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Introduction The Third HFSP Awardeesb®6
Robinson College, University of Cambridge on July
THEERGEES 6-9, 2003, included an informal afternoon excursion
-> to a local site as legendary in the modern history of
e — biology as any laboratory: the Eagle Pub. It was

here that Francis Crick and James Watson held
many of their discussions concerning the quest to
solve the molecular structure of DNA. And it was
through the Eagl € Pubés doors
burst one February day in 1953, in the immediate aftermath of the discovery of the
DNA doubl e hel i x, decl aring: AiWe have

CAMBRIDGE

The visit by HFSP awardees to the Eagle fifty years later provokes the question: where
does the science of life stand now? Certainly all those who attended the meeting
would agree with the hard-won wisdom that Francis Crick himself expressed in a

conversation with this writer i medlo@geBtBose
years, 0 said Crick, iis that bi ol ogi ca
woul d have i magined?é. I me an, I starte

my mind have thought t hat bi ol og ylucky nghe
case of DNA, itwassi mpl er than you might have &€
high-spi rited | augh. AiBut | hope oneds | e

The Watson-Crick DNA double-h el i x of fered a static n
which genetic information is inscribed in a one-dimensional sequence of nucleotide
bases. The talks and posters of HFSP awardees fifty years later offered new
interdisciplinary experimental approaches and theoretical models aimed at
understanding the four-dimensional dynamic complexity of actual living systems.

How is DNA dynamically packaged and made available for use in the chromosomes of
higher organisms? What specialized molecular environments enable the proteins
encoded by DNA to fold into their mature three-dimensional form? How might the
translation of these proteins be regulated in neurons to promote the synaptic plasticity
underlying learning and memory? Do the molecular networks characterizing complex
biological systems contain basic building blocks , net work HAmotif
sequence motifs inscribed in one-dimensional DNA and protein sequences? Is it
possible to study patterns of neural activity and axonal connections simultaneously in
the most complex system in the known universed the human brain?

These are some of the fundamental questions that were addressed by HFSP
awardees. The meeting also featured opening and closing remarks by two leaders in
UK life sciences: Julia Goodfellow (Biotechnology and Biological Sciences Research
Council) and Sir George Radda (Medical Research Council). This report is not
intended to be comprehensive: abstracts of all talks and posters are collected on an
accompanying link. Rather, this report will highlight a few projects embodying some of
the major themes of the frontier biological research discussed in Cambridge, including
the studies of the two distinguished plenary speakers, both of whom have received
support from HFSP.



Biological Energy

A Novel Model of
Chromosome
Dynamics

John Walker (MRC Dunn Human Nutrition Unit, UK)
received the 1997 Nobel Prize in Chemistry for his
structural studies of the key enzyme that catalyzes the
synthesis of ATP, the energy currency of all cells. Until
his recent move to the MR
work on ATP synthase was carried out at Camb r i d
MRC Laboratory of Molecular Biology, the descendant of
the Cavendish unit where the double helix was
discovered and the first protein X-ray crystal structures
sol ved by John Kendrew an
presentation beautifully illustrated the 21st-century challenge of understanding the
dynamic details at the heart of living processes.

Whether derived from sunlight or respiration, Walker explained in his plenary lecture,
the wellsprings of biological energy flow through a proton gradient or Aproto
force. 0 The question addressed by Wal k¢
proton gradient in transferred into the chemical bond energy of the phosphate added to
ADP (adenosine diphosphate) to makheprétdinF
subunits of the giant ATP synthase enzyme can be divided into four basic mechanical
elements: a rotating ring or rotor embedded in the inner membrane of mitochondria is
attached to a stalk; this stalk is implanted in a catalytic head fixed in place by a stator
clamped to a membrane-anchored protein. Protons passing down an electrochemical
gradient and through the enzyme cause the rotor to spin, which in turn causes the
attached stalk to spin inside t hefthdseé litle
devices whirling around at 200 times a
sub-units have binding sites for ADP and phosphate, and Walker described
experiments demonstrating how the rotary motion of the stalk is used to drive repeating
six-step cycles of ATP synthesis and release inside the head. He also described
evidence implying the existence of a fAm
rotor and its attached stalk. fi T btee spridge
and when the spring reaches a critical
moving the stalk from one ATP-binding head subunit to the next. However, the nature
of this molecular spring, and thus the roots of the rotation driving ATP synthesis inside
the head, remains poorly defined. At the end of his 1997 Nobel address, Walker
quoted a short poem by Robert Frost to describe this continuing molecular mystery,
and this poem remains apt both f or betha thek
Cambridge meeting:

We dance round in a ring and suppose
The secret sits in the middle and knows

Twenty years after the Watson-Crick double helix discovery,
two other workers at the Cambridge MRC Laboratory of
Molecular Biology, Roger Kornberg and Aaron Klug, defined
the basic packaging unit of DNA in the chromosomes of
higher organisms, the nucleosome core particle made up of
an octamer of histone proteins. In 1997, the high-resolution
crystal structure of the nucleosome was solved in the ETH
Zurich lab of Timothy Richmond. In 2000, HFSP Fellow
David Fitzgerald t ravel ed from t he
laboratory to explore the regulation of nucleosome
arrangement on chromosomes by multi-protein machines called chromatin remodeling
complexes.

AUNt i | the discovery of chromatin r em
generally considered [the arrangement of nucleosomes along DNA] to be relatively
stati co0 bec awasaiationf betwebrenuctedsanrte thistone proteins and the
DNA wound around them. But in fact, chromosome structure is highly dynamic, said
Fitzgeral d. Chr omosomes interact wi -



The firstdiscovered
link between
protein translation
and folding

nucleosomes along DNA to a nearby position, exposing gene regulatory sites or
promoters, for i nstance. 0 More dr amat.
large stretch of DNA which was previously occupied by numerous nucleosomes, which
could expose the entire coding region o

Fitzgerald helped develop a powerful new version of the baculovirus expression

system, which enabled him to co-express all the protein components of the yeast ISWII

chromatin remodeling complex. The baculovirus system also offers an important new
tool for studying protein complexes in general [Berger, Fitzgerald & Richmond, Nature

Biotechnology (2004) 22: 1583-7; see also accompanying commentary by P. Roy,

AfBacul ovirus solves a ¢c8 nyké alxchromatio teinceeting

complexes, ISWII is driven by hydrolysis of the ATP molecules created by the ATP

synthase John Walker described. Fitzgerald reviewed his experiments that have led to

a new mechanism linking ATP hydrolysis to the ISWII mediated-movement of
nucleosomes along DNA. During an ATP hydrolysis cycle, the burning of successive
ATP mol ecul es fcoincides with cyéadliedio
el ements of the | SWI I, whil e other el

nucl eosome remain fixed, 0 s ai-kindifgiotDNg ehilea
keeping the binding site to the nucl eo
generating the force that is then dissipated by nucleosome movement along DNA.

[Fitzgerald et al EMBO J. (2004) 3836-3843]. However, Fitzgerald said, the precise
nature of this movement remains unknown.

The finakedodo DNA modeled by Watson and
nucleosome-packaged DNA of the 1970s, the chromatin remodeling complexes of the

1990s, and the current efforts described by Fitzgerald to understand the dynamic

regulation of chromatin organization in response to different cellular requirements.

Similarly, the elegantly simple model of protein synthesis forged under the leadership

of Francis Crick in the late 1950s has given way to a far more intricate picture. Two

young HFSP awardees described novel strategies to peel back these added layers of

complexity regarding the fundamental process of mMRNA translation into protein.

In his 1958 articulation of [ isequel
by which the DNA nucleotide-base sequence was s '
proposed to provide a code for the polypeptide
sequence of proteins [Soc. Exp. Bio. 12:138-63], Crick & 7
wr ot e: filt i S € onweonsidem t “h&€ "mo mer
separately the synthesis of the polypeptide chain and & 3 ’

its folding. It is of course possible that there is a
special mechanism for folding up the chain, but the
more likely hypothesis is that the folding is simply a
function of the order of the amino acids, provided it
takes place as the newly formed chain comes off the
[ RNA] templ ate. o Howe v er {2
order to fold efficiently in real-world cells, most
proteins require t he assistance of f
HFSP Young Investigator Elke Deuerling (University of Heidelberg) described
pioneering studies of Trigger Factor, the first direct link to be discovered between
protein translation on ribosomes and chaperone-mediated protein folding. Moreover,
Deuerlingds <col | ab tnvestigator NenatH B&P(ETM Zurichy has
recently solved the cryshapedd rTrcitgger c
protein hunched over a ribosome, yielding a rather spectacular new picture of the
molecular cradle into which new proteins are born. In a conversation at the Cambridge
meeting, Deuerling said that the HFSP
crucial o in starting her own | aborator
critical seed funding for her research and allowing her to apply for and receive grant
support from other sources. [go to Deuerling profile]




A new model
system for studying
local protein
translation in
neurons

New tricks for
classical
mode systems
for studying
vertebrate
development
and brain
function

The discovery of ribosomes and specific
messenger RNAs localized to synapses has
resulted in a recent sea-change in cellular
neurobiology. Can local synaptic control of protein
translation be the mechanism by which individual
synapses regulate their protein composition and
signaling strength, mediating the synaptic plasticity
widely thought to underlie learning and memory?
HFSP Fellow Alejandra Gardiol (University of Cambridge) described her bold effort to
create a powerful new model-system in which to study local protein translation at
synapses: the Drosop hi | a neuromuscul ar juncti ol
because HFSP was also |l ooking along thi
Gardiol said. [go to Gardiol profile]

The observational science of embryology began more than two thousand years ago
with Aristotleds staging of chick &egg
century, said HFSP Grant Awardee Esther Stoeckli( Uni ver sity of Z
embryo was one of the most important systems for studying vertebrate development,
i ncluding the devel opment of the nervou
genetic manipulation, especially for generating equivalents to the loss-of-function
mutants that are the staple of research in mice and zebrafish, has hampered the
usefulness of the chick in the post-genomic era. Stoeckli described her successful
development of a combined in ovo electroporation/RNA interference method for
silencing any gene of interest [Pekarik et al. Nature Biotechnology 21: 93-96 (2003)],
bringing the chick to the forefront of vertebrate model systems amenable to functional
genomi cs. St oeckl i 6s thswewi it dvo RNAibtechnigue, fan
instance, to discover a novel role for the Sonic hedgehog morphogen in guiding the
growth of axons along the developing spinal cord. (Bourikas et al. Nature
Neuroscience 8: 297-304 (2005)).

The mouse is the only mammalian system

amenable to genetic studies through both

forward genetic screens and reverse genetic

manipulation. However,  neurobiologists

exploring vision, the best-characterized higher

mammalian brain function, have until recently

rarely studied the mouse. There has been a

simple reason for this neglect. The dominant

senses in the mouse are smell and hearing, not

vision, and mouse cerebral cortex generally has

been thought to lack the multiple specialized visual areas (visuotopic maps)

characteristic of such vision-dominated mammals as cats, monkeys and humans.

However, HFSP Grant Awardee Andreas Burkhalter described experimental

evidence in the mouse for fAat | east eig
cortex, o and t he éngt i ventrad rard edorsal f streamb ef viduals
information processing characteristic of higher mammalian brains. This finding has

caused much excitement among neurobiologists eager to use existing mutant mouse

lines to study the development and function of mammalian visual cortex, employing

genetic and molecular approaches impossible in traditional mammalian model

systems. AThat mouse visual cortex Il oo
with multiple areas, was r e a litdr,pperang upemare |
new lines of study. [e.g., see Do n g é . B u r \lsloma Research (2004) 44: 3389-

3400].




Synaptic
specificity:
guideposts,
intermediate
targets, and
the molecular
biology of
connectivity

A new method
for imaging
neural
function and
connectivity in
living human
brains

Discovering
the
fundamental
building block
of complex
biological
networks

iOne of the findi ngrsn troe uernoebri
Cornelia Bargmann [UCSF, now Rockefeller University, USA] in
the second plenary | ecture of
more cell types than previously thought in virtually every region of
the brain. For instance, there are thirty-five different classes of
amacrine cells in the retina, and the synapses found within and
bet ween these cl asses ar e hi
intricate specificity of synaptic connections achieved? In
particular, how does a given developing neuron recognize its
proper synaptic partner?

AiThere are ten trillion synapses in a n
iseven thousand synapses in the entire
studi ed i n Bar gman n &selejaashsahe artlyaningal whosd emtitee

neural wiring diagram is known, work done by John White at the LMB in Cambridge,
where Sydney Brenner established the worm as a model biological system. Bargmann
described elegant studies of the development of one synaptic circuit mediating egg-
laying. First, Kang Shen in her laboratory found that the site of a synapse in this circuit
is determined not simply by the interaction between the presynaptic and postsynaptic
cel | . ATher e ar e o tish #hat cowtaxztl thes develaping e
processes, align them with each other,
Bargmann noted evidence in vertebrates pointing to the existence of similar guidepost
cells.

Secondl vy, Bar gmann d e stic huntbfer dynaBtbgenesis anutants :
that disrupted this circuit. These mutants led to the molecular identification of the SYG-

2 signal sent by the guidepost neuron, and the SYG-1 receptor on the pre-synaptic

neuron, proteins belonging to the immunoglobulin superfamily. Moreover, the C.

elegans SYG-2 guidepost signal is homologous to a gene which is mutated in a human

congenital kidney syndrome, which also sometimes results in ataxia, indicating that at

least one of the three known human genes of the SYG-2 class may also be involved in

neural connectivity.

The relative simplicity of the C. elegans makes it a formidable model system for
studying the basic processes by which its neuronal networks become wired. Two
pioneering approaches to the challenge of unraveling complex biological networks are
described below and in the accompanying awardee profiles.

HFSP Young Investigator Dae-Shik Kim (University of
Minnesota; currently at Boston University Medical School)
developed a novel method for studying neural activity and
anatomical connectivity simultaneously in living human brains,
by combining fMRI functional imaging and diffusion tensor MRI.
In an accompanying short profile, Kim describes how the seed
funding for this Arisky proje
implications for both basic and clinical research, was made
possible by the HFSP philosophy of supporting well-formulated, high-stakes projects
even in the absence of preliminary results. [go to Kim profile]

HFSP Grant Awardee Uri Alon described his pioneering work
to define the basictbboisl di mdgd kloonpk £,x «
biological networks, beginning with the well-characterized
gene transcription network of E. coli. Alon, a young physicist-
turned-biologist, has become a leader among a new wave of
scientists trained in the physical sciences, who are applying
powerful new computational and quantitative approaches to
the emerging science of fAsystems biol oc
golden age of molecular biology in the 1950s and 1960s,
physicists such as Crick, Max Delbruck, Seymour Benzer, and Walter Gilbert played a
seminal role in introducing a new mindset into the emerging science of molecular
biology . ) Al on a n wvorkkin whicke aoingdutatiangl iaeak/sis, theory and



