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EDITORIAL
Welcome to the twelfth issue of Phenotype magazine! As always, this issue is crammed full of
exciting content, contributed by PIs, research staff and students from across the University.
Congratulations to DPhil student James Sleigh, whose stunning image of mouse
neuromuscular junctions won last issue’s SNAPSHOT competition and is our cover shot. Read
more about his work uncovering the molecular mechanisms of inherited neurodegeneration on
page 31. Don’t forget to send in your research images this term for another chance to win.
Microscopy techniques and the latest advances here at Oxford are in the spotlight this
issue. Richard Wheeler presents the fundamental challenge of microscopy – resolution – in
graphical format, while James Flewellen introduces us to the cutting-edge application of digital
holographic microscopy to microorganisms, which promises a 3D view of how these organisms
behave and interact with their environments.
Our featured PI is Prof Béla Novák, Chair of Systems Biology, who writes about his research modelling cell cycle control in eukaryotes.
We also spend five minutes with Prof Hagan Bayley, head of Chemical Biology in the Chemistry Department and a co-founder of
Oxford Nanopore Technologies, as he reflects on the inspirations that led him to a career in science.
Natasha Spottiswoode reports on the current controversy surrounding iron supplementation in areas with high malaria risk, drawing
on her recent visit to the Medical Research Council Centre in Keneba, Gambia. Dr Carinne Piekema ponders the ethics and physical
dangers of taking neuroenhancing drugs. Finally, Pinky Raychaudhuri explores how many organisms are able to sense and respond to
magnetic fields and Daniel Grimes explains how the cavefish lost its eyes through pleiotropy.
If you too find the recent cuts in public funding for science a matter of concern, Imran Khan has some suggestions for making your
voice heard. Read about his work with CaSE in campaigning for science and research at government level and how you can get
involved. On a lighter note, Inga Pfeffer and Hua Wang share their hard-won tips and tricks for setting up and organising a new
student- and postdoc-led conference.
The molecular biology cryptic crossword is back! There is a copy of one of the three textbooks reviewed this issue up for grabs, if you
can conquer the crossword. For those who were stumped by last issue’s crossword, the answers are available on page 32.
Phenotype is recruiting writers, editors, designers and PIs-to-feature to join us for our fifth year of life sciences reporting. Contact us
on oubs@bioch.ox.ac.uk. Until then, thank you to the current team of post-docs and students, whose hard work and enthusiasm are
reflected in another fantastic issue!
Jennifer de Beyer
Department of Biochemistry
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structure-function studies using lipidic
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renewal and differentiation of stem cells”
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Prof Kenn Gerdes, Newcastle University. “A
common model for bacterial persistence”
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12 July 2012
16 student talks, 2 student poster sessions
1 keynote speaker
Open to graduate students across the Medical
Sciences Division. Prizes will be awarded for best
talks and posters.
Register by 1 June 2012
www.medsci.ox.ac.uk/dphilday

OUBS Featured Seminar: Professor Brian Kobilka
An Adrenergic Adventure

P

rofessor Brian Kobilka from Stanford University,
California, USA will be giving the OUBS lecture of
the year on Monday 9 July 2012. His group works on
the structure and mechanism of G-protein coupled
receptors (GPCRs).
GPCRs are integral membrane proteins that are
receptors for a large number of extracellular signals.
The fact that they act as sensors for many hormones,
neurotransmitters and other stimuli makes them
very attractive drug targets. They are characterised
by a core structure of seven transmembrane helices
and influence intracellular signalling pathways
through interactions with arrestins and heterotrimeric
G-proteins, named for their three different subunits
and catalysis of the hydrolysis of guanosine
triphosphate (GTP). Despite the large amount of
knowledge accrued about the biochemistry, biophysics
and physiological role of GPCRs, until recently
there was little structural information available about
these elusive proteins. The first high-resolution
X-ray structure of a GPCR determined was that of
rhodopsin, which is responsible for light detection
and initiates visual signal transduction in the eye
(1). However, unlike rhodopsin, the abundance
of most GPCRs is low and they are difficult to
produce recombinantly. Membrane proteins are also
notoriously difficult to crystallise.
Prof Kobilka’s lab has focused on adrenergic receptors
that respond to the hormone adrenaline and the
neurotransmitter noradrenaline. In particular, they
have studied the β2-adrenergic receptor, which,
among many functions, regulates the relaxation of
smooth muscle. Its therapeutic importance has long
been established − the anti-asthma drug salbutamol
is a β2-receptor agonist that promotes smooth muscle
relaxation in the lungs. Kobilka’s group and their
collaborators have employed a variety of techniques
to study adrenergic receptor function. For example,
fluorescence-based methods allowed them to
investigate conformational changes in β2-receptors
labelled with dyes at specific locations. Cell biology
experiments showed the differential trafficking and
localisation of different types of β-receptors in heart
cells. In addition, they developed mouse models
to investigate the roles of the receptors in a whole
organism.
Determining the structure of the β2-adrenergic
receptor was an extremely challenging endeavour. As
demonstrated by Kobilka’s own work, the receptor
has high conformational flexibility. The task involved
locking the receptor into a single conformation and
creating surfaces that could allow the formation of
a regular arrangement of molecules in a crystal. Two
independent approaches were successfully employed
(2). Firstly, the receptor was co-crystallised with a

monoclonal antibody that binds to a single, specific site
on the protein. This yielded the first crystal structure of
the receptor at a resolution of 3.5 Å. Secondly, protein
engineering was used to insert the enzyme T4 lysozyme
into one of the loops between the transmembrane
helices, allowing structure determination at higher
resolution (2.4 Å). The higher-resolution structure also
showed the extracellular region of the receptor.

by David
Yadin

What do structures tell us about GPCR function? In
addition to displaying the architecture of the receptor,
the crystal structures also showed the binding site of
drugs that had been added to stabilise the structure.
More importantly, the first structures provided a
foundation for understanding the mechanism of
signal transduction across the cell membrane. Last
year, Kobilka and his collaborators published a paper
in Nature showing the structure of the β2-adrenergic
receptor in complex with the Gs heterotrimeric
G-protein, stabilised by an unhydrolysable GTP
analogue, chemical cross-linking and a llama-derived
antibody (a ‘nanobody’) (3). The structure showed
significant conformational changes compared with the
inactive form of the receptor and unbound G-protein.

Figure 1:
Structure of the T4
lysozyme-conjugated
b2-adrenergic
receptor in complex
with the Gs protein
and nanobody (PDB
ID 3SN6; after (3))
Professor Kobilka’s pioneering work on the β2adrenergic receptor has paved the way for structural
understanding of GPCRs. While seemingly impossible
previously, the structures of several different GPCRs
have now been determined by his group and others.
His lecture in July will undoubtedly give us the latest
developments in this exciting story.
References
1. Palczewski K, et al. (2000) Crystal structure of
rhodopsin: a G-protein-coupled receptor. Science
289(5480):739–745.
2. Rosenbaum DM, et al. (2009) The structure and
function of G-protein-coupled receptors. Nature
459(7245):356–363.
3. Rasmussen SG, et al. (2011) Crystal structure of the
β2 adrenergic receptor-Gs protein complex. Nature
477(7366):549–555.
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A selection of recent life sciences research from the University of Oxford

RESEARCH HIGHLIGHTS
by Maria
Mogni

Li Y, Yang X, Ellis JL, Fisher NM, Makaroff CA
(2012) The Plant Journal doi: 10.1111/j.1365313X.2012.04979.x.
The Arabidopsis SYN3 cohesin protein
is important for early meiotic events

Karlin D & Belshaw R (2012) PLoS ONE 7(3):e31719.
Detecting remote sequence homology
in disordered proteins: discovery of
conserved motifs in the N-termini of
Mononegavirales phosphoproteins

Sister chromatid cohesion is essential for the
accurate segregation of DNA during cell division.
Chromosome cohesion in eukaryotes is achieved
through cohesin complexes, which comprise
structural maintenance of chromosome (SMC)
proteins, SMC1 and SMC3, and two non-SMC
proteins, SCC3 and an α-kleisin protein. Cleavage
of the α-kleisin protein by separase allows for sister
chromatid disjunction during mitosis and meiosis.
The cohesin complex also plays a crucial role in
homologous recombination, DNA double-strand
break repair and transcriptional regulation. Here,
Li and coworkers report on the role of the α-kleisin
SYN3 protein in plant meiosis.

Paramyxovirinae is a large family of viruses
that includes measles and mumps. The viral
phosphoprotein P is essential for viral replication and
interferon escape. Specifically, this protein acts as a
cofactor of the viral polymerase L that binds to the
protein coat enveloping the viral genome known as
the nucleocapsid. This prevents self-assembly of the
nucleoprotein N on cellular RNA until it is enclosed
in a capsid during encapsidation.

Transgenic plants expressing a SYN3 RNAi
construct from either a meiotic promoter or an
inducible promoter exhibited reduced fertility
and a smaller proportion of normal seeds in seed
capsules after RNAi induction. This suggests a
role for SYN3 in meiosis. Quantitative RT-PCR
revealed that transgenic plants have lower SYN3
transcript levels than wild type plants, confirming
that the observed phenotype is due to a reduction in
SYN3.
Further analysis using laser scanning confocal
microscopy showed that the observed phenotype
is due to alterations early in megagametogenesis,
as megaspore mother cells aborted either before or
during meiosis. Homologous chromosome pairing
was delayed compared to wild type and pairs failed
to form synapses, the points of contact required for
proper alignment.
In summary, Li and coworkers demonstrate SYN3’s
key role in plant meiosis, with reduced SYN3 levels
halting meiotic progression, although the precise
mechanism has not been elucidated.

Within the viral genome, the protein P gene both
overlaps with neighbouring genes and encodes for
other genes. Furthermore, other viral proteins such
as proteins V and C contain regions of protein P.
Functional studies on protein P have been hampered
by these genetic complexities, as well as its multiple
functions, high structural disorder and propensity
for short-term interactions. Karlin and Belshaw use
a bioinformatics approach to understand the roles
of the various regions of protein P, focusing on the
variable and disordered N-terminal region.
The multiple sequence alignment program MAFFT
was used to align N-terminal regions of various
P proteins. This led to the identification of two
conserved sequences, denoted soyuz1 and soyuz2. The
three structures available for protein V were used to
model the 3D structure of the identified sequences,
due to high sequence similarity.
Soyuz1 was found to be a mainly negatively charged
sequence, while soyuz2 is a positively charged
sequence. Comparison with a recent structure
of protein V, which shows for the first time the
N-terminus in an ordered state bound to the cellular
DNA damage binding protein component DDB1,
suggested that both soyuz1 and soyuz2 adopt an
extended conformation with little regular secondary
structure. Two exceptions were found, an H-helix in
soyuz1 and a β-strand for soyuz2.

To advertise in

Soyuz1 is predicted to lie within the binding site for
the nucleoprotein N. Soyuz2 is highly conserved in
three viral genera, suggesting that it might interact
with a cellular partner.

oubs@bioch.ox.ac.uk

In conclusion, Karlin and Belshaw identified
conserved sequences within a disordered protein
domain and were able to suggest functions based on
sequence similarity with regions of a protein with
known structure and function.

Phenotype
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Cell cycle control by numbers
T
by Prof Béla
Novák

he fundamental goal of systems biology is to uncover emergent properties of
biological systems which arise from the interactions between their parts. The goal
of molecular systems biology in particular is to derive the physiological properties of
the cell from underlying molecular regulatory networks. My group uses computational
methods and tools based on dynamical systems theory to bridge the gap between
molecular biology and the physiology of eukaryotic cell cycle control.

The physiology of the cell cycle
The cell division cycle is the sequence of events by
which a growing cell replicates its components and
divides them into two nearly identical daughter cells,
so that each daughter cell receives all the machinery
and information necessary to repeat the process
(1). The two fundamental events of chromosome
replication (S phase) and mitosis (M phase) must
alternate in proliferating cells in order to preserve
their ploidy. In general, these two stages of the cell
cycle are separated by gap phases, G1 and G2.
Two rival theories of cell cycle control have emerged
during the last century, very similar to the dispute
about the nature of light (waves or particles) in the
seventeenth century. Experiments, mainly carried out
using Xenopus laevis (frog) embryos, suggested that
cell cycle progression in early embryos is controlled
by a free-running ‘clock’, which initiates cell cycle
events independently of the successful completion of
previous events. The dynamic characteristics of this
Figure 1: The
eukaryotic cell cycle.
A growing cell with
a representative
chromosome (red
bar) is cycling
counter-clockwise.
During its cycle the
cell is growing, while
the chromosomes
undergo four
distinct phases:
G1, unreplicated;
S, DNA synthesis;
G2, replicated; M,
mitosis. The Cdk1/
CyB control system
can be divided into
three modules which
regulate G1/S, G2/M
and metaphase/
anaphase (M/A)
transitions.
activation
inhibition
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oscillator are reminiscent of what mathematicians
and physicists call a limit cycle oscillator, which
shows a periodic behaviour independent of the initial
conditions. However, experiments with proliferating
non-embryonic cells in tissue culture resulted in
a completely different picture. Inhibition of a cell
cycle event in these cells blocks the execution of all
subsequent events, suggesting the existence of ‘stop
and go’ decisions and switch-like behaviour.
These two contradictory views of eukaryotic cell
cycle control were brought together in a generic
model at the end of the last century (2). According to
this unified view, each eukaryote has an underlying
molecular device that is very well conserved
throughout evolution. This ‘cell cycle engine’
operates as a clock which initiates fundamental
cell cycle events in the correct order (e.g. S phase
first, followed by mitosis). However, this clock-like
behaviour is only apparent in certain early embryos,
because in most other cell types the operation of the

clock is influenced by surveillance mechanisms (3).
Surveillance mechanisms can be activated by both
external signals (for instance a lack of growth factors)
and internal signals (such as incomplete cell cycle
events or insufficient cell size) and block the ‘clock’ at
particular checkpoints.
Molecular biology of the cell cycle
The alternation of DNA synthesis and mitosis
during eukaryotic cell proliferation is controlled by
fluctuating activities of cyclin-dependent protein
kinases (Cdk). The Cdk-based control system
in higher eukaryotes is a tangled thicket of Cdk
isoforms, multiple families of cyclin partners,
regulated transcription factors, ubiquitin-conjugating
enzymes such as the Anaphase Promoting Complex
or Cyclosome (APC/C), stoichiometric Cdk
inhibitors and overlapping layers of phosphorylation
and dephosphorylation.
Despite this complexity, genetic knock-out
experiments with mouse embryos indicate that
Cdk1 is the only Cdk essential for cell cycling (4).
This is in accordance with lower eukaryotes such as
yeasts, which use Cdk1 and only a handful of cyclins.
Furthermore, a single Cdk1/cyclin-B complex
(Cdk1/CycB) is sufficient to coordinate the S and
M phases of the yeast cell cycle and to respond to
surveillance mechanisms (5). Therefore, I will use the
regulation of the Cdk1/CycB complex (Figure 1) to
illustrate the emergence of different physiological
characteristics of eukaryotic cell cycle controls.
The activity of the Cdk1/CycB complex is kept
low in G1 phase by APC/C-mediated, ubiquitindependent CycB degradation and by stoichiometric
Cdk1 inhibitors (CKI). Rising Cdk1/CycB activity
at the G1/S transition triggers DNA replication of
licensed origins (sites at which DNA replication
can be initiated) and blocks origin re-licensing. This
therefore provides ‘once and only once’ activation
of replication origins between two M phases, as the
Cdk1/CycB complex mediates the degradation of
the replication licensing factors during S, G2 and M
phases.
During the S/G2 phases, the rising level of
the complex is inactivated by Wee1 inhibitory
kinase(s). Cdk1/CycB is fully activated when it is
dephosphorylated by Cdc25 at the G2/M boundary

Figure 2: Signalresponse curves
for the three cell
cycle modules. The
steady state activity of
Cdk1/CycB complex
(response, blue) is
plotted as a function
of CycB levels (signal,
yellow) for G1/S and
G2/M modules (A, B).
Two alternative stable
steady states (solid
lines) are created by
and inactivated by APC/C-dependent CycB
degradation in later stages of mitosis1. Furthermore the auto-activation
it is important to note that G1 and G2 control varies loops and they are
among species. For example, in fission yeast the G2 separated by unstable
steady states (dashed
control dominates over G1, while in budding yeast
lines). The activation
the opposite is true.
and inactivation of
Cdk1/CycB at the two
Systems biology of the cell cycle
CycB thresholds are
As shown in Figure 1, regulators of the Cdk1/
indicated by dotted
CycB complex are themselves controlled by Cdk1/
arrows. For the M/A
CycB activity, thus the control network resembles
an interwoven feedback loop (6). Understanding the module (C) the signal
is Cdk1/CycB (y-axis)
dynamic implication of a regulatory network with
and the response
such complexity is beyond human intuition, and
is the CycB level
mathematical tools are required.
(x-axis).
It is useful to divide the wiring diagram into
network modules responsible for particular cell cycle
transitions: G1/S, G2/M and meta/anaphase (M/A)
modules (Figure 1). The next step of systems biology
investigation is the identification of basic network
motifs in the control network. An obvious, recurrent
motif in the Cdk1/CycB control system is mutual
inhibition, also called a double-negative feedback
loop (DNFBL): X -| Y-| X. This antagonistic
relationship occurs at least twice in the G1/S module
(Cdk1/CycB – APC/CG1 and Cdk1/CycB – CKI),
and at least once in the G2/M module (between
Cdk1/CycB and Wee1). The DNFBL is a form of
auto-activation, where both X and Y inhibit their
own inhibitors (Y and X). The other form of autoactivation is a positive feedback loop (PFBL), which
is observed in the G2/M module between Cdk1/
CycB and Cdc25. The M/A module is characterised
by a third type of network motif, a negative feedback
loop (NFBL: Cdk1/CycB -> APC/CM -|Cdk1/
CycB).
These topological network motifs carry out different
dynamical functions which are best illustrated by
their signal-response curves. The two auto-activation
motifs (PFBL and DNFBL) can both function as
toggle switches. Since the G1/S and G2/M modules
have only auto-activation loops, both of them create
a toggle switch response for Cdk1/CycB activity as a
function of total CycB level (Figure 2). The toggle
The G1 and the mitotic forms of APC/C ubiquitinligases are different at least in one subunit; therefore I refer
to them as APC/CG1 and APC/CM.

1
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Figure 3: A
composite diagram
of two cell cycle
modules. The
G2/M switch and
the M/A module
create a limit cycle
oscillation in early
embryos (A) and
a G2 checkpoint
in non-embryonic
cells (B). The
mitotic checkpoint
stabilises the
high Cdk1/CycB
activity state in
prometaphase (C).
At the intersection
points of the signal
response curves
the control system
has a stable (filled
circles) or unstable
(empty circles)
steady state. The
trajectories are
indicated by dotted
lines.

switch has two alternative stable steady states (low
and high Cdk1/CycB activities) and it delays the
transition from low to high kinase activity until a
CycB threshold is passed. Observe that the high
kinase state is stabilised above an inactivation
threshold that is smaller than the activation
threshold. Thus, the toggle switch is bistable and
shows a hysteresis response.
The NFBL of the M/A module shows a homeostatic
signal-response. In this module, the signal is Cdk1/
CycB which activates CycB degradation via APC/
CM. The higher Cdk1/CycB activity is, the more
active APC/CM is, which reduces the CycB level and
Cdk1 activity as well.
The overall dynamics of Cdk1/CycB activity is
provided by the composite of the three diagrams
(7). For illustration purposes, only the G2/M and
the M/A modules are combined, assuming that the
G1/S control is not rate-limiting. The interplay of the
G2/M bistable switch with the NFBL of the M/A
module can create a limit-cycle oscillation (Figure
3A). The Cdk1 threshold for CycB degradation is
in the unstable region of the bistable switch. The
bistable switch delays Cdk1 activation until the CycB
threshold for Cdk1 activation is reached. This portrait
illustrates the periodic activation of Cdk1/CycB
complex in the early embryonic cycle of Xenopus (8).
In non-embryonic cells the network does not
operate as a clock because early in G2 phase the
Wee1/Cdc25 activity ratio is kept high by the DNA
replication checkpoint and by small cell size (just as
in fission yeast). This raises the CycB threshold for
Cdk1 activation higher than the maximal CycB level
(9), and creates a stable G2 steady state which blocks
the oscillation (Figure 3B). Once DNA replication
is completed and cells become large enough, they
accumulate enough Cdc25 activity to bring the
threshold below CycB level, similar to that shown in
Figure 3A.
The mitotic (or spindle assembly) checkpoint
blocks cells in metaphase with high Cdk1/CycB
activity until all chromosomes are bi-oriented on
the mitotic spindle. The kinetochores of unattached
chromosomes produce an inhibitor of APC/CM in a
Cdk1 activity dependent manner, creating a bistable
response in the M/A module (10) which stabilises
CycB and Cdk1 activity at high levels (Figure 3C).
Once all the chromosomes are bi-oriented on the

10 | Oxford University Biochemical Society

mitotic spindle, this stable mitotic state disappears
and the picture returns to that demonstrated in
Figure 3A.
Outlook
By illustrating the systems biology approach on a
very simple cell cycle control network, I wish to
emphasise the following point: casual reasoning
cannot unravel the complex interactions among the
many cell cycle genes that have been identified, and
intuitive methods cannot reliably predict the best
ways to intervene in the control system. In order to
use our hard-won information about the mechanisms
controlling cell division, computational tools are
necessary to represent the molecular components and
their interactions, to simulate the integrated behavior
of the system reliably, and to make useful predictions
about how cell division might be manipulated.
References
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Beyond Flatland:
3D imaging of microorganisms

by James
Flewellen

In 1884, Edwin A. Abbott wrote what he described as a “Romance of Many Dimensions”,
the novella Flatland (1). More Victorian social commentary or mathematical fiction than
conventional romance, in Flatland Abbott explores the concept of dimensionality through a
group of polygonal beings who exist only in two-dimensional (2D) space. At one stage the
protagonist of the tale, a humble square, is visited by a being from another dimension, a sphere.
As the sphere passes through Flatland, our hero sees a circle appear before his very eyes with
at first increasing, and then decreasing, diameter. Suddenly the sphere disappears from Flatland
as mysteriously as it appeared, leaving our hero most distressed at this visit from another
dimension.
Microorganisms in 3D
The microscope has gone a long way in aiding our
understanding of the hidden microscopic world
around us. Its invention has given us insight into the
origins of disease, the structure of both biological
and inorganic materials, and our own cellular
anatomy. What we have come to regard as ‘simple
optics’ has hugely increased our appreciation of the
diversity and extent of life on this planet. However
these optical systems, while uncovering a plethora
of information about the covert microworld, also
conceal from us its full richness by rendering it flat.
There is increasing interest in uncovering the ways
in which microorganisms move in their threedimensional (3D) environment. Bacteria, for
instance, actively navigate their environment to
seek sources of nutrients and to avoid toxins. Much
attention has recently been directed at the way
bacteria form biofilms (2) – an aggregation of cells
that forms on a surface in order to colonise that
surface, or to mobilise for a pathogenic invasion. The
way in which bacteria go from being planktonic,
individual cells to forming these complex, symbiotic
structures is poorly understood because we cannot
see the 3D swimming patterns of bacteria as they
start to form biofilms.

Figure 1:
With a conventional
microscope, a
microorganism can
only be seen while
in the microscope’s
focal range. This puts
severe limitations
on observing the
three-dimensional
nature of swimming
microorganisms.
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If we were to look at a swimming microorganism
under a conventional microscope, we would soon
notice that the organism swims in and out of our
microscope’s focus range. In this way our microscope
field of view is analogous to Flatland and our
swimming microorganism is like the sphere passing
through it. We can see the organism only as it swims
through the microscope’s focus, while its full 3D
behaviour is obscured from view. Currently, our best
method for understanding the complex swimming
patterns of tiny microorganisms is merely to infer
the 3D nature from 2D snapshots as the organism
comes into focus.
A number of imaging techniques have been
developed over the last few decades in response to
the problem of 3D microscopic imaging. To name
a few, confocal microscopy, stereomicroscopy,
fluorophore point spread function analysis and
anamorphic imaging all have their place in the
lab to aid the study of biological and physical
phenomena. However, these techniques all have
drawbacks when it comes to studying the motion
of fast microorganisms in a comparatively large 3D
volume. They may have to scan a field of view one
line at a time, making the technique inherently slow;
they may rely on the use of fluorophores (fluorescent
tags on structures of interest which respond to
specific wavelengths of light) which is not always
practical; or the range over which they can see into
the sample, while offering an improvement over a
conventional microscope, may still be insufficient for
the swimming environment of the microorganism.
Digital Holographic Microscopy
Recent developments in optics may have
uncovered the ‘holy grail’ of studying swimming
microorganisms in 3D. Digital holographic
microscopy has the ability to image samples at high
magnifications, large depths of field and high-speed
video frame rates.
To many people, the idea of a hologram conjures up
an image of something out of a sci-fi movie, perhaps

R2D2’s projection of Princess Leia’s plea for help
in Star Wars. This is not exactly what is meant by
a hologram; however a recent paper in Nature (3)
suggests that such a 3D holographic telepresence
is not too far away, although it would have to be
projected into a photorefractive medium rather than
thin air.
Holography was invented by Denis Gabor in 1947
(4) when he worked at the Research Laboratory
of the British Thomson-Houston Company in
Rugby, England. Gabor was working on a method
of removing aberrations to improve the resolution
of electron micrographs, although he immediately
realised the universal application of his work to any
form of wave. He was duly awarded a Nobel Prize in
physics in 1971. Gabor coined the term ‘holography’
from the Greek holos meaning ‘whole’, because
a hologram, unlike a conventional photograph,
contains all the information about the waves that it
records.
Light is an electromagnetic wave in the visible part
of the electromagnetic spectrum. Like all waves,
light can be described in terms of its wavelength,
amplitude and phase. Only the amplitude and
wavelength (i.e. colour) of light are recorded by
conventional optical media including photographic
film, the sensors found in digital cameras and
our eyes. These media cannot record the phase
information of the light that hits them, yet this
phase information is vital to describe the position of
an object in 3D. Holography involves the creation
of an interference pattern of light from our object
of interest with a known reference beam, a clever
optical trick that allows recovery of this phase
information. All that is required is a light source of
suitable coherence, where the phase relation within
the beam is constant, to allow this interference effect
to occur; a laser is ideal. This interference pattern,
when recorded onto a medium such as photographic
film or a digital sensor, is thus termed the hologram.
Classical holography involves a developed film
hologram illuminated by the same reference beam.
The hologram would diffract the light in such a way
as to project a 3D image of the original object, which
can then be viewed from almost any angle.
The relatively recent developments of megapixel
digital cameras, along with the computing power
to handle large volumes of image data, have meant
holograms can now be recorded digitally, and the
reconstruction of the 3D image can be performed
numerically. In essence, this numerical procedure
involves using the phase and amplitude information
of the object recorded in the hologram to ‘trace
back’ the light from the object that gave rise to the
hologram in the first place.
Digital holography is now going small (5). Magnified
holograms can be recorded that allow us to probe
the microworld inhabited by organisms even as small

as bacteria. The positions of bacteria swimming in
a 3D environment can be localised in depths up to
100 µm – that is 100 times the typical length scale
of a bacterium. The speed with which holograms
can be recorded is limited only by the frame rate
of the digital camera. Thus in practice, high-speed
video of many hundreds of frames per second can
be achieved. This technique has the potential to give
us insight into the short-timescale dynamics of the
motion of individual cells as well as studying the 3D
behaviour of populations of bacteria.
What’s more, holographic techniques can be applied
at a wide range of magnifications. Thus, holography
could be used to study other motile organisms in
3D. Some examples proposed include sperm cells,
motile algae such as Chlamydomonas, microscopic
crustaceans and even malaria-carrying mosquitoes.
We may soon be close to a true 3D view of how
these organisms behave and interact with their
environment.
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Proclaiming pleiotropy:
how the cavefish lost its eyes
T
by Daniel
Grimes

he demise of the dodo was a tragic one. That poor flightless bird had no safeguard against
the clubs of the Portuguese and Dutch sailors on the island of Mauritius, its last refuge.
Extinction soon followed. Had the dodo maintained the ability to fly, the tale might have
been different. But evolution has no foresight. The acclimatisation of the dodo to a life on the
ground is a striking example of regressive evolution, the loss of a trait or feature, in this case
wings that powered flight. However, the processes that result in such regression have been a
topic of considerable uncertainty.

Over the last decade, scientists have turned to cavedwelling creatures to illuminate the mechanisms at work
during regressive evolution. Cave animals often lose
skin pigmentation and, more dramatically, exhibit loss
of the eyes. The small fish Astyanax mexicanus has been
used extensively as a model organism for the evolution
of eye degeneration. This species consists of two morphs:
a surface-dwelling eyed and pigmented type and their
eyeless and unpigmented brethren that inhabit cave
water. The cavefish are derived from ancestors that were
surface fish around 10,000 years ago. So how, in this
short time, did the cavefish lose its eyes?
Use it or lose it...?
One possibility might be called the ‘use it or lose it’
hypothesis. This was expounded by Darwin himself, who
wrote on cavefish in (1):
“As it is difficult to imagine that eyes, though useless,
could in any way be injurious to animals living in
darkness, I attribute their loss wholly to disuse.”

Darwin saw no cause to invoke adaptive natural
selection to explain the loss of eyes. This notion
now finds a comrade in the neutral mutation theory,
pioneered by Motoo Kimura (2). Neutralists argue that
most molecular evolutionary changes do not affect an
organism’s fitness and therefore fall under the radar of
selection. From the point of view of natural selection,
neutral mutations in genes are not really mutations
at all. In this framework, eye regression is the result
of an accumulation of random neutral mutations in
eye-forming genes that persist in the cave environment
where eyes are dispensable. Over time, the eye is
condemned to vanish.
...or selective advantage?
A second feasible suggestion is that the loss of eyes has a
direct selective advantage. Can being blind be beneficial
to a life in the dark? This ‘adaptation’ hypothesis comes
in two main flavours: (1) eyes are actively destroyed
because they are detrimental in some way to cave life;
(2) the high energy cost of generating an eye makes
eyelessness favourable. Experimental work on the
Mexican cavefish is investigating these possibilities.
A single fact provides clues to the mechanism of eye
regression: though adult cavefish are eyeless, eyes do
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begin to form during development. These embryonic
eyes reach a surprisingly mature stage before
degenerating due to cell death and being engulfed by
surrounding tissue. This empirical observation leaves
the ‘use it or lose it’ hypothesis on thin ice because
the genes required to build an eye are, up to a point,
clearly still functional in cavefish. This also disfavours
the energy conservation hypothesis, as cavefish still
experience the high cost of making embryonic eyes.
A particularly creative set of experiments have
further undermined the ‘use it or lose it’ hypothesis.
At a specific time during embryonic development,
transplanting a primitive lens from a surface fish to a
cavefish can rescue eye development (3). For control
purposes this experiment was done unilaterally,
generating cavefish with no eye on one side but a
fully developed and light-responsive eye on the other.
This demonstrates that cavefish have the necessary
genetic factors required for later eye development.
Eye regression, therefore, appears not to result from
neutral mutations in eye-forming genes.
Hedgehog – pax6 interactions
Comparing gene expression between surface fish
and cavefish has revealed intriguing differences. The
transcription factor gene pax6 is required for eye
formation; not surprisingly, the expression domain of
this gene was diminished in cavefish. Conversely, two
hedgehog genes normally expressed in the embryonic
midline showed an expanded range of signalling
in cavefish. During normal development, midline
Hedgehog signals inhibit pax6 expression, leading
to the establishment of two separate bilateral eye
domains. Such inhibition does not occur in hedgehog
mutant embryos, resulting in the formation of a
single central eye. In cavefish, the subtle expansion
of the hedgehog domain appears to inhibit pax6 more
laterally, resulting in loss of mature eye development.
Indeed, surface fish injected unilaterally with hedgehog
mRNA develop a single normal eye on one side; the
second eye degenerates due to enhanced hedgehog and
diminished pax6 expression (4).
These observations suggest that as cavefish have
evolved from surface fish ancestors, subtle but crucial
changes in gene expression have resulted in eye

regression. Such morphing patterns of gene expression
are central elements of the evolutionary process. Many
of the most beneficial evolutionary changes that occur
affect the regulation of the existing ‘toolbox’ of genes
rather than the tools themselves. Selection is largely
conservative with respect to the core, functional parts
of genes (5).

(7). Eye reduction, also caused by hedgehog expansion, is
therefore nothing more than a spin-off from constructive
evolution in the cavefish. It is the pleiotropic nature of
the hedgehog gene, the fact that it controls more than
one trait, which results in eye regression as a by-product
of adaptation. The enhancement of the jaw has brought
with it the sacrifice of the eyes.

Introducing pleiotropy
In light of these findings, the pertinent question
becomes: what selective pressures favoured an
expansion of the hedgehog signalling domain in
cavefish ancestors? Some genes have effects on more
than one phenotypic trait by acting at different times
and places, and in different ways, during embryology.

These insights favour the ‘adaptation’ hypothesis of
eye regression, albeit a modified version as there is
no selection for eye loss per se. Instead, there exists
an indirect selection against eye formation due to
outright selection for beneficial traits that happen to be
negatively linked to eye development by pleiotropy. This
highlights the importance of a thorough understanding

Figure 1. Mirror
symmetric image of
cavefish embryo.
Credit: Monica
Folgueira & Dr Steve
Wilson. Wellcome
Images

This is pleiotropy, a matter on which Jonathan
Hodgkin has remarked (6):
“...pleiotropy is for the geneticist what ambiguity is
for the [literary] critic: multiple functions embedded
in the same object.”

In pleiotropy, numerous functional capacities are
interwoven at a single position on the chromosome.
Thus, a genetic lesion at a particular locus can lead
to a host of abnormalities in the embryo or adult.
Pleiotropic mutations in humans, for example, can
result in complex syndromes where multiple organs
and body systems are affected. Pleiotropy also has
consequences for evolutionary change. Adaptive
natural selection may favour individuals with altered
expression of a particular gene because enhancing
or diminishing one of the gene’s functions leads to
improved fitness. However, such changes might also
affect other functions of the gene, possibly harmfully.
In this situation, there would be a trade-off: does
adaptively improving one trait lead to greater overall
fitness even if a second trait is adversely affected?
Pleiotropy and adaptation in the cavefish
As well as the regressive changes apparent in cavefish,
there are also conspicuous constructive adaptations
for cave life. Feeding behaviour has changed to the
extent that cavefish will out-compete surface fish for
food in an experimental cave setting. Morphologically,
cavefish have increased their number of taste buds
and teeth; indeed, the whole jaw has increased in
size. Recent evidence has revealed that the expanded
domain of hedgehog in cavefish is at least partly
responsible for some of these constructive adaptations

of an organism’s development; evolution, after all,
is the change in embryology over time. We cannot
view evolution solely as a series of small constructive
adjustments. The body has also been moulded by
regressive changes that result from spin-off effects
of constructive adaptations. The linking of otherwise
unrelated phenotypic traits by genetic pleiotropy is a
recipe for such trade-offs: adaptation of one trait at the
expense of another. That is the lesson of the cavefish.
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Geomagnetic sensing:
Nature’s GPS
A

by Pinky
Raychaudhuri

select group of animals have the remarkable ability to navigate across the globe without
losing their way home, fascinating humans for centuries. German scientist Hans Fromme
was one of the first to provide an explanation for this remarkable skill (1). In the autumn of
1957, Fromme observed that several European robins caged in a closed, dark room repeatedly
flew up into the south-western part of the cage. In the absence of any sunlight, sound or smell,
it seemed that the caged birds were responding to an invisible force and attempting to follow
their south-westerly migration route. Fromme deduced that this invisible force was the earth’s
magnetic field. Explaining an animal’s ability to detect this field (geomagnetic sensing) continues
to challenge scientists. But how do animals sense the earth’s magnetic field and why do they
respond to it?
Geomagnetic sensing is used by diverse organisms
Various organisms, ranging from bacteria to bees,
sense the earth’s magnetic field and many of these
organisms use geomagnetic sensing to navigate
long journeys. For example, monarch butterflies use
geomagnetic sensing to migrate more than 1700 km
from North America to the same tree in Mexico
as their parents and grandparents before them (2).
Remarkably, pigeons transported to unfamiliar
places while under anaesthesia quickly find their
way home by sensing the magnetic field (3). Salmon
swim thousands of kilometres in the ocean, yet
return to the stream where they were born to bear
offspring of their own. Leatherback sea turtles
migrate a colossal distance of 20,000 km from
Indonesia to the coast of Oregon in the USA, before
returning to the same spot in Indonesia.
However, geomagnetic sensing is not limited to
migratory animals. For example, it is also used by
subterranean Zambian mole rats to dig tunnels
up to 200 m long and build their nests in the
southernmost tip of the burrow. Strikingly, the
location of their nests changes with a change in the
direction of the magnetic field.
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How are magnetic fields sensed?
Several hypotheses have been proposed to explain
how magnetic field sensing occurs. A widely
accepted hypothesis suggests that animals use
magnetic particles present in their bodies to detect
the earth’s magnetic field (4). Magnetite, an ironcontaining mineral, is the most magnetic of all
naturally occurring minerals on earth and tiny
magnetite crystals have been detected in bacteria,
honeybees, birds, salmon and sea turtles, all of
which orient themselves in relation to the earth’s
magnetic field.
The mechanism by which magnetite particles
transmit signals to the brain in higher organisms is
highly debated. While aligning with a geomagnetic
field, crystals may exert a mechanical force on nearby
undefined receptors, stimulating a response which
is then carried through the nervous system to the
brain. Alternatively, the magnetite crystals might
initiate an action potential directly in nerve cells, by
opening ion channels through the mechanical force
of either crystal rotation, or by the slight expansion
and contraction of crystal clusters.
Another popular hypothesis proposes a lightdependent mechanism of geomagnetic sensing (5).
Specialised receptor molecules called cryptochromes
are sensitive to light in the ultraviolet-A/blue range.
On absorption of a photon, cryptochromes initiate
a process whereby an electron is transferred from
one molecule to another, leading to the formation
of a radical pair, a pair of molecules which each
have an odd number of electrons and, consequently,
unpaired electrons. Electrons have intrinsic electric
and magnetic fields, which are sensitive to external
magnetic fields. Thus, perfectly ordered arrays of
radical pairs are sensitive to the direction of an
external magnetic field and the relative order and
disorder of such radical pair arrays can provide
directional information. The eye has been suggested
to be the most likely place for cryptochromes to
be present as light can easily reach the receptor

molecules and the ordered radical pair arrays can
cover all spatial directions.
The involvement of crytochromes in
magnetoreception was conclusively demonstrated
using behavioural maze assays with the fruitfly
Drosophila melanogaster (6). Flies were trained to
respond to an artificial magnetic field generated
by an electric coil system, following field cues
to navigate a maze. Wild-type flies were able to
successfully respond to a magnetic field under
full-spectrum wavelengths (~300 - 700 nm) but
did not respond to the field when ultraviolet-A/
blue-light wavelengths (< 420 nm) were blocked.
Cryptochrome-deficient flies were unable to
perform this task under full spectrum wavelengths,
but magnetic sensitivity was restored when
cryptochrome genes were inserted back into the flies.
Why do animals sense magnetic fields?
Apart from understanding how animals sense
magnetic fields, it is also interesting to know
why they do it. As described, many animals
have a ‘magnetic compass’ and use geomagnetic
sensing to travel in a particular direction, such
as north or south. Other animals are reported to
have a ‘magnetic map’ and are able to navigate
to a set destination. It is possible that keeping
magnetic fields aligned with an axis of the body
could affect specific bodily processes, although
this is not yet fully understood. It is not yet clear
whether animals that have the capacity to detect
magnetic fields (magnetoreception) are aware of
their internal compass and consciously sense fields
(magnetoperception).
Unanswered questions and current challenges
Built-in compasses in animals are comparable to our
GPS systems – which a new Automobile Association
survey actually holds responsible for 82% of drivers
getting lost! However, despite many attempts to
explain geomagnetic sensing in animals, an in-depth

understanding continues to elude us. 55 years after
Fromme first suggested geomagnetic sensing in
animals, there are only a few plausible hypotheses,
none of which can fully explain the phenomenon.
Several factors make geomagnetic sensing
particularly difficult to study. Given that magnetic
fields pass freely through biological tissues, there is
no obvious external organ that responds to magnetic
stimuli. The detection and study of magnetoreceptors
is made more challenging by the fact that they may
be small and distributed almost anywhere in an
animal’s body. Experts have suggested that progress
in this field will likely require novel experimental
approaches and will be reliant on contributions from
biologists, chemists and physicists.
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Cognitive Enhancers
I

Dr Carinne
Piekema

t is 10 pm and I am sitting at my desk, struggling to stay awake. Sadly, I cannot go to bed yet as
I need to write 1,000 words before tomorrow. I could have another espresso, but the result
will most likely be disastrous given I have already had four coffees and am finding it hard to
sit still. Then my flatmate suggests trying something that has worked for her on a number of
occasions: a pill called Modafinil that she obtained over the internet. She says that it helped keep
her alert and focused when she was working to a tight deadline, and even claims that it helped
her revise for exams. This one pill could allow me to finish the article on time, with little obvious
cost. But should I take it?

Stimulating drugs
Modafinil is often prescribed to people who suffer
from narcolepsy to stop sudden bouts of sleep from
interrupting their daily lives. In several controlled
experiments, it has been shown to boost attention
and memory, making the user more alert and
more able to concentrate on a particular task (1).
Modafinil, and other stimulating drugs including
Adderall and Ritalin, both of which are used to
treat symptoms of Attention Deficit Hyperactivity
Disorder, have been termed ‘cognitive enhancers’.
Evidence suggests that these are being used by a
growing number of healthy people for off-label
uses. A survey conducted in the US back in 2005
suggested that 7% of university students have used
cognitive enhancers to help them with their studies
and that, on some campuses, as many as 25% have
used such drugs in the past year (2).
What makes these drugs particularly attractive is
that they do not seem to have many detrimental side
effects. Instead, they appear to just give that extra
‘oomph’ needed to keep up with all the demands
society – and in particular university – places on us,
similar to our morning coffee, just in a pill form.
Julian Savulescu, a neuroethicist at the Oxford
Uehiro Centre for Practical Ethics, thinks that, as
a society, we should embrace these drugs and make
them available for those who want them, just as
physical enhancements are available to us through
plastic surgery.
Side effects
However, before you decide to take the pill, there are
a few issues that might be worth considering. The
side effects of using these drugs may seem minimal,
but the longer-term effects, as well as any more
subtle or rare effects, are not well understood. For
instance, a group at the National Institute for Drug
Abuse showed in 2009 that Modafinil can lead to
dependency, especially in vulnerable adults. The study,
conducted by Nora Volkow and colleagues, tested 10
healthy men’s responses to the drug using positron
emission tomography and found that Modafinil
blocked dopamine transporters, in much the same
way as cocaine, leading to an excess of dopamine
signalling in the brain (3). It is well known that drugs
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which increase dopamine signalling can put the user
at risk of developing an addiction.
It is important to note that when these drugs are
used as prescribed, their potential side effects and the
possibility of addiction is outweighed by the benefits
of symptom reduction. However, do the benefits still
outweigh the costs when they are used recreationally
by healthy people?
Cost-benefits
In 2007 Barbara Sahakian, a professor of
neuroscience at the University of Cambridge,
interviewed academics who had taken Modafinil in
the past and asked them about the effects the drug
had on their performance (4). Professor Sahakian has
been a prominent campaigner in an attempt to create
more societal awareness of cognitive enhancement.
The academics she interviewed reported that
Modafinil did help them to think more clearly for
longer periods of time, find words more easily and
generally be more focused. While they admitted
that the effects ranged from mild to moderate, some
stressed how valuable these limited effects were to
them. Indeed, other groups of scientists have already
acquired empirical evidence showing that healthy
people have an increase in certain cognitive functions,
such as spatial attention, working memory and visual
recognition, when taking Ritalin and Modafinil (4).
However, not all of our cognitive functions will be
enhanced by these drugs; some may even decline as
a result of over-stimulation. Sahakian and MoreinZamir described in 2010 (5) how neuronal signalling
follows the principle of an inverted U-shape.
According to this principle, there is an optimum
amount of neurotransmitter released, so deviations
in either direction will have potentially detrimental
effects on performance. To make it even more
complicated, the optimum levels of any particular
neurotransmitter are different in different regions
across the brain. Therefore, increasing dopamine
levels across the whole brain may have unwanted
side-effects.
Ethical implications
But science is only part of the story here. In a

recently published report by The Royal Society,
a large group of neuroscientists are urging policy
makers, scientists and the general public alike to
think about the ethical implications of cognitive
enhancement (6).

?

An interesting ethical issue that arises is whether
using cognitive enhancers can be seen as cheating.
Would you be as proud of getting a 1st for your essay
after taking Ritalin or Modafinil as you would be if
you had achieved the same grade without any drugs?
Taking a pill might be regarded as taking a short cut,
an easy way to get that essay done. It is important
to remember that while cognitive enhancers boost
your levels of concentration and allow you to work
through the night, they will not actually make you
smarter. Hard work is still required in order to do
well.
Currently, these drugs can only be legally obtained
with a doctor’s prescription, but are available illegally
on the internet. When purchased illegally, they are
expensive and therefore not available to everyone. For
instance, Farah and colleagues reported that Ritalin
in healthy people is predominantly used by college
students from middle and upper class families (7).
They suggest that this inequality in accessibility of
cognitive enhancers may put those from a lower
socio-economic background at an even greater
disadvantage in education and job opportunities.
However, Farah et al. also suggest that if the drugs
were accessible to everyone, this divide could be
made smaller.
In a Nature opinion piece in 2008, Greely and
colleagues write: “Appropriate policy should prohibit
coercion […]. Employers, schools or governments
should not require the use of cognitive enhancers.”
(8). There is a danger that as the use of cognitive
enhancers becomes more widespread, it may become
more difficult for individuals to opt out of taking
them. While this social pressure can affect all of us,
it may be most harmful when parents feel forced
to give their children enhancers to enable them
to keep up with their enhancer-taking classmates.
Furthermore, in some cases we might expect people
to use cognitive enhancers because lives depend on
their ability to concentrate for long periods of time,
such as surgeons or military personnel.
Our brain chemistry is very complex and our limited
understanding of it means that current medicines still
have incredibly broad effects. Dopamine, one of the
main targets of many of these cognitive enhancers,
does not only regulate memory and attention, but
also plays a key role in motivation and emotion.
With our current research tools, we have not yet
determined how these other processes are affected by
cognitive enhancers.
In the end I decide the pill is not for me. Instead,
I do a bit more work and go to bed when I can no

longer keep my eyes open. I will miss the deadline,
but the uncertainty about the long-term potential
side effects of the drug is not a risk I am willing to
take. For now I will stick with drinking coffee to stay
awake, but perhaps in the future, when such cognitive
enhancers are better understood and fine-tuned, I
might have a different opinion.
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Malaria, Anaemia and Iron
Supplementation
A

by Natasha
Spottiswoode

naemia and malaria both represent major global public health concerns and tend to
co-occur in the same populations and regions (Figure 1). WHO estimates published in
2008 indicate that roughly two thirds of African children are anaemic and as a result, iron
supplementation is one of the most common interventions for children in Africa. In 2005, a
major clinical trial was carried out on the Tanzanian island of Pemba to assess the effects of
iron and folic acid supplementation on morbidity, mortality and anaemia in pre-school age
children (1). However, the trial was terminated prematurely because of a significant increase
in malaria incidence and other adverse events in iron-supplemented children. The Pemba trial
results forced the international community to confront several important questions such as:
“Why is iron supplementation related to malaria infection?” and “Is it safe and effective to give
iron to children at risk of malaria?”

Contradictory results
Parasites and pathogens need iron, just as we do. Its
low bioavailability means iron is fiercely competed for
by both host and pathogen. As Dr Andrew Prentice
of the London School of Hygiene and Tropical
Medicine says: “[iron] is the equivalent of crude oil in
global geopolitics” (2).
There has long been evidence suggesting a link
between iron supplementation and increased
susceptibility to infectious diseases. Over a century
ago, the French physician Armand Trousseau noted
that giving iron-rich supplements to recovering
tuberculosis patients seemed to cause relapses.
More recently, it was shown that iron-deficient
Somali nomads supplemented with iron had higher
incidences of various tropical infections than those
not supplemented (3).

Figure 1: Malaria and anaemia tend to co-occur in the same populations and
regions. Sourced from the WHO
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Despite these previous studies linking iron and
infection, the findings of the Pemba trial were highly
controversial. Interestingly, subsequent studies that
aimed to reproduce these results showed no effect
of iron supplementation on malaria risk. What had
changed? Firstly, as the Pemba trial was extremely
large, it had the statistical power to detect rare
adverse events. It was also unusual in that malaria
prevention measures were neither in place during
the trial, nor introduced by the researchers. Most
other studies examining malaria incidence in ironsupplemented children provided subjects with bed
nets, anti-malarial prophylaxis, or at least close
monitoring and treatment for fever (for instance (4)).
While ethically required, malaria prevention efforts in
other iron supplementation studies may have masked
an increase in susceptibility.


When is supplementation safe and effective?
Given the contradictory results of iron
supplementation studies, a Cochrane review was
commissioned to examine the effects of iron
supplementation on malaria. The most recent version
of the review concluded that iron supplementation is
associated with an increased malaria risk in areas with
inadequate malaria control and treatment (5).
However, as the authors of the Cochrane review point
out, as malaria control and prevention initiatives
improve, iron supplementation will become safer.
Yet we are a long way from comprehensive malaria
control, and many vulnerable individuals live in areas
where surveillance and treatment services are still
inadequate.
As a further complication, iron supplementation in
high-risk malaria areas may not be as effective as in
low-risk areas. Mechanistic studies of iron absorption
show that children with post-malarial anaemia absorb
less orally administered iron than children with nonmalarial anaemia (6). It is also important to note that
improved malaria prevention efforts, including bed
nets or chemoprophylaxis, have been shown to reduce
malaria-associated anaemia, particularly in younger
children (7).
Hepcidin: the key to iron metabolism
Considering the apparent role of iron in infection,
it is important to understand its metabolism in
humans. We absorb iron from our diet into the cells
that line the first part of the small intestine, duodenal
enterocytes (Figure 2). Iron is then released from
duodenal enterocytes into the blood by the only
known iron export protein, ferroportin. Once in
circulation, most iron is used to make new red blood
cells (RBCs). As RBCs age, they are phagocytosed
by macrophages, which then release iron back into
circulation by means of ferroportin.
The only known human iron control hormone,
hepcidin, is a 25 residue peptide secreted from
the liver. It blocks absorption of dietary iron in
the duodenum and sequesters recycled iron in the
blood in macrophages. This is achieved by hepcidinferroportin binding at cell membranes, which causes
internalisation and degradation of ferroportin,
inducing a potentially rapid decrease in serum iron
levels.
Hepcidin is homeostatically up-regulated in high
iron conditions and in response to some infections.
Hepcidin up-regulation can be viewed as a defence
strategy by which the body denies parasites and
pathogens the iron they need. Hepcidin levels have
been shown to be increased in natural human malaria
infections (8) and in artificially infected humans
(9). Raised hepcidin levels during malaria infections
lower ferroportin levels in the duodenum, thereby
preventing dietary iron uptake. This may explain
why malaria-infected or recovering patients do not
efficiently absorb iron supplements.



























Possible Solutions: Hepcidin Testing?
Hepcidin may thus be a primary causative link
between malaria infection and poor iron absorption,
making it potentially useful for predicting iron
supplement efficacy and perhaps safety. Hepcidin
has indeed been shown to be the most consistent
predictor of RBC incorporation of oral iron
supplements (10). At the same time, hepcidin helps
to control baseline iron levels and therefore may play
a role in malaria susceptibility. Prentice et al. proposed
that an effective, field-usable test for hepcidin levels
may ascertain whether anaemia is due to low iron
stores (indicated by low hepcidin) or infection
(high hepcidin) (10). Low-hepcidin anaemia could
be treated safely with iron, whereas high-hepcidin
anaemia could be treated with anti-malarials or
antibiotics.

Figure 2. The role
of hepcidin in
iron metabolism

A mutated gene and scientific tragedy
Mutations in hepcidin itself (rarely), or genes which
control hepcidin expression (commonly), can lead
to iron-related pathologies. The most well-known
of these disorders is the hereditary iron-overload
disease, haemochromatosis, which is characterised
by high serum iron levels and deposition in the liver.
An article from the New England Journal of Medicine
underscores the importance of iron-related mutations
in disease (11).
A researcher died due to infection by a usually safe
laboratory strain of Yersinia pestis, the bacteria that
causes plague. This strain of Y. pestis is considered
‘attenuated’ because it has lost a virulence gene island
that encodes proteins involved in iron acquisition. In
a normal host, the attenuated bacteria cannot
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sequester enough iron to survive; however, in this
researcher they could because of his high blood
iron levels, which were caused by inappropriate
hepcidin regulation due to undiagnosed hereditary
haemochromatosis.
Progress has also been made in understanding links
between subtler genetic variation in iron metabolism
and susceptibility to malaria. This is illustrated by
the discovery of single nucleotide polymorphisms in
African populations that predispose individuals to
anaemia following the malaria season (12). Genetic
variation in iron metabolism is a growing area of
study, and further progress in this field will likely help
to combat infectious diseases.
To be continued…
A great many questions about iron and malaria
remain unanswered. We do not yet understand how
hepcidin is regulated in malaria infections or how
the body detects malaria and signals for hepcidin
upregulation. We still lack vital understanding of
how malaria parasites benefit from increased iron
in the host. However, it is clear that the way that
iron deficiency is treated needs to be informed by
research: we still need to conclusively identify when
supplementation is safe and effective. Finally, as
dramatically shown by the death of a researcher,
human genetic variation does contribute to iron
Figure 3. Children from a study village near MRC Keneba,
with research center employee.

metabolism. More research is required to identify
other genotypes that alter iron metabolism and
disease susceptibility.
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SCIENCE and SOCIETY
The Campaign for Science and Engineering:
raising the profile of science in politics
We are living in a world shaped by science. Everything from antibiotics and agriculture, to
telecommunications and modern transport, owes its origins to the work of scientists and
engineers. And yet, looking at how the UK is run, you wouldn’t know it.
Of the 646 MPs who sit in the House of
Commons, only one has had an active scientific
research career. Only a handful of the Whitehall
Permanent Secretaries, who are effectively the Chief
Executives of Government departments, have a
degree in science or engineering. In 2009, the UK
Government spent less than 0.2% of our GDP on
supporting public research and development, which
puts us behind our main competitors including the
US, Germany, France and South Korea.
In the 2010 Spending Review, which saw the
government introduce £81 billion worth of public
spending cuts, investment in science also took a
hit. Instead, we should be looking to science and
innovation to get us out of our current economic
mess. Nations like Germany have recognised this, as
they increase research and education funding even
whilst cutting overall spending. The UK clearly is
not going to be competitive in natural resources or
cheap labour in 15 years’ time, and we have seen
that relying on financial services is not sustainable
either.

The Campaign for Science and Engineering (CaSE)
exists to try and rectify this. Despite the importance
of science and engineering to our society, health
and economy, these subjects do not get the political
profile they deserve. There are many reasons for this,
including the possibility that scientists are less likely
to get involved in politics in the first place. Also,
decisions around science need long-term planning,
which unfortunately doesn’t fit with politicians’ fiveyear timescales.

Before every election, CaSE asks all the political
parties involved to set out their policies for science
and engineering. Ahead of the 2010 Spending
Review, we helped lead the campaign to protect
science spending. Over the past year, we have fought
against curbs on immigration, which would hamper
the UK’s ability to attract world-leading researchers;
argued for more investment in talented science
and mathematics teachers; and highlighted the
government’s record in making the most of science
in policy-making.

Imran Khan
Director of the
Campaign for
Science and
Engineering, London

In the long-term, we need a more science-focused
political culture, where politicians not only recognise
the need to support science for the UK’s future
but also make greater use of scientific principles
in deciding how best to spend taxpayers’ money.
One way to make that happen is to encourage more
scientists to get involved in politics themselves, and
CaSE helps to demystify that process. However, it
is also possible to work within the current system to
implement change.
One thing we recommend is getting in touch with
your local MP and inviting them to your lab. We
cannot expect our representatives to understand the
challenges facing us, or the opportunities our work
offers, if we do not communicate with them. A lab
visit not only gives an insight into the importance
of your work, but also reminds MPs that you, as
a scientist, are one of their voting constituents. If
there’s one thing MPs cannot forget about, it’s their
voters! Similarly, before an election, it is important
to engage with all of the local candidates who are
vying for your vote.
You can also influence the agenda indirectly,
through CaSE. We try and change political minds,
but with less than four full-time staff it is an uphill
struggle. We are supported entirely by donations and
every new supporter helps add weight to our cause.
It costs just £2.50 to become a member, so do look
us up at www.sciencecampaign.org.uk and consider
joining the campaign.
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SCIENCE and SOCIETY
Organising a conference from scratch − a student perspective

enGENEious Conference 2012
Hua Wang &
Inga Pfeffer
2nd year DPhil
students in
Prof Ben Davis´
and Prof Chris
Schofield´s/Ben
Davis´ laboratories
respectively, both in
the Department of
Chemistry

HOW to organise a conference involves asking
WHO would want to organise a conference? WHAT
kind of conference? WHY? WHEN? WHERE?
Here are some points that crossed our minds as we
embarked on creating a new student-led conference
here in Oxford.

All of these benefits are multiplied when you are
organising the conference, for now you get the
chance to tailor the topic and handpick the speakers!
Furthermore, working in a small team is an exciting
experience and equips you with those all-important
transferrable skills.

WHO?
A conference is only as good as its organising team.
Organising a multiple-day conference is a big
commitment in terms of the time and effort required
and volunteers need to be made aware of this upfront.
Within the team it is important to get along well and
complement each other’s skills. If your initial team
finds itself short on certain skills, say web design or
confident marketers, recruit for additional volunteers
through your department or student society. Electing
a team leader is essential, as this is the person who
keeps track of and delegates roles, thus ensuring the
work gets done!

WHAT are all the details?
If you have the freedom to choose, finding the right
topic for the conference can involve some serious
brainstorming. It can be specific or broad, depending
on your target audience. We personally wanted to
learn more about a ‘hot’ and ‘futuristic’ topic that went
beyond our own research.

It is very helpful to have a faculty member act as
senior advisor to the committee, to support, guide and
check on progress, as well as provide useful contacts.
WHY plan a conference?
Why not? Firstly, attending a conference is a chance
to meet the world’s leading scientists, hear about
recent advances in cutting-edge research and discuss
the challenges and future directions in your field of
interest. Conferences provide the opportunity to gain
a substantial amount of information in a short period
of time and to build up a network of next-generation
leaders, as you meet other young researchers.

Once the topic of the conference is defined, speakers
are selected based on web searches, research highlights
in journals and media, and recommendations from
faculty. This also involves digging through online
articles and references to see who is leading the
field and who has something new to share! We
also organised a journal club within our team, with
presentations about potential speakers’ research.
Finding a venue and dates, and defining the size of the
conference, are crucial elements for further planning.
When setting the date, check when the leading
conferences in your subfield are happening, since a
clash would make recruiting for your conference more
challenging. It may be tempting to hire a large venue,
but be realistic about the numbers you can expect.
Depending on the conference topic, you may be able to
pinpoint exactly which departments and even research
groups you are likely to draw attendees from, which will
help guide your planning of numbers. If you or your
faculty advisor has contacts in these groups, you may be
able to ascertain interest during these planning stages.
Once you have the components of topic, speakers, size
and venue organised, you can shape the character of
the conference by how you put it all together in the
final programme. As an example, we wanted to give
young scientists many chances to present their research.
We therefore included not only a poster exhibition
but also a series of ‘flash-talks’, which are five-minute
presentations interspersed between the main lectures.
Similar to an ‘elevator pitch’, these presentations
encourage students and post-docs to present their
research in a fresh and efficient way. ‘Flash-talks’ can be
a challenge to organise, but the attention they receive is
worth the effort. To encourage more conference-goers
to get involved, prizes for best poster and best talk can
also be arranged.
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Conference networking does not just take place during
the coffee breaks between sessions. Social activities
provide a more natural setting for attendees to get to
know each other and excursions to explore the area
where a conference is hosted are always popular. An
organised dinner is expected, although if funding is
tight it is acceptable to have this as a separate cost to
attendees. We have introduced a lighter note to our
proceedings by ending the first day with a fun, offtopic speaker.
WHERE is the money coming from?
The short answer is sponsorships and registration fees.
Keeping registration fees low is preferable, as potential
attendees may be unwilling to spend more on a new
conference and students often do not have access to
many travel grants.
A clear outline of prospective expenses and income is
needed to plan the sponsorship campaign. The topic of
the conference and the invited speakers should be used
to decide which companies to target for sponsorship.
Sponsorship is a publicity opportunity and, depending
on the conference layout, it may be possible to
offer companies a demonstration space during a
poster session. Professional societies and university

departments can also be approached for funding.
We prepared an information pack that included
a logo, details about the conference, a webpage,
advertisements and a proposal of costs.
The highs and lows
Of all the experiences we have had and tips we have
come across, the most important factor in the process
of conference organising is the team effort. There
are debates, journal clubs, time commitment and
sometimes even drama if something doesn’t work
as everyone would like it to! We have found this to
be an invaluable, exciting experience. Would we do
it again? We can only answer this question after the
conference, but this experience has certainly been
inspiring for future projects…
For more information about enGENEious 2012,
please visit: http://engeneious.chem.ox.ac.uk/

http://engeneious.chem.ox.ac.uk
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5´ with... Professor Hagan Bayley
chemical plants. I was fascinated by construction
toys such as meccano and plasticine, and there were
BBC shows such as Horizon and Your Life in Their
Hands, both of which survive today as dumbed-down
adaptations. I was also a chess fanatic until about 16,
but there was no living there. And, most importantly,
I had terrific teachers from school through university many people give up rather than take up science.
If you were not a scientist you would be…
An architect, but very few architects are lucky enough
to actually build their dream buildings. I chose
chemistry as a career because, for me, it is an apt mix
of experiment and theory. I was not clever enough
to be a mathematician and forgo the paperwork and
fundraising that is an inevitable part of experimental
science!

P

rof Hagan Bayley is the Professor
and Head of Chemical Biology in the

Department of Chemistry. He moved his
laboratory from Texas A & M University to
the University of Oxford in 2003. The Bayley
lab works on the engineering of membrane
channels and pores, using molecular genetics
and targeted chemical modification. Current
work in the lab focuses on using engineered
membrane proteins for DNA sequencing
and for studying single-molecule covalent
chemistry. Prof Bayley is also the co-founder
of Oxford Nanopore Technologies, which
translates basic science to biotechnology.
Interviewed by Pinky Raychaudhuri
When did you first decide that you wanted to be a
scientist and what early influences led you to take
up science as a career?
That’s hard to say, but it certainly was from an early
age and I didn’t consider much else. My father
did not have a background in science, but he ran
a small company in North Wales that made filters
and demisters, including massive device meters for

28 | Oxford University Biochemical Society

If you are not in the lab you are…
Making hands-on contributions in the kitchen, so those
undergraduate organic practicals are still an influence!
What advice would you give a young scientist in
your field?
Well, the best advice I can give is that if you don’t love
science, don’t do it; it is rewarding, but often exceedingly
frustrating. Indeed, you need a sense of humour and
irony may be your best bet. And for later in life, the best
advice I have discovered (rather than received) is, “Don’t
try and fix it - build something new”.
Which is your favourite classical experiment?
There are so many. Let me pick out three related pieces
of early ‘chemical biology’. First, the demonstration
by Paul Zamecnik and co-workers around 1960 that
showed there are separate transfer RNAs for each
amino acid. This was done by selectively oxidising the
ribose diol of unloaded transfer RNAs with periodate,
and then showing that only one amino acid could
be used to reload the surviving RNAs. Second is the
demonstration by Seymour Benzer and colleagues in
1962 that, once transfer RNA is loaded, the amino
acid is no longer recognised by the protein synthesis
machinery. This was accomplished by converting loaded
cysteine to alanine with Raney nickel and showing
that it was still incorporated into polypeptides. Finally,
I like the demonstration by Khorana and co-workers
in 1965-1966 that the genetic code has three letters.
They used chemical and enzymatic synthesis to make
polynucleotides with two alternating bases, and showed
that they could template the synthesis of polypeptides
with two alternating amino acids − think about it!
How has DNA sequencing technology changed
since you entered the field? How do you imagine it
changing in the next decade?
We only entered the field just over five years ago.
During that time, through the introduction of several
second-generation technologies, sequencing costs

have plummeted and we have a $1000 human
genome today. Next will be an increase in speed:
the 15-minute genome, including modified bases
and haplotype mapping. Young scientists are likely
to find it more profitable to explore how to handle
and exploit genome sequencing rather than to look
for new means to produce it. Cheap, rapid genome
sequencing is opening up frontiers in diverse fields
from anthropology to medicine.
What is the main vision or goal that drives Oxford
Nanopore Technologies, and has made it do so
well?
I founded Oxford Nanopore Technologies in 2005 to
exploit single-molecule sensing of a wide variety of
analytes. After a short time, the company got caught
up in the worldwide effort to produce a viable means
of DNA sequencing with nanopores, which would
greatly exceed the specifications of the emerging

second-generation technologies. The initial success
of the company stemmed from the forbearance
of our long-term investors, and the brilliant and
complementary talents of Gordon Sanghera, the
CEO, and Spike Willcocks, who has been in
charge of business development. They brought in
an extraordinarily talented team of scientists and
engineers, and led them with unrelenting intensity.
You have recently been elected as a Fellow of the
Royal Society. What does this recognition mean
to you?
It is certainly an honour, but not just for me. It
recognises so many people, notably the members of
my lab, past and present. For me, being an FRS is
not a licence to drink port at Hertford. I’m not dead
yet, and getting funded and finding good people for
the lab is the daily reality, and that is no different
whoever you are.

BOOK REVIEW
Fundamentals of Enzyme Kinetics - 4th
Edition
Athel Cornish-Bowden
ISBN: 978-3-527-33074-4,Wiley-Blackwell (January
2012), Paperback, 510 pages, £45.00
Reviewed by Stuart Thomas
The author’s preface states that he “strives for
correctness, cogency and clarity…the greatest of
these is clarity”. Cornish-Bowden achieves all three
objectives with ease, making Fundamentals of Enzyme
Kinetics essential for any budding biochemist.
Beginning with an overview of basic principles,
Cornish-Bowden continues with an easy style. He
progresses through chapters on derivations of the
Michaelis-Menten equations, and enzyme inhibition
and regulation. Michaelis-Menten kinetics are
thoroughly explained, including the parameters
and limitations, as well as Haldane relationships.
Also included are chapters on multi-enzyme and
multi-substrate systems. A chapter of particular
interest is that on practical aspects of kinetics.
There are no details on specific assays, but several
insights for researchers are provided, including
tips on experimental design and the procedure for
conducting kinetic tests.
At the end of each chapter, a summary and example
questions are presented. The summary is extremely
succinct; the author is often too concise. The
summaries would benefit from additional content to

fully explain the preceding chapter instead of simply
defining it. The questions are particularly challenging,
requiring the reader to actively think about an answer
rather than just follow through an equation.
One criticism of this textbook is the throwaway
manner in which equations are treated. The content
is concise and easy to follow, but the equations
scattered throughout require an in-depth knowledge
of calculus. Equations are derived with little or no
explanation, expecting the reader to fully understand
how and why. This avoids patronising some readers,
but may frustrate others. Additional reading on the
required mathematics for each equation may be
required.
Many chapters have been updated in this 4th
edition, in particular the sections on drug design
and statistical evaluation of kinetics data. However,
the most significant change in this edition is the
addition of an extra-large margin, used to display
diagrams and graphs. Although the graphs are small,
they are still clear. In addition, the margins include
references to other chapters, books and journals. This
reduces the constant flipping of pages that can often
hamper a reader. Also contained in the margins are
short biographies of scientists who have produced
groundbreaking work in the field of enzyme kinetics.
While non-essential, this small detail adds a touch
of character to each page; the reader is reminded that
our knowledge of the subject shouldn’t be taken for
granted, but that it is due to the diligence of scientific
researchers.
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BOOK REVIEWS
Biomedical Sciences: Essential Laboratory
Medicine

Bacteria: The Benign, the Bad, and the
Beautiful

Edited by Raymond Iles and Suzanne Docherty
ISBN: 978-0-470-99774-1,Wiley-Blackwell (January
2012), Paperback, 438 pages, £37.50
Reviewed by Nicola Platt

Trudy M Wassenaar
ISBN: 978-1-118-10766-9,Wiley-Blackwell
(December 2011), Paperback, 232 pages, £26.95
Reviewed by Dr Tamzin Gristwood

Biomedical Sciences: Essential Laboratory Medicine
is a new textbook aimed at students pursuing a
career in clinical laboratory medicine and provides a
comprehensive review of the biomedical sciences. The
first chapter gives an overview of cellular and systems
physiology. Subsequent chapters address pathology,
immunology and microbiology, practical laboratory
techniques and finally professional practice.

This book, consisting of 25 short chapters, aims to
cover all aspects of bacterial life in a straightforward,
easy-reading style, making it suitable for scientists
and non-scientists alike.

This textbook is well compiled and contains chapters
on all major areas relevant to laboratory medicine.
However, the wide scope of subjects covered means
many chapters are fairly superficial, particularly
those on cellular and systems physiology. The book is
clearly designed to introduce students to overarching
themes rather than to provide in-depth detail.
Indeed, the majority of the bibliographies cite further
textbooks and reviews rather than original literature.
Most chapters are well structured and written. The
book relies on a chatty style of writing in order to
be readable and accessible. It is clear that the book
is directed at pre-medical students, with many
instances of humorous asides and real-life anecdotes.
For example, did you know that if your kidneys did
not reabsorb 99% of the filtrate produced in the
glomeruli, you would need to empty your bladder 15
times an hour!
Whilst providing an overview of physiology and
pathophysiology, the book maintains a practical
and clinical focus throughout, making it ideal for
its target audience. Even in the chapters pertaining
to introductory cell biology, basic facts are always
given clinical relevance. For example, the role of the
cell adhesion molecules is explained by a discussion
of diseases in which these are disrupted, such as
Bernard-Soulier syndrome. Furthermore, the
detailed discussion of practical techniques is very
useful for biomedical students.
The textbook is well-presented and attractively laid
out with figures and tables clearly labelled and easy to
use. However, several diagrams appear pixelated.
Overall, Biomedical Sciences: Essential Laboratory
Medicine would make a fantastic starting textbook
for biomedical students. It is accessible, clinicallyfocused and covers all major relevant topics. However
as it provides only an introduction to most subjects,
further textbooks and original literature would be
required for in-depth study.

Following a nice introductory chapter, which
concisely illustrates the sheer quantity and diversity
of bacteria on earth, I found the next three chapters
extremely hard-going. The author struggles to
find the correct level to pitch the text, assuming a
degree of scientific knowledge at some points but,
at others, explaining concepts with such simplicity
that it is verging on patronising. A representative
example is an explanation that cats and dogs are
not closely related genetically even though they
may live in the same household. I felt that these
early chapters in particular would benefit from
some scientific diagrams. For example, Chapter 2
introduces phylogenetic trees in a language that
suggests it is aimed at readers who are unfamiliar
with the concept. However, I found the long-winded
text in this chapter difficult to follow and struggle to
believe that a reader who is genuinely unfamiliar with
phylogenetic trees would be any wiser after reading
this description in the absence of a diagram.
I am delighted to say that from Chapter 5, which
contains an interesting discussion on the complexity
of deciding whether something (e.g. bacterial spores,
viruses, symbionts) is alive or dead, the book appears
to find a comfortable tone and I began to thoroughly
enjoy it. Highlights for me included Chapter 7,
which summarises the work of all the scientists
who have won Nobel prizes for contributions to
microbiology, Chapter 11, which does an excellent
job of explaining to someone without lab experience
how a scientist would actually go about designing
an experiment, and Chapter 20, which describes the
intricacies of the interactions between humans and
our microbiome.
Overall, I would confidently recommend this book
to anyone with even a vague interest in bacteria.
The ‘non-jargon’ style makes it accessible to people
without in-depth scientific training but the quirkiness
of many of the illustrative examples means there is
plenty to entertain even fully-fledged microbiologists.
This recommendation comes with the advice that you
don’t give up on this book in the early chapters.

SNAPSHOT

Research Image Competition

This issue´s winner is...
James Sleigh
A third year DPhil
student in Prof Kevin
Talbot’s group in
the MRC Functional
Genomics Unit within
the Department of
Physiology, Anatomy
and Genetics.
His image is a pseudocolour depiction of neuromuscular junctions (NMJs) in
the transversus abdominis muscle of a one month old mouse. After fixation,
post-synaptic acetylcholine receptors were labelled with fluorescentlytagged α-bungarotoxin (red, top left) and neurons were labelled with
antibodies against synaptic vesicle protein 2 and neurofilament (green, top
left).
This picture was taken at the Jackson Laboratory in Bar Harbor, Maine, USA,
where James is currently based for a four month placement with Dr Robert
Burgess.
In recognition of his contribution, he will receive a £50 book voucher kindly
provided by our sponsor Oxford University Press.

James focuses on two diseases that affect the nervous system: the lower motor neuron disorder, spinal muscular
atrophy (SMA), and the distal hereditary motor and sensory neuropathy, Charcot-Marie-Tooth disease type
2D (CMT2D). Autosomal recessive SMA affects approximately 1 in 6,000-10,000 live births and is one of the
biggest genetic causes of death in infants. It is caused by depletion of the survival motor neuron protein, which
is involved in pre-mRNA splicing. This leads to the degeneration and death of lower motor neurons, nerves
which connect our spinal cord to our muscles and allow conscious muscle contraction.
CMT affects approximately 1 in 2,500. It is a clinically and genetically heterogeneous group of conditions that,
together, are the most common inherited disease affecting the peripheral nervous system. CMT2D is caused
by dominant mutations in the gene encoding glycyl-tRNA synthetase, a protein involved in the charging of
the amino acid glycine to its cognate tRNA receptor. Both SMA and CMT are caused by mutations in genes
that are widely and constitutively expressed. What fascinates James is why motor neurons are preferentially
susceptible in SMA, whereas both motor neurons and sensory neurons are affected in CMT2D.
The aim of James’ DPhil is to elucidate the molecular mechanisms underlying neuronal degeneration in these
diseases. He has used Caenorhabditis elegans, cell lines and, more recently, mouse models to do this. Muscle
dissection and visualisation of the NMJs can be used to assess developmental defects and degeneration at the
neuromuscular synapse in models of neurological disease. In disorders of the motor nerves, the NMJ often
deteriorates before cell death and loss of the cell body. Hence, NMJ denervation can often act as an early
indicator of pathology in ‘dying-back’ neuropathies. James’ picture was taken as he investigated the time course
of neuronal development and degeneration in a mouse model of CMT2D.
James is supervised by Prof Kevin Talbot and Prof Dame Kay Davies, and collaborates with Dr Zameel
Cader. Together, they have shown that defects in NMJ maturation precede denervation in CMT2D mice and,
as such, are beginning to deconstruct the pathways leading to neuronal death.

Win a £50 book voucher kindly provided by Oxford University Press!

SNAPSHOT

Research Image Compettion

Do you have an image from, or inspired by your research? Why not enter it in SNAPSHOT?
We are now accepting entries for pictures to be featured on the cover of Phenotype MT 2012.
To enter, send images to oubs@bioch.ox.ac.uk with a brief description (maximum 100 words).
Please get permission from your supervisor before sending any images. There is no limit to the
number of entries per person.
The deadline for the competition is 6 July 2012.

PHENOTYPE

crossword
Enter the competition by sending your answers to
oubs@bioch.ox.ac.uk or leave a paper copy in a
sealed envelope in the OUBS pigeonhole at the New
Biochemistry reception. Entries received by 31
August 2012 will be entered into the prize draw.
Our resident cryptographer, Homarus (www.
homaruscryptic.com), challenges Phenotype readers to
crack this cryptic crossword on the theme of
molecular biology.

The winner will receive
their choice of three
books reviewed in this
issue, generously provided
by Wiley-Blackwell.

Across
1.
Get cytosine tic wrong for chromosome guy (14)
9.
see 1D.
10. Cross start of English work for frog (7)
11. I do euphoria badly for fragile celebs (11)
14. Handy weapon? (3)
15. Concealed odd hairdo (3)
16. Swap bull with hidden hiders in county (11)
17. Shuffle is by nomadic farm practices (11)
19. Knight half-rising backwards (3)
20. Booze confused at bank (3)
21. Mixed chin torpedo feeds on roots (11)
22. Charged is in 1 in Freud’s term (7)
24. Hog in quick Dutch makes me, um… (7)
25
. … smash any dance legacy of WPCs (6,3,5)

Congratulations to Christopher Jones from the
Department of Biochemistry, who won the Hilary ’12
crossword competition.
Answers to Hilary ’12:
Across: 1. escherichiacoli 9. histone 10. nabokov 11. denatured 13. osier 14.
unsexed 16. ghi 17. twi18. bob 20. nor 22. dendron 24. orang 25. blastular 27.
instars 28. bathtub
Down: 1. ethidiumbromide 2. casinos 3. epopt 4. ice 5. hangdog 6. ambrosian
7. oakwilt 8. inversionprobes 12. red 15. xenograft 19. brassie 21. rubisco 22.
dna 23. relates 26. tutor 28. bdh

Down
1, 9A. Calibrated age shines on upset worm (14,7)
2.
Ted and Ethel (minus fifty) got mixed up and
found bite (7)
3.
Sounds like new loci, ingrate? Sell? (11)
4.
Students at dawn? (3)
5.
Car, some skin, car, skinner (11)
6.
Half a dance in a tin (3)
7.
Singers over in Italian province (7)
8.
Call me: my tray is twisted like an enantiomer (14)
12. Ad lib not on with stereoisomers (11)
13. Donkeys, sporangia and aluminium like a
tax official (11)
18. Legume scrambled with three rings makes fresh
eggs (7)
19. Three-prime bird in Hispanic slur (7)
23. Failing to fall without potassium (3)
24. Child of odd scorn (3)

