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The days are shortening, the Marsden deadline has passed and (for those of 
us at Universities) new cohorts of students are arriving…all sure signs that 
autumn is on its way already!  
 
I hope you enjoyed the summer. Personally, I kept seeing our members’ 
names in lights over the holiday season. We have a new Fellow of the Royal 
Society of New Zealand (Prof. Juliet Gerrard), a new HRC Hercus Fellow (Dr. 
Helen Fitzsimons), three newly minted Professors (Prof.s Margreet Vissers, 
Emily Parker and Julian Eaton-Rye) and two Associate Professors (A/Prof.s 
Debbie Hay and Dave Ackerley) – plus a bucket-load of successful grant 
awardees, poster prize winners and award-winning student speakers. 
Congratulations! And that’s just the success stories that I know about…I bet 
you can name more. 
 
The Society will be contributing to Queenstown Research Week (25-30 
August) in all sorts of ways this year. Our Auckland-based committee 
members (Kerry Loomes, Debbie Hay and Matt Templeton) are on the team 
that is organising the main QMB meeting. NZSBMB will be sponsoring a 
session, and they are looking for a suitably hot topic, of interest to as many 
of our members as possible. Send your ideas to Kerry 
(k.loomes@auckland.ac.nz). We are also planning a session at the main 
meeting that will focus on students and early career researchers.  
 
In addition, our members are busy organising 
several of the satellite meetings: Redox (chaired 
by Mark Hampton); Heart Research (Sally 
McCormick); and Enzyme Engineering & Evolution 
(Ren Dobson and me).  
 
Not only that, but NZSBMB members are going to 
get discounts on their registration fees, for any of 
the week’s meetings. So – keep an eye on the 
website (http://www.qmb.org.nz/) and put the 
dates in your diary! 
 
Wayne Patrick 
wayne.patrick@otago.ac.nz 
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Meet the Scientist 

Professor Christine 
Winterbourn  
Centre for Free Radical Research 
University of Otago  
Christchurch 

Describe your research in one sentence. 
Investigating the biological chemistry of free radicals and other reactive oxygen species and 
 
What gets you up in the morning?  
Often our dog landing on the pillow. I would like to say it is enthusiasm for testing some new scientific theory but 
it is usually the more mundane need to work through my “to do” list.  
 
What are you doing right now? 
Looking out at a beautiful Christchurch Sunday morning and thinking where to go walking to enjoy it. 
 
Do you know your h-index? 
Yes (last time I looked I think it was 66), but I do not avidly follow its current status. I think h-index is a useful metric 
for monitoring the impact of someone’s research, but there are many other factors and we shouldn’t consider 
it as the only measure of their achievements. 
 
What bit of research has caught your eye recently? 
A paper in Nature Chemical Biology from Tobias Dick’s group in Heidelberg, showing that when glutathione 
gets oxidized in yeast, the oxidized form is transported into the yeast vacuole. For many years we have been 
exposing cells to different oxidants, observing glutathione oxidation and being unable to trace the oxidation 
products. This might hold a clue as to what is going on.  
 
How did you get into science?  
I got into doing chemistry experiments at an early age. My enthusiasm for chemistry grew when I went to 
secondary school and I was never in doubt that I would go on and do a chemistry degree. 
 
What would you have done if you didn’t go into science? 
I might have studied engineering, although that was not an option at the time I was a student. 
 
What do you consider to be the highlight of your career so far? 
It’s hard to say. Being awarded the Rutherford Medal was great. However, what gives me most satisfaction is 
other people taking on board my ideas or results. This is not just citations, but hearing a talk or reading a paper 
where the presenter specifically elaborates (in a positive way) on what you have proposed or shown.  
 
If you were stranded on a desert island, what three biochemicals and/or biochemists would you want with you? 
I’ve decided on biochemicals rather than people. Chlorophyll to get energy from the sun, myeloperoxidase to 
fight off invaders, and luciferase so that I can read in the dark. 
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It’s often the simplest things that are the most 

intriguing. In this article I’d like to present new news on 

vitamin C, that simple little molecule that we all think 

we know a lot about.  

Vitamin C (ascorbic acid, ascorbate) is a highly 

water-soluble compound made from glucose in most 

plants and animals. It is essential for life and some 

species (humans, other primates, guinea pigs and fruit 

bats) have lost gulonolactone oxidase, the terminal 

enzyme in the synthetic pathway, and must acquire 

ascorbate from the diet (1). Famously discovered in 

the 1930’s by Albert Szent-Györgi and others as the 

factor that endowed fruit with the ability to prevent 

scurvy, it was named ascorbic acid to reflect its anti-

scorbutic properties (1).   

That such a simple molecule could provide the 

answer to a devastating disease captured public 

imagination and fascination with vitamin C continues 

today.  Extravagant but largely unsubstantiated 

claims are often made regarding its health-giving 

properties and its ability to alleviate ailments ranging 

from the common cold to heart disease to cancer (2).  

It is arguably one of the largest-selling dietary 

supplements, despite a lack of evidence as to the 

efficacy of this practice.  However, the functions of 

ascorbate are still being determined, and new 

information has recently emerged to suggest it has an 

Understanding the biochemistry of 
Vitamin C:  

From enzyme co-factor to 
antioxidant and back again 

Margreet C. M. Vissers  
Research Professor, Centre for Free Radical Research, Pathology Department, 

University of Otago, Christchurch 

Feature Article: The NZSBMB Life Technologies Award 2012 

interesting role to play in regulating vital cell 

processes.   

Ascorbate and scurvy 

Scurvy is a disease with rapid onset and devastating 

consequences. Its symptoms were described in great 

detail by James Lind in 1753. He wrote: “In the early 

stages, the patients do not look very sick…  But in a 

few days develop universal lassitiude, stiffness, and 

feebleness of knees, difficulty breathing…  

Haemorrhages… the gums bleed readily then 

become putrid and rotten… ulcers appear, coated 

with blood and gore…  Patients have abdominal 

pain, breathe with pain and labor and may die 

suddenly” (1, 3).  He added, “It is not easy to 

conceive a more dismal and diversified scene of 

misery.” Not a pretty picture. 

It is commonly thought that scurvy is a condition 

limited to seafarers of bygone days. However, 

although it was easily recognized in this group 

because of its synchronous onset and devastating loss 

of life, scurvy will occur in anyone whose ascorbate 

intake is at or less than 10 mg per day (1). Case 

reports continue to appear in the modern literature 

and these are a reminder that vitamin deficiencies still 

occur, emphasizing the need for constant daily 

replenishment of the vitamin. A more common 
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condition is likely to be hypovitaminosis C that occurs 

when plasma levels fall below about 25 µM for any 

extended period and we have recently documented 

this in young New Zealand males (4, 5). This can be 

associated with poor wound healing, mood disorders 

and general lassitude (4-6). 

Known co-factor activities 

The scurvy symptoms described above are 

associated with the enzyme co-factor activity of 

ascorbate. The enzymes involved are copper- or iron-

containing proteins that have critical functions 

throughout the body (summarized in Table 1). 

Prominent among these are the copper-containing 

hydroxylases present in the brain and adrenal glands 

that catalyze the synthesis of adrenalin and peptide 

hormones  (7, 8) and the iron-containing proline and 

lysine hydroxylases that form collagen cross-links  (9, 

10) and generate carnitine  (11). The very high 

concentrations of ascorbate in the adrenals, brain 

and other tissues are thought to reflect the 

requirement for ascorbate to maintain these vital 

functions. In recent years, a number of new enzymes 

have been identified that also require ascorbate as a 

co-factor (12-14). Most of these belong to the family 

of Fe-containing 2-oxoglutarate dependent 

dioxygenases and they have important roles to play in 

the maintenance of normal metabolism and cellular 

responses to environmental stresses as described 

below.   

Ascorbate as an antioxidant 

In addition to its known function as an enzyme co-

factor, it has become apparent that ascorbate could 

be a very effective biological antioxidant and it is 

widely thought that this could explain some of its 

health benefits. The antioxidant potential of 

ascorbate could be manyfold:  

• It readily undergoes one- and two-electron 

oxidation and reduction reactions, making it a 

very versatile redox compound (Figure 1). 

Consequently, it has been exhaustively 

demonstrated to prevent oxidative damage 

Table 1.  Enzymes for which ascorbate acts as a co-factor and their biological functions. 

Enzyme groups Activity/Function Biological activities affected 

Proline hydroxylase C-P4H-1, 

Lysine hydroxylase 

Collagen crosslinking Generation of interstitial tissue structures, scar tissue formation, 

wound healing.  Integrity of blood vessels and cartilage. 

!-butyrobetaine hydroxylase, 

Trimethyl-lysine hydroxylase              

Carnitine synthesis Long chain fatty acid transport across the mitochondrial inner 

membrane. Energy metabolism. 

Dopamine-"-hydroxylase Generates norepinephrine 

from dopamine 

Synthesis of adrenalin in the central nervous system and adrenal 

medulla. Effects on energy and vigour. 

Peptidyl-glycine alpha-

amidating monooxygenase 

Synthesis of neurotransmitters 

and neuroendocrine peptides 

Essential functioning of the nervous and endocrine systems. 

HIF hydroxylases ( a family of 

three proline hydroxylases and 

one asparagine hydroxylase) 

Hydroxylation of the alpha 

chain of hypoxia-inducible 

factors. 

Regulation of the genes transcribed as controlled by the HIFs. Affects 

cell responses to hypoxic and metabolic stress with modification of 

cell life and death pathways, angiogenesis and energy metabolism. 

Implicated in cancer survival and development of chronic diseases. 

Jumonji histone demethylating 

dioxygenases (up to 12 

identified). 

Histone demethylation Regulation of the interaction between histones and DNA, affecting 

chromatin organisation and also gene expression. Wide-ranging 

consequences as yet uncharacterized. 
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by many reactive oxygen and nitrogen 

species in vitro (2).   

• It reacts readily with transition metals such as 

iron or copper, and can maintain these in the 

reduced state.   

• It is a highly effective radical scavenger, 

generating the biologically inert ascorbyl 

radical. It is able scavenge the vitamin E 

radical and can prevent the oxidation of 

plasma fatty acids, thereby averting cell 

damage by lipid peroxidation (15).   

• It reacts readily with hypochlorous acid (HOCl) 

and chloramines, important and highly 

damaging oxidants generated by neutrophils 

at inflammatory sites where they are thought 

to contribute to inflammatory tissue injury (16, 

17).  We have characterised the reactivity of 

these oxidants with cell components and have 

shown that they affect signalling pathways 

(18-23).  By scavenging these oxidants 

ascorbate could potentially prevent the 

damage they cause (24).   

Ascorbate has also been demonstrated to act as a 

pro-oxidant in vitro through its ability to reduce 

transition metals, allowing them to participate in the 

cyclic generation of oxygen radicals (2).  Whether this 

occurs in vivo is unknown.   

Despite the wealth of in vitro information available, 

whether ascorbate has an antioxidant role in vivo 

remains a matter of debate.  Numerous studies on the 

supplementation of animals and humans have failed 

to show a clear benefit in many inflammatory 

diseases and situations of oxidative stress.  However, 

the consensus of opinion is that, at the concentrations 

found intracellularly, ascorbate is likely to constitute 

part of the antioxidant defence (25).  

It was while we were investigating the antioxidant 

activity of ascorbate that we noticed that, under 

some circumstances, ascorbate supplementation of 

cultured cells actually enhanced their propensity to 

undergo apoptosis (24).  That ascorbate would 

promote a cell-death pathway in response to 

oxidative stress was somewhat counter-intuitive to its 

proposed action as an antioxidant, and this led us to 

pay closer attention to its functions. 

Ascorbate, neutrophil apoptosis and HIF-1!!  

The first cells we investigated to determine whether 

there was a link between ascorbate and apoptosis 

were neutrophils, the primary responders to an 

inflammatory challenge.  These cells contain high 

concentrations of microbicidal proteins, including 

myeloperoxidase and the potent proteases elastase, 

cathepsin G and collagenase. These enzymes are 

capable of causing extensive tissue damage and it is 

vital that they are contained during and after 

inflammation (26).  Neutrophil clearance is 

dependent on their undergoing apoptosis with 

subsequent phagocytosis by macrophages (27). 

Figure 1. Redox reactions of ascorbate. At physiological pH, ascorbic acid exists as ascorbate anion. This can be oxidised in one- or two-
electron steps. 
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Because neutrophils also contain high concentrations 

of ascorbate, we decided to investigate whether this 

influenced the ability of these cells to undergo 

apoptosis.   

Using neutrophils isolated from a knockout mouse, in 

which the gulonolactone oxidase was not expressed 

(the Gulo -/- mouse), we showed that ascorbate-

deficient neutrophils were resistant to apoptosis and 

became necrotic within 24 hours in vitro (28).  

Delayed neutrophil apoptosis and clearance was also 

observed in vivo. 

This inhibition of spontaneous apoptosis in the Gulo 

mouse neutrophils was remarkably similar to the 

phenomenon seen in neutrophils incubated under 

hypoxic conditions (29).  This was shown to be due to 

activation of the transcription factor hypoxia-

inducible factor (HIF)-1 and, from our results, it 

seemed possible that deprivation of ascorbate could 

also be tied to the activation of HIF-1.  

This hypothesis had a basis in fact, as it was shown 

that there is a causal link between HIF-1 and 

ascorbate and this is in the regulation of the 

hydroxylase family of enzymes that control HIF-1 

activation. 

HIF-1 and its control by hydroxylation 

HIF-1 is a transcription factor that controls a range of 

metabolic and survival responses to cell stress.  The 

HIFs are !" heterodimers of basic helix-loop-helix 

proteins and are ubiquitously expressed.  The " chain 

is a nuclear protein that is always present, whereas 

the ! subunits are the regulatory components that are 

responsive to hypoxia (30).   

Figure 2. The dual regulation of HIF-1 by hydroxylation under high or low oxygen conditions.  

Control of HIF-1 is by a series of post-translational 

hydroxylation reactions (Figure 2).  HIF-1! is 

continuously synthesized but is rapidly degraded upon 

hydroxylation of two proline residues, Pro402 and Pro564 

in the oxygen-dependent degradation domain.  

There are at least three proline-4-hydroxylases (PHDs) 

that catalyse these reactions (12).  All are iron-

containing proteins that use 2-oxoglutarate and 

molecular oxygen.  They are also known to require 

ascorbate for optimal activity. 

Another member of the same family of enzymes, 
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Figure 3. Effect of ascorbate supplementation on HIF-1! protein 
levels in cultured endothelial cells and fibroblasts.  From ref (43). 

factor-inhibiting HIF (FIH), hydroxylates Asn803 in the C-

terminal domain and controls the activity of HIF-1 by 

blocking recruitment of the p300 co-activator to the 

transcriptional complex (12).  Therefore, under 

conditions when oxygen is limiting, the hydroxylation 

reactions do not occur, HIF-1! is stabilized in the cell 

and there is up-regulation of a number of genes 

under the control of the hypoxia-responsive element.  

Many gene products of HIF-1 have been identified, 

including proteins involved with oxygen transport and 

delivery (erythropoietin and transferrin), angiogenesis 

(VEGF and VEGF receptor), glycolysis (the glucose 

transporter GLUT-1) and in cell growth, stress responses 

and apoptosis.  

HIF-1!!  and ascorbate 

Whereas the dependence of the PHDs and FIH on 

oxygen is well documented, much less attention has 

been given to the other co-substrate requirements.  

Analogues of 2-oxoglutarate act as competitive 

inhibitors, and iron chelators, Ni(II) and Co(II) can 

displace the enzyme-bound iron (12).  These 

compounds are widely used as hypoxia mimics to 

induce HIF-1! stabilisation.  In contrast, the potential 

effect of ascorbate on the hydroxylation reaction had 

largely been ignored, and virtually no information 

exists on the effect of ascorbate on HIF activity.  Most 

tissue culture media do not contain ascorbate, and 

cultured cells are therefore generally ascorbate-

deficient.  Ascorbate supplementation of the medium 

could also prevent, to variable extents, the induction 

of HIF-1! in cultured cancer cell lines (13).  In another 

study, exposure of cells to CoCl2 was shown to 

deplete intracellular ascorbate and it was proposed 

that this led to HIF-1! stabilisation (31).   

The Km values for the hydroxylase family members 

suggest that low millimolar levels of ascorbate are 

required for optimal enzyme activity (14). This is in the 

range found in healthy tissues. Our experiments in vitro 

have shown that supplementing both normal and 

cancer cells with optimal intracellular ascorbate 

concentrations can prevent stabilisation of HIF-1! 

(Figure 3) and induction of the transcriptional 

response, with inhibition of specific markers of HIF-1 

activation (BNIP3, VEGF, GLUT-1). 

These results suggest that ascorbate will optimise that 

activity of the HIF hydroxylases and thereby ‘fine tune’ 

the hypoxic response to prevent its activation under 

less extreme metabolic stress.  Given the important 

role of HIF-1 in determining the clearance of 

inflammatory cells such as neutrophils and in the 

regulation of tumour growth, we have undertaken a 

number of studies to investigate the effect of 

intracellular ascorbate on HIF-1 activity.  

HIF-1 and cancer 

In a growing tumour, the rapid rate of cell division and 

poor blood vessel development results in local areas 

of tissue hypoxia. This causes activation of HIF-1 that 

drives the transcription of numerous genes involved in 

glycolysis and glucose transport, in angiogenesis, and 

in cell life and death pathways (32) and determines 

the successful adaptation of the tumour to its stressful 

microenvironment.  High HIF-1 activity has been 

shown to promote tumour progression and resistance 

to chemotherapy and radiation, and is associated 

with a poor prognosis  (33).  The central role of HIF-1 as 

a major contributor to tumour cell survival was first 

demonstrated in mice implanted with tumours 

deficient in HIF-1.  These grew more slowly than wild-

type cells with activated HIF-1 (Figure 4). These results 
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Figure 4.  Growth rate of xenograft tumours implanted into mice. 
Tumours deficient in HIF-1 (C4) grow more slowly than wild type 
(WT).  From ref (44). 

have been confirmed in many studies and HIF-1 is 

now considered an important target for cancer 

treatment.  

Ascorbate and cancer 

Whether vitamin C (ascorbate) plays a role in cancer 

treatment or disease progression has been 

controversial since 1970’s when Cameron and Pauling 

reported that high doses of intravenous and oral 

ascorbate administered to patients with advanced 

cancer could improve survival times and even induce 

complete remissions (34).  These claims were brought 

into question when a subsequent randomized and 

placebo-controlled study from the Mayo Clinic, using 

only an oral ascorbate dose, found no significant 

benefit (35). However, because of the significant 

differences between the studies, the debate 

continues with case studies suggesting that there may 

be circumstances under which vitamin C can provide 

a clinical benefit (these are usually high intravenous 

doses, given as a course over months) (36). It is known 

that high-dose vitamin C is widely used by both 

medical practitioners and complementary and 

alternative medicine providers (37), despite there 

being little evidence to support the efficacy of this 

practice. 

Much of the controversy has arisen because there 

was no plausible mechanism to explain the observed 

phenomena.  However, this has recently changed. 

Firstly it has been demonstrated that concentrations 

of 5-15 mM ascorbate are selectively toxic to cancer 

cells (38, 39) and that these concentrations are 

achievable by intravenous administration (40). 

Secondly, recent studies have also shown that 

ascorbate administration (either by oral, intravenous 

or intraperitoneal route) can significantly reduce 

tumour growth rates in mice (41, 42) and, in some of 

these studies, this is associated with the ability of 

ascorbate to modulate tumour hypoxia and inhibit 

angiogenesis via inhibition of HIF-1 (41, 42).  

HIF-1, Ascorbate and Cancer   

To test the hypothesis that of ascorbate may 

influence tumour development via modulation of HIF-

1 activity, we have analysed human cancer tissues for 

ascorbate content and markers of HIF-1 activation. In 

human endometrial and colorectal cancers, we 

found that high grade tumours have an impaired 

ability to accumulate ascorbate (Figure 5) and that 

tumours with low ascorbate content have up-

regulated expression of HIF-1 and downstream gene 

products (Figure 6). In addition, there is a trend for 

ascorbate-deficient tumours to be larger in size.  

Taken together, these findings suggest that 

intracellular ascorbate may have a significant role to 

play in the activation of HIF-1 in tumours. We have 

proposed that delivery of ascorbate may be 

compromised in the hypoxic region of a rapidly 

growing solid tumour where there is limited access to 

Figure 5.  Decreasing ascorbate accumulation in endometrial 
tumours relative to tumour grade. From ref (45). 
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Summary 

In the past decade a number of new members of the 

family of hydroxylases that are regulated by 

ascorbate have been discovered.  The realisation 

that these enzymes are intimately involved with the 

regulation of cell metabolism and stress responses will 

widen our understanding of the role that this vitamin 

Figure 6.  Increased activation of the HIF-1 pathway with low 
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health. Among other things, this is very likely to be 

important for the normal functioning of the immune 

system and for the regulation of tumour growth and 

metastasis. 
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NZSBMB Student Travel Awards: 
Conference Reports 

In August last year I had the opportunity to travel to 
Germany along with several others from my lab group 
to attended two conferences, the 6th International 
Congress on Biocatalysis as well as the preceding 
satellite symposium, Protein Engineering for 
Biocatalysis.  

The protein engineering satellite was held in 
Greifswald, a small city in the northeast of Germany. 
The University of Greifswald, which served as the 
venue, is one of the oldest universities in Europe. This 

Protein Engineering for Biocatalysis  
and the 6th International Congress on Biocatalysis 

Greifswald and Hamburg, Germany 
August 2012 

Katherine Robins 
Victoria University 

was the smaller of the two conferences, with a 
focused three-day program on protein and enzyme 
engineering. It was great having a more focused 
topic as it meant most of the work presented was 
really relevant. There were several major themes 
covered, including metagenomic screening, the 
topic I presented my poster on. Metagenomics 
involves collecting DNA from microorganisms that 
would otherwise be difficult to study, and screening 
for new useful proteins and enzymes that are 
encoded in this DNA.  

The poster I presented was entitled Biodiscovery, 
Characterization and Applications of Bacterial 4’-
Phosphopantetheinyl Transferase Enzymes. My 
research involves screening bacterial metagenome 
libraries to discover new 4’-phosphopantetheinyl 
transferase enzymes and associated secondary 
metabolite gene clusters. Bacterial secondary 
metabolites are of interest as they have a range of 
bioactive properties and serve as potential source for 
new drug discoveries while 4’-phosphopantetheinyl 
transferase enzymes also have a number of 
applications, including their use in site-specific protein 
labelling.   

As part of the Greifswald meeting all poster presenters 
gave a two-minute talk in front of everyone in order to 
introduce our work and convince people to come 
and visit our poster. My talk fell on the opening night, 
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Genetics and Chemistry Sharing a Language of 
Discovery  
Cambridge, MA, USA 
May 2012 

In May, I attended the Cell symposium titled 
“Genetics and Chemistry sharing a language of 
Discovery”, in Cambridge, Massachusetts, USA. The 
focus of the meeting was to integrate genomics with 
chemical biology to develop better understanding of 
human biology. The meeting was mainly divided into 
two sessions. The first session was focused on human 
genomics. The keynote talk by Eric Green (National 
Human Genome Research Institutes, USA) in this 
session was the highlight of the meeting. He gave an 

excellent overview of the landmark achievements of 
the Human Genome project research up to this time, 
and further presented a vision for the next ten years of 
research required to take human genomics to the 
level of personalized medicine. The main feature of 
the talk that I liked was the emphasis on the 
integration of human genome sequence with the 
structure of the genome, physiology of disease, 
pharmaceutical science and patient’s case studies to 
take genomics from the lab into the hospital. Another 

Saumya Agrawal 
Institute of Natural and Mathematical Sciences  
Massey University, Albany, Auckland 

a slightly scary way to start, but it worked out well with 
the mix and mingle session afterwards, with people 
already having some idea of your research. The 
relatively small conference size had the advantage of 
being informal and friendly, giving the chance to talk 
with most people there. We had travelled the furthest 
to be there and most people were really interested to 
know what sort of research was being done in New 
Zealand, all the way on the other side of the world. 
During our time there it was also cool to see some of 
the facilities at the university. A highlight was getting 
to see their new robot in action, which was being 
used to improve high throughput screening 
capabilities. 

After a day trip to the seaside town of Rostock 
between conferences we were soon speeding down 
the autobahn to the next destination, Hamburg, for 
the 6th International Congress on Biocatalysis. This was 
a much larger five-day conference, with many more 
people and almost 200 student poster presentations. 
The conference was multidisciplinary, attracting 
biologists, biochemists, chemists and engineers from 
both academia and industry. While I didn’t attend 

many of the more industry based lecture streams it 
was interesting to hear about some of this work and 
look at things from a different perspective. Surprisingly 
the conference was full of mostly new faces with only 
a small group attending both biocatalysis 
conferences. One of the plus sides to this was there 
were no problems presenting the same poster twice. 
One of the highlights of the conference was the 
fantastic dinner on the final night, a cruise along the 
main river in Hamburg in an authentic southern 
American steamboat (funnily enough we did not get 
much traditional German food at either of the 
conferences!). The cruise night was really fun and 
gave us a chance to see the city from a different 
angle as well as chat to people in a more relaxed 
setting.  

I really enjoyed both of these conferences and learnt 
a lot about the exciting work being done in the field. I 
especially liked hearing about all the other 
approaches to metagenomics screening. I would like 
to thank the NZSBMB for their generous contribution, 
which greatly helped me with the travel costs. 
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interesting talk in the session was by David Altshuler 
(Broad Institute, USA) on genome-wide association 
studies of common diseases with a focus on on type-2 
diabetes. The talk described some major findings 
related to genetic loci associated with common 
diseases. The second session of the meeting was 
focused on the drug target discovery for different 
diseases such as cancer and tuberculosis. Coming 
from a bioinformatic background, this section was an 
introduction to a completely new world of research 
for me. Talks by Richard Gilbertson (St. Jude Children's 
Research Hospital, USA), Andrea Califano (Columbia 
University, USA), Jan Korbel (EMBL, Germany) and 
other eminent scientists were examples of excellent 
studies where high-throughput genomics is used to 
direct drug discovery research.  

I presented a poster entitled “Finding functional 
elements in the human ribosomal DNA gene repeats 
(rDNA) using phylogenetic footprinting” in one of the 
sessions of the meeting. The ribosomal DNA repeats 
encode RNA components of the ribosome and aside 
from their coding function, the rDNA repeats are 
thought to contain many non-coding functional 
elements that are involved in a variety of cellular 
processes, including genome stability and aging. The 
repetitive nature of the rDNA has made these non-
coding elements difficult to identify, therefore I have 
employed phylogenetic footprinting to identify 
putative functional elements in the human rDNA. 
Functional elements in the genome are generally 

more conserved and subject to more evolutionary 
constraint than nonfunctional sequences. Thus, they 
appear as conserved blocks in multiple sequence 
alignments of equivalent regions in the genome of 
related species. This technique of detecting 
functional elements through their increased sequence 
conservation is known as phylogenetic footprinting. To 
apply this technique for my work I performed whole 
genome assemblies to determine the rDNA 
sequences of six primate species. Phylogenetic 
footprinting using these new rDNA sequences 
identified conserved regions that correspond to 
known rDNA functional elements, as well as novel 
conserved regions with unknown function. This work 
will produce the first complete catalogue of 
functional elements in the human rDNA and will 
provide a springboard for future functional 
characterizations. As by the next day meeting's focus 
was completely shifted to chemical biology, I was a 
bit nervous about the response toward my poster. 
However, comparing to the small size of the meeting, I 
not only got a good response for my poster but also 
had some in depth discussions with other participants. 
Previously, I have presented my work either in 
genomics or bioinformatics meetings, therefore, it was 
an interesting experience to convey my science to 
the scientists from another biological field. 

While in Massachusetts, I took the opportunity to visit 
the laboratory of Sante Gnerre, a group leader of 
whole genome assembly team at the Broad Institute. 
This meeting was an excellent opportunity for me to 
discuss about several aspects of the genome 
assemblies. Further, I also visited the lab of Li-Jun Ma 
at UMass Amherst. Li-Jun is an expert in comparative 
genomic studies and her current research is focused 
on fungal pathogenicity and host specificity. 

Overall, this US visit was a great learning experience 
for me. Cambridge is a small world of scientific 
research and as you explore, one can feel the 
science in the air of the city. Almost every single street 
I walked on has a world-renowned research institute 
or a department affiliated with either MIT or Harvard 
University. As a biologist, I felt overwhelmed when I 
stood at the corner of the Main Street and able to 
saw three strong pillars of biological research, the 
Broad Institute, the Whitehead Institute and the Koch 
Institute together.  

I would like to thank the New Zealand Society for 
Biochemistry and Molecular Biology for assisting me 
financially to attend this meeting. 
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Thanks NZSBMB for helping me to attend the 33rd 
Australian Neuroscience Society (ANS) conference 
that was held in Melbourne from 3rd-6th of February 
2013. Being close to the end of my PhD, I had not yet 
attended a conference outside of New Zealand, so 
this was a great chance to make contact with our 
Australian counterparts. The conference attracted 
over 1000 registrants, which was the largest meeting in 
its history, and was based in the fantastic Melbourne 

Australian Neuroscience Society 
Conference  

Melbourne, Australia 
February 2013 

Peter Bosch  
Victoria University 

Convention and Exhibition centre. The conference 
venue was situated right next to the Yarra River, which 
placed it nicely in the middle of the city. I was looking 
forward to the general neuroscience nature of the 
conference, meaning there was the opportunity to 
learn lots of new things in fields that I didn’t know 
much about. The conference began with the plenary 
lecture by Professor Nancy Ip from the Hong Kong 
University of Science and Technology, who outlined 
her research on tyrosine kinase signalling and its role in 
neural plasticity in the synapse. One particular aspect 
that I really enjoyed was that Professor Ip addressed 
young researchers throughout her talk and told us to 
have the confidence to pursue our ideas to progress 
research into the future. This overseas plenary set a 
great tone for the conference and the first meet and 
greet allowed me to meet some Australian 
researchers and discuss our respective research 
areas.  

As this was a general neuroscience conference, the 
range of topics covered was very broad. My interests 
led me to attend the oral presentations on drug 
addiction, identifying the connective pathways in the 
brain, and how environmental enrichment can have 
vast implications for many brain disorders. One of the 
stand-out talks for me was by Alan Sved, who spoke 
about studying neuron connections in detail, known 
as the “connectome”. The connectome project is a 
world-wide collaboration that aims to map all the 
connections in the brain, in order to build a hugely 
detailed picture of how nerves create networks in a 
functioning brain. Using retrograde viruses to cross 
synapses, his research determined exact locations in 
the brain that are connected to specific peripheral 
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neurons. 

I presented a poster at this conference titled, 
“Investigating methamphetamine self-administration 
in rats”. The poster outlined my recent proteomics 
work that aims to identify persistently altered proteins 
in the brain’s reward system in rats following their self-
administration of methamphetamine (commonly 
known as ‘P’). As the rate of methamphetamine use 
in New Zealand and Australia is significantly higher 
than the worldwide average, work aiming to 
elucidate the underlying biology is very important. 
There were a number of researchers with similar 
interests to mine at the conference, which made for 
an interesting exchange of ideas. 

There were a number of other fascinating plenary 
lectures, including Professor Paul Martin who spoke 
about colour vision and the brain pathways that 
control it, and Professor Ingrid Scheffer who spoke 
about the epilepsy genome and her work identifying 
genes that are linked to a number of types of 
epilepsy. Professor Margaret Morris was the final 
plenary of the conference; her talk covered research 
on dietary habits and how they affect rodents. 
Professor Morris covered two fields that are showing 
increasing importance in many diseases; those of 

epigenetics and microbiota of the gut. Two notable 
results for me was that male rats fed a high fat diet 
caused measureable effects on their offspring, 
including a reduced insulin response, and that the 
correct microbial populations in the gut can reduce 
the incidence of obesity.  

Following the conference, other PhD students that I 
met showed me their workplace at The Florey Institute 
of Neuroscience and Mental Health. Consisting of 
multiple floors of research labs full of top of the range 
equipment, the building also has lecture theatres that 
stage a number of public lectures every year. The labs 
themselves were great to see; they had lots of bench-
space, specialist equipment and were full of 
enthusiastic researchers going about their business. I 
like to use lab visits also to compare with how we 
have things set up, in an effort to incorporate what I 
learnt from them into my own research environment.  

I would definitely recommend this conference for PhD 
students in New Zealand, as it covers a wide variety of 
topics, meaning you are likely to find something that 
interests you. This is also a great opportunity to make 
connections and collaborations and visit some of the 
amazing neuroscience laboratories in Australia.   

Lorne Conference of Protein Structure and 
Function  
Lorne, Australia 
February 2013 
Aimée Gommans 
Department of Biochemistry 
University of Otago 

The annual Lorne Conference of Protein Structure and 
Function, established in 1976 by Syd Leach, this year 
featured world-renowned speakers in vast areas of 
research, including protein folding and interactions, 
modelling and structure. In honour of the founder, this 
years Leach medal was awarded to Stephen Kent, 

University of Chicago, for his work on chemical 
synthesis in protein design. New insights into novel 
areas of research, in which protein structural biology 
plays a key role, was of particular interest to me. I also 
found new work into the importance of disordered 
regions of proteins and their role in disease, as 
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presented by Peter Wright, The Scripps Institute, USA, 
and Monika Fuxreiter, University of Debrecen, 
Hungary, intriguing.  

This year I presented a poster on my research 
involving re-characterisation of a higher resolution 
structure of the cytokine macrophage migration 
inhibitory factor (MIF) covalently bound to the potent 
inhibitor phenylethyl isothiocyanate (PEITC), previously 
determined by my lab and collaborators from data 
collected at the University of Otago. Crystallographic 
data, collected on beamline MX1 of the Australian 
Synchrotron were obtained both to higher resolution 
(1.48 Å vs. 1.53 Å), with greater completeness (99.8 % 
versus 81.4 %), and superior R values (Rcryst 0.140 versus 
0.190; Rfree 0.162 versus 0.228).  

A homotrimer, MIF is unique to other cytokines in its 
behaviour as a tautoisomerase, with an ability to 
catalyse the non-physiological substrate, D-
dopachrome, in the active site. As with the previously 
deduced structure, PEITC was seen to bind within 
each catalytic pocket of the homotrimer, covalently 
bound to Pro2. This pocket is also the site predicted to 
bind the known MIF receptor, the modelled trimeric 
transmembrane CD74, hence, presence of the 
competitive inhibitor PEITC in the catalytic pocket 
may hinder receptor binding. Although no large 
range conformational change is seen upon PEITC 
binding, the immediate area of the active site is 
affected by formation of the covalent adduct. The 
first turn of the first helix and the preceding loop 
(residues 31-34), adjacent to the binding pocket, are 
displaced 1.6 Å from the ß-sheet core. Tyr37 sits 
directly in front of the binding pocket, and the 

position of its side chain deviates vastly in the PEITC 
form. These changes may account for the inhibition of 
MIF:CD74 interaction by PEITC, and a possible drug 
target for the currently incurable disease ulcerative 
colitis. With the binding of the non-covalent inhibitor 
(E)-2-fluoro-p-hydroxycinnamate, almost identical in 
structure to PEITC, to Pro2 of MIF, these 
conformational changes are not seen.  

Presenting a poster of my current crystallographic 
data to an audience of internationally renowned 
scientists was a great experience. The student lunch 
was also a highlight, providing a platform to interact 
with the key speakers of the conference; I found this 
motivational, and a very valuable aspect of the 
conference. I would recommend this experience to 
any young scientist with primary interests in research 
areas featuring protein structure, design and 
modelling. 

The applications for the next NZSBMB student 
travel award round are due March 31. 

Students!  
Do you want support for your next 
conference overseas? 

Awards are up to NZ$1000 each, and are intended to assist post-graduate students to attend their first 
conference outside New Zealand. There are two rounds of student travel awards each year. 
 
For further details and the application form, visit the NZSBMB website (http://nzsbmb.science.org.nz/) or contact 
Kerry Loomes (k.loomes@auckland.ac.nz). 
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Feature Article 

Visualizing Science 
Fiction and relating it 
to Science Fact 
Laura Bowater, Christine Cornea and Richard P. Bowater  
(University of East Anglia, UK) 

Reprinted with permission from The Biochemist, December 2012 

The proliferation of science fiction in film and visual media brings scientific topics to large 
audiences, inspiring many people to develop a serious interest in scientific studies. 
Increasingly, science fiction is being used as a tool in the teaching of science and visual 
media provide excellent opportunities to foster student engagement and encourage 
reflection. In this article, we critique science fiction film in terms of ‘reel’ versus real science, 
highlighting how it illustrates scientific advances that are important in nanobiotechnology, 
molecular biology and biochemistry. 

“We hope it will not be long before we may have 
other works of Science-Fiction, as we believe such 
books likely to fulfil a good purpose, and create an 
interest, where, unhappily, science alone might fail.” 

William Wilson 

A Little Earnest Book upon a Great Old Subject (1851) 
London: Darton and Co., Holborn Hill 

 

Science Fiction was a term first coined by the British 
poet William Wilson in the mid-19th Century. It has 
developed into a genre that encompasses written 
works (novels, magazines and comic books) and 
visual and aural media (movies, TV serials, radio 
shows, computer games and graphic art). As might 
be expected from such a diverse output of material, 
science fiction has cultivated a devout fan base in a 
wide variety of languages and cultures. In many 
ways, it is not surprising that science fiction has 
emerged and evolved in step with the scientific and 
technological progress of our modern society. Its 

frequent extrapolation of current scientific trends can 
ignite debate about scientific ethics, application and 
advocacy. In this article, we highlight how science 
fiction provides the framework to explore the impact 
and consequences of scientific advances on society, 
examining whether science fiction films can play a 
role, positive or negative, in the acceptance of new 
scientific technologies. 

Background context 

The science fiction (SF) we recognize today emerged 
from ‘scientific romance’ novels written by H.G. Wells, 
Jules Verne and their contemporaries at the end of 
the 19th and beginning of the 20th Centuries. The 
genre was taken on further by American pulp fiction 
magazines, such as Amazing Stories, edited by Hugo 
Gernsback (Figure 1), which intended to introduce 
the wonders of modern science to a scientifically 
naïve public, but they also provided an optimistic 
view of scientism’s role. Positive, progressive visions of 
a future utopia in a contemporary evolving society 
were common in American SF. In contrast, the British 
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science romance novels often had a different, darker, 
dystopian view of the inherent scientific progress, 
epitomized in Aldous Huxley’s Brave New World, 
published in 1932. The SF genre encompasses many 
themes, including imaginary journeys and, more 
recently, cloning and nanotechnology. Many of these 
themes echo the huge recent advances in 
biotechnological and medical sciences and they 
have been presented in an SF format on cinema and 
TV screens throughout the last half century. 

Questions often arise about the mutual influence that 
science has on SF and vice versa. SF is often blamed 
for distorting science, and hampering the 
acceptance of new technologies and scientific 
advances in the eyes of a sceptical public because it 
blurs the boundaries of reality. But is it fair to suggest 
that SF provides a negative and inaccurate portrayal 
of science? Or is it merely providing a legitimate 
scrutiny of the scientific desire for progress, by 
creating opportunities for cultural, philosophical, 
ethical and moral debate on the benefits of such 
scientific progress? Such negative connotations for 
contemporary SF are a major shift from Gernsback’s 
visualizations that SF would create a wonder about 
science and its benefits. 

The enormous extent to which SF has filtered into our 
culture through visual media should not be 
underestimated. SF emerged on to screens with the 
advent of the cinema at the turn of the 20th Century, 
leading to milestones in the genre such as The Island 
of Lost Souls (1933), which explored the themes of 
dangerous dark mutations, unregulated science and 
out of control scientists. The range of SF films is too vast 
to be covered fully in this article, but it is clear that 
specific themes become popular at certain times. For 
example, in the post-World War II period and into the 
1950s, many SF films reflected the fears and suspicions 
that spread during the Cold War. Films such as The 
Thing from Another World (1951) evoked the fear of 
alien invasion that highlighted the paranoia at the 
time, but also projected an image of scientists as elitist 
and out of touch. The 1950s also saw the 
encroachment of TV into our homes, extending the 
reach of SF into the public psyche. In the USA, TV 
anthology series such as Science Fiction Theatre, Tales 
of Tomorrow and the Twilight Zone provided different 
stories that touched on SF themes on a weekly basis. 
The BBC also broadcasted serials such as The 
Quatermass Experiment (1953), with its angst-ridden 
scientist infected with an alien life form being one of 
the few SF stories with a scientist as a lead character. 

Contemporary biological themes such as 
nanotechnology, cloning and regenerative medicine 
have been packaged into an SF format for the large 
and small screens. Below, we explore how well various 
scientific advances have been presented and 
whether the visual media have provided a road map 
for the future of scientific investigations. We also 
highlight how SF provides the framework for a 
speculative exploration of the impact and 
consequences of scientific advances on society, 
particularly in consideration of ethical dilemmas. 

From Nanobiotechnology to Cloning Humans 

Fantastic Voyage (1966), an example of an imaginary 
journey, first appeared on cinema screens more than 
40 years ago (Figure 2) and was followed by an 
animated TV series, initially shown on the ABC channel 
in the USA in 1968, also titled Fantastic Voyage. A 
remake of the film as Inner Space (1986) was released 
20 years later and a new remake of Fantastic Voyage 
directed by Shawn Levy is currently in production. The 
premise of the original film is that the technology exists 
to shrink individual molecules in size, allowing a 
submarine and its crew to be miniaturized and 
injected into a scientist who is currently in a coma 

Figure 1. Front cover from issue 1 of Amazing Stories. The magazine 
was launched in America by Hugo Gernsback in 1926, and 
published by Experimenter Publishing Co. (Image available under 
Creative Commons Licence.) 
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because of a blood clot on the brain. The scientist is 
the keeper of vital scientific information and the 
mission of the submarine and its crew is to venture into 
the body and remove the clot before the 
miniaturization wears off. One of the crew tries to 
sabotage the mission and, as the blood clot is 
removed, the saboteur is killed and devoured by the 
patient’s white blood cells. With time running out 
before the miniaturization process is reversed, the 
remaining crew members swim to the eyes and 
manage to escape the body via a teardrop. 

Setting aside the astrophysical unlikelihood of 
miniaturizing a submarine and its crew, did this film set 
up plausible suggestions for medical advances to 
come? Although miniaturizing people and equipment 
is implausible, the SF story is relevant to the concept of 
nanotechnology, which emerged into the awareness 
of the general public during the 1980s, 20 years after 
the initial outing of Fantastic Voyage. 
Nanobiotechnology has expanded into many 
different areas and it is being explored as a treatment 
for various medical problems, including blood clots. 
Such targeted drug delivery to damaged or diseased 
cells is a Holy Grail in personalized medicine. Recent 
advances include using DNA molecules as cages that 
release their drug cargo upon interaction with 
specific cell types (Figure 3) and blood clots being 
broken down by smart nanoparticles (see 
www.newscientist.com/ blogs/nstv/2012/07/smart-
nanoparticles-caught- destroying-a-blood-clot.html). 
These developments suggest that science may be 
catching up with the concepts first postulated in the 
SF films. Although it is difficult to implicate a direct 
connection between the ideas proposed in Fantastic 
Voyage and targeted drug delivery, it is striking that 
the initial premise of nanomachinery seemed very far-
fetched in the 1960s, but these days it seems within 
the grasp of contemporary medicine. 

A more recent SF film that also alludes to the 
development of nanobiotechnology is The Island 
(2005). In an important scene in the film, the central 
character, Lincoln 6 Echo, is subjected to a brain scan 
performed by nanobots that travel through his eyes to 
report on the health of his brain. Although the 
nanobots are large enough to be seen and so their 
description as nanotechnology may be questioned, 
these are again clearly linked to targeted medical 
procedures. 

Figure 2. Image from Fantastic Voyage, 1966. The trailer described 
that the film would take viewers ‘‘off on a fantastic voyage, 
actually entering inside the human body, exploring an unknown 
universe...unknown dangers. You are there with them sharing a 
breakthrough in motion pictures. If you thought it was too late to 
discover something entirely new on the screen, Fantastic Voyage 
will be a stunning experience, for you are going where no man or 
camera has ventured before and when you come out you may 
never look at yourself in the same way again...” © Twentieth 
Century Fox Film Corporation 

Figure 3. DNA nanorobots assist delivery of drugs. Nanoscale ‘cages’ have been developed that are made from fragments of DNA that 
combine to form specific shapes, in a process termed ‘DNA origami’. The DNA assembles around its cargo, which can be a drug. The DNA 
cage releases its cargo when it is exposed to two antigens that will be present on specific cell types, allowing the drug to be targeted to 
specific cells. Reprinted by permission from Macmillan Publishers Ltd: Nature Biotechnology 30, 407–408, © 2012 
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The Island projects other contemporary scientific 
themes that are popular in SF, with designer humans 
and cloning at the core of its story. The film is set in 
2019 and such a near timeline questions the feasibility 
for the required scientific developments to be 
achieved in that timeframe. But, of most interest to 
the scientific community are the ethical issues that are 
raised by this SF story. Although the viewer does not 
learn the specific details until well into the film, we 
eventually discover that the main characters are 
clones of people in the outside world. The clones, 
termed ‘agnates’, are ‘born’ as fully formed adults 
with imprinted, ‘false’ memories, with the aim to 
provide babies or organs required by the human 
‘sponsors’ who ‘own’ their own agnates. 

The political justification for creating agnates’ is that 
“everyone wants to live forever; it’s the new American 
dream”. Within the film, cloning for regenerative 
medicine is deemed to be legal, with “the eugenics 
laws of 2015” stating that the biological products do 
not feel pain or other human emotions. During its 
second half, the film turns into an action- packed 
thriller, and the only other significant points related to 
the science are when it becomes clear that the 
methodology to create the agnates is flawed and 
some of them retain memories of their sponsors. In the 
final scenes of the film, it is decided that all agnates 
should be killed, but Lincoln 6 Echo is able to thwart 
the plan and free the clones. In addition to 
highlighting some of the issues associated with the 
scientific progress of cloning and regenerative 
medicine, the film also brings up some of the 
philosophical questions about what defines a human. 

The film does not attempt to evaluate the rights or 
wrongs of such scientific progress, but the legal, 
philosophical and moral difficulties are clear for 
everyone to see. 

Since the middle of the 20th Century, during the era 
of molecular biology, cloning has preoccupied 
scientists, the public and SF film-makers. Until recently, 
there was little expectation that such approaches 
could be extended to people in a reasonable 
timeframe. However, improvements in experimental 
techniques have culminated in the cloning of a range 
of mammals, including the infamous Dolly the sheep. 
The massive increase in knowledge of genome 
sequences since the mid-1990s have also altered 
people’s perception of what may be achieved. As 
already described in relation to The Island, recent SF 
films that explore the applications of cloning 
technologies also highlight the inherent ethical 
dilemmas that emerge with these technologies. 
Science often plays a secondary part to the 
emotional aspects of the story, as is the case in 
GATTACA (1997; see Cyberbiochemist on p.34 of this 
issue) which is set in a future where humans are 
designed with specific characteristics. The film 
touches on the difficulties that designer people pose 
for society, but the major parts of the film focuses on a 
murder and love. 

The film Never Let Me Go (2010) is an adaptation of 
the book written by Kazuo Ishiguro. The film portrays a 
modern alternative dystopian society and it provides 
a vision of the inherent complex concerns arising from 
clones used to provide donor organs. The film 

Figure 4. Major developments in cloning technologies and the partial completion of the genome sequence of the woolly mammoth have 
led to suggestions that it may be feasible to clone this extinct animal. Reprinted by permission from Macmillan Publishers Ltd: Nature 456, 
310–314, © 2008 
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provides few details about the science that underpins 
human cloning, but it does raise awareness of a vision 
of a society that produces clones, but does not know 
how to deal with them. As a result, the clones are kept 
on the fringes of society, viewed as ‘less than human’, 
but they accept that their role in society is to provide 
donor organs. 

As already highlighted for The Island, many films that 
involve cloning technologies entwine them with 
traditional thriller stories that entertain and excite the 
audience. A classic example is Jurassic Park (1993), 
where dinosaurs are cloned using DNA recovered 
from insects encased in amber. As with the Fantastic 
Voyage, the film focuses upon conspiracies to steal 
this scientific knowledge as well as the impending 
threat that dinosaurs pose to humans. This film’s 
premise includes accurate and feasible scientific 
information, and proposals to clone extinct animals 
have been explored in real scientific research. For 
example, the recent partial sequencing of the 
genome of the woolly mammoth has led 
experienced and respectable scientists to consider 
what experimental methods need to be developed 
to enable the resurrection of these extinct animals 
(Figure 4). It is clear that a more complete genome 
sequence is required and, because many 
experimental technologies are still in their infancy, 
there are huge technological hurdles to be 
overcome. However, the amazing scientific progress 
since the making of Jurassic Park means that it may 
be unwise to dismiss the suggestion that this particular 
SF may never become science fact. 

Concluding remarks 

The SF films discussed here are based on scientific 
themes that range from nanobiotechnology to 
cloning and regenerative medicine. The science 
underpinning these themes is very different and is 
often discussed at basic levels, if at all. Clearly, these 
films are (usually) made to entertain, and artistic 
licence can be taken with any aspect of the story, 
including the science. However, these SF films still 
provide much value to scientists and science as a 
whole as they, hopefully, engage with a public who 
might not normally think seriously about these 
scientific topics. One aspect of scientific research that 
is particularly useful to highlight in such SF films is the 
issue of ethics in science and medicine. There are 
rarely easy answers to the dilemmas posed in such 
scientific development and the more responsible films 
make this point clear. 
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