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Nelson is the new Queenstown 
Queenstown Research Week 28 Aug — 2 Sep

This year the Queenstown Research Week is 
‘on tour’ and will be held in Nelson. NZSBMB is 
involved in organising the QMB Nelson meeting, 
and it’s looking like it should be a good one. So 
if you like QMB but feel all Queenstowned out, 
I urge you to come to sunny Nelson for Nelson 
Molecular Biology 2016!

More details at:
http://www.queenstownresearchweek.org 

See also the flyer on page 18.

Big Data, Little Organisms 
Joint NZSBMB/NZMS Meeting

Christchurch, 14 — 17 Nov

NZSBMB and NZMS are teaming up once again 
to bring you a joint meeting at the interface of 
microbiology, biochemistry and molecular biolo-
gy. We’re all grappling with the flood of ‘big data’ 
so our societies figured it would be timely to have 
a joint meeting around this theme. Moreover, for 
those that don’t live in Christchurch, it’s just hit 
the peak of the rebuild, so there is loads of action 
and change in the Transitional City.   
 

Oh, and the former red zone has become the best 
park/urban foraging venue in the country – it’s a 
must-see for when you need stretch your legs and 
digest all the amazing science on offer.

More details at:
http://www.nzmsconference.org.nz/wp/

events/2016-joint-nzms-nzsbmb-conference/

Canterbury Omics IV
Plant & Food Research   
Lincoln, 30 March 2016

As part of our initiative to support regional re-
search meetings, NZSBMB sponsored the 
student lightning talks session at the fourth Can-
terbury Omics symposium. This is a 
grass roots meeting that provides Cantabrian 
researchers across the universities and 
CRIs an opportunity to get together and present 
their research on all things Omics. It’s sufficiently 
popular that it is running twice a year, with dif-
ferent institutes around the region taking turns 
hosting it.

This is the first time that NZSBMB has been an 
official sponsor – we offered three student priz-
es, and it was fantastic to see the high standard 
at which NZ students in this field are operating. 

Meetings galore! 
Associate Professor Anthony Poole, NZSBMB President

Save the dates! There are two cracking conferences coming up and the NZSBMB exec are involved in 

organising both of these. Looking forward to seeing you at one or both of these meetings.

President’s Column
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Chris Winefield (Lincoln), Martin Kennedy (Ota-
go, Christchurch) and Susan Thomson (PFR), 
judged the talks, and the winners were: 

Nicole Wheeler (PhD student)

Profile-based comparison of Salmonella   
genomes reveals signatures of host adaptation.

Fatemeh Ashari Ghomi (PhD student)

Investigating essential protein families in family 
Enterobacteriaceae.

Alannah Rickerby (MSc student)

Experimental evidence that translation initia-
tion in bacteria was invaded by a selfish genetic 
element.

http://canterburyomics.nz 

Remember that 
NZSBMB is happy to 
support your regional 
meetings, so get in 
touch with the Exec 
about how we can 
help support your 
next meeting! ANT

Associate Professor
Anthony M. Poole

Biomolecular Interaction Centre
School of Biological Sciences
University of Canterbury

Email: anthony.poole@canterbury.ac.nz
Twitter: @pouletm

President’s Column

From left: Alannah Rickerby, Nicole Wheeler and Fatemeh Ashari Ghomi.

NZSBMB President, Ant.
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Meet the Scientist

Mark Hampton
Principal Investigator, Centre for Free Radical Research
Universty of Otago, Christchurch, New Zealand

Describe your research in one sentence.

Investigating how cells use oxidants as signalling 
molecules, and how disruption of these pathways 
contributes to human disease.

What gets you up in the morning? 

Hope for a phone call from Stockholm. The Nobel 
committee has previously looked favourably on 
Nelson-born Canterbury-trained scientists, so 
I assume my chances are increased by being a 

member of that cohort.

What are you doing right now?

Working on my fourth grant application for the 
year … and it’s only April. While the underlying 
biochemistry is similar, they are in relatively new 
areas for the group i.e. neuroscience and ageing, 
so it has come with extra background reading.

Do you know your h-index?

Yes, but I haven’t managed to get it higher than 
my age yet. I seem to be having too many  
birthdays.

What bit of research has caught your eye 
recently?

Anything related to mitochondria. As both a 
source and a target of oxidants these organelles 
have always been of interest to redox biologists, 

but the biochemistry textbooks usually consign 
them to a small part of a metabolism chapter 
that as undergraduates we tried to avoid reading. 
Hardly a week goes by now without a paper in 
a high-profile journal implicating mitochondria 
and mitochondrial dysfunction in another  
biological process or disease.

Sightseeing following the First International Symposium  
on Peroxiredoxins (Seoul, Oct 2015).
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Principal Investigator, Centre for Free Radical Research

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

Cricket and science were the only things I can 
ever remember wanting to do, and it was exciting 
to discover that you could actually get paid to do 
science. I guess I need to remember that when 
grumbling about another grant application.

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

Hard question… the more recent work comes to 
mind first, in particular our observations that the 
peroxiredoxin family of proteins are exquisitely 
sensitive to oxidation in cells following exposure 
to hydrogen peroxide or the activation of recep-
tor-mediated death pathways. We are still trying 
to work out exactly what role the peroxiredoxins 
play in signal transduction, but in the meantime, 
they are proving useful markers for disturbances 
in cell redox homeostasis. 

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

I enjoy reading about the people behind the 
science, and as biochemists are so talented I only 
need one for this mission. Britton Chance was 
one of the preeminent biochemists/ biophysicists 
of the 20th century, renowned for his study of 
enzyme kinetics and electron transfer reactions 
in biological systems, including unravelling  
oxidative phosphorylation and the measurement 
of hydrogen peroxide production by   
mitochondria.  

He was also an inventor who was closely involved 
in the improvement of radar during WWII, the 
invention of the dual wavelength spectropho-
tometer and improved stopped-flow techniques 
in the laboratory, and the development of optical 
spectroscopy techniques for the clinic. Impor-
tantly for this mission, Britton Chance was an 
experienced sailor, winning a gold medal at the 
1956 Olympics. His first invention at age 13 was 
an auto-steering device for boats. I suspect he 
would have us off the island and back to the lab 
very quickly, with some great stories for the ride.

Meet the Scientist

Professor
Mark Hampton

Centre for Free Radical Research, University of Otago 
Christchurch

Email: mark.hampton@otago.ac.nz 
Tel: +64 3 378 6225
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What has phage research ever 
done for us?

Bacteriophages, or phages, are viruses that 
specifically infect bacteria and their name lit-
erally translates as “bacteria eaters”. The year 
2016 marks 100 years since their independent 
discovery by Frederick Twort in 1915 and Félix 
d’Herelle in 1917 (Salmond and Fineran, 2015) 
– well, it is the average to keep both Twort and 
d’Herelle supporters happy! Therefore, it is an 
appropriate time to write about our current 
phage research and reflect briefly on the past. 
Phages are the most abundant and genetically di-
verse biological entities on the planet. They out-
number bacteria by an order of magnitude (esti-
mated at >1030 phages) and infect ~1025 bacteria 
per second, influencing many important process-
es such as global nutrient cycles and the evo-
lution of bacterial pathogens. The result is that 
they participate in an ongoing evolutionary ‘arms 
race’, with phages and bacteria trying to ‘outwit’ 
each other (Dy et al., 2014b). As such, despite 
going unseen, phages have a major influence on 
our daily lives and are also being seriously con-
sidered as specific anti-bacterial agents (Framp-
ton et al., 2012). For example, in recent years we 
have been isolating and characterising phages 
that infect Pseudomonas syringae pv. actinidiae 

(commonly known as Psa), which is the causative 
agent of kiwifruit canker, with the aim to develop 
a phage-based bio-control strategy (Frampton et 
al., 2015; Frampton et al., 2014). Phage research 
also continues to transform society through 
biotechnological spin-offs – as exemplified by 
the incredible rise of CRISPR-Cas9 gene editing, 
gene regulation and related technologies (Doud-
na and Charpentier, 2014; Fineran and Dy, 2014; 
Sternberg and Doudna, 2015). 

The impact of phage research on molecular bi-
ology is not recent. In fact, it is widely accepted 
that the study and application of phage  
biology was responsible for the origin of molec-
ular biology. The simple nature of phages led 
to their exploitation as model systems to tackle 
complex fundamental questions in biology – such 
as “what is the nature of the gene”. As molecular 
biologists and biochemists, most of us are aware 
of this early research, since we should have read 
it in our textbooks. For example, Salvador Luria 
and Max Delbrück provided evidence that mu-
tations pre-existed in the absence of selection, 
in support of Darwin’s theory of natural selec-
tion (Luria and Delbrück, 1943). Alfred Hershey 
and Martha Chase later showed that DNA (not 
protein) was the genetic material by using the 

Resistance is not futile:    
Associate Professor Peter C. Fineran
2015 Winner of the Custom Science NZSBMB Award for Research Excellence

Department of Microbiology & Immunology, University of Otago, New Zealand

Custom Science NZSBMB Award

bacterial ‘innate’ and ‘adaptive’ immune systems
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Custom Science NZSBMB Award

simple, yet elegant, blender experiment (Hershey 
and Chase, 1952) – demonstrating that sophis-
ticated equipment is not always a requisite to 
perform science of high impact. Kitchenware 
often provides important lab equipment when 
on a tight budget – one of my first lab equipment 
purchases was a $50 pie warmer (complete with 
pie smell) through Trademe from Southland! It 
is still running many years later. I also worked 
in a lab with a hand powered salad dryer that 
had been converted into a ‘benchtop centrifuge’ 
for spinning down PCR tubes. Diversions aside, 
phages further revealed the architecture of the 
gene in the classic phage T4 rII gene mapping 
experiments by Seymour Benzer (Benzer, 1955). 
We still teach these experiments to our students 
at Otago, not only for the historical interest, but 
as elegant logical approaches to tackle scientific 
problems.

Phages also provided many of the tools used in 
molecular biology research. T4 ligase and restric-
tion enzymes are two of the most well-known, 
but many cloning vectors were also derived 
from phages, as were some high-fidelity DNA 
sequencing methods. It is perhaps unsurprising 
then, that the first genomes to be sequenced were 
phages. Phage-based tools were then applied to 
the genome projects of other organisms, includ-
ing Escherichia coli and humans. I believe that it 
is salient to remember that the work on restric-
tion enzymes originated from observations in the 
early 1950s on non-heritable variations in phage 
resistance when grown on different E. coli strains 
(Bertani and Weigle, 1953; Luria and Human, 

1952). These restriction-modification systems en-
dow bacteria with a form of defence against phag-
es that is akin to our innate immune systems. 
CRISPR-Cas research also highlights the seren-
dipitous nature of studying phage resistance – 
who could have known that trying to understand 
these bacterial adaptive immune systems would 
result in a revolution in tools for genetic manipu-
lation. Both restriction enzymes and CRISPR-Cas 
are billion dollar biotech successes and we should 
keep in mind that these outcomes were built 
firmly on high quality curiosity-driven science. 
These are just some amazing ways that 100 years 
of phage research has influenced science, but I 
refer anyone interested to other articles (Petty et 
al., 2007; Salmond and Fineran, 2015). 

It was during my undergraduate degree that I 
first developed an interest in phages, when I 
performed my Honours research project with 
Jack Heinemann at the University of Canterbury. 
I now head a research team based at the Univer-
sity of Otago that investigates the interactions 
between phages, other mobile genetic elements 
and bacteria. The current major focus of my 
group is phage resistance, in particular the innate 
(toxin-antitoxin / abortive infection) and adap-
tive (CRISPR-Cas) immune systems. Below I will 
discuss some of our work in these areas.

Bacterial innate immunity – abortive  
infection and toxin-antitoxin systems

To mitigate the ever-present risk from phage 
attack, bacteria have evolved multiple  
defence strategies (Dy et al., 2014b). Akin to our 
innate immune systems, the first line of defence 
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is provided by cell surface modifications, 
restriction of foreign DNA by restriction-modifi-
cation systems and abortive infection. Abortive 
infection systems cause ‘altruistic cell suicide’ 
of phage-infected bacteria, which reduces the 
phage spread through the population. In 2006 I 
began studying a new abortive infection system 
as a post-doctoral fellow in the lab of George 
Salmond at the University of Cambridge. At that 
time, the mechanism of most abortive infection 
systems was unknown. We showed that this 
system, which we named ToxIN, functioned as 
a toxin-antitoxin module (Fineran et al., 2009). 
Toxin-antitoxin systems are widespread and are 
composed of a toxin, which targets an essential 
cellular process, and an antitoxin that inhibits 
the toxin (Cook et al., 2013). Their physiological 
functions were hotly debated but our work clearly 
showed that toxin-antitoxin systems can provide 
phage resistance (Blower et al., 2009; Fineran et 
al., 2009). There were two Types of toxin-antitox-
in systems, RNA-RNA (Type I) and protein-pro-
tein (Type II) known at that time. Our discovery 
led to an entirely new class, the Type III tox-
in-antitoxin systems, which uses a protein-RNA 
toxin-antitoxin mechanism (Blower et al., 2012c; 
Fineran et al., 2009). The toxin (ToxN) is an 
RNase that binds and cleaves cellular and phage 
RNAs, leading to phage and host cell arrest 
(Blower et al., 2011; Fineran et al., 2009). This 
activity is counter-acted by the toxin-inhibitor 
(ToxI), a short repetitive non-coding RNA, which 
binds to ToxN and forms a heterohexameric com-
plex entirely consisting of RNA-protein interac-
tions (Blower et al., 2011; Short et al., 2013). So, 
how are these systems triggered by phage infec-

tion? We showed that upon phage infection, the 
levels of ToxI decrease, which leaves ToxN avail-
able to target RNA (Blower et al., 2012a; Blower 
et al., 2012b). In a surprising evolutionary twist, 
some phages overcome this innate immunity by 
one of two strategies. Firstly, some phages hijack 
the toxI gene and place it in their own genome. 
In the second strategy, phages repeat and expand 
a short segment of their own genome to produce 
a small RNA the acts as a molecular mimic of 
the ToxI RNA. In future infections these phages 
express the anti-dote RNAs, which mop up any 
ToxN in the cell and enable phage replication 
(Blower et al., 2012a; Blower et al., 2012b). 

Our work on ToxIN also demonstrated a direct 
link between toxin-antitoxin and abortive infec-
tion systems (Fineran et al., 2009) – providing 
insight into the mode of action of some abortive 
infection systems. Taking this concept further, we 
have now identified, and begun characterising, 
other abortive infection systems that function via 
novel toxin-antitoxin mechanism(s). For exam-
ple, we demonstrated that the AbiE phage resis-
tance system functions through a toxin-antitoxin 
mechanism (Dy et al., 2014a). The toxin has a 
mechanism not previously observed in bacterial 
toxins and is a nucleotidyl transferase that utilis-
es GTP to modify a currently unidentified cellular 
target to elicit growth inhibition. The antitoxin is 
an unusual autoregulatory DNA-binding protein 
with a distinct C-terminal domain that alone is 
sufficient for antitoxicity (Dy et al., 2014a). There 
is still a paucity of information about how abor-
tive infection systems are triggered by phages, 
despite their successful commercial use for 
protecting bacterial cultures from phage spoilage 
during cheese and yoghurt production.

Custom Science NZSBMB Award
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Bacterial adaptive immunity – 
CRISPR-Cas systems

In 2007, I was planning what I wanted my lab 
to research. Like many post-docs at this stage in 
their career, I knew it was important to choose 
an area in which I had both experience and a 
track-record, but that would give me indepen-
dence from my former supervisor – somewhat of 
a catch 22. I had just read the seminal paper in 
Science by Rodolphe Barrangou and colleagues 
about CRISPR-Cas (clustered regularly inter-
spaced short palindromic repeats – CRISPR 
associated proteins) systems that could provide 
adaptive immunity in Streptococcus thermophi-
lus, a common bacterium used for fermentations 
in the dairy industry (Barrangou et al., 2007). 
As I was working on the ToxIN phage immuni-
ty system at that time, I thought these sounded 
like incredible systems. So, I decided to start a 
new line of research investigating CRISPR-Cas 
when I started my group and managed to get a 
CRISPR-Cas research theme established in New 
Zealand in 2008. However, since I had no track 
record in this new area, for a few years major 
funding was elusive and I continued working on 
my other more established research areas. For 
the first few years from 2008, almost nothing 
was known about CRISPR-Cas systems and we 
eagerly read any paper that was published in this 
area. Now, I typically get 5-10 new CRISPR paper 
alerts every day – such is the  exponential growth 
of this area! 

What are these systems and how do they work? 
The CRISPR-Cas small RNA-mediated resistance 
systems provide protection against foreign  

genetic material, such as phages and plasmids 
and are found in ~50% of bacteria and ~85% of 
archaea (Makarova et al., 2015; Richter et al., 
2012a). CRISPR arrays contain short repeats 
separated by similar sized spacer sequences that 
provide the genetic ‘memory’ of past infections. 
Briefly, immunity involves three phases (Fig-
ure 1): 1) During adaptation short invader-de-
rived  
sequences are added as new spacers to the CRIS-
PR array(s) – much like immunisation (Fineran 
and Charpentier, 2012). 2) Next, the expression 
of CRISPRs from a leader sequence upstream of 
the array results in an RNA that is processed into 
small guide crRNAs by Cas proteins. 3) Finally, 
Cas protein(s) and guide crRNAs form complex-
es that recognise and degrade complementary 
nucleic acids (termed protospacers) during 
interference. It is this relative ease in which a 
protein (with nuclease activity) can be directed 
to a specific nucleotide sequence by a small RNA 
(the crRNA) that has resulted in the widespread 
application of CRISPR-Cas systems in gene 
editing. There is incredible diversity in CRISPR 
systems, with two major classes of system that 
are subdivided into (at least 6) types and some of 
these types are further categorised into multiple 
subtypes (Makarova et al., 2015). Cas9 belongs to 
the Class 2, type II systems and is currently the 
most widely used CRISPR-Cas biotechnological 
tool (Doudna and Charpentier, 2014; Sternberg 
and Doudna, 2015), due to editing functions 
being encoded in a single protein that is guided 
by an RNA (Jinek et al., 2012). More recently, 
type V proteins have been discovered and may 
offer some benefits or complementary improve-

Custom Science NZSBMB Award
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Figure 1. Mechanism of CRISPR-Cas immunity as shown for the system present in Pectobacterium atrosepticum 
(type I-F). Immunity is provided in three major stages termed adaptation, expression and interference. When phages 
escape CRISPR-Cas immunity, the adaptive immune system can respond using the priming process. For details, see 
the text. Figure courtesy of Ron Dy. 

Custom Science NZSBMB Award
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ments over Cas9 (Fagerlund et al., 2015; Zetsche 
et al., 2015). Other types of CRISPR-Cas system 
(e.g. types I and III) have more complicated 
multi-protein complexes required for invader 
recognition and interference. 

My laboratory is using plant-pathogenic bacteria 
of the Pectobacterium (formerly Erwinia (Bell 
et al., 2004)) and Serratia (Fineran et al., 2013) 
genera as models to investigate these adaptive 
immune systems. Below I will highlight some 
of our work to understand the aspects of these 
immune systems during adaptation, expression 
and interference, and in the CRISPR-Cas evasion 
strategies employed by phages. 

Adaptation: In the last few years we have been 
investigating adaptation, which was poorly-un-
derstood until recently (Amitai and Sorek, 2016; 
Fineran and Charpentier, 2012; Sternberg et al., 
2016). There are two proteins conserved across 
all CRISPR-Cas systems that are involved in 
adaptation – the acquisition of invader DNA 
and its addition to the CRISPR array ‘memory 
bank’ (Yosef et al., 2012). Our group was the first 
to demonstrate that these proteins (Cas1 and 
Cas2) interact to form a complex (Richter et al., 
2012b). More recently, in collaboration with Kurt 
Krause’s group at Otago, we have elucidated a 
high-resolution crystal structure of the Cas1 di-
mer from Pectobacterium atrosepticum (Wilkin-
son et al., 2016). This structure gave us insight 
into the DNA binding by this complex and we 
are now studying the generation of new immune 
memories both in vitro and in vivo during adap-
tation. 

Expression: We have also begun to make sig-
nificant advances in our understanding of how 
CRISPR-Cas systems are controlled – i.e. when 
are the cas genes and CRISPR arrays turned on 
and off? We have demonstrated that the met-
abolic state of the cell is sensed through the 
global DNA binding transcriptional regulator, 
CRP-cAMP (Patterson et al., 2015). CRP-cAMP 
activates the adaptive immune system during 
unfavourable metabolic times, potentially such 
as those triggered by phage infection. The altered 
cas gene transcription affects both the level of 
existing immunity during interference and the 
subsequent degree of new immunity developed 
through both adaptation and interference by the 
CRISPR-Cas system.

Once the CRISPR arrays are transcribed, they 
need to be processed into the functional guide 
crRNAs. In late 2008, papers from the labs of 
John van der Oost, and Michael and Rebecca 
Terns were published on the E. coli and Pyrococ-
cus furiosus CRISPR-Cas systems respectively 
and the proteins responsible for CRISPR pro-
cessing and crRNA generation were identified 
(Brouns et al., 2008; Carte et al., 2008). We were 
working in a different type of CRISPR-Cas sys-
tem, so a critical question was how the mature 
crRNAs were generated in Pectobacterium atro-
septicum. We subsequently identified that Csy4 
(aka Cas6f) was the endoribonuclease involved 
in the generation of the small interfering RNAs 
(crRNAs) in vivo (Przybilski et al., 2011). 

Custom Science NZSBMB Award
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Interference: We also set out to test wheth-
er the Cas proteins in Pectobacterium formed 
complexes, and if so, which protein-protein 
interactions contributed to their formation. This 
work led us to identify two different protein 
complexes. The first of these consisted of the 
Csy proteins and together with the crRNA forms 
the interference complex in Pectobacterium. 
The second complex involved Cas1 and a Cas2-3 
fusion protein. Since Cas1 and Cas2 engage in 
adaptation and Cas3 is required for interference, 
we proposed that this complex engages in both 
adaptation and interference in this particular 
CRISPR-Cas type (Richter et al., 2012b). 

An important step in understanding CRISPR-Cas 
immunity is defining the targets of crRNAs 
encoded by CRISPR arrays. Working with Chris 
Brown at Otago, a tool called CRISPRTarget 
was developed that enabled us to identify to 
which viruses and plasmids bacteria are likely 
to be immune (Biswas et al., 2015; Biswas et al., 
2013). Together, we have also developed tools for 
predicting CRISPR arrays and their direction of 
transcription (Biswas et al., 2014). Surprisingly, 
one of the pre-existing spacers in Pectobacteri-
um atrosepticum has a perfect match to its own 
genome in a pathogenicity island – an apparent 
case of ‘autoimmunity’. We showed that this 
CRISPR-Cas-mediated ‘autoimmunity’ can result 
in a toxic ‘suicide’ (Vercoe et al., 2013). These 
autoimmune effects can be tolerated in surviving 
cells that have undergone major genomic chang-
es, including the deletion of this large patho-
genicity island. In collaboration with Andrew 

Pitman at Plant and Food Research, who was 
studying this particular pathogenicity island, we 
have recently shown that CRISPR-Cas-mediated 
deletion of the island has altered the virulence 
of Pectobacterium in potato plants (Panda et 
al., 2016). These ‘self-inflicted’ genomic changes 
indicated a possible role of CRISPR-Cas that had 
not previously been appreciated: one that can 
result in significant, and rapid, genomic changes 
(Dy et al., 2013). Indeed, it is now becoming ap-
parent that CRISPR-Cas systems can have func-
tions additional to their role in defence (Westra 
et al., 2014). Our study of ‘autoimmunity’ also 
led to the demonstration that systems other than 
Cas9 can be harnessed for bacterial genome edit-
ing to generate point mutations or large (e.g. 100 
kb) deletions in bacterial chromosomes (Hamp-
ton et al., 2016; Vercoe et al., 2013). 

How do phages avoid CRISPR-Cas 
immunity? 

Priming: In the phage-bacterium arms race, 
phages can escape CRISPR-Cas immunity with 
point mutations that disrupt interference – e.g. 
mutations that impede the ability of the crRNA 
to base-pair with the target viral DNA (Finer-
an et al., 2014). This was seen as a weakness of 
CRISPR-Cas immunity, but recent studies by 
our groups and others, revealed that a process, 
termed priming, enables rapid adaptation to 
these escapees (Datsenko et al., 2012; Fineran 
et al., 2014; Richter et al., 2014). Upon reinfec-
tion with an escape phage, the original inter-
ference-deficient spacer accelerates the   
incorporation of new functional spacers, which 

Custom Science NZSBMB Award
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elicit interference (Datsenko et al., 2012; Fineran 
et al., 2014; Richter et al., 2014). Multiple new 
spacers can be incorporated though priming, 
providing increased resistance and reducing the 
probability of further escape – indeed, in Pecto-
bacterium we observed up to 9 new spacers in a 
single bacterium (Richter et al., 2014). While I 
was on research and study leave in the Nether-
lands with Stan Brouns, we discovered that prim-
ing occurs even when the invader has >10 escape 
mutations (Fineran et al., 2014). This suggests 
that these systems provide a robust protection 
against the rapidly evolving viral and plasmid 
populations, and even possibly to invaders not 
previously encountered (Fineran et al., 2014). We 
have subsequently proposed, and are currently 
testing, a model for how the Cas protein machin-
ery translocates along the invader DNA during 
this rapid priming mode of adaptation (Richter et 
al., 2014). 

Anti-CRISPRs: In addition to their ability to 
obtain point mutations that lead to initial avoid-
ance of CRISPR-Cas immunity, some phages 
have evolved proteins that specifically inhibit the 
activity of bacterial CRISPR-Cas systems. These 
proteins are termed anti-CRISPRs and are part of 
the phage arsenal that gives them the upper hand 
against some CRISPR-Cas systems (Bondy-Deno-
my et al., 2013; Pawluk et al., 2014). These pro-
teins were discovered in Pseudomonas phages by 
Alan Davidson’s laboratory at Toronto Universi-
ty. We have been fortunate to collaborate recently 
with Alan’s group to test the promiscuity of these 
proteins. By using our Pectobacterium strain, 

we have tested whether anti-CRISPRs derived 
from Pseudomonas phages and a variety of other 
mobile genetic elements are able to inhibit this 
particular CRISPR-Cas system. A number of the 
proteins are capable of blocking or reducing ac-
tivity of the Pectobacterium CRISPR-Cas system, 
demonstrating that, these proteins are not only 
widespread, but they function against diverse 
CRISPR-Cas systems (Pawluk et al., 2016). These 
anti-CRISPR proteins provide another amazing 
example of the evolutionary flexibility of phages 
and is reminiscent of the acquisition of antitoxins 
genes by phages, as mentioned earlier (Blower et 
al., 2012a). 

Final remarks

It has been, and will continue to be, an exciting 
time to work on bacterial immune systems with 
many mysteries about CRISPR-Cas systems and 
their functions awaiting discovery. I think it is 
relevant to end on a note about funding, before 
I thank those who kindly supported this work! 
Restriction enzymes and CRISPR-Cas provide 
yet another perfect example where fundamental 
research to understand a process as apparently 
esoteric as phage resistance can uncover not only 
critical knowledge about important life-process-
es, but can lead to biotechnological revolutions 
with far-reaching impacts. Maintaining a suffi-
cient base of investigator-led fully funded re-
search grants that support excellent fundamental 
research is essential for the health of the science 
and technology sectors in any country, including 
New Zealand. 
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I have been very fortunate to obtain grants from 
the Marsden Fund and a Rutherford Discovery 
Fellowship – these funds were particularly signif-
icant in making possible the research that I have 
described here.

Acknowledgements

Most importantly I would like to thank all of 
the fantastic lab members and collaborators 
who have contributed massively to the work 
highlighted in this essay. I have been incredibly 
lucky to work with so many talented students, 
technicians, post-docs and collaborators. Thanks 
to Ron Dy who provided the figure used in the 
article and to Raymond Staals for providing 
critical feedback. I am very grateful to the multi-
tude of funding agencies that have supported my 
research over the years: the Marsden Fund, Royal 
Society of New Zealand (RSNZ), a Rutherford 
Discovery Fellowship (RSNZ), Zespri Interna-
tional Ltd., the Tertiary Education Commission, 
the Bio-protection Centre of Research Excellence 
and the University of Otago, Division of Health 
Sciences, Otago School of Medical Research and 
Department of Microbiology and Immunology. 
Finally, I would like to thank Renwick Dobson for 
nominating me for this prize and Custom Science 
for generously sponsoring this award.

References

Amitai, G., and Sorek, R. (2016). CRISPR-Cas adaptation: 
insights into the mechanism of action. Nat Rev Microbiol 
14, 67-76.

Barrangou, R., Fremaux, C., Deveau, H., Richards, M., 
Boyaval, P., Moineau, S., Romero, D.A., and Horvath, P. 
(2007). CRISPR provides acquired resistance against viruses 
in prokaryotes. Science 315, 1709-1712.

Bell, K.S., Sebaihia, M., Pritchard, L., Holden, M.T., Hyman, 
L.J., Holeva, M.C., Thomson, N.R., Bentley, S.D., Church-
er, L.J., Mungall, K., et al. (2004). Genome sequence of the 
enterobacterial phytopathogen Erwinia carotovora subsp. 
atroseptica and characterization of virulence factors. Proc 
Natl Acad Sci U S A 101, 11105-11110.

Benzer, S. (1955). Fine Structure of a Genetic Region in 
Bacteriophage. Proc Natl Acad Sci U S A 41, 344-354.

Bertani, G., and Weigle, J.J. (1953). Host controlled variation 
in bacterial viruses. J Bacteriol 65, 113-121.

Biswas, A., Fineran, P.C., and Brown, C.M. (2014). Accurate 
computational prediction of the transcribed strand of CRIS-
PR non-coding RNAs. Bioinformatics 30, 1805-1813.

Biswas, A., Fineran, P.C., and Brown, C.M. (2015). Compu-
tational Detection of CRISPR/crRNA Targets. Methods Mol 
Biol 1311, 77-89.

Biswas, A., Gagnon, J.N., Brouns, S.J., Fineran, P.C., and 
Brown, C.M. (2013). CRISPRTarget: bioinformatic predic-
tion and analysis of crRNA targets. RNA Biol 10, 817-827.

Blower, T.R., Evans, T.J., Przybilski, R., Fineran, P.C., and 
Salmond, G.P. (2012a). Viral evasion of a bacterial suicide 
system by RNA-based molecular mimicry enables infectious 
altruism. PLoS Genet 8, e1003023.

Blower, T.R., Fineran, P.C., Johnson, M.J., Toth, I.K., Hum-
phreys, D.P., and Salmond, G.P. (2009). Mutagenesis and 
functional characterization of the RNA and protein com-
ponents of the toxIN abortive infection and toxin-antitoxin 
locus of Erwinia. J Bacteriol 191, 6029-6039.

Blower, T.R., Pei, X.Y., Short, F.L., Fineran, P.C., Humphreys, 
D.P., Luisi, B.F., and Salmond, G.P. (2011). A processed 
noncoding RNA regulates an altruistic bacterial antiviral 
system. Nat Struct Mol Biol 18, 185-190.

Custom Science NZSBMB Award



15Autumn 2016 © NZSBMB

Blower, T.R., Short, F.L., Fineran, P.C., and Salmond, G.P.C. 
(2012b). Viral molecular mimicry circumvents abortive 
infection and suppresses bacterial suicide to make hosts 
permissive for replication. Bacteriophage 2, 234-238.

Blower, T.R., Short, F.L., Rao, F., Mizuguchi, K., Pei, X.Y., 
Fineran, P.C., Luisi, B.F., and Salmond, G.P. (2012c). Identi-
fication and classification of bacterial Type III toxin-antitox-
in systems encoded in chromosomal and plasmid genomes. 
Nucleic Acids Res 40, 6158-6173.

Bondy-Denomy, J., Pawluk, A., Maxwell, K.L., and David-
son, A.R. (2013). Bacteriophage genes that inactivate the 
CRISPR/Cas bacterial immune system. Nature 493, 429-432.

Brouns, S.J., Jore, M.M., Lundgren, M., Westra, E.R., Sli-
jkhuis, R.J., Snijders, A.P., Dickman, M.J., Makarova, K.S., 
Koonin, E.V., and van der Oost, J. (2008). Small CRISPR 
RNAs guide antiviral defense in prokaryotes. Science 321, 
960-964.

Carte, J., Wang, R., Li, H., Terns, R.M., and Terns, M.P. 
(2008). Cas6 is an endoribonuclease that generates guide 
RNAs for invader defense in prokaryotes. Genes Dev 22, 
3489-3496.

Cook, G.M., Robson, J.R., Frampton, R.A., McKenzie, J., 
Przybilski, R., Fineran, P.C., and Arcus, V.L. (2013). Ri-
bonucleases in bacterial toxin-antitoxin systems. Biochim 
Biophys Acta 1829, 523-531.

Datsenko, K.A., Pougach, K., Tikhonov, A., Wanner, B.L., 
Severinov, K., and Semenova, E. (2012). Molecular memory 
of prior infections activates the CRISPR/Cas adaptive bacte-
rial immunity system. Nature communications 3, 945.

Doudna, J.A., and Charpentier, E. (2014). Genome editing. 
The new frontier of genome engineering with CRISPR-Cas9. 
Science 346, 1258096.

Dy, R.L., Pitman, A.R., and Fineran, P.C. (2013). Chromo-
somal targeting by CRISPR-Cas systems can contribute to 
genome plasticity in bacteria. Mobile genetic elements 3, 
e26831.

Dy, R.L., Przybilski, R., Semeijn, K., Salmond, G.P., and 
Fineran, P.C. (2014a). A widespread bacteriophage abortive 
infection system functions through a Type IV toxin-antitox-
in mechanism. Nucleic Acids Res 42, 4590-4605.

Dy, R.L., Richter, C., Salmond, G.P.C., and Fineran, P.C. 
(2014b). Remarkable Mechanisms in Microbes to Resist 
Viral Infections. Annual Review of Virology 1, 307-331.

Fagerlund, R.D., Staals, R.H., and Fineran, P.C. (2015). The 
Cpf1 CRISPR-Cas protein expands genome-editing tools. 
Genome Biol 16, 251.

Fineran, P.C., Blower, T.R., Foulds, I.J., Humphreys, D.P., 
Lilley, K.S., and Salmond, G.P. (2009). The phage abortive 
infection system, ToxIN, functions as a protein-RNA tox-
in-antitoxin pair. Proc Natl Acad Sci U S A 106, 849-899.

Fineran, P.C., and Charpentier, E. (2012). Memory of viral 
infections by CRISPR-Cas adaptive immune systems: acqui-
sition of new information. Virology 434, 202-209.

Fineran, P.C., and Dy, R.L. (2014). Gene regulation by 
engineered CRISPR-Cas systems. Curr Opin Microbiol 18, 
83-89.

Fineran, P.C., Gerritzen, M.J., Suarez-Diez, M., Kunne, T., 
Boekhorst, J., van Hijum, S.A., Staals, R.H., and Brouns, S.J. 
(2014). Degenerate target sites mediate rapid primed CRIS-
PR adaptation. Proc Natl Acad Sci U S A 111, E1629-1638.

Fineran, P.C., Iglesias Cans, M.C., Ramsay, J.P., Wilf, N.M., 
Cossyleon, D., McNeil, M.B., Williamson, N.R., Monson, 
R.E., Becher, S.A., Stanton, J.A., et al. (2013). Draft Ge-
nome Sequence of Serratia sp. Strain ATCC 39006, a Model 
Bacterium for Analysis of the Biosynthesis and Regulation 
of Prodigiosin, a Carbapenem, and Gas Vesicles. Genome 
announcements 1, e01039-01013.

Frampton, R.A., Acedo, E.L., Young, V.L., Chen, D., Tong, 
B., Taylor, C., Easingwood, R.A., Pitman, A.R., Kleffmann, 
T., Bostina, M., et al. (2015). Genome, Proteome and Struc-
ture of a T7-Like Bacteriophage of the Kiwifruit Canker 
Phytopathogen Pseudomonas syringae pv. actinidiae. Viruses 
7, 3361-3379.

Frampton, R.A., Pitman, A.R., and Fineran, P.C. (2012). 
Advances in bacteriophage-mediated control of plant patho-
gens. International journal of microbiology 2012, 326452.

Frampton, R.A., Taylor, C., Holguin Moreno, A.V., Vis-
novsky, S.B., Petty, N.K., Pitman, A.R., and Fineran, P.C. 
(2014). Identification of bacteriophages for biocontrol of the 
kiwifruit canker phytopathogen Pseudomonas syringae pv. 
actinidiae. Appl Environ Microbiol 80, 2216-2228.

Hale, C.R., Zhao, P., Olson, S., Duff, M.O., Graveley, B.R., 
Wells, L., Terns, R.M., and Terns, M.P. (2009). RNA-guided 
RNA cleavage by a CRISPR RNA-Cas protein complex. Cell 
139, 945-956.

Custom Science NZSBMB Award



16 Autumn 2016 © NZSBMB

Hampton, H.G., McNeil, M.B., Paterson, T.J., Ney, B., 
Williamson, N.R., Easingwood, R.A., Bostina, M., Salmond, 
G.P., and Fineran, P.C. (2016). CRISPR-Cas gene editing 
reveals RsmA and RsmC act through FlhDC to repress the 
SdhE flavinylation factor and control motility and prodi-
giosin production in Serratia. Microbiology, doi: 10.1099/
mic.1090.000283.

Hershey, A.D., and Chase, M. (1952). Independent func-
tions of viral protein and nucleic acid in growth of bacterio-
phage. J Gen Physiol 36, 39-56.

Jinek, M., Chylinski, K., Fonfara, I., Hauer, M., Doudna, 
J.A., and Charpentier, E. (2012). A programmable du-
al-RNA-guided DNA endonuclease in adaptive bacterial 
immunity. Science 337, 816-821.

Luria, S.E., and Delbrück, M. (1943). Mutations of Bacteria 
from Virus Sensitivity to Virus Resistance. Genetics 28, 
491-511.

Luria, S.E., and Human, M.L. (1952). A nonhereditary, 
host-induced variation of bacterial viruses. J Bacteriol 64, 
557-569.

Makarova, K.S., Wolf, Y.I., Alkhnbashi, O.S., Costa, F., Shah, 
S.A., Saunders, S.J., Barrangou, R., Brouns, S.J., Charpen-
tier, E., Haft, D.H., et al. (2015). An updated evolutionary 
classification of CRISPR-Cas systems. Nat Rev Microbiol 13, 
722-736.

Panda, P., Vanga, B.R., Lu, A., Fiers, M., Fineran, P.C., 
Butler, R., Armstrong, K., Ronson, C.W., and Pitman, A.R. 
(2016). Pectobacterium atrosepticum and Pectobacterium 
carotovorum harbor distinct, independently acquired 
integrative and conjugative elements encoding coronafacic 
acid that enhance virulence on potato stems. Frontiers in 
microbiology, doi: 10.3389/fmicb.2016.00397.

Patterson, A.G., Chang, J.T., Taylor, C., and Fineran, P.C. 
(2015). Regulation of the Type I-F CRISPR-Cas system by 
CRP-cAMP and GalM controls spacer acquisition and inter-
ference. Nucleic Acids Res 43, 6038-6048.

Pawluk, A., Bondy-Denomy, J., Cheung, V.H., Maxwell, 
K.L., and Davidson, A.R. (2014). A new group of phage 
anti-CRISPR genes inhibits the type I-E CRISPR-Cas system 
of Pseudomonas aeruginosa. MBio 5, e00896. 

Pawluk, A., Staals, R.H., Taylor, C., Watson, B.N., Saha, S., 
Fineran, P.C., Maxwell, K.L., and Davidson, A.R. (2016). In-
activation of CRISPR-Cas systems by anti-CRISPR proteins 
in diverse bacterial species. Nature Microbiology in press.

Petty, N.K., Evans, T.J., Fineran, P.C., and Salmond, G.P. 
(2007). Biotechnological exploitation of bacteriophage 
research. Trends Biotechnol 25, 7-15.

Przybilski, R., Richter, C., Gristwood, T., Clulow, J.S., Ver-
coe, R.B., and Fineran, P.C. (2011). Csy4 is responsible for 
CRISPR RNA processing in Pectobacterium atrosepticum. 
RNA Biol 8, 517-528.

Richter, C., Chang, J.T., and Fineran, P.C. (2012a). Function 
and Regulation of Clustered Regularly Interspaced Short 
Palindromic Repeats (CRISPR) / CRISPR Associated (Cas) 
Systems. Viruses 4, 2291-2311.

Richter, C., Dy, R.L., McKenzie, R.E., Watson, B.N., Taylor, 
C., Chang, J.T., McNeil, M.B., Staals, R.H., and Fineran, P.C. 
(2014). Priming in the Type I-F CRISPR-Cas system triggers 
strand-independent spacer acquisition, bi-directionally 
from the primed protospacer. Nucleic Acids Res 42, 8516-
8526.

Richter, C., Gristwood, T., Clulow, J.S., and Fineran, P.C. 
(2012b). In vivo protein interactions and complex formation 
in the Pectobacterium atrosepticum subtype I-F CRISPR/Cas 
System. PLoS ONE 7, e49549.

Salmond, G.P., and Fineran, P.C. (2015). A century of the 
phage: past, present and future. Nat Rev Microbiol 13, 777-
786.

Short, F.L., Pei, X.Y., Blower, T.R., Ong, S.L., Fineran, P.C., 
Luisi, B.F., and Salmond, G.P. (2013). Selectivity and self-as-
sembly in the control of a bacterial toxin by an antitoxic 
noncoding RNA pseudoknot. Proc Natl Acad Sci U S A 110, 
E241-249.

Sternberg, S.H., and Doudna, J.A. (2015). Expanding the 
Biologist’s Toolkit with CRISPR-Cas9. Mol Cell 58, 568-574.

Sternberg, S.H., Richter, H., Charpentier, E., and Qimron, 
U. (2016). Adaptation in CRISPR-Cas Systems. Mol Cell 61, 
707-808.

Vercoe, R.B., Chang, J.T., Dy, R.L., Taylor, C., Gristwood, 
T., Clulow, J.S., Richter, C., Przybilski, R., Pitman, A.R., and 
Fineran, P.C. (2013). Cytotoxic Chromosomal Targeting 
by CRISPR/Cas Systems Can Reshape Bacterial Genomes 
and Expel or Remodel Pathogenicity Islands. PLoS Genet 9, 
e1003454.

Custom Science NZSBMB Award



17Autumn 2016 © NZSBMB

Westra, E.R., Buckling, A., and Fineran, P.C. (2014). CRIS-
PR-Cas systems: beyond adaptive immunity. Nat Rev Micro-
biol 12, 317-326.

Wilkinson, M.E., Nakatani, Y., Staals, R.H., Kieper, S.N., 
Opel-Reading, H.K., McKenzie, R.E., Fineran, P.C., and 
Krause, K.L. (2016). Structural plasticity and in vivo activity 
of Cas1 from the type I-F CRISPR-Cas system. Biochem J, 
pii: BCJ20160078.

Yosef, I., Goren, M.G., and Qimron, U. (2012). Proteins and 
DNA elements essential for the CRISPR adaptation process 
in Escherichia coli. Nucleic Acids Res 40, 5569-5576.

Zetsche, B., Gootenberg, J.S., Abudayyeh, O.O., Slaymaker, 
I.M., Makarova, K.S., Essletzbichler, P., Volz, S.E., Joung, 
J., van der Oost, J., Regev, A., et al. (2015). Cpf1 is a single 
RNA-guided endonuclease of a class 2 CRISPR-Cas system. 
Cell 163, 759-771.

 

Custom Science NZSBMB Award

Associate Professor
Peter C. Fineran

Department of Microbiology & Immunology, 
University of Otago, New Zealand

http://micro.otago.ac.nz/our-people/peter-fineran/
Email: peter.fineran@otago.ac.nz
Tel: +64 3 479 7735

NZSBMB Custom Science Awardee 
Associate Professor Peter Fineran



18 Autumn 2016 © NZSBMB



19Autumn 2016 © NZSBMB

microbe associated molecular pattern -triggered 
immune responses as VelA influences cell wall 
characteristics of E. festucae as shown by altered 
growth under cell wall stress and mycelial hydro-
phobicity. Transcriptome analysis of wild type 
vs. ΔvelA E. festucae in culture revealed a range 
of candidate genes potentially involved in plant 
interaction and cell wall metabolism under VelA 
regulatory control.

During the conference, I had the chance to meet 
leading researchers such as Professors Chris 
Schardl, Nancy Keller, Regine Kahmann and 
Barbara Valent. Meeting these researchers and 
talking about their reseach gave me motivation 
and new ideas for working in the fungal genetics 
area in future. I am very grateful to the NZSBMB 
for the travel grant that contributed to me being 
able to attend the conference and have these 
opportunities.

Mostafa Rahnama

The Fungal Genetics Conference is the most 
important conference in fungal genetics research, 
organized by the Genetics Society of America 
every 2 years. At the 2015 meeting more than 
900 researchers participated and presented their 
research by oral presentation and poster. The 
conference was held over four days with many 
concurrent sessions and four different plenary 
sessions including fungal evolution, develop-
ment, interactions and signalling. 

I had the chance to present my thesis as a poster 
at the interaction session, entitled “The velvet 
gene velA in Epichloë festucae – role in plant 
symbiosis; plant, nutrition and light-dependent 
expression; and target genes”. The velvet gene 
(veA or velA) is a key factor in the regulation of 
fungal development, biosynthesis of secondary 
metabolites and cell wall metabolism. VelA regu-
lation in E. festucae is important for maintaining 
its mutualistic interaction with the agriculturally 
important forage perennial ryegrass (Lolium 
perenne). Infection of perennial ryegrass with 
ΔvelA E. festucae mutant causes rapid seed-
ling death in two thirds of infected plants while 
remaining plants displayed a range in severity 
of plant interaction phenotypes mostly lead-
ing to death after several weeks. Different host 
responses to the mutant include cell death, lignin 
and callose deposition, and rapid production of 
reactive oxygen species. We hypothesise these are 
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Harvinder Singh
15th International Symposium on Phototrophic Prokaryotes, Tübingen, Germany
2–6 August 2015
Department of Biochemistry, University of Otago

First of all I would like to thank NZSBMB society 
for my student travel grant and the University of 
Otago and Department of Biochemistry for giving 
me a unique opportunity to attend the 15th Inter-
national Symposium on Phototrophic Prokary-
otes that was held in Tübingen, Germany, from 2 
to 6 of August, 2015. Tübingen had a picturesque 
landscape and city centre and was especially 
famous for its Neckar river valley. The main aim 
of the conference was to share the latest scientif-
ic advances and knowledge about phototrophic 
prokaryotes. Many research groups were present 
from around the world. The conference kicked 
off with an introductory lecture and get together 
party on 2nd August 2015. The plenary and sym-
posia sessions started on 3rd August 2015. It was 
a moderate size meeting with around 350 partic-
ipants and the research talks were carried out in 
parallel sessions. There were plenary and sym-
posia sessions on Biotechnology and Synthetic 
Biology; Physiology and Metabolism; Natural and 
Artificial Photosynthesis; Cellular Differentia-
tion; Sensory Transduction and Light Dependent 
Regulation, and Environment and Ecology.  
There were both symposia and poster groupings 
dedicated to photosynthetic reaction centres. I 
presented a poster on my PhD thesis research 
work – “The role of the low-molecular-weight 

proteins of the CP43 preassembly complex in 
Photosystem II biogenesis and repair in Synecho-
cystis sp. PCC 6803.” The poster sessions were 
scheduled on the Monday evening and Tuesday 
afternoon (the 3rd and 4th August 2015). These 
were very well attended.  Photosystem II (PS II) 
in all oxygenic organisms carries out two reac-
tions – the oxidation of water and the reduction 
of plastoquinone. These reactions are central to 
oxygenic photosynthesis and understanding PS 
II biogenesis, function and repair is important 
since the knowledge can be employed for produc-
ing biofuels and other high-value compounds. 
The conference had many talks regarding the 
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application of photosynthesis including using the 
process as a design template for artificial photo-
synthesis. Importantly I was able to meet other 
research groups that were also working on PS 
II-related work and a number of key researchers 
took the time to discuss my poster with me. 
A unique feature of this conference was the very 
friendly atmosphere and excellent social events 
which were very useful for meeting other stu-
dents and researchers. One highlight was a Punt 
Race on the Neckar river followed by the confer-
ence dinner on the Tuesday evening. Each boat 
had a team of 12 and since we were only 6 from 

New Zealand we teamed up with scientists from 
England and Spain and the best part of the punt 
race experience was that our team was the win-
ner. 

I would definitely recommend other students and 
researchers to join this conference if they have an 
interest in research work related to anoxygenic 
photosynthetic bacteria and cyanobacteria. This 
conference is held every 3 years and the next 
meeting is scheduled to be in Vancouver in 2018. 
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Department of Anatomy, University of Otago

This October, I attended the 10th Internation-
al Conference on Genomics held in Shenzhen, 
China. This conference is an annual event that 
brought together hundreds of world-famous re-
searchers and professionals in the field of genom-
ics to share their on-going research and discuss 
current challenges in “omics” research. The meet-
ing consisted of numerous plenary sessions and 
themed parallel sessions on cutting edge work 
in all areas of genomics with a focus on human 
health. The presentations spanned a wide range 
of topics, including clinical genomics, cancer, ag-
ing, metagenomics, precision medicine, synthetic 
genomics, big data, etc. 

There were numerous interesting talks and my 
favorites were several keynote presentations, 
including the talks on bacterial methylomes (by 
Prof. Richard Roberts), synthetic yeast genome 
(by Prof. Jef Boeke), evolution of sex chromo-
somes (by Prof. Jenny Graves) and mitochon-
drial etiology (by Prof. Douglas C. Wallace). Also 
of particular interest was a themed session on 
aging. Aging is among the greatest known risk 
factors for human diseases. The speakers talk-
ed about aging and aging-related diseases from 
three aspects: telomerase activity, epigenetic in-
stability, and mitochondrial mutation. However, 
although all these factors are known to correlate 

with aging-related diseases, the fundamental 
causes of aging are still in debate and the inter-
action of these factors remains largely unknown. 
Obviously a systematic perspective is needed for 
better understanding the complex mechanisms 
of aging. After this session, I also had an interest-
ing discussion with one of the speakers, Dr. Bill 
Andrews, about evolution of telomere length and 
telomerase activitivies in different mammalian 
lineages. Prof. Jenny Graves also mentioned that 
striking telomere length dimorphism between 
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homologous chromosomes and sex chromo-
somes were found in a group of marsupial species 
which includes the Tazmanian devil. According 
to Dr. Andrews, the diversity in telomere length 
and telomerase activitivies were also found in 
non-mammalian species, but systematic com-
parison is currently lacking due to fragmented 
information in these taxa. 

I presented a poster of my PhD research, entitled 
“Genomic basis of socially-induced sex change in 
fish”. Although not blending well with the major-
ity of research that focus on human health, my 
poster still received a lot of attention. Socially in-
duced sex reversal is a stunning phenomen wide-
spread in marine fishes, which challenges our 
normal understanding of sex determination and 
plasticity. We utilized next-generation sequenc-
ing (RNA-seq) technology to examine the tran-
scriptomic profiles in the brain and gonads of the 
bluehead wrasse across the sex-change process. 
The aim is to reveal the molecular cascade that 
progressively re-engineers a female into a male. 
We have published a large number of sex-biased 
genes in the brain and gonads of bluehead wrasse 
recently. In my poster, I highlighted 20 sex-relat-
ed genes with their expression patterns across the 
entire process of sex change. Expression patterns 
of these genes suggest that bluehead wrasses 
predominantly use an evolutionarily conserved 
genetic toolkit, but that subtle variability in the 
standard sex-determination regulatory network 
may contribute to sexual plasticity in these fish. 
In addition, I was excited to hear about the 
release of Single Molecule, Real-Time (SMRT) 
Sequencing technology by PacBio. This technolo-
gy will be especially useful for genome/transcrip-

tome sequencing in non-model species because 
the long read lengths (average read lengths > 
10kb) can significantly simplify the de novo 
assembly process. Another great software that 
caught my attention was “Evolutionary Highway” 
shown by Prof. Harris A. Lewin. It is designed for 
visualizing genome comparison among amniote 
species. Users can look at genomes of multiple 
species at once and examine the genome map-
ping by simply clicking on the genomes of inter-
est. This tool will be extremely helpful not only in 
genomics research but also for demonstration in 
class. 

Overall, this conference was of great value to me. 
The wide range of presentations greatly extended 
my knowledge of research and techniques in this 
fast-moving field. It also provided me the oppor-
tunity to communicate with great scientists from 
around the world. I am very grateful to NZSBMB 
for supporting me to attend this conference.
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The fourth “Regulating with RNA in Bacteria 
and Archaea” conference was held in Cancun, 
Mexico, from 5-8 December 2015. I was excited 
to attend this conference as the program includ-
ed speakers presenting the latest findings in the 
fields of my main research interests, CRISPR-Cas 
and toxin-antitoxin systems. It also marked my 
first international conference, which was an en-
joyable way to end the first year of my PhD.

The list of highly regarded invited and plenary 
speakers presented excellent, polished talks on 
recently, or unpublished data, demonstrating the 
fast moving pace of the regulatory RNA fields. 
Topics covered included regulatory RNAs, their 
associated proteins including Hfq, riboswitches, 
regulating translation as well as CRISPR-Cas and 
toxin-antitoxins. I was not only able to extend my 
knowledge in the areas I am working in, but also, 
owed to the variety of talks, learn about the dis-
coveries and new technologies that have arisen in 
the areas I am less familiar with. As a result, all 
of the sessions were enjoyable and stimulating. 
Approximately 150 people were in attendance 
at the conference and as there were almost 100 
posters being presented, the poster session was 
a big event on the program. I presented a poster 
detailing some of my recent work looking at the 
ability of CRISPR-Cas to control horizontal gene 
transfer in the Type I-F CRISPR-Cas system 

Bridget Watson
4th Regulating with RNA in Bacteria and Archaea, Cancun, Mexico
5–8 December 2015

Department of Microbiology and Immunology, University of Otago

in Pectobacterium atrosepticum. I enjoyed the 
opportunity to share my work with academics 
and students who are working on similar projects 
as it stimulated some interesting discussions. 
It was satisfying when the audience was able to 
grasp the narrative of my poster and the expe-
rience provided some perspective on my results 
and project. My poster was apparently very well 
received as I was honoured with the overall best 
poster prize!  

A highlight of the conference was the mentor 
lunch. I joined a group of students to a sit down 
with Blake Wiedenheft, who works on CRIS-
PR-Cas, and Susan Gottesman, a plenary speaker 
who helped pioneer the field of energy-dependent 



25Autumn 2016 © NZSBMB

Student Travel Awards are available to 
support travel to any international con-
ference. Awards are up to NZ$1000 
each, and are intended to assist 
post-graduate students to attend their 
first conference outside New Zealand. 

In addition, we are now offering 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  
researchers (0-3 years post-PhD). 
These awards are specifically to en-
able attendance at Harden Confer-
ences or Focused Meetings of the 
Biochemical Society.

Details of the awards, and the appli-
cation form, are available at http://
nzsbmb.science.org.nz/awards.html.

Do you want 
support for 
your next  
conference 
overseas?

NZSBMB Travel Awards

proteolysis and now works on small regulatory 
RNAs. We were fortunate to also have Susan’s  
husband, Michael, join us. Michael also works 
at the NIH, looking at the molecular mechanism 
of drug resistance in cancer and had taken this 
opportunity to enjoy Mexico’s Carribean coast. 
The experience was entertaining and encouraging 
as conversation covered a range of topics includ-
ing the journey the scientists took to get to where 
they are now and the attraction to academic life. 
Thanks to the location of the conference, it was 
not difficult to fill in time between sessions. 
From watching stunning sunrises over the sea, 
to venturing into Cancun to drive a motorboat 

and go snorkelling amongst protected corals, 
the beachside resort provided the perfect setting 
for meeting and networking with academics and 
fellow students. I particularly enjoyed meeting 
students from the United States, as well as the 
UK and wider Europe, to discuss our projects 
and their challenges, compare notes on being a 
student and bond over the shared quirks of our 
supervisors. 

I thoroughly enjoyed the conference and ben-
efitted from attending. I would like to thank 
NZSBMB for supporting me financially to make 
this possible.
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To join us at this year’s joint NZMS/NZSBMB Annual Conference please contact the Convener,  

Craig Billington (craig.billington@esr.cri.nz) 

www.nzmsconference.org.nz 

 
The flood of high-throughput datasets are changing and challenging the way we do science and so we have 
chosen the theme “Big Data, Little Organisms” as a focus for this meeting.  

 
WHO SHOULD ATTEND?  
There will be something for everyone from the disciplines of microbiology; including environmental, food, 
clinical, industrial and ecological, involving pure and applied sectors; and all areas of biochemistry and 
molecular biology, spanning both basic and applied research communities. 
 
CONFERENCE PROGRAMME STRUCTURE:  
The conference will feature major keynote plenary presentations over a wide range of topics from both 
international and NZ speakers. There will be mix of plenary and concurrent sessions each day and Poster 
sessions will feature during the conference as will the Orations from both societies. The societies’ Annual 
General Meetings will also be held during the conference. The conference will be complemented by trade 
displays.
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Unravelling why some
people have drug 
side effects
Aarash Bordbar (Sinopia Biosciences, USA) and Bernhard O. Palsson (University of California, USA)

Pharmaceuticals have had an immense positive impact on modern medicine. However,

they often trigger unintended and injurious side effects, or adverse drug reactions (ADRs).

Traditionally, many ADRs were thought to be rare and difficult to predict. However, recent

advances in both experimental and computational biology are revolutionizing how we

understand both individual patient physiology and pharmaceutical compounds, providing an

opportunity to unravel the mysteries of why drug side effects occur and why some people have

drug side effects and others do not.

Personalized medicine

There is an ever-increasing interest in personal-

izing modern medicine. New companies and gov-

ernment initiatives, such as the Precision Medi-

cine Initiative in the USA or the 100,000 Genome 

Project in the UK, are breaking ground that will 

aid in developing new drugs tailored for specific 

population groups on the basis of genomic or 

metabolomic profiles. This is becoming especially 

true for various cancers, where treatments are 

becoming more focused on the specific mutations 

within a patient’s tumour.

The major focus of personalized medicine has 

been trying to answer the question of what drug 

should a patient take. Another important, but 

often less asked, question is what drug should a 

patient NOT take? Although somewhat related 

questions, the former emphasizes drug efficacy 

and benefit, whereas the latter emphasizes drug 

safety and minimizing harm. It is surprising that 

the latter question has seemingly received less 

public attention as studies of patient-to-patient 

variability in negatively responding to various 

medications have been reported for over 50 

years. The most common genetic deficiency in 

the human population, glucose- 6-phosphate 

dehydrogenase (G6PD) deficiency, was originally 

discovered by looking for the mechanism for why 

certain patient groups had side effects of haemo-

lytic anaemia due to malaria drugs1.

Adverse drug reaction science: the status 
quo

Unfortunately, ADRs are not rare. It is estimat-

ed that they are responsible for over 100,000 

deaths annually in the USA2, 6.5% of hospital 

Courtesy of the Biochemist  |    Featured Article
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admissions3, 28% of Phase 2 and 3 clinical trial 

failures4, and high-profile market withdrawals of 

pharmaceuticals e.g. Vioxx (rofecoxib) or Lipo-

bay (cerivastatin). The total cost of ADR-related 

health care is estimated to be roughly US$140 

billion per year in the USA alone5. Much research 

has been done in elucidating population factors 

related to ADR propensity, including patient age, 

sex and number of prescribed drugs.

The study of individual susceptibility to ADRs 

has been obscured by a number of factors. First, 

in certain rare ADR cases, it may be difficult to 

find enough patients to statistically power a study 

to determine differences between ADR-suscepti-

ble patients. Secondly, ADRs are underreported.
Thirdly, ADRs (like complex diseases) are often 
multifactorial, meaning that the summation of 
the effects of many genes ultimately leads to the 
ADR. Finding common genetic variants having 
as strong as an effect as G6PD deficiency for ADR 
susceptibility is probably not possible. Fourthly, 
safety studies of pharmaceutical compounds have 
been traditionally focused on concentrations of 
drug compounds throughout the bloodstream 
and major organs. Less studied have been the 
systemic and biomolecular effects of drugs on 
proteins and cellular processes throughout vari-
ous human cell types, which has typically been a 
technological limitation.

Nevertheless, there have been several successes 
in determining clinically actionable genetic vari-
ants that increase or decrease ADR susceptibili-
ty6. According to the Pharmacogenomics Knowl-
edgebase (http:// www.pharmgkb.org), there are 

approximately 700 well-known genetic variants 
associated with differential drug responses. Most 
of these associations are found in only a few 
genes. The majority of clinically actionable genet-
ic variants that have been discovered are related 
to a few enzyme families related to drug distribu-
tion throughout the body and drug breakdown by 
the body (Figure 1). There have been fewer dis-
coveries in ADR-susceptibility genes that affect 
the cellular processes that a drug may modulate, 
with G6PD deficiency and immune recognition 
genes being the notable exception.

Figure 1. Some known genetic variants to affect 
ADR susceptibility based on the pharmacological pro-
cess. The green boxes represent pharmacokinetics, 
or how the drug is absorbed, distributed and trans-
formed in the body. This branch of pharmacology has 
been very well studied for genetic variants. The major-
ity of discovered variants occur in drug breakdown by 
the cytochrome P450 (CYP) and UDP-glucosyltrans-
ferase families of enzymes, as well as drug transport. 
The non-green boxes represent pharmacodynamics, 
or the effects of the drug on the body. Genetic vari-
ants related to hypersensitivity (the HLA gene family) 
have been well described. Less is known about the 
overall metabolic response on the body, with G6PD 
being the notable exception. This is primarily due to 
the relevant genes being different on a case-by-case 
basis.
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Thirdly, ADRs (like complex diseases) are often 
multifactorial, meaning that the summation of the 
effects of many genes ultimately leads to the ADR. 
Finding common genetic variants having as strong as 
an effect as G6PD deficiency for ADR susceptibility 
is probably not possible. Fourthly, safety studies of 
pharmaceutical compounds have been traditionally 
focused on concentrations of drug compounds 
throughout the bloodstream and major organs. Less 
studied have been the systemic and biomolecular 
effects of drugs on proteins and cellular processes 
throughout various human cell types, which has 
typically been a technological limitation.

Nevertheless, there have been several successes in 
determining clinically actionable genetic variants that 
increase or decrease ADR susceptibility6. According 
to the Pharmacogenomics Knowledgebase (http://
www.pharmgkb.org), there are approximately 700  
well-known genetic variants associated with differential 
drug responses. Most of these associations are found in 
only a few genes. The majority of clinically actionable 
genetic variants that have been discovered are related 
to a few enzyme families related to drug distribution 
throughout the body and drug breakdown by the 
body (Figure 1). There have been fewer discoveries 
in ADR-susceptibility genes that affect the cellular 
processes that a drug may modulate, with G6PD 
deficiency and immune recognition genes being the  
notable exception. 

Recent advances poised to affect  
ADR research

In recent years, advances in experimental and 
computational technologies have aided in overcoming 
many of the issues related to studying patient-to-
patient ADR susceptibility. These steps forward have 
led to some landmark studies that will affect studying 
disease, drug discovery and personalizing medicine to 
maximize drug safety.

The first advance is technological. Biology is 
changing from a qualitative data-poor field to a 
quantitative data-rich one. In the last two decades, 
high-throughput approaches have been developed 
allowing the make-up of various biomolecules (DNA, 
RNA, proteins and metabolites) to be comprehensively 
explored. Advances in transcript quantification have 
allowed researchers to develop the Connectivity Map7, 
a database of drug-induced gene expression datasets 
of human cell lines. The database contains over 7000 
gene expression profiles representing approximately 
1300 compounds. The Connectivity Map has been 
instrumental in a number of studies including in 
developing a systematic method for repositioning 
existing drugs for new therapeutic indications8. The 

Connectivity Map will soon be dwarfed by an even larger 
dataset, the L1000, which contains gene expression 
profiles representing over 20,000 compounds.

The second advance is an ideological one. Drugs, 
their uses and potential ADRs are thought to be 
clustered primarily by the molecular structure of the 
compounds. Moreover, ADRs are often thought to be 
random or, alternatively, solely linked to the primary 
drug target. Recently, researchers catalogued the 
known ADRs of over 700 approved drugs, forming the 
Side Effect Resource (SIDER) database9. They were able 
to show that drugs with similar ADRs also often shared 
similar protein targets. This relationship existed even 
when compounds had differing chemical structures 
and allowed the researchers to develop hypotheses on 
repurposing existing drugs. In a follow-up study10, the 
researchers show that similar methodologies can be 
used to determine what protein-binding or activation 
events elicit ADRs. Many of these protein binding or 
activation events were not related to the primary drug 
target. These two studies are incredibly important as 
they advanced the idea that the pathogenesis of ADRs 
is not random and can be systematically determined.

The third advancement is the development of a 

Figure 1. Some known genetic variants to affect ADR susceptibility based on the 
pharmacological process. The green boxes represent pharmacokinetics, or how the drug is 
absorbed, distributed and transformed in the body. This branch of pharmacology has been 
very well studied for genetic variants. The majority of discovered variants occur in drug 
breakdown by the cytochrome P450 (CYP) and UDP-glucosyltransferase families of enzymes, 
as well as drug transport. The non-green boxes represent pharmacodynamics, or the effects of 
the drug on the body. Genetic variants related to hypersensitivity (the HLA gene family) have 
been well described. Less is known about the overall metabolic response on the body, with 
G6PD being the notable exception. This is primarily due to the relevant genes being different 
on a case-by-case basis.
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Recent advances poised to affect ADR 
research

In recent years, advances in experimental and 
computational technologies have aided in over-
coming many of the issues related to studying pa-
tient-to- patient ADR susceptibility. These steps 
forward have led to some landmark studies that 
will affect studying disease, drug discovery and 
personalizing medicine to maximize drug safety.
The first advance is technological. Biology is 
changing from a qualitative data-poor field to a 
quantitative data-rich one. In the last two de-
cades, high-throughput approaches have been 
developed allowing the make-up of various bio-
molecules (DNA, RNA, proteins and metabolites) 
to be comprehensively explored. Advances in 
transcript quantification have allowed research-
ers to develop the Connectivity Map7, a database 
of drug-induced gene expression datasets of hu-
man cell lines. The database contains over 7000 
gene expression pro les representing approxi-
mately 1300 compounds. The Connectivity Map 
has been instrumental in a number of studies 
including in developing a systematic method for 
repositioning existing drugs for new therapeutic 
indications8.  The Connectivity Map will soon be 
dwarfed by an even larger dataset, the L1000, 
which contains gene expression profiles repre-
senting over 20,000 compounds.

The second advance is an ideological one. Drugs, 
their uses and potential ADRs are thought to be 
clustered primarily by the molecular structure 
of the compounds. Moreover, ADRs are often 
thought to be random or, alternatively, sole-
ly linked to the primary drug target. Recently, 

researchers catalogued the known ADRs of over 
700 approved drugs, forming the Side Effect 
Resource (SIDER) database9. They were able to 
show that drugs with similar ADRs also often 
shared similar protein targets. This relationship 
existed even when compounds had differing 
chemical structures and allowed the researchers 
to develop hypotheses on repurposing existing 
drugs. In a follow-up study10, the researchers 
show that similar methodologies can be used to 
determine what protein-binding or activation 
events elicit ADRs. Many of these protein binding 
or activation events were not related to the pri-
mary drug target. These two studies are incredi-
bly important as they advanced the idea that the 
pathogenesis of ADRs is not random and can be 
systematically determined.

The third advancement is the development of 
a group of computational methods. With the 
availability of databases such as the Connectivity 
Map, the difficulty in understanding biologi-
cal phenomena has shifted from limitations in 
data generation to limitations in data analysis 
and understanding. To deal with this limitation, 
researchers have been developing methods to 
integrate high-throughput data with large-scale 
cellular networks for deep data analysis. Re-
cently, researchers computationally inferred the 
mechanism of action of various pharmaceuticals 
on the basis of how gene expression patterns are 
perturbed when in vitro cell lines are treated with 
drugs11. They found that integrating the data with 
networks to understand the co-ordinated change 
of expression of proteins known to interact 
with each other increased the accuracy of their 
methods. In another study, our group developed 
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an approach to integrate the Connectivity Map 
with metabolic networks and link the calculated 
perturbations of various metabolic pathways with 
the known ADRs of the drugs studied12. Drugs 
often modulate the activity of pathways related 
to vitamins and cofactors which can cause ADRs. 
Computational methods have also been used to 
analyse patient records and incidence of ADRs. 
In particular, two studies have shown that the 
drug pair combinations that will increase and 
even decrease ADR propensity can be predict-
ed13,14.

These advances offer the prospect for system-
atically understanding ADRs on a personalized 
basis. Biological measurements can be made on 
a massive scale to measure the effects of large 
numbers of compounds on an individual basis 
relatively cheaply. Sophisticated network analysis 
techniques can aid in discovering unknown drug 
mechanisms and downstream effects that may 
not be visible otherwise. Finally, clinical records 
are becoming augmented with additional biomo-
lecular data types, allowing for statistical mining. 
The combination of these developments will 
accelerate personalized ADR science.

Personalizing detection of adverse - drug 
reactions

With these advances, how can personalized ADR 
detection be improved? A possible workflow to 
attack this problem is shown in Figure 2. First, 
the ADR pathogenesis mechanism for the drug 
is estimated through network analysis of high- 
throughput measurements, such as gene expres-
sion data or metabolite profiling data. Follow-up 
targeted assays are used to confirm these hypoth-
eses. Next, a mechanistic model of the key cel-
lular processes is constructed with biomolecular 
level detail. Measurements for individuals are 
made for these biomolecules and integrated with 
the model to develop personalized models for 
each individual. The resulting models can be sim-
ulated to develop hypotheses on the propensity of 
ADRs, and specific parameters in the model can 
be identified that increase or decrease the sus-
ceptibility to such ADRs. Identified parameters 
could be levels of metabolites or proteins, or rates 
of enzymes that could be inferred from DNA 
sequences through genetic testing. These param-
eters are then candidates for companion diagnos-
tics. Before validation and adoption, support for 
potential markers can be strengthened through 
data mining of clinical records.

33February 2016 © Biochemical Society
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group of computational methods. With the availability 
of databases such as the Connectivity Map, the 
difficulty in understanding biological phenomena 
has shifted from limitations in data generation to 
limitations in data analysis and understanding. To deal 
with this limitation, researchers have been developing 
methods to integrate high-throughput data with 
large-scale cellular networks for deep data analysis. 
Recently, researchers computationally inferred the 
mechanism of action of various pharmaceuticals 
on the basis of how gene expression patterns are 
perturbed when in vitro cell lines are treated with 
drugs11. They found that integrating the data with 
networks to understand the co-ordinated change of 
expression of proteins known to interact with each 
other increased the accuracy of their methods. In 
another study, our group developed an approach 
to integrate the Connectivity Map with metabolic 
networks and link the calculated perturbations of 
various metabolic pathways with the known ADRs of 
the drugs studied12. Drugs often modulate the activity 
of pathways related to vitamins and cofactors which 
can cause ADRs. Computational methods have also 
been used to analyse patient records and incidence of 
ADRs. In particular, two studies have shown that the 
drug pair combinations that will increase and even 
decrease ADR propensity can be predicted13,14.

These advances offer the prospect for 
systematically understanding ADRs on a 
personalized basis. Biological measurements can be 
made on a massive scale to measure the effects of 
large numbers of compounds on an individual basis 
relatively cheaply. Sophisticated network analysis 
techniques can aid in discovering unknown drug 
mechanisms and downstream effects that may not 
be visible otherwise. Finally, clinical records are 
becoming augmented with additional biomolecular 
data types, allowing for statistical mining. The 
combination of these developments will accelerate 
personalized ADR science.

Personalizing detection of adverse - drug 
reactions

With these advances, how can personalized ADR 
detection be improved? A possible workflow to 
attack this problem is shown in Figure 2. First, 
the ADR pathogenesis mechanism for the drug 
is estimated through network analysis of high-
throughput measurements, such as gene expression 
data or metabolite profiling data. Follow-up targeted 
assays are used to confirm these hypotheses. Next, 
a mechanistic model of the key cellular processes 
is constructed with biomolecular level detail. 
Measurements for individuals are made for these 
biomolecules and integrated with the model to 
develop personalized models for each individual. 
The resulting models can be simulated to develop 
hypotheses on the propensity of ADRs, and specific 
parameters in the model can be identified that 
increase or decrease the susceptibility to such ADRs. 
Identified parameters could be levels of metabolites 
or proteins, or rates of enzymes that could be inferred 
from DNA sequences through genetic testing. These 
parameters are then candidates for companion 
diagnostics. Before validation and adoption, support 
for potential markers can be strengthened through 
data mining of clinical records.

Our group recently developed a prototype 
workflow for understanding how a drug, ribavirin, 
causes red blood cells to lyse15. On the basis of 
metabolite measurements of a cohort of individuals, 
we identified the ratio of ATP and ADP to be a key 
predictor in whether an individual was susceptible 
to the ADR. Furthermore, the proposed mechanism 
was consistent with known genetic markers and 
clinical records.

There are two key components to this workflow 
that are not heavily utilized today. First, personalized 
detection requires making measurements and 
building separate mechanistic models for each 
individual. Such approaches require large investments 

Figure 2. Hypothetical workflow for personalized ADR detection through mechanistic modelling. Adapted from Bordbar et al.15.
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Our group recently developed a prototype work-
flow for understanding how a drug, ribavirin, 
causes red blood cells to lyse15. On the basis of 
metabolite measurements of a cohort of individ-
uals, we identified the ratio of ATP and ADP to be 
a key predictor in whether an individual was sus-
ceptible to the ADR. Furthermore, the proposed 
mechanism was consistent with known genetic 
markers and clinical records.

There are two key components to this workflow 
that are not heavily utilized today. First, person-
alized detection requires making measurements 
and building separate mechanistic models for 
each individual. Such approaches require large 
investmentsin time for model building and mon-
ey for making individualized high-throughput 
measurements. These types of measurements 
have only been made feasible on a large scale 
in the last few years, and we anticipate that 
their use will only broaden. Secondly, these new 

experimental technologies allow for understand-
ing how drugs affect human cells globally. A 
small- molecule drug may have a primary target, 
but there are potentially other targets, as well as 
downstream effects that cannot be anticipated. 
A larger emphasis on systems-based approaches 
and sophisticated computational methodologies 
are needed to determine these systemic cellular 
responses.

Understanding the pathogenesis of ADRs is 
often very complex. However, recent advances in 
experimental and computational biology pro-
vide new tools for studying how pharmaceuticals 
modulate the human body. As prices continue to 
fall for measuring biomolecules and an emphasis 
in quantitatively tracking patients throughout 
their lifetimes increases, we anticipate an acceler-
ation in discoveries related to drug safety.

Aarash Bordbar is a co-founder of Sinopia Biosciences, Inc., a computational 
biotechnology company located in San Diego, CA, USA. Sinopia is develop-
ing computational methods and data infrastructure for accelerating the drug 
development pipeline through deeper understanding of pharmacological 
compounds, with emphases on understanding drug safety and efficacy at a 
systems level. He holds a BSc and PhD in Bioengineering from the University 
of California, San Diego. Email: abordbar@sinopiabio.com 

Bernhard O. Palsson is the Galletti Professor of Bioengineering at the Univer-
sity of California, San Diego, CA, USA, a member of the US National Acade-
my of Engineering and a fellow of the American Association for the Advance-
ment of Science. His research includes developing methods for analysing 
metabolic dynamics and formulating complete models of selected cells. He has 
authored 40 US patents, four books and 400 peer-reviewed articles, and is the 
co-founder of several biotechnology companies. He holds a PhD in Chemical 
Engineering from the University of Wisconsin and a BS degree in Chemical 
Engineering from the University of Kansas. Email: palsson@ucsd.edu
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Across
4.  A quantum of danger (4)
5.  Your entire genetic code (6)
9.  Physical expression of 5 across (9)
11.  One of a kind (6)
12.  Personal choices on what you 

do (9)
13.  Medicinal measurement (4)
15.  One of the tropics (6)
16.  It’s happened before, and 

anecdotally will repeat (7)
17.  Adaption or individual 

personalisation (9)
19.  To shield from view (6)
20.  Core science subject (7)

Down
1.  Prognostic indicator of health 

or disease (9)
2.  Something you are ‘in’ when 

seeking mental well being (7)
3.  Stopping something from 

coming to pass (10)
6.  Term describing an individuals 

chance of suffering side effects 
based upon your genes (11)

7.  Someone willing to take their 
time (7)

8.  Stone or iron perhaps (3)
10.  Title of a forensic biological 

laboratory (9)
14.  Your own space (8)
18.  Prescribed by a physician, or 

sold on the street(4)

N.A. Davies

Crossword Competition

Win
For this month’s crossword prize, we are giving away Genuine Miband Fitness Tracker, enabling you to monitor  
your activity levels, analyse your sleep quality, and gently wake up every morning to the Smart vibration alarm.

Simply email the missing word, made up from the letters in the highlighted boxes to  
crossword@biochemistry.org by 18 March 2016.

Congratulations to December’s winner: 
Carlos Martinez (University of Edinburgh)
The missing word from last issue’s competition was “Film Premiere.” 
Carlos received a Smartphone projector

Terms and conditions: only one entry per person, entrant must be a current Biochemical Society member; closing date  Friday 18 March 2016. The winner 
will be drawn independently at random from the correct entries received. The winner will receive a Miband Fitness Tracker. No cash alternative available. 
No employee, agent, affiliate, officer or director of Portland Press Limited or the Biochemical Society is eligible to enter. The winner will be notified by email 
within 7 days of the draw. The name of the winner will be announced in the next issue of The Biochemist. The promoter accepts no responsibility for lost or 
delayed entries. Promoter: Biochemical Society, Charles Darwin House, 12 Roger Street, London WC1N 2JU; do not send entries to this address.

Crossword courtesy of The Biochemist.

Back Page


