, following the 
online ‘blueprint’. 

Further increasing the accessibility of synthetic biology 
is the accessibility of gene providers, companies 
which can be contracted to synthesise requested 
DNA sequence. The schematic in Figure 1 emphasises 
the simplicity with which synthetic genes can be 
constructed. 

As described by Bubela et al. (2012), DNA synthesis 
companies have the option of checking the 
authenticity of their clients, and of checking the 
client’s requested DNA sequence against a database 
of known pathogen DNA. However, it is not 
compulsory for the suppliers to perform these checks. 
This negligence was made clear during a Guardian 
investigative report, where a reporter successfully 
ordered a fragment of the smallpox genome that he 
had ordered using a fake company name, without 
the gene synthesis company checking either the 
authenticity of the company or the function of the 
requested sequence (Randerson, 2006). 

Open access or censorship? 

Access to scientific data, such as new technologies 
and genome sequences, is necessary for all synthetic 
biology applications, including bioterrorism. This has 
led to the suggestions that research that may be 
misused for a bio-warfare application should not be 
undertaken, or that the results of such research be 
kept unpublished. 

However, in many cases the same piece of research 
may have a beneficial use when used responsibly, but 
in the wrong hands, this same information may be 
used to create potentially dangerous weapons. This 
issue is referred to as a ‘dual-use problem’. The 
genome sequence of the 1918 influenza virus is a 
prime example of this: researchers are studying the 

virus in order to develop vaccines for inevitable future 
severe flu outbreaks, but use of the genome 
sequence as a template to resurrect the virus for 
bioterrorist purposes would be catastrophic (Zambon, 
2007). 

As recognised by prominent synthetic biologists 
Michele Garfinkel and Drew Endy, “the power and 
accessibility of modern biotechnology—with synthetic 
genomics being a prime example—makes [dual use] 
concerns particularly salient” (Garfinkel et al., 2007). 

The concept of research censorship is largely rejected 
by the synthetic biology community, for whom the 
sharing of information is central to their work, and to 
the beneficial applications of the field.  A strong 
argument against ceasing research into potential 
dual-use areas is the need to ‘fight fire with fire’ now 
that synthetic bioterrorism is a possibility. Eckhart 
Wimmer of Stony Brook University gives the reasoning 
that the best defence against infectious agents is 
research, and allowing researchers to share their 
information to promote this research is necessary to 
fight back against potential bioterrorism (Wimmer, 
2006). Scott C. Mohr of Boston University also argued 
that the best defence against synthetic biology being 
misused for warfare is to remain one step ahead of 
the science, and to work on anticipating misuse and 
constructing countermeasures (Mohr, 2007). 

Strategies to regulate synthetic biology 

At present, there are no laws in place regarding issues 
unique to synthetic biology. Instead, leaders in the 
field of synthetic biology have started an initiative to 
“self-regulate” their research, agreeing to veto any 
research for which the dangers for 

The subjectivity of this approach is troubling. 
Legislation is urgently needed to give researchers a 
clear boundary to adhere to in the field. In the US, 
potential bioterrorism agents are controlled under the 
US Select Agent Regulation, but this does not include 
provisions for the control of chemically synthesised 
viral DNA (Bubela et al., 2012). 

Others suggest that more responsibility be on gene 
synthesis companies. If screening of clients and 
potentially dangerous requests was mandatory, this 
would help to prevent the security issues that come 
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with inconsistent company policies as discussed 
above (Randerson, 2006). 

Scott C. Mohr from Boston University gives the 
following set of recommendations for preventing 
misuse of synthetic biology techniques (Mohr, 2007): 

 
1. Monitor all DNA synthesis orders from all 
suppliers worldwide. 

2. Create a culture of positive achievement and 
community solidarity among all members of the 
synthetic biology community.   

3. Employ synthetic biology to develop 
enhanced and faster methods for vaccine 
development. 

4. Use synthetic biology to develop a range of 
biosensor capabilities that are rapidly tuneable 
and minimally costly.    

5. Launch and vigorously pursue the 
development of synthetic biology-based antiviral 
therapies, again stressing versatility.  

6. Anticipate potential terrorist strategies. 

 

The US national science advisory board on 
biochemistry has published a review of the issues of 
synthetic biology in relation to potential bioterror 
threats, or “select agents”. This echoes some of the 
suggestions made by others, and offers a critique of 
some of the security threats within the process, as 
outlined in Figure 2. 

Conclusions – Progress balanced with security 

Decisions need to be made about how strictly to 
regulate synthetic biology research. The US National 
Research Council explain that “the challenge is for 
the scientific community to develop a system that 
permits fundamental research to proceed 
unimpeded, while identifying research with great 
potential for misuse”.  

However as we have seen, it is often impossible to 
separate useful ‘fundamental research’ from 
‘research with great potential for misuse’, as the 
different applications can stem from the same 
information. Efforts need to be concentrated towards 
creating smart international guidelines for synthetic 

Figure 2. A proposed plan for minimising misuse of synthetic biology (Mohr, 2007). The concepts shown reflect the viewpoint that the 
potential threats must be acknowledged and met proactively, rather than attempting to prevent the inevitable. 
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Job vacancies  
 Take advantage of our nationwide membership and send us the details of any upcoming vacancies in 
your lab. We will include your ad in the next issue of Southern Blot. 

Your favourite biochemical technique or protocol  
 Have you stumbled across a new, nifty technique that you’d like to share? Summarise it in a page or less 
and share it with us. 

Please email your content and ideas to: miriam.sharpe@otago.ac.nz. 

Wanted:  
for the next edition of Southern Blot 
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NZSBMB Student Travel Awards: 
Conference Reports 

The Gordon Research Conference on Microbial 
Adhesion and Signal Transduction is an international 
meeting that brings together researchers with a 
shared interest in understanding the diverse 
mechanisms bacteria have evolved to interact with 
each other and animal hosts. This meeting provides a 
forum where cutting-edge research will be presented 
on the mechanisms of bacterial adherence and 
signal transduction in an environment that enables 
networking among investigators, and gives post-
doctoral researchers and graduate students access 
to influential leaders in the field of microbial 
adherence and signal transduction. The 2013 meeting 
which was held in Salve Regina University (Newport, 
Rhode Island, USA) focused on novel approaches 
being used to understand how microbes sense, 

Gordon Research Conference:  
Microbial adhesion & Signal Transduction  

Newport, Rhode Island, USA 
July 2013 

Wesley Wen 
 Institute of Fundamental Sciences,  
Massey University, Palmerston North  

respond, colonize, and eventually spread in both the 
environment and in host organisms. Molecular, 
genetic, biochemical, immunological and structural 
approaches were all represented. The program 
reflected the multi-disciplinary approaches being 
used to address questions of seminal importance in 
the field. 

Proteins are the most diverse structures on bacterial 
surfaces; hence they are candidates for species- and 
strain-specific interactions of bacteria with the host, 
environment and other microorganisms. Genomics 
has decoded thousands of bacterial surface and 
secreted proteins, yet the function of most cannot be 
predicted because of the enormous variability and a 
lack of experimental data that would allow 
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XIV Congress of the European Society for 
Evolutionary Biology (ESEB) 
Lisbon, Portugal  
August, 2013 

The NZBMB travel grant enabled me to attend the 
ESEB in Lisbon this year. It took place at the Faculty of 
Science of the University of Lisbon, and with well more 
than 1000 attendees and up to 37°C, the organizers 
faced quite a challenge to satisfy the scientific and 
physical demands of the crowd. And they mastered it 
well. With up to nine simultaneous sessions, the choice 

to which talk to go to was sometimes hard. If there 
was a clearly popular talk, there were backup rooms 
to follow the talk in. 

I presented a poster and the poster sessions were on 
several days in the evenings, accompanied by wine 
and the chance to chat to people. All posters were 

Cornelia Gessner 
Department of Anatomy, University of Otago 

deduction of function through homology. In my 
research we used phage display to identify a pair of 
interacting extracellular proteins in the probiotic 
bacterium Lactobacillus rhamnosus HN001. A 
secreted protein, SpcA, containing two bacterial 
immunoglobulin-like domains type 3 (Big-3) and a 
domain distantly related to plant pathogen response 
domain 1 (PR-1-like) was identified by screening of an 
L. rhamnosus HN001 library using HN001 cells as bait. 
The SpcA-“docking” protein, SpcB, was in turn 
detected by another phage display library screening, 
using purified SpcA as bait. SpcB is a 3275-residue cell 
surface protein that contains general features of large 
glycosylated Serine-rich adhesins/fibrils from Gram-
positive bacteria, including the hallmark signal 
sequence motif KxYKxGKxW. To our knowledge, this is 
the first example of a secreted-docking protein pair 
identified in lactobacilli. Interestingly, we also found 
that an Alanine/Serine-rich region (residues 401-1209) 
of SpcB targets a fusion protein to the inner 
membrane of E. coli. This SpcB region may potentially 
target L. rhamnosus to the membranes of host 
epithelial cells promoting adhesion, colonization 
and/or immunomodulation. 

There were many great research presentations at this 
conference. Some of them discussed the importance 
of the social interactions (e.g., biofilm formation and 

bacterial nanotubes formation) between bacteria 
and how these behaviours were controlled by the 
bacterial signalling molecules (e.g., c-di-GMP and 
regulatory RNAs). Other topics also discussed how 
bacteria used variable approaches such as modifying 
the cell shape and surface structures in order to 
survive in the gut and influence the host health. I 
enjoyed this conference because it was well 
organised and invited many leading scientists who 
offered a lot of unpublished information under the 
selected topics. At the conference, I presented my 
current research work by a poster and met quite a 
few microbiologists. In particular, Dr Paul O’Tool 
(University College Cork, Ireland) and Dr Shaynoor 
Dramsi (Institute Pasteur, France) also gave me some 
helpful advice for my research. Altogether, I would 
strongly recommend this conference to other New 
Zealand researchers and students. Next Gordon 
Research Conference on Microbial Adhesion and 
Signal Transduction will be held in Salve Regina 
University again two years later. I am sure that the 
future attendees would also enjoy the conference like 
me. 

Acknowledgement: I would like to thank NZSBMB for 
considering my application and financially supporting 
me to attend this international conference. 
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online and could be voted for. At the end of the 
conference, prizes for the best talks and posters were 
given. 

I work on cryptic female choice (CFC), a form of 
sexual selection, in fish and investigate the possible 
genetic basis for this phenomenon. Thereby I study 
the influence of i) the MHC, a multigene family 
important in immunity, and ii) of the overall genetic 
relatedness of mating pairs on CFC (for details see 
abstract box). I met people working in similar field, 
either on MHC, several talks and posters were 

presented 
that studied 
these loci, or 
on a related 
fish species 
and on CFC in 
other species. 

I can really 
recommend 
the 
conference to 
anyone 
fascinated by 
evolution. Hearing about other people's interesting 
projects can motivate you and remind you of the 
nature of science and how well it can taste. 
Sometimes you might get stuck in the detail in your 
PhD, trying to suss out a bug in your method or similar. 
Then it is always good mingle with like-minded people 
and to raise your eye and be reminded of the big 
picture and where you want to head in your own 
research. Such a conference has the potential to help 
a young researcher find her way in the seemingly 
endless world of research options. 

The genetic basis of cryptic female choice in Chinook salmon (Oncorhynchus tshawytscha) 
Cornelia Geßner, Patrice Rosengrave, Monika Zavodna, Janine Wing, Neil Gemmell 
Department of Anatomy, University of Otago, PO Box 913, Dunedin 9054 
 
Cryptic female choice, a post-copulatory version of sexual selection little studied in external fertilisers, 
enables females to favour sperm of one conspecific male over another. In Chinook salmon, we have 
previously shown that female ovarian fluid differentially affects the sperm velocity of males in a female-
dependent fashion, and thus that females may exert cryptic control of male reproductive success. 
Here we investigate whether this apparent form of cryptic female choice is 1) based on Major 
Histocompatibility Complex (MHC) dependent sperm selection or 2) influenced by overall genetic 
relatedness. 
MHC dependent mate choice is thought to have two main roles: i) to promote offspring with MHC allele 
combinations that increase immunological competence and/or ii) as a mechanism for differentiating kin, 
either to avoid inbreeding, or to preserve local adaptations. To reveal whether MHC compatibility is a 
contributor to the female-dependent sperm performance, we conducted paired-male competitive 
fertilisation trials with males of different sperm velocity in the focal female’s ovarian fluid. After assessing 
the fertilisation success of each male via microsatellite based parentage assignment, we determined the 
parental MHC genetic distance at MHC class I ! and class II " loci and examined general relatedness of 
the parents with 9 microsatellites and a 6000 SNP Chinook salmon array (Clarke, unpublished). 
We show that sperm velocity is a key determinant for fertilisation success in Chinook salmon and is 
positively correlated with relatedness between mating pairs when the microsatellite data is considered. 
While preliminary at this stage, parental MHC genotypic distance, measured by nucleotide difference, 
does not strongly predict sperm velocity or fertilisation outcomes, but ongoing tests of associations to MHC 
amino-acid divergence, allelic counts and genome wide relatedness via SNP data might reveal more 
subtle patterns in cryptic female choice. 



 14 Southern Blot    October 2013 

The ComBio 2013 conference was held in Perth, 
Australia. It was a large conference encompassing 
three societies; Australian Society for Biochemistry and 
Molecular Biology, Australian Society of Plant Scientists 
and the Australia and New Zealand Society for Cell 
and Developmental Biology. Each day started with 
four plenary speakers in two concurrent sessions, 

ComBio  
Perth, Australia 

September - October 2013 

Colm Carraher  
Plant & Food and the University of Auckland 

these were excellent talks. However, the fact that you 
could only see two of the plenary talks each day was 
frustrating at times. There were then three symposia 
throughout the rest of the day each with six 
concurrent speakers. This meant that you had to plan 
your day carefully to ensure you made it to each of 
the talks that you were interested in, and 
unfortunately also meant missing a lot of excellent 
talks. 

My PhD research is focussed on characterising the 
structural nature of the insect odorant receptors 
which are membrane bound proteins. The paper that 
I presented at this meeting was titled ‘Expression and 
purification of insect odorant receptors for structural 
studies’.  It was based on a paper that I published this 
year and focussed on the methods that I have used 
to over-express and purify members of the insect 
odorant receptor family. This is the first example of the 
successful purification of this important family of 
proteins. The talk was well received with several 
insightful questions at the end. I also had several 
people approach me after the talk with both 
questions and suggestions for how to move forward 
with this research. 

I tried to attend as many of the membrane protein 
and structural talks as possible. I managed to talk to 
Dr Lenoid Sazanov during one of the breaks. His group 
has recently solved the structure for the entire 
Respiratory Complex I proton pump, which was 
published in Nature. He provided many useful tips on 
working with membrane proteins and in particular 
some methods they have been using to successfully 
crystallise membrane proteins in his lab. I also talked 
with a couple of people from CSIRO who suggested 
that I contact the one of their colleagues at the 
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Collaborative Crystallisation Centre (C3). This is a full 
service crystallisation centre in Australia that offers 
services from initial screens through to a full analysis of 
the crystal structure. This service would be extremely 
useful for groups that do not have the time or 
resources to crystallise their protein.  

There were two symposia dedicated to education, 
mostly based around undergraduate study. I found 
these to be extremely interesting with many great 
ideas about the future of science education. One of 
the big points that came out of these talks was the 
option of using online courses instead of large 
lectures, with a number of tutorials then being offered 
with smaller class sizes. This is being proposed as an 
alternative to first year lectures, which are becoming 
extremely large in many universities. There was also an 
interesting talk on interactive teaching, this utilises 
‘clickers’ that allow the students to answer questions 
posed by the lecturer without the need to put their 
hand up or talk in front of the entire class. These 
clickers can be an app on the student’s phone, which 
allows the entire class to interact with the teacher. This 
looks like an interesting way for the lecturer to engage 
with the class while not having to single out individual 
students to answer questions. It would also ensure the 
students are paying attention and not falling asleep in 
class. 

There were also a number of very interesting talks on 
the use of nanotechnology, this was particularly 
focussed on their application in medical sciences. 
There were a couple of talks that described the use of 
nanotechnology in delivering targeted 
chemotherapy drugs directly to tumours, thus 
reducing the amount of drugs needed and increasing 
their efficiency. They provided some exciting results in 
rodent models. I have friends and family who have 
been through cancer therapy and these talks 
provided some hope that future treatments will have 
a higher success rate while reducing the side effects. 

On the whole this was an excellent conference with a 
wide range of topics and speakers. At times the size of 
the conference was frustrating as there were many 
great talks that I could not attend, however the 
symposia planning was excellent and similar talks 
were grouped together well. The large size also made 
it difficult to meet many people as there was always a 
crowd of people around the big name scientists, 
however there were social events held each night 
and after everyone had a couple of glasses of wine it 
was much easier to start a conversation. 

This conference will be held in Canberra in 2014 and I 
would highly recommend it to other students and 
scientists.  

Apply for the next  
NZSBMB student travel award round  

Do you want support for your next 
conference overseas? 

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. 

For further details and the application form, visit the NZSBMB website (http://nzsbmb.science.org.nz/) or contact 
Kerry Loomes (k.loomes@auckland.ac.nz). 

Students!  
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Feature Article 

Who turned on the 
lights? 
What the regulation of bacterial bioluminescence tells us 
about this and other bacterial group behaviours 
Eric V. Stabb (University of Georgia, USA)  
and Zomary Flores-Cruz (University of Puerto Rico-Rio Piedras, Puerto Rico) 

Reprinted with permission from The Biochemist, October 2013 

Luminescence produced by organisms, or ‘bioluminescence’, holds a distinct fascination for 
humankind, and the study of bacterial bioluminescence has a long history in the field of 
microbiology. Advances in our understanding of bacterial bioluminescence have in many 
ways paralleled advances in the field as a whole. Intriguingly, studies of bioluminescent 
bacteria led to a seminal discovery in bacterial gene regulation and behaviour, because for 
bacteria, bioluminescence is a group activity. Bioluminescent bacteria communicate using 
pheromones, and as a result the regulatory decision to induce bioluminescence is only 
made if a group of bacteria has achieved a dense enough population to allow the build-up 
of pheromone. More recently, it has become clear that there are complex regulatory circuits 
governing not only luminescence, but also pheromone signalling itself. These additional 
layers of regulation pose new questions such as what are bacteria really saying to each 
other? Understanding regulation may also help answer ancient questions including, what use 
is luminescence? 

Bioluminescence is widespread in nature, and 
observations of this phenomenon date back as far as 
recorded history1,2. In the 1700s, it was suggested that 
‘animacules’ produce light, and as microbe hunters 
of the 1800s sought to isolate and cultivate specific 
bacteria that were invisible to the eye, yet responsible 
for outwardly apparent phenomena, several species 
of bioluminescent bacteria were discovered and 
described. Finding them was not difficult, and in 
undergraduate microbiology laboratories today 
students experience the same thrill of finding glowing 
colonies using similarly simple methods. As a rule of 
thumb, marine water typically contains approximately 

one bioluminescent colony-forming unit per millilitre if 
plated on to a rich salty medium. Landlocked 
instructors tolerant of foul odours may have students 
purchase and incubate marine seafood, often 
resulting in bioluminescent bacterial growth. Once 
such bioluminescent bacteria have been isolated, 
students can easily inoculate them on to fresh plates 
to generate a glowing growth (Figure 1). Such 
exercises retrace the steps of Heller, Pfluger, Beijerinck, 
Fischer and other scientists who demonstrated and 
described the microbial genesis of bioluminescence. 

Of course, not all bioluminescence is microbial. 
Fireflies, for example, generate their own light. 

Abbreviations: 3OC6-HSL, N-3-oxo-hexanoyl homoserine lactone; ROS, reactive oxygen species. 
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However, at least in certain respects, 
bacteria are unrivalled as 
experimental systems, and during 
the 20th Century scientists 
increasingly exploited them as 
models for many basic biological 
phenomena. Consequently, a great 
deal is known about bacterial 
bioluminescence. 

The bacteria that generate 
bioluminescence 
Although bioluminescence is found 
in diverse organisms, the prokaryotes 
known to produce light fall into a 
relatively narrow phylogenetic slice 
of the bacteria3. All are Gram- 
negative, encompassed by three 
families within the gamma 
proteobacteria and most live in 
marine environments. Although 
bioluminescence seen in breaking 
waves is typically attributable to 
dinoflagellates, huge swathes of glowing ocean 
called ‘milky seas’ are thought to be due to 
bioluminescent bacteria associated with microalgal 
blooms. Non-marine exceptions include 
Photorhabdus species, which are symbionts of 
terrestrial entomopathogenic nematodes and cause 
the cadavers of the nematode’s victims to glow. 
Reports of glowing wounds in humans, which were 
apparently fairly common during the American civil 
war, are often attributed to opportunistic 
Photorhabdus growth. Another exception is the 

marine bacterium Vibrio cholerae, which ventures 
into brackish and even fresh water. 

Although some strains of V. cholerae cause outbreaks 
of cholera, several non-clinical isolates produce 
luminescence. Although cells capable of 
bioluminescence are found free-living, evidence 
suggests that most, if not all, the bioluminescent 
bacteria are equipped to interact with host 
organisms. They can be found on and inside animals, 
in specialized one-species symbioses and in gut 
communities, in symbiotic mutualisms and in 
pathogenic infections. Bioluminescent bacteria 
typically induce bioluminescence when associated 
with a living or dead host, and not as a member of 
the dilute marine community. Two marine bacteria 
have been workhorses for the study of 
bioluminescence and its regulation; Vibrio harveyi 
and Vibrio fischeri. The latter, named for the 
pioneering bioluminescence researcher Bernhard 
Fischer, is often found in specific symbioses, where a 
host grows it in a specialized light organ. The symbiosis 
between V. fischeri and the Hawaiian bobtail squid, 
Euprymna scolopes, can be initiated and effectively 
studied in the laboratory4, making this bacterium an 
excellent model for researchers wishing to examine 

Figure 1. Bioluminescent bacteria on Petri plates. First grade students at Barrow 
Elementary School, Athens GA, inoculated a Photobacterium strain on to Petri plates, 
generating these glowing works of art. 

Figure 2. The Lux proteins that generate bacterial bioluminescence. 
See main text for details. 
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bioluminescent bacteria in an ecologically relevant 
context. Although studies of this symbiosis have 
gained momentum over the last two decades, they 
are built on a foundation of research into the 
physiology, biochemistry, genetics and regulation of 
bioluminescence dating to the early 20th Century5. 

Making light and paying for it 

Bioluminescence has evolved independently several 
times, but bioluminescence in bacteria is consistently 
underpinned by a conserved set of Lux proteins 
(Figure 2). V. fischeri and other bacteria produce light 
using a luciferase enzyme composed of LuxA and 
LuxB. Luciferase converts FMNH2, O2 and an aliphatic 
aldehyde (RCHO) to FMN, water and the 
corresponding aliphatic acid, giving off a photon of 
light in the process6. LuxD generates RCHO, which is 
also regenerated through the recycling of RCOOH by 
LuxC and LuxE. In V. fischeri, LuxG re-reduces FMN, 
although some bioluminescent bacteria lack luxG 
and other routes of recycling FMN back to the FMNH2 
substrate are available. The lux genes encoding these 
proteins are clustered and often in the order 
luxCDABEG. 

Scientists have long puzzled over the costs of 

generating bioluminescence7. For example, LuxAB 
can comprise 5% of the protein in bright cells, and ATP 
is hydrolysed to regenerate RCHO. Moreover, the 
consumption of oxygen and reducing equivalents 
might compete with energy recovery from aerobic 
respiration. Before the genetics and biochemistry of 
bacterial bioluminescence were well understood, 
scientists noticed that undefined dim or dark mutants 
frequently arose during prolonged culture, and they 
speculated that lacking some natural selection to 
maintain luminescence, cells discarded it as 
energetically too expensive. With the advantage of 
modern genetics, we found that a !luxCDABEG 
mutant, which is completely dark, does indeed 
outcompete its wild-type isogenic parent8. 

The light switch 

Given the costs of bioluminescence, bacteria 
carefully regulate when they induce lux gene 
expression, and the way they do so radically 
changed how we view the social lives of bacteria. In 
1970, scientists in the Hastings laboratory published 
their seminal observations that dilute cells are dark, 
but they induce luminescence upon achieving higher 
population densities9,10. Thus the behaviour of 
individual cells was different if they were alone or in a 

Figure 3. The lux genes and their pheromone-mediated regulation. The luxICDABEG operon includes genes required for luminescence as 
well as luxI, which encodes a pheromone synthase. When the pheromone produced by LuxI, 3OC6-HSL, accumulates to a sufficient 
concentration, it combines with LuxR, binds a ‘lux box’ sequence, and stimulates lux operon expression. 
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crowd, and their mob mentality was to produce 
bioluminescence. Such behaviour made intuitive 
sense, because the light generated by a single 
bacterial cell, small as they are, could not be 
detected by any known biological system. Only in a 
group could their bioluminescence be visible. 

Over the next 15 years, the mechanism of this cell- 
density-dependent regulation was elucidated (Figure 
3). In V. fischeri, the luxCDABEG genes are expressed 
in an operon with luxI, which encodes a pheromone 
synthase. This operon is divergently transcribed from 
luxR, which encodes the cognate pheromone-
dependent transcriptional activator11. LuxI synthesizes 
N-3-oxo- hexanoyl homoserine lactone (3OC6-HSL), 
which can diffuse between cells. Once 3OC6-HSL 
reaches a certain threshold concentration, at high 
cell density, it combines with LuxR and together they 
bind at a ‘lux box’ sequence and activate 
transcription of luxICDABEG. Add 3OC6-HSL to dilute 
cells, and they induce luminescence. 

3OC6-HSL was called ‘autoinducer’, and the entire 
regulatory scheme was cleverly dubbed ‘quorum 
sensing’ to convey that the behaviour was only 
undertaken when a sufficient number of individuals 
were present to do business. Although the precise 
mechanisms vary between bioluminescent bacteria, 
pheromone-mediated control of the lux genes was a 

consistent theme. The fact that there were distinct 
ways of accomplishing a similar end, an indicator of 
convergent evolution, added to the intrigue, and a 
field gelled around the term ‘quorum sensing’. 

Shedding light on bacterial sex and violence 

The history of bacterial pheromone signalling is an 
excellent example of basic research having 
unanticipated reach. For a time, the field of 
microbiology considered the phenomenon 
captivating and worthy of study, but perhaps also a 
bit esoteric – an odd quirk of glowing marine 
bacteria. Peptide pheromones in Gram-positive 
bacteria were elucidated at about the same time, 
and other reports of similar signalling trickled out, but 
the real scope of bacterial pheromone signalling did 
not unfold until the early to mid-1990s. Once 
researchers began looking in earnest, they found 
bacterial pheromones widespread, often 
underpinned by LuxI and LuxR homologues at least in 
the proteobacteria. Both plant and animal pathogens 
co-ordinate attacks on hosts in essentially the same 
way V. fischeri controls bioluminescence. Conjugative 
transfer of plasmid DNA between cells, a mechanism 
for spreading antibiotic resistance, is often 
pheromone controlled as well. Strategies have 
emerged for combating bacteria by thwarting their 
signalling. For example, transgenic plants that destroy 
bacterial pheromones are resistant to rot-causing 
pathogens12. The esoteric quirk of bioluminescent 
bacteria is now in textbooks and forms the basis for 
biotech start-ups. 

The plot thickens 

By the time bacterial pheromone signalling became 
a staple of microbiology textbooks it was already 
clear that the story being told in those books is 
simplistic. It is true that pheromone accumulation as 
cell density increases is a hallmark of these systems, 
but the concept portrayed of pheromones as census-
taking molecules glosses over regulatory complexities. 
Arguably, the term ‘quorum sensing’, which helped to 
popularize the field and to explain it at the same time, 
has unfortunately also reinforced this simplistic view. 
As it turns out, pheromone concentration does not 
follow a simple correlation with cell density and is 
instead highly context dependent for multiple 

Figure 4. Regulation of pheromone signalling could co-ordinate 
group activities in a heterogeneous environment. An environmental 
cue stimulates bioluminescence and pheromone production 
(pentagons) in a group of cells, leading to diffusion of pheromone 
away from the stimulatory environment, inducing bioluminescence 
in other cells. Positive feedback then amplifies the response to the 
initial cue. The result of controlling pheromone synthesis 
environmental regulation combined with positive feedback is that a 
group response to a stimulus can be co-ordinated, even including 
cells that are not themselves in a stimulatory environment. 
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reasons. For example, V. fischeri isolated from the 
Hawaiian bobtail squid are a thousand times brighter 
in the host than in culture, even at equivalent cell 
density. 

Feedback loops are one reason that context, and not 
just cell density, matters. Alert readers may have 
noted that the 3OC6-HSL product of LuxI stimulates 
more LuxI production, and this positive feedback loop 
can lead to hysteresis, such that pheromone 
concentration is partly a function of whether the 
system has recently been stimulated13. Positive 
feedback is a remarkably common feature among 
bacterial pheromone systems, and it is not clear why 
this should be so if the purpose is to sense population 
density. Some have argued that it might reduce cell–
cell variability or ‘noise’ during a population-wide 
response, and this may be true, but recent 
technologies allowing detection of gene expression, 
and even bioluminescence, from single cells has 
shown considerable heterogeneity in responses. 
Positive feedback may have another role. 

Decoding bacterial languages 

Context is also important in bacterial pheromone 
signalling because the expression of pheromone 
synthases and receptors is typically, if not always, 
regulated. The effects are more evident or dramatic 
in some systems than others, but responses to 
environmental cues control pheromone signalling. 
Consequently, the pheromones are potentially 
transmitting information about the environment. 
Moreover, positive feedback can amplify regulatory 
inputs into the system, so that information could be 
transmitted about environment at a distance, 
allowing a group response to a condition 
experienced by a subpopulation14 (Figure 4). Thus, 
although pheromone signalling may allow bacteria to 
ask ‘how many of us are here’, it could also allow 
bacteria to ask ‘what’s it like over there’ with 
communication only possible if there are enough 
bacteria to pass the signal along. 

The idea that pheromone signalling is density- 
dependent yet communicating other information 
might explain the common observation of bacteria 
using multiple pheromones. V. fischeri produces three 
known pheromones: 3OC6-HSL, N-octananoyl 

Figure 5. Hawaiian bobtail squid Euprymna scolopes. 

homoserine lactone and ‘AI-2’, which is presumably a 
furanosyl borate diester (as it is in V. harveyi)15. 
Through interconnected circuitry, these pheromones 
all ultimately regulate bioluminescence16. Researchers 
have posed the question, why have multiple 
pheromone systems if their purpose is to monitor cell 
density? One suggestion is that multiple systems could 
allow more robust, homogenous and fine-tuned 
responses to cell density; however, that begs the 
question of why regulate these different systems in 
response to different environmental conditions? An 
alternative possibility is that bacteria are saying 
different things to each other with distinct 
pheromones. 

To understand whether bacteria are communicating 
across populations about microenvironments, we 
must figure out the conditions that modulate 
pheromone signalling and observe the bacteria 
‘talking’ in environments where these conditions vary. 
Much of the groundwork has already been done. 
Several recurrent themes have emerged across 
different systems. Carbon source, iron availability, 
redox conditions, among others often control 
pheromone systems. More research along these lines 
is warranted, but perhaps a greater challenge is to 
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listen in on what bacteria are saying in ecologically 
relevant and potentially heterogeneous 
environments. We can’t know if bacteria are asking 
‘what’s it like over there’ by growing them in shake 
flasks. Using fluorescent reporters, we found that lux 
transcription in V. fischeri varied over across 
microenvironments of the squid light organ17, and 
similar in vivo approaches promise to tell us about 
gene expression in more natural contexts for the 
bacteria.  

Can regulation tell us anything about why cells make 
light in the first place? 

Studying the regulation of bioluminescence 
uncovered a world of bacterial communication, but 
major questions about bioluminescence still remain. 
Among these is, what purpose does bioluminescence 
serve for the bacteria? The answer may vary for 
different bioluminescent bacteria. For symbionts such 
as V. fischeri, one explanation is that by helping their 
hosts, and receiving nutrients in return, they derive 
benefit. The Hawaiian bobtail squid is thought to use 
bioluminescence as camouflage18, and the squid also 
grow and excrete V. fischeri, apparently resulting in 
higher populations of the bacterium19. However, that 
observation can’t explain the entire benefit of 
luminescence. In contrast with lux genes impairing 
growth in culture, bioluminescence helps V. fischeri 
colonize the squid. Dark mutants are driven out8,20,21. 
Although the squid can perceive light and potentially 
sanction a dark infection, the light from nearby wild-
type strains cannot save the dark mutants. There must 
be some aspect of the light organ environment that 
makes light production advantageous. 

Several theories have been proposed to explain how 
luminescence can be advantageous7, and regulation 
of the genes is informative in differentiating between 
them. Some have suggested that in bioluminescent 
bacteria DNA damage induces luminescence, so that 
light can stimulate photolyase-mediated DNA repair, 
but that model cannot explain the colonization 
advantage of bright V. fischeri cells22. 

Alternative models focus on the Lux system’s 
consumption of oxygen and reducing equivalents. 
One school of thought posited that luminescence 
benefits cells by burning excess reducing power to 

support fermentative growth; however, the ArcA/ArcB 
regulatory system and others seem to regulate in the 
opposite manner, with luminescence repressed in 
response to more reducing conditions. Seemingly 
more consistent with such regulation, several 
researchers have proposed that luminescence might 
benefit cells by consuming oxygen and protecting 
against oxidative stress. For example, luciferase might 
drive down ambient or intracellular oxygen 
concentration, either attenuating a host oxidative 
burst or rendering cells more resistant to oxidative 
stress. Luciferase’s high affinity for O2 (Km=~35 nM) 
seems consistent with such a function. Moreover, the 
requirement of a ‘quorum’ to induce luminescence 
might reflect that lone dilute cells have little hope of 
affecting [O2], and that only a concerted effort could 
be of any use. 

Light organ bioluminescence as an anti-oxidant? 

Multiple lines of evidence indicate that V. fischeri is 
exposed to oxidatively stressful conditions in the host 
light organ, although the importance of oxidative 
stress and reactive oxygen species (ROS) in the 
symbiosis and its relation to luminescence await 
further investigation. High levels of host-derived halide 
peroxidase have been detected in different symbiotic 
microenvironments, where it presumably functions to 
convert H2O2 and chloride ions into the potent 
oxidant HOCl. Similarly, nitric oxide has been 
detected in symbiotic tissues. Each of these ROS is 
toxic, and may keep symbiont populations in check. 

V. fischeri appears well equipped to resist such stress 
(Table 1). The V. fischeri genome encodes 
components of putative H2O2, HOCl and superoxide 
stress responses. Moreover, the predicted H2O2 sensors 
and scavengers appear to be redundant, suggesting 
that this microbe is highly adapted to H2O2 stress. 
Mutational studies will be informative about the 
symbiotic importance of these systems. For example, 
a catalase mutant, which lacks the ability to detoxify 
H2O2, loses H2O2 resistance in culture and competitive 
fitness in the symbiosis, suggesting that V. fischeri is 
exposed to antimicrobial concentrations of at least 
H2O2 in the light organ23. Proteomic and 
transcriptional studies demonstrated that other 
bacterial oxidative stress-response genes, including 
some encoding predicted ROS scavengers and repair 
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systems, are highly induced in the symbiosis24,25. 
Mutational study of these genes should likewise 

provide valuable information into 
their role and contribution in 
symbiosis and oxidative stress 
response. 

If indeed bioluminescence acts to 
ameliorate oxidative stress, then 
the effects of losing other oxidative 
stress responses may be 
exacerbated by additional lux 
mutations. Such mutants should be 
tested both by challenge with 
antimicrobial ROS and in the light 
organ symbiosis. Although the 
importance of bioluminescence in 
symbiotic V. fischeri may not be 
representative of the role played 

by the lux genes in all 
bioluminescent bacteria, its 
symbiosis does afford a rare 

opportunity for laboratory-based experimentation on 
bacterial cells making light in an ecologically relevant 
context. 

Table 1. Elements of V. fischeri oxidative stress response. P, proteomic analysis of adult light 
organ exudate; S, symbiotic defect; T, transcriptomic analysis of adult light organ. 


