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In our inaugural newsletter in March, I announced that NZSBMB will be 
supporting both Queenstown Research Week (QRW) and COMBIO this year.  
The AGM will be at QRW since we are expecting more of our members to be 
attending that meeting.  This year Emily Parker is organising QRW with help 
where required from NZSBMB.  We will also be supporting COMBIO by 
sponsoring a plenary speaker from our society.  I’m pleased to announce that 
Prof. Ted Baker has accepted that role. 
There has been little response or comment on the suggestion to move from 
having a regional-based to nationwide executive committee for NZSBMB.  I 
would like all members to give this some thought before the AGM in August as 
a vote will be held at the AGM to decide on the make-up and location of the 
Executive committee at that time. Since the last Newsletter, the Manawatu 
region has volunteered to form a regional committee should this be what 
members decide is the best way forward. [See p2 for more details.] 
Miriam Sharpe, our editor, is dependent upon copy from you.  While the 
newsletter includes articles from the Biochemist through our relationship with 
the British Biochemical Society, we hope to have a greater contribution from 
NZSBMB members themselves.  We are particularly keen to include regional 
news and use this newsletter as a forum to discuss topical issues relevant to our 
members. 
I’d like to remind everyone that the deadline for the next travel round is 
September 30.  These awards are aimed at PhD students who are attending 
their first overseas conference.  The society has supported 36 awards in the past 
2 years. 
Nominations for the Life Technologies NZSBMB Award are open with more 
information available on the website 
(http://nzsbmb.science.org.nz/awards.html).  This is a highly prestigious award 
given by the society to a researcher who has published strongly in the broad 
area of Biochemistry and Molecular Biology 
in the past 3 years.  The award consists of a 
cash prize plus expenses to attend and 
present at QRW. In addition, we are 
negotiating a travel grant to the UK to 
present a plenary lecture at any British 
Biochemical Society meeting of the winner's 
choosing.  Please get nominations in! 
Also a gentle reminder to please pay your 
subs! We have a new 5 year subscription in 
place to reduce annoying reminders and 
future-proof against likely subscription 
increases. Check it out at 
http://nzsbmb.science.org.nz/join-us.html  

Matt Templeton 
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Messages from the NZSBMB Committee 

Do you want to continue with a regional-based executive committee for the NZSBMB or change to a 
nationwide committee?  

The options are:   

1. The status quo – President, Secretary and Treasurer are all from the same region, with the region in charge 
alternating every three years. From this year’s AGM onwards, it will be the turn of the Manawatu region, and they 
have already suggested a shadow committee.   

2. A nationwide structure – the offices of President, Secretary and Treasurer are open to anyone, from anywhere in 
the country. If this is your preferred structure, then you should be thinking about whether you are willing to stand for 
office!   

Could members email their feedback on this to the president, Matt Templeton (matt.templeton@plantandfood.co.nz), by 
the end of July. This will ensure that the election of a new executive will go smoothly at August’s AGM.  

______________________________________________________________________ 

Nominations for the Life Technologies NZSBMB Award are open.  

This, our premier prize, is open to all New Zealand-based members of the NZSBMB of at least one year's 
standing. The award consists of a cash prize, registration and travel costs for attending the annual 
NZSBMB conference (QMB in 2012), and new for 2012, a travel grant to give a plenary lecture at a 
2013 British Biochemical Society meeting of the winner's choosing. The award is made on the basis of 
work published during the three years preceding the award. Deadline for applications is August 1. For 
more information, look on the website (http://nzsbmb.science.org.nz/awards.html) or contact Kerry Loomes 
(k.loomes@auckland.ac.nz). 

______________________________________________________________________ 

Congratulations to two NZSBMB members who received Queen's Birthday honours this year: 

Professor Christine Winterbourn, of Christchurch, who was made a Companion of the New Zealand Order of Merit –
 CNZM, for services to science. Professor Christine Winterbourn was the Rutherford Medal winner in 2011. 

Emeritus Professor Peter Leonard Bergquist, of Auckland, who was made an Officer of the New Zealand Order of 
Merit - ONZM, for services to science.  

______________________________________________________________________ 

A Friendly Note from The Treasurer: Subscriptions for the 2012-13 year are now due! The membership form can be 
downloaded from http://nzsbmb.science.org.nz/join-us.html 

______________________________________________________________________ 

Thanks to Peter Stockwell and Bronwyn Carlisle for their photo used in the new newsletter heading, and to Wayne Patrick, 
who suggested the new title. 

The applications for the next NZSBMB student 
travel award round are due September 30 

Awards are up to NZ$1000 each, 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! Do you want support for 
your next conference overseas? 
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Meet the 
Scientist 

Professor Juliet 
Gerrard  
School of Biological Sciences 
Co-Director, Biomolecular Interaction Centre 
University of Canterbury 

Describe your research in one sentence. 
 
Understanding the structure and function of proteins, 
and using that knowledge to exploit them to do useful 
things. 
 
What gets you up in the morning?  
 
Coffee. 
 
What are you doing right now? 
 
Filling in this questionnaire, sitting in my office, enjoying a 
blue skies day in Wellington. 

Do you know your h-index? 
 
Yep. 
 
What bit of research has caught your eye 
recently? 
 
New insight into the understanding the amyloid 
assembly pathway, recently published in Science 
by Neudecker et al. and Lagonowski et al.  At long 
last, a visualisation of this process has appeared. 
 
How did you get into science?  
 
A series of school teachers persuaded me it was 
still my thing, even after the unfortunate incident 
with the sulfur dioxide canister. 
 
What would you have done if you didn’t go into 
science? 
 
Written poor novels. 
 
What do you consider to be the highlight of your 
career so far? 

Sitting with my hung-over, pyjama-clad research group, in a rental house in Queenstown, finally 
figuring out why the enzyme we had been working on for over a decade was tetrameric. 
 
If you were stranded on a desert island, what three biochemicals and/or biochemists would you want 
with you? 
 
I don’t think I am prepared to reveal the name of the biochemist, but the biochemicals would be 
truffle oil and a bottle of Krug. 
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 “Depression is a group of brain disorders with varied origins, 

complex genetics and obscure neurobiology” (Lesch, 2004).  

 

Trying to find or improve treatments for diseases we do not 

fully understand is a common preoccupation in biomedical 

research, and nowhere is it truer than for the mood 

disorders.  These conditions, including depression and 

bipolar disorder, are major, chronic, mental disorders that 

cause a high burden of disease in society. Pharmacological 

treatments for mood disorders are far from ideal, and 

although a wide range of antidepressant drugs and mood 

stabilizers, such as lithium and valproic acid, are available, 

none work for every patient, and finding the right treatment 

can be a trial and error process with no guarantee of 

success. 

It is considered likely that the wide inter-individual variability 

in patient responses to drugs used for mood disorders has a 

genetic basis, but after three decades of research in this 

area the only thing we can say with confidence is that there 

are unlikely to be major single gene effects at play.  Like 

most things in life, responses to these drugs are likely to be 

complex, influenced by many genes of small effect in 

combination with various non-genetic factors.  Finding 

simple pharmacogenetic tests that will markedly increase 

the success of prescribing these drugs therefore seems 

unrealistic, and we need new approaches in order to 

improve pharmacological treatment of mood disorders. 

Over the past few years we have developed one approach 

to understanding these disorders and their treatment. The 

first drugs used for treating mood disorders were 

serendipitously discovered, but once their clinical effects 

were recognized, these drugs were pivotal in providing 

Using genetics and gene 
expression to understand 

treatment of mood disorders. 
Martin A. Kennedy  

Department of Pathology and Carney Centre for Pharmacogenomics,  
University of Otago, Christchurch 

Feature Article: The NZSBMB Life Technologies Award 2011 

insights into the pathophysiology of depression and bipolar 

disorder (Lopez-Munoz et al., 2009).  The first 

antidepressants, for example, which began life in the 1950s 

as tuberculosis treatments, demonstrated the pivotal role of 

serotonin and noradrenaline neurotransmitter systems of the 

brain, in depression and other mood disorders.  Although 

much research has been done, and many drugs 

developed in the intervening years, current 

pharmacological models of antidepressant action do not 

adequately account for all the effects of these drugs. 

Because much of our understanding of mood disorders 

derives from studying the pharmacology of these drugs, we 

wondered if this approach could be extended by 

examining gene expression changes induced by the drugs, 

in model systems. Our hypothesis for this work was that a 

subset of the biochemical pathways modified by exposure 

to “mood drugs” will be fundamentally involved in mood 

control.  Finding such pathways may give clues to the 

biology of mood, the mechanisms of action of the drugs, 

approaches for improved prescribing, and perhaps, 

ultimately, provide novel drug targets.   

I describe below two examples from our work that illustrate 

how this approach has led to interesting pathways of 

potential importance in the biology of mood and treatment 

of mood disorders. This work has depended on the use of 

laboratory studies in cell culture models and rodents, in 

parallel with genetic analysis of patient cohorts collected in 

collaboration with Prof. Peter Joyce and his team (University 

of Otago, Christchurch), over the past decade. 

Adrenomedullin 

One of the questions we sought to answer was what acute 
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gene expression changes occur in the serotonergic neuron 

after exposure to antidepressants known to target the 

serotonin transporter? For this work the serotonergic 

precursor cell line RN46A (White et al., 1994) was exposed 

for 36 hours to the selective serotonin reuptake inhibitor 

(SSRI) paroxetine, then gene expression changes were 

examined with Affymetrix Rat 230 2.0 GeneChips.  Of about 

250 genes that showed expression differences, 15 were 

examined by quantitative PCR (qPCR) and 14 of these 

showed changes concordant with the microarray findings. 

Amongst the most interesting of these was Adm, the gene 

for a peptide hormone called adrenomedullin (Glubb et al., 

2010).  Adrenomedullin is found throughout the central 

nervous system (Serrano et al., 2002), and although well 

known for its actions on the cardiovascular system, plasma 

levels of adrenomedullin are elevated in bipolar disorder 

and neuropsychiatric conditions (Kakiuchi et al., 2008; Savas 

et al., 2002; Zoroglu et al., 2002). In addition, conditional 

Adm knockout mice have heightened anxiety (Fernandez 

et al., 2008).   

We assessed whether variation in the human gene for 

adrenomedullin (ADM) might be relevant to depression or its 

treatment.  Screening of subjects 

for ADM variants by Sanger DNA 

sequencing revealed only one 

common single nucleotide 

polymorphism (SNP) (rs11042725) 

in the upstream flanking region 

of ADM, and reporter gene 

assays in RN46A showed that this 

SNP influenced basal 

transcription of ADM (Glubb et 

al., 2010).  In RN46A cells, the A 

allele had 55% greater expression 

(P<0.05) of luciferase than the C 

allele. We tested for evidence of 

association between this SNP 

and relevant phenotypes in the 

Genetics and Pharmacogenetics 

of Depression Study (GODS, 

n=548), a family-based study of 

mood disorders (Joyce et al., 

2007; Joyce et al., 2009). We 

found the homozygous C 

genotype of rs11042725 to be 

significantly associated with response to paroxetine (odds 

ratio=0.075, P<0.001) but not with response to either 

fluoxetine or citalopram. Our results suggest that ADM is 

involved with the therapeutic efficacy of paroxetine, but 

not more generally with the SSRI antidepressants.  Further 

support for involvement of ADM was provided by a recent 

genome-wide association study across several conditions 

including bipolar disorder and depression, in which the 

strongest result was a single nucleotide polymorphism (SNP) 

in ADM (Huang et al., 2010). 

 

The tetrahydrobiopterin (BH4) pathway 

We first encountered the BH4 pathway during a PhD project 

in which mouse embryonic stem cells were differentiated 

into mixed neural cells, then exposed to antidepressants to 

explore protein and gene expression changes (McHugh et 

al., 2008). After exposure of these cells to paroxetine, we 

observed increased expression or modification of an 

enzyme called sepiapterin reductase (SPR) in proteomic 

analysis (McHugh et al., 2008). SPR plays an important role in 

the biosynthesis of tetrahydrobiopterin (BH4), which is a 

cofactor for several important reactions including synthesis 

Figure 1.  Schematic of the BH4 biosynthesis pathway. Biosynthesis of BH4 starts de novo from GTP 
through reactions catalyzed by the enzymes GTP cyclohydrolase I (GTPCH), 6-

pyruvoyltetrahydropterin synthase (PTPS) and sepiapterin reductase (SPR). GTPCH activity is 
modulated by the interaction of GTP cyclohydrolase feedback regulator (GFRP) and BH4 or 
phenylalanine.  Phe, phenylalanine; Tyr, tyrosine; Trp, tryptophan; Arg, arginine; Cit, citrulline; 
PAH, phenylalanine hydroxylase; TH, tyrosine hydroxylase; TPH, tryptophan hydroxylase; NOS, 

nitric oxide synthase; 5’OH-Trp, 5-hydroxytryptophan; DBH, dopamine beta hydroxylase. 
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of serotonin by tryptophan hydroxylase (Figure 1).   

This result suggested a potentially interesting link between 

treatment of depression and BH4 synthesis, something 

previously noted but not widely recognized (Anderson et al., 

1992; Blair et al., 1984). To further understand the possible 

relevance of SPR to mood disorders and their treatment, we 

searched for common variants in the SPR gene, then 

carried out genetic association studies in the GODS cohort. 

The only SPR variants with sufficient allele frequency to have 

power in the association study were two SNPs located in the 

5’ flanking region (Figure 2A and 2B), rs2421095 and 

rs1876487 (McHugh et al., 2009).  These variants formed 

three haplotypes in the population (Figure 2C). 

To assess whether these polymorphisms affected basal SPR 

promoter activity, reporter gene assays of the three 

haplotypes were carried out in RN46A cells, and these data 

demonstrated a significant difference in basal transcription 

rate between haplotype 1 and the other two haplotypes 

(McHugh et al., 2009).  Haplotypes 2 and 3 displayed lower 

expression levels than haplotype 1 (Figure 2D).  It is possible 

differential binding of transcription factors may play a role in 

these basal transcription rate differences, and a search for 

putative transcription factor binding sites predicted that the 

A allele of rs1876487 (haplotypes 2 and 3) would generate a 

c-Myb binding site and the G allele of rs2421095 (haplotype 

3) would generate an E2F-1 binding site. Reporter gene 

analysis also showed that all three SPR promoter haplotypes 

showed significantly elevated transcription rates when cells 

were incubated in the presence of paroxetine (not shown).  

Association of the SNPs and their haplotypes was tested in 

subjects enrolled in GODS (described above, n=548).  No 

evidence was found for association with antidepressant 

response in this cohort, but an association of the reduced 

function SPR haplotype pair 2/3 with increased risk of 

suffering a mood disorder was apparent (McHugh et al., 

2009).  

GTP cyclohydrolase feedback regulator protein (GCHFR) 

Another important component of the BH4 synthetic 

pathway (Figure 1) is the GTP cyclohydrolase feedback 

Figure 2. SNPs and haplotypes of sepiapterin reductase gene (SPR). Images from UCSC Genome Browser (Hg19) showing an ideogram of 
chromosome 2 with position of SPR marked (A) and the 5’ regions of SPR including the first exon, direction of transcription left to right, with 
the two 5’ SNPs as indicated (B). Haplotype frequencies for the two 5’ SPR SNPS in the GODS cohort (C), and Dual Luciferase reporter gene 
assays with constructs containing these haplotypes cloned into pGL3-Basic (Hap1-3 as in C; negative indicates transfection with pGL3-basic 
control).  Data generated in RN46A cell line (McHugh et al., 2009). 
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regulator protein GFRP (GCHFR gene), which mediates 

feedback regulation of GTPCH activity by BH4 and 

phenylalanine. Because GTPCH activity is rate-limiting, the 

activity of GFRP is a significant regulator of the BH4 

pathway.  GFRP protein is abundant in serotonergic neurons 

of the dorsal raphe nucleus, but absent from other areas of 

the brain (Figure 3).   

We applied a very similar set of exploratory approaches to 

GCHFR as 

described 

above for SPR.  

The gene was 

resequenced to 

find common 

variants in our 

population, and 

two adjacent 

GCHFR 

promoter SNPs 

(rs7164342 and 

rs7163862) were 

identified. These 

SNPs were in 

complete 

linkage 

disequilibrium, so 

they behaved 

like one polymorphism with only two alleles (or haplotypes) 

in the population (McHugh et al., 2011).  Reporter gene 

assays in the RN46A cell line demonstrated that the TT 

haplotype of the GCHFR promoter had a significantly lower 

basal transcription rate than the alternative GA haplotype.  

We then examined whether these variants were associated 

with response rates to antidepressants or to risk of mood 

disorder, using the GODS cohort described above, as well 

as subjects from a randomized trial of antidepressant 

efficacy, called the Christchurch Outcome of Depression 

Study (Joyce et al., 2002).  This association analysis showed 

that the homozygous TT haplotype was associated with a 

poorer response to the SSRI fluoxetine than to the tricyclic 

antidepressant nortriptyline (P=0.037)(McHugh et al., 2011)  

No association with clinical diagnosis was observed. 

These findings suggest that GCHFR promoter variants may 

influence response to SSRIs. The product of this gene, GFRP, 

tightly regulates BH4 production, and in the central nervous 

system this regulation appears to be restricted to 

serotonergic cells of the raphe nuclei (Figure 3)(Kapatos et 

al., 1999).  Lowered expression of GCHFR, if it occurs in vivo, 

may lead to downstream effects on BH4-mediated 

neurotransmitter production, which in turn may influence 

response to SSRIs.  

Valproate effects 

on SPR expression 

We have recently 

started 

investigating the 

effects on the BH4 

pathway of the 

powerful mood 

stabilizer and 

anticonvulsant, 

valproic acid, and 

have good 

evidence that this 

drug also impacts 

on operation of 

the pathway.  

Using the RN46A 

cell line as an in vitro model system we have found that 

sepiapterin reductase is strongly upregulated by valproic 

acid, and that this upregulation peaks at 48 hours post 

exposure (Deng, 2011).  Currently we are exploring the basis 

for this effect, and given that valproic acid is a known 

histone deacetylase (HDAC) inhibitor, the effects of this 

drug on chromatin structure across the SPR promoter is the 

focus of these studies (Balasubramanain et al., 

unpublished). 

Conclusions  

Gene expression analysis in model systems appears to be a 

useful method for studying mood disorders and the 

molecular basis of mood, despite the apparent intractability 

of these complex and poorly understood conditions.  We 

Figure 3. Coronal section of mouse brain showing specific expression of Gchfr in dorsal 
raphe nuclei by in situ RNA hybridization (dark blue staining). Image provided by Allen 
Mouse Brain Atlas [Internet]. Seattle (WA): Allen Institute for Brain Science. ©2009. 
Available from: http://mouse.brain-map.org. 
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have found a surprising degree of polymorphism in the 

regulatory regions of several BH4 pathway genes, and shown 

with reporter gene assays that this variation often affects basal 

transcription rates.  Association studies of these variants further 

provides preliminary evidence that these variants are 

associated with mood disorders or response to some 

antidepressants. 

Expression of key BH4 pathway genes appears to be modified 

by certain antidepressants as well as valproic acid, a drug 

commonly used in the treatment of mood disorders. That drugs 

of such widely different mechanistic classes should have effects 

on the same pathway implies a convergence which may point 

to a fundamental role of BH4 in mood biology. The specific 

localisation of GHFR in the key serotonergic cell bodies of the 
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central nervous system is also intriguing, and lends 

support to this view.  It is now crucial to examine the 

relevance of these observations to mood biology in 

animal models, and in patients suffering mood disorders, 

by direct measurement of BH4 and other components 

of this important pathway. 
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NZSBMB Student Travel Awards: 
Conference Reports 

The conference Synthetic Biology of Antibiotics was held at Hotel Eden Roc in Sant 

Feliu de Guíxols. Sant Feliu de Guíxols is a beachside town on the coast of Spain, 

about two hours bus ride from Barcelona. It was a good venue with friendly staff and 

nice food consisting of buffet meals and snacks. The conference, organised by the 

European Science Federation, was well-planned and smooth running. 

The theme of the conference I attended was synthetic biology of antibiotics. The conference was highly diverse, not only 

attracting molecular biologists, but also many computational biologists and chemists. Talks included methods to increase 

gene expression and ways to engineer and manipulate large biosynthetic clusters. Antibiotic production lends itself to 

manipulation as antibiotics are produced by large multi-modular enzymes that function in an assembly chain-like manner, 

each module adding a residue to the final product. The assembly chain mode 

of synthesis means that replacing native domains with alternative domains will 

in theory add a different residue to the final product. This would allow 

combinatorial libraries of derivatives to be made, however unknown factors 

often inhibit the function of hybrid NRPS enzymes. 

My reason for attending the conference was to present a section of my PhD 

project as a poster. The main aim of the poster was to show the development 

of a nonribosomal peptide synthetase (NRPS) as a model for domain 

substitution to create novel products. NRPS are a class of large multi-modular 

enzymes that create small peptides, including antibiotics. My work is on 

modifying a NRPS that creates a fluorescent product to examine factors that 

inhibit the function of hybrid enzymes. The ease of detection of this fluorescent 

product makes this an interesting system for study as it is amenable to high 

throughput techniques. At this stage in my work I have verified the utility in 

using this new system and I am now looking at factors that inhibit the function 

of novel enzymes. 

For my poster, I had to give a one minute introduction in front of the conference attendees followed by presenting my 

poster for about 2 hours. Presenting the poster was very useful as the conference was focused on a narrow topic. This meant 

that I could delve into the details of my research while giving minimal background information. The narrow focus made it 

especially fun to present because people knew the small details and could ask questions on these. I think discussing my 

work with a range of scientists from my field was especially helpful for gaining different perspectives on my research. 

Attending the conference Synthetic Biology of Antibiotics was a great learning experience and gave me a good idea of 

current research trends in my field. I would like to thank NZSBMB for assistance with funding. 

Synthetic Biology of Antibiotic Production 
Sant Feliu de Guixols, Spain 

October 2011 

Mark Calcott 
Victoria University 
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International Symposium on 
Atherosclerosis  
Sydney 
March 2012 

For a graduate student, attending a big 

international conference is a stressful but 

exhilarating experience; or so I felt 

presenting a poster at the recent XVI 

International Symposium on 

Atherosclerosis (ISA 2012) in Sydney. The 

trip was made possible by the travel 

awards from the NZSBMB (New Zealand 

Society for Biochemistry and Molecular 

Biology) and AAS (Australian 

Atherosclerosis Society).  

It was encouraging to see that the field 

of my thesis research is vibrant and 

extensive. The symposium program 

incorporated a large number of parallel 

workshops, which meant a lot of 

interesting talks ran concurrently, making 

it difficult to choose the one to attend. 

Many plenary sessions were presented 

by the “founding fathers” of the 

atherosclerosis research. I was really 

anticipating the first plenary talk by one 

of these high-flying experts and it stood 

up to the expectation! 

On occasion, I felt insignificant in the 

shadow of the giants. Would my 

contribution to science ever be noticed? 

Would it make a difference to someone 

suffering from cardiovascular disease? 

At the same time my research must 

have been noteworthy as I received a 

Young Investigator Educational Grant 

from the Asia-Pacific Federation for the 

International Society of Atherosclerosis. 

The moment it was announced was a 

special one for me – clearly one of the 

highlights of the 

conference!  

I presented a 

poster on the 

timing of 

macrophage cell 

death caused by 

the cytotoxic 

oxidized low-

density lipoprotein. 

I found that even 

a short exposure 

to toxic levels of 

this pro-atherogen 

is sufficient to 

irreversibly affect 

macrophage 

metabolism. 

Despite the 

recovery of 

intracellular glutathione, the cellular 

viability remains unsalvageable. This 

could have implications in the 

development of an atherosclerotic 

plaque. A short-term exposure of 

resident or recruited macrophage to 

the accumulated threshold toxic 

concentration of OxLDL within the 

plaque may be the significant factor 

that leads to the plaque necrotic 

core expansion.  

Overall, my conference experience 

was most rewarding and I thank the 

NZSBMB for supporting me with the 

travel award. 

 

Photo: Anastasia Shchepetkina (right) 

and Nurul Aishah Muhammad (from 

Malaysia) holding their Young 

Investigator Educational Grant Awards. 

Anastasia 
Shchepetkina 
University of Canterbury 
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37th Lorne 
Conference on 

Protein Structure and 
Function  

Lorne, Australia 
February 2012  

Jan Richter 
Institute of Molecular BioSciences 

Massey University 

In February I attended the 37th Conference on Protein 

Structure and Function in Lorne, Australia. Lorne is located 

along the great ocean road approximately two hours drive 

south of Melbourne, providing a beautiful location for a 

conference. 

The conference lasted for four days, filled with interesting 

sessions and talks with the main topics being protein folding, 

tracks and motor proteins, solutions for challenging protein 

solutions, peptides, pathogenesis, phosphorylation, hot 

topics and emerging technologies.  

There were a number of workshops offered during the 2012 

Lorne conference. Niko Granqvist gave an overview of the 

capabilities of novel instrumentation for Multi-parametric 

surface plasmon resonance developed by BioNavis Ltd in 

Finland. During the Australian Synchrotron Users Group 

workshop Tom Caradoc-Davies gave insight into the novel 

technical developments and additions to the Australian 

synchrotron.  

The 2012 Leach Lecture, delivered by Brian Matthews, was 

certainly a highlight of the conference. During his talk with 

the title “Protein crystallography: Getting in on the ground 

floor”, Brian Matthews did exactly that: an interesting and 

entertaining tour through the world of protein 

crystallography since its early days.  

During both the talks and the poster sessions there was a 

large share of NMR-work presented. This was something new 

and interesting for me since my background is more in 

protein crystallography. Some highlights here included (but 

were not limited to) the talks of people like Charles 

Sanders, Gottfried Otting, Samuel Gellman and Michael 

Summers.  

It feels a little bit unfair to pick a favorite among all the 

excellent presentations but the session on tracks and motor 

proteins impressed me the most. During this session e.g. 

Andrew Carter gave an exciting insight into the inner 

working of the dynein motor domain. 

The poster session was divided in four sessions on two 

evenings. I presented a poster detailing my research on 

the biochemical characterization of human ADP-

dependent glucokinase (ADPGK), potentially a novel 

player in glycolysis. This enzyme is unique due to its ability of 

utilizing ADP for the phosphorylation of glucose, instead of 

the more commonly used ATP. ADPGK could potentially 

save the ATP needed for initial glucose activation in 

glycolysis and increase the total yield of ATP.  

Overall the 37th Conference on Protein Structure and 

Function has been an enjoyable experience for me and 

the quality of the research presented here was impressive. 

The conference provides a very social and friendly setting 

for networking and I would highly recommend the 

conference to any researcher interested in protein 

science.  
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13th International Conference on 
Neuronal Ceroid Lipofuscinoses 

(Batten Disease)  
Royal Holloway College, London 

March 2012 
Being based in beautiful, albeit slightly isolated New Zealand 

meant this this was my first opportunity to attend the biennial 

International NCL Conference. This is the only convention 

that brings together world experts and clinicians working on 

Batten disease, a group of inherited pediatric 

neurodegenerative diseases. This conference is an 

invaluable opportunity for scientists to meet, learn and form 

future collaborations with 

other groups, something 

which is particularly important 

when working on such a rare 

and devastating group of 

diseases. 

After escaping the hustle and 

bustle of Heathrow airport we 

escaped to the beautiful 

Royal Holloway Campus. We 

began with a welcome 

lecture followed by a drinks 

reception and a short history of the college, which was 

originally founded as an all-women’s college only admitting 

males in 1965! 

We had three full days of talks, split into two sessions per day. 

A wide range of research areas were covered from the 

genetics, biology and disease mechanisms to clinical 

perspectives and experimental therapies.  I had the great 

opportunity to present some novel and exciting results from 

my PhD in a talk entitled “In vivo intercellular correction in 

ovine CLN6”. Despite the fact that the CLN6 protein is 

membrane bound, these results demonstrated that it may 

be involved in the processing of soluble factors which can 

result in cross-cell correction and offers a more optimistic 

outlook for the treatment of this form of Batten disease. 

Being my first talk at a conference I was very relieved to 

have it over with on the first day and enjoyed being able to 

sit back and soak up the rest of the talks! 

Lucy Barry 
Lincoln University  
Canterbury 

In conjunction with the scientific aspect of the conference 

a parallel conference bringing together patient 

organisations, professionals and affected families was also 

being run. This gave the scientists an opportunity to talk and 

interact both with parents and clinicians that care for 

affected children on a daily basis. Hearing their stories really 

brought to light why we research what we do and 

importantly gets you to think 

of the much bigger picture. 

As part of these parallel 

conferences I chaired a 

parent summary session on 

the first day, in which us 

young scientists attempted to 

explain the days talks in 

simple terms and give parents 

a chance to ask questions.  

Although it’s important not to 

give them false hope it’s 

equally important to let 

parents know that we are all working hard towards a 

common goal and that progress is being achieved. 

The session on experimental therapies was particularly 

interesting and gave everyone in our group plenty of food 

for thought and we certainly came back with lots of ideas! 

One of the recurring topics at the conference was the 

obvious importance of animal models and the many 

advantages of large animal models. This was particularly 

pleasing for us as we are one of the few people not 

working on mice but on sheep. It was great to see that 

people recognise the importance of these models and 

what an asset they are to Batten research.  

I would like to express my sincere gratitude to the NZSBMB 

for their generous contribution towards my conference 

travel. It was a great opportunity to highlight the research 

that we do here in New Zealand and an invaluable 

experience for me as a young scientist.  
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Eleni Siakkou 
Department of Chemistry 
University of Otago 

The 37th Lorne Conference on 

Protein Structure and Function was a 

conference I thoroughly enjoyed: 

Science and leisure were both well 

catered for and a particular focus 

was set on supporting young 

scientists and junior investigators. This 

included a student and speaker 

lunch, where the students had the 

opportunity to talk to invited (senior) 

speakers about their careers and 

receive personal advice – all this in a 

relaxed environment and in 

presence of a few early career 

scientists, which could act as 

facilitators for the 

discussion between the 

senior researchers and 

the students, if this was 

required, or just share 

their own experience as 

professional researchers 

with the students.  

The atmosphere at the 

conference was 

generally good and 

quite relaxed, with lots 

of fruitful and 

entertaining discussions 

with colleagues from 

Australia, New Zealand 

37th Lorne 
Conference on 
Protein Structure 
and Function 
Lorne, Australia 
February 2012 

and other countries further overseas. I 

suppose this pleasant atmosphere was 

partially due to the gorgeous location 

just by the beach. Thus, it was easy to 

nip out for a while during the breaks 

between sessions to refresh the mind 

with a few deep breaths of ocean air, 

or to enjoy the lunch sandwich and 

some delicious Barista-style coffee 

(provided by a sponsor) at the beach. 

The brave ones, that did not mind that 

the water temperatures were not quite 

tropical, even went for a swim. In 

alternative to the beach, one could 

stroll through town, where one could 

see – and hear – myriads of 

cockatoos, rosellas and other 

colourful birds. Those birds were not 

at all shy and would even feed out 

of one's hand if the offered treat was 

considered tasty enough. This 

provided for plenty of entertainment 

in addition to the organised mixers, 

happy hours and social events 

during the conference. 

The talks and poster presentations 

were also of high quality, not only 

with respect to the presented 

research, but also 

with respect to the 

actual 

presentation itself. 

A wide range of 

topics, such as 

protein folding, 

peptides and 

protein motors, 

was covered and 

although 

crystallographic 

studies and models 

seemed to play a 

major role in many 

presentations, it 
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was possible to sneak in some 

chemistry-focused work – the 

presented poster titled 'Effect of the 

Cys-Tyr crosslink on cysteine 

dioxygenase activity' was one of 

those. It illustrated that the process of 

formation of the cysteinyl-tyrosine 

crosslink in cysteine dioxygenase, a 

covalent post-translational 

modification at the metalloenzyme's 

active site, affected enzyme activity 

significantly more than the presence 

of the already formed crosslink. 

Chemical kinetics simulations 

indicated that crosslink formation 

proceeded via a highly active 

intermediate, which might be part of 

a protein-inherent mechanism to 

modulate enzyme activity. This 

presentation encouraged several 

molecular biology students to ask 

me questions about the chemistry of 

cysteine, especially with respect to 

disulfide formation within proteins 

and the effect of metal ions on such 

process – being a chemist amidst so 

many molecular biologists, protein 

crystallographers and all other sorts 

of biochemists was actually quite 

useful. In return I learned something 

about the Australian Synchrotron, silk 

proteins produced by praying mantises, 

motor proteins walking along 

microtubules with a remarkably long 

stride and much, much more. Thus, I can 

highly recommend the conference to 

any student whose research has 

anything to do with the interaction 

between protein structure and function 

and I am very thankful for the financial 

support from NZSBMB that allowed me to 

travel to Australia for the 37th Lorne 

Conference on Protein Structure and 

Function.  

Title of paper presented  

Microtubule-stabilizing agents and axonal transport of 

mitochondria and brain-derived neurotrophic factor  

Brief summary of the paper presented 

Microtubule stabilizing drugs (MSD) are a class of drugs that 

have been used in cancer therapy for decades, but their 

potential use in treating neurodegenerative diseases, like 

Alzheimer’s disease (AD), is a new area of research. 

Paclitaxel (Ptx) and epothilone, two clinically used MSD, 

have shown therapeutic potential for tauopathy treatment.  

The MT-associated tau protein is an important protein that is 

affected in AD. Tau binds to the MT at or near the taxoid site 

and stabilizes the MT, facilitating MT-based functions in the 

neurons. Ptx competes with tau for binding to the MT, and 

therefore may have an effect on the function of tau. 

Overexpression of the longest isoform of human tau 

(htau40) results in inhibition of axonal transport of cellular 

organelles. This effect of tau on axonal transport could be 

due to competition with the motor protein, kinesin-1 for 

binding to the MT.  

Peloruside A (PelA), another MSD, was isolated from the 

Keystone 
symposium: ApoE, 

Alzheimer’s and 
Lipoprotein Biology 

Keystone, Colorado 
February - March 

2012 
 

Viswanath Das 
School of Biological Sciences, 

Victoria University 
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New Zealand sponge Mycale hentscheli and has a similar 

mode of action to Ptx and epothilone, but binds to a 

different site on the MT than Ptx and tau. We examined the 

effects of two classes of MSD on axonal transport of 

mitochondria and brain-derived neurotrophic factor (BDNF) 

in rat cortical neurons in culture and neuron-like, 

differentiated mouse N-2a cells. Both cell types were 

transfected with htau40 DNA.  

Using time-lapse confocal microscopy experiments, we 

showed that the drugs that bind to the taxoid-site on the MT 

affect axonal trafficking of mitochondria in rat cortical 

neurons. Non-taxoid site drugs, such as PelA do not cause 

significant changes in axonal trafficking of mitochondria. 

However, both drugs are able to partially rescue htau40-

induced aberrant axonal transport of mitochondria and 

brain-derived neurotropic factor (BDNF) in cells 

overexpressing htau40. Thus, MT stabilization by PelA and Ptx 

can have therapeutic benefits in restoring tau-induced 

changes in the brain. These findings have potential 

implications for AD in which increased levels of tau in the 

brain are a characteristic features.  

Laboratory visits  

As part of my travel to the conference, I visited research 

laboratories of Dr. Chirstopher Link and Dr. Kevin Jones at 

the University of Colorado in Boulder. Dr Link has been 

working on developing transgenic models of AD using the 

nematode Caenorhabditis elegans. Dr. Jones, at the same 

university, has been studying the role of BDNF in relation to 

Parkinson’s and Huntington’s disease, using ‘knock-out’ 

animals and cell models.  

In addition to visiting the above laboratories, I also visited 

the research lab of Prof. Huntington Potter at the 

Department of Molecular Medicine, University of South 

Florida, Tampa, Florida. Prof. Potter is a well-known scientist 

in the field of neurodegenerative diseases. He has been 

credited with the discovery of the essential role of 

inflammation in the pathogenesis of AD. He is investigating 

the relationship between AD and Down’s syndrome.  

I would like to thank the New Zealand Society for 

Biochemistry and Molecular Biology for its assistance in 

sending me to the Keystone symposium. This trip has been 

extremely beneficial to me for developing my career as a 

scientist. I now have made good connections at the 

conference and afterwards with a number of leading 

researchers working in the field of neurodegenerative 

diseases and I will use these connections for helping to set-

up a prospective postdoctoral position in one of their 

laboratories. I have also been able to bring back many 

useful ideas and techniques to my lab here at Victoria 

University of Wellington that will further enhance our 

ongoing research with PelA as a potential drug for AD.  
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Feature Article 

Health consequences of exercise and 
inactivity 

The endurance athlete: high aerobic capacity and improved longevity 

Christopher Shaw and Anton Wagenmakers 
(University of Birmingham, UK) 

Adaptations to the cardiovascular, pulmonary and skeletal muscle systems allow endurance athletes to 
perform exercise for prolonged periods and delay the onset of fatigue. These adaptations explain why the 
current men’s marathon world record holder can run 42.195 km (26.2 miles) in a little over 2 hours at an average 
speed of over 20 km/h. The adaptations which enable sustained endurance performance also offer protection 
against many chronic diseases and increase average lifespan. For example, former cyclists who competed in 
the Tour de France before 1964 demonstrated a 17% increase in average longevity compared with the general 
population1. Therefore studying the elite endurance athlete can give us clues as to how partaking in regular 
physical activity, or failure to do so, alters disease risk and life expectancy. 

Maximal aerobic capacity, or VO2max, is the typical 
measure of cardiorespiratory fitness and is a function of 
maximal cardiac output and the arterial–venous O2 
difference across the skeletal muscle bed. A high VO2max is 
vital for successful performance in endurance events. The 
highest peak oxygen uptake rates reported in endurance 
athletes are in the region of 80–90 ml/kg per min, which are 
around double the value seen in lean but healthy 
sedentary individuals. Values below 20 ml/ kg per min are 
often seen in sedentary obese and elderly individuals with 
chronic disease. 

Aerobic capacity is a better predictor of longevity and all 
cause mortality than other established risk factors (including 
smoking, diabetes and hypertension) in both healthy 
individuals and those with traditional risk factors for 
cardiovascular disease2. Although partly under genetic 
control, aerobic capacity in most people is largely 
influenced by habitual physical activity levels. Therefore low 
levels of physical activity will lead to a decrease in aerobic 
capacity. As a result adoption of a sedentary lifestyle at 
any age is linked to the future development of metabolic 
diseases (e.g. obesity, insulin resistance, dyslipidaemia or 
Type 2 diabetes), cardiovascular disease (e.g. hypertension, 
atherosclerosis, angina pectoris or coronary artery disease), 
pulmonary diseases, cancers, immune-system alterations, 
sarcopenia and reduced quality of life3. 

Health consequences of inactivity 

A decrease in muscle insulin sensitivity is one of the earliest 
and primary consequences of reduced physical activity 
levels and precedes other metabolic and vascular 
adaptations contributing to the development of the 
metabolic syndrome, Type 2 diabetes and cardiovascular 
disease4. Human and animal studies have demonstrated 
that insulin action declines within just 2–3 days of reduced 
activity. Furthermore, simply reducing daily activity 
(reducing the daily step count from ~10 000 to just 1500 
steps per day) in lean healthy Danish young men, reduced 
insulin-mediated glucose disposal in just 2 weeks5. This 
illustrates the importance of daily activity and the rapid 
onset of metabolic disturbances brought about by a 
sedentary lifestyle. 

Inactivity and the development of insulin resistance 

Insulin is an important glucoregulatory hormone, and 
skeletal muscle accounts for the majority of insulin- 
mediated glucose uptake. Insulin action on skeletal muscle 
is therefore of prime importance for the regulation of blood 
glucose concentrations. Insulin binds to the insulin receptor 
on the muscle sarcolemma and initiates a signalling 
cascade, mediated via insulin receptor 
autophosphorylation, phosphoinositide 3-kinase (PI3K) 
activation and Akt and Akt substrate of 160 kDa 

Abbreviations: AS160, Akt substrate of 160 kDa; DGAT, diacylglycerol acyltransferase; FA, fatty acid; GLUT4, glucose transporter type 4; IKK, 
inhibitor of nuclear factor B kinase; IMTG, intramuscular triacylglycerol, IRS1, insulin receptor substrate 1, JNK, c-Jun N-terminal kinase; NRF, 
nuclear respiratory factor; PGC1!, peroxisome-proliferator-activated receptor " co-activator 1!; PKC, protein kinase C; PPAR, peroxisome-
proliferator-activated receptor. 

Reprinted with permission from The Biochemist, June 2012 
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(AS160)/TBC1D4 phosphorylation. Ultimately, the 
translocation of the insulin-responsive glucose transporter 
(GLUT4) and fusion of GLUT4 vesicles with the plasma 
membrane and T-tubular network enables glucose uptake 
and the normalization of plasma glucose concentrations. 
Therefore insulin action is influenced by the efficacy of 
insulin and glucose delivery to skeletal muscle fibres, insulin 
signal transduction and GLUT4 translocation to and fusion 
with the plasma membrane. 

Many studies have demonstrated that lipid accumulation 
within skeletal muscle occurs in sedentary obese individuals 
and is associated with reduced insulin action and sensitivity. 
It was originally hypothesized that obesity-related 
impairments in insulin action could be attributed to 
increased muscle lipid storage. This was subsequently 
challenged following the observation that endurance-
trained cyclists, who exhibit the highest levels of insulin 
sensitivity, have even greater lipid concentrations within 
skeletal muscle6. This was termed the ‘athlete’s paradox’7. 

Since then, many studies have investigated the mechanistic 
link between lipid accumulation and insulin resistance in 
sedentary individuals and the mechanism that enables 
athletes to combine a high intramuscular lipid 
concentration with a high level of insulin sensitivity. These 
studies revealed that intramuscular triacylglycerol (IMTG) 
accumulation itself does not impair insulin signalling. A 
number of bioactive fatty acid (FA) metabolites such as 
long-chain fatty acyl- CoAs, diacylglycerols (DAGs) and 
ceramides have now been identified as the drivers of the 

mechanisms leading to muscle insulin resistance8 (Figure 2). 
However, the debate about the exact identity of these FA 
metabolites is still continuing. Emerging data suggest that 
the composition, saturation status and subcellular location 
of the FA metabolites are also important for their action9. 
These FA metabolites activate serine kinases, such as 
protein kinase C (PKC), c-Jun N-terminal kinase (JNK) and 
inhibitor of nuclear factor #B kinase (IKK), which negatively 

regulates insulin action perhaps at the level of insulin 
receptor substrate 1 (IRS1). Inactivation at the level of Akt 
has also been reported and been linked to elevated 
ceramide concentrations. 

Acute exercise and glycaemic control 

Muscle contraction induces an increase in plasma 
membrane GLUT4 content and stimulates glucose uptake 
via an insulin independent mechanism and is therefore of 
benefit to individuals with insulin resistance and Type 2 
diabetes. Contraction- mediated GLUT4 translocation is 
controlled via multiple mechanisms, but activation of AMP-
activated protein kinase (AMPK) and rises in intracellular 
Ca2+ are believed to be the primary control mechanisms10. 
The increase in plasma membrane GLUT4 content remains 
for about 2 h after exercise and contributes to the well-
known post- exercise increase in glucose uptake rates 
immediately after exercise. However, various groups have 
shown that a single bout of endurance exercise increases 
insulin stimulated glucose uptake for up to 48 hours and 
lowers 24 h plasma glucose concentrations in free-living 
conditions in insulin-sensitive and insulin-resistant individuals 

Figure 1. A high aerobic capacity in endurance athletes 
offers protection against the development of insulin 
resistance, cardiovascular disease and Type 2 diabetes. 
Image reproduced with permission of University of 
Birmingham. 

Figure 2. Obesity-induced insulin resistance. Accumulation in muscle of fatty 
acid metabolites (long-chain fatty acyl-CoA, diacylglycerols and ceramides) 
and exposure to high plasma levels of inflammatory cytokines activate the 
serine kinases PKC, IKK and JNK. These kinases phosphorylate IRS1 on serine 
residues and prevent IRS1 activation and downstream insulin signalling. 
Ceramide accumulation also activates protein phosphatase 2A (PP2A) which 
dephosphorylates Akt. The resultant inhibition of the insulin signalling cascade 
prevents insulin-mediated GLUT4 translocation and reduces glucose uptake 
leading to hyperglycaemia. TG, triacylglycerol. 
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and in patients with Type 2 diabetes11. These effects are 
not due to changes in the activity of proximal insulin 
signalling components, but are related to the activation of 
glycogen synthase by the lowering of muscle glycogen 
from the preceding exercise bout. There are also some data 
emerging that the prolonged increase in muscle glucose 
uptake in the period after exercise is the result of distal 
activation of the insulin signalling cascade at the level of 
AS160/TBC1D4 (reviewed by Frøsig and Richter12). 
Practically, this means that much of the benefit of regular 
exercise in terms of glucose control is restricted to the 48 h 
period following each exercise bout. This underlines further 
the importance of exercising on a regular basis (three or 
four times per week) so that the muscle remains in a 
continuous post-exercise state and benefits from a 
sustained elevation in insulin sensitivity, which is key to 
maintaining optimal metabolic health.  

Training adaptations protect against insulin resistance 

Well-trained endurance athletes are highly insulin-sensitive, 
meaning they have minimal disturbances in plasma glucose 
concentrations with low plasma insulin concentrations. 
However, the insulin-sensitizing effect of regular exercise, 
beyond the effects of the last exercise bout, can be 
observed in as little as 2 weeks. The exact mechanisms for 
this rapid adaptation are not fully understood, although 
ongoing work is uncovering important aspects of exercise-
induced insulin sensitization and the nature of optimal 
exercise interventions. 

An increase in skeletal muscle capillary density and 
mitochondrial content are well-described adaptations to 
endurance exercise and are responsible for the elevated 
capacity for fuel and oxygen extraction and total aerobic 
ATP production in athletes. The intracellular events involved 
in the stimulation of muscle contraction including Ca2+ 
release, increased ATP turnover and generation of reactive 
oxygen species (ROS), activate signalling pathways that 
increase the expression of transcription factors [NRF (nuclear 
respiratory factor)-1, NRF-2, peroxisome-proliferator- 
activated receptors (PPARs), Tfam (transcription factor A, 
mitochondrial)] and transcriptional co-activators [such as 
PPAR" co-activator 1! (PGC1!)]13. This induces an increase 

in the expression of genes encoding mitochondrial enzymes 
and transporter proteins such as GLUT4 and fatty acid 
translocase (FAT)/CD36. This ultimately results in an increase 
in the protein content of the majority of enzymes involved in 
fuel mobilization, transport and oxidation. The resultant 
increased capacity for oxidation of plasma- and IMTG-
derived FAs seems to play an important role in the improved 
muscle insulin sensitivity. 

Intramuscular lipids, insulin sensitivity and the athlete’s 
paradox 

A question that has intrigued exercise physiologists for a 
number of years is how the muscle of endurance athletes 
remains exquisitely insulin-sensitive while exhibiting elevated 
concentrations of IMTG? Recent advances in our 
knowledge have shed a new light on this mechanism and 
carry an important message for sedentary individuals. 

IMTG is stored within discrete lipid droplets. The lipid droplets 
form a spatial and functional interaction with the 
mitochondrial network (Figure 3), which has a high density in 
trained individuals and is reduced in sedentary and elderly 
individuals. Recent in vitro studies suggest that the lipid 
droplet protein perilipin 5 and the soluble N-ethylmaleimide-
sensitive fusion protein-attachment protein receptor 

(SNARE) protein SNAP23 mediate the spatial and functional 
coupling between lipid droplets and the neighbouring 
mitochondria14,15. This coupling means that IMTG-derived 
FAs liberated during exercise via the action of adipose 
triglyceride lipase (ATGL) and hormone- sensitive lipase 
(HSL) can be efficiently shuttled into the mitochondria for $-

oxidation. The use of IMTG as a substrate for oxidative 
metabolism was originally controversial as many studies did 
not detect a change in IMTG concentrations following 
exercise using traditional biochemical extraction 
techniques16. However, the utilization of fibre-type- specific 
analysis of IMTG concentrations using immunohistochemical 
staining methods of muscle sections in combination with 

Figure 3. Electron micrograph showing the close interaction of lipid 
droplets (LD) and the mitochondrial network (M) within human 
skeletal muscle (C. Shaw and A. Wagenmakers). 
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fluorescence microscopy has now convincingly shown that 
IMTG depletion occurs in the first few hours of exercise, but 
only in type I muscle fibres of endurance-trained 
individuals17. The IMTG store is now considered an important 
energy source, contributing up to 50% of the total fat 
oxidation during marathon running. Of immense clinical 
importance is the repeated observation that IMTG 
consumption is minimal during exercise in sedentary obese 
individuals and patients with Type 2 diabetes. 

Schenk and Horowitz18 have shown that an acute bout of 
exercise in non-obese women led to an increase in the 
expression of the enzymes regulating IMTG synthesis in 
muscle, i.e. glycerol-3-phosphate acyltransferase (GPAT) 
and diacylglycerol acyltransferase (DGAT). This elevated 
capacity for IMTG synthesis resulted in increased IMTG 
concentrations and also offered protection against insulin 
resistance in response to lipid-heparin infusions. This study 
proposed that a rise in IMTG synthesis rates following a single 
exercise bout increases the shuttling of fatty acids towards 
storage in the IMTG pool and thus prevents the 
accumulation of fatty acid metabolites and the 
development of insulin resistance (Figure 1). This transient 
post-exercise rise in IMTG synthesis rates following each 
exercise bout also explains why higher IMTG concentrations 

are often observed following prolonged training 
interventions (Figure 4). 

Collectively, these observations suggest that, in those who 
regularly exercise, skeletal muscle frequently experiences 
high rates of IMTG-derived fatty acid oxidation and IMTG 
depletion. In the subsequent recovery periods, and in 
particular after ingestion of the next meal, rates of IMTG 
synthesis are high and fatty acids are shuttled towards 
storage as IMTG. As this turnover of the lipid pool will occur 
on a day-to-day basis, and fatty acids will be consumed by 
the reactions of $-oxidation and triacylglycerol synthesis, 

fatty acid metabolite concentrations will remain low. In 
contrast, sedentary and obese individuals do not utilize and 
deplete IMTG during exercise and will not experience 
subsequent FA consumption in the process of IMTG 
synthesis. As the muscle of obese individuals is exposed to a 
high arterial supply of fatty acids and triacylglycerols and 
elevated rates of fatty acid uptake into skeletal muscle, FA 
metabolites will accumulate and thus lead to chronic insulin 
resistance. 

A time-effcient exercise approach 

The scientific evidence behind the health effects of exercise 

Figure 4. Intramuscular triacylglycerol content following 6 weeks of endurance exercise training. Upper panels: representative images of 
IMTG stained with oil Red O before and after a 6-week exercise training intervention. Lower panels: corresponding images stained for type I 
fibres (green) and the plasma membrane (blue) using anti-myosin heavy chain type I and wheatgerm agglutinin 350 respectively. Note the 
increase in IMTG content following training which is particularly prevalent in the type I muscle fibres (C. Shaw et al., unpublished work). 
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are convincing and support the current exercise 
recommendations of at least 150 minutes of moderate 
intensity exercise per week. However, the reality is that the 
majority of people today have desk-based jobs and due to 
work-related time demands simply fail to meet the current 
exercise guidelines. One emerging exercise mode that has 
received a lot of recent publicity is high-intensity interval 
training. This training mode encompasses repeated 30–60 s 
bouts of intense exercise, which when repeated six to ten 
times 3 days a week significantly cuts down the time 
commitment of exercise. Despite the reduced exercise 
time, this training mode increases PGC1! and mitochondrial 

protein expression and VO2max to a similar extent as 
traditional time-intensive ‘aerobic’ exercise modes and 
increases insulin sensitivity in lean healthy individuals and 
patients with Type 2 diabetes19. Ongoing and future 
research will determine whether high- intensity interval 
training is a realistic wide-scale option for healthy individuals 
and patients with severe exercise limitations and whether it 
can be used on its own or in combination with traditional 
exercise modes to improve metabolic and cardiovascular 
health and counteract the ongoing rise in obesity and Type 
2 diabetes. 


