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THE INSTITUTE IN 2004

Radiance confocal image of Xenopus loevis blastula tissue expressing GFP-
GAP43, a membrane marker. Anja Hagemann (Smith Group), 2004

HISTORICAL BACKGROUND

The Institute continues to be situated in the middle of the area
containing the science departments of the University of Cambridge
and within a short distance of the centre of the historic city. Founded
in 1989 to promote research in the areas of developmental biology
and cancer biology, the Institute is an assemblage of independent
research groups located in one building designed to promote as
much interaction as possible. Developmental and cancer biology are
complementary since developmental biology is concerned with how
cells, including stem cells, acquire and maintain their normal function,
whereas cancer is a result of a cell breaking loose from its correct
controls and becoming abnormal. Both areas require a detailed
knowledge of intra- and intercellular processes, which need to be
analysed at the cellular and molecular levels, These research areas are

complementary at the scientific and technical levels. To understand
what goes wrong when a cell becomes cancerous requires knowledge
of the processes that ensure correct function in normal development.
At the technical level, the analysis of cellular and molecular processes
requires familiarity with technigues that no single person can master,
such as gene cloning, antibody preparation, cell culture, microarray
technology, imaging and embryonic manipulation. There is, therefore,
a major benefit in having scientists with different but complementary
knowledge and technical skills working in close proximity to one
anather.

The Institute is an integrated part of Cambridge University, and all
Croup Leaders are members of a University Department and contribute
to teaching and graduate student supervision.

300 _ —-

STAFF GROWTH SINCE 1992

250

Number of staff

CENTRAL SUPPORT SERVICES

The Institute's 'core staff’ provides administrative, technical and
computing support to scientists, in order to ensure the smooth running
of the Institute. During 2004 this has involved an enormous amount

of work in preparing for our move to the new building, in helping
coordinate the move, and then in getting the new building up and
running, all the while ensuring that the 'old' building continued to
function effectively. This juggling act has been performed with typical
grace and good humour, and the Institute is grateful to every member
of the Core team.
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THE INSTITUTE IN 2004

FUNDING

Our two major funding bodies, the Wellcome Trust and Cancer
Research UK, continue to offer the Institute vital backing in the form of
Fellowships, individual project grants, and programme and equipment
grants. During 2004 we submitted applications for renewed funding
from 2005 onwards.

£ Millions

L |

Year

Other sources of financial support, both direct and indirect, include the
European Community, BBSRC, the MRC, EPSRC, the Royal Society, the
Lister Institute, the Elmore Trust, the Isaac Newton Trust, the Leverhulme
Trust, Beit Memorial Fellowships, the Association for International
Cancer Research, NIH, and the European Molecular Biology
Organisation. We are extremely grateful to all these organisations for

their continuing support.

The University has also been very generous in its support of the
Institute, particularly in funding equipment for the new building.

A section of the Drosophila CNS. Green: overexpressed actin, Red: Fasciclin
I, Blue: DINA. Motor neurons (red) exit the CNS (Green) and synapse on

wvall of the embryo (also in green). Mike

specific target muscles an the body
Hewett (Brand Group), 2004
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Drosophila adult indirect flight muscles expressing GFP-actin (in green) and
abelled with phalloidin (in red). Katja Réper (Brown Group), 2004






PATTERNING, CELL POLARITY, AND GENOME-WIDE RNAi SCREENING IN C. ELEGANS

Abnormal distributions of
palarity proteins PAR-3 [red)
and PAR-2 (green) after RMAI of
genes involved in establishing
embryonic polarity. Top, wild-
type, mutants below.

Relative cell sizes of live
2-cell stage embryos is an
assay of correct asymmetric
cell division. Top, wild-type
asymmetric first division
results in larger anterior cell
and smaller posterior cell
Other three embryos are
RMNAi-induced phenotypes:
no asymmetry, exaggerated
asymmetry, or failure to
move the spindle to the cell
centre,

Fluorescent reporters for vulval
and gonadal cells can be used to
assay cell fates in live animals (top
two panels; primary vulval cells
are blue, gonadal anchor cells are
green/yellow). Bottom, indirect
immunofluorescence of a fixed
animal outlines vulval cell junctions
(green), primary vulval cells {red)
and nuclei (blue).
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GROWTH FACTOR SIGNALLING IN XENOPUS

Facing page: A large-scale gain of function screen revealed many genes that are able to alter the expression pattern of the
pan-mesodermal marker, Xbra, (panels A-D) and/or the dorso-lateral mes
C show the wild-type expression of Xbra, viewed from the vegetal pole and from the side in gastrul
Panels B and D show embryos with either downregulated or shifted expression of Xbra, respectively. The gastrula embryos
in panels E-H are viewed from the vegetal pole and dorsal at the top. Panel E shows the wild-type expression of Xmyf-5.
Panels F-H show embryos with altered expression of Xmyf-5 over the region where the injected mRMNA is misexpressed
(visualised by the blue nuclear stain). In panel F, the expression is downrequlated; in panel G, the expression is expanded
dorsally; and in panel H, the expression is expanded ventrally

lermal marker, Xmyf-5 (panels E-H) Is A and

21

embryos, respectively,

arn of a select group of genes isolated in a large-scale
to alter the specification and/or morphogenesis of

A montage of embryos showing the expression pat
gain of function screen aimed at identifying genes able
the mesoderm. The top row shows embryos at the gastrula stages, the next two rows show embryos at the
neurula stages and the bottom four rows show embryos at the tailbud stages.




ANDREA BRAND

Co-workers:

Torsten Bossing
Adrian Carr

James Chell

Semil Choksi
Melanie Cranston
Catherine Davidson
James Dods

Karin Edoff

Boris Egger

David Elliott
Catherine French
Monique Gupta
Michael Hewett
Vaishnavi Krishnan
Ugo Mayor

John Solly

Tony Southall
Christine Turner

In the Drosophila nervous system, neural precursors (neuroblasts)
divide in a stem-cell-like fashion, renewing themselves at each division
and giving rise to smaller daughter cells (GMCs) that divide only once
before differentiating. Cell fate determinants, such as the transcription
factor Prospero, are partitioned from neuroblasts to GMCs where
they act to distinguish GMCs from their mothers. We are comparing
the transcriptional networks of neurcblasts and GMCs to highlight the
genes that regulate regenerative versus differentiative cell division.

By identifying neural stem-cell-specific genes and genes specific for
differentiating daughters we can begin to assess the potential for
redirecting GMC-like cells to divide in a regenerative manner.

In vertebrates, adult neural stem cells can proliferate in response to
injury. YWe have discovered that Drosophila ventral midline cells, which
normally divide only once, can undergo an extra cell division if a
sibling midline cell is destroyed. Remarkably, the regenerated midline
cell differentiates appropriately to replace the damaged cell. Given its
similarity to the vertebrate floorplate, the ventral midline may serve as
a model system to study cellular regeneration in the vertebrate CNS.

We are also investigating the regulation of synaptic plasticity by
localised protein degradation at synapses. One mechanism to control
protein abundance is the ubiquitin-proteasome degradation system.
Ubiquitin-mediated protein degradation is a central regulator of the
eukaryotic cell cycle. A critical mediator of cell-cycle transitions is the
anaphase-promoting complex/cyclosome (APC/C), an E3 ubiquitin
ligase. We have shown that the APC/C plays a novel rale in post-
mitotic cells: it regulates synaptic growth and synaptic transmission at
neuromuscular synapses.

Please see Brand lab home page: http://www.gurdon.cam.ac.uk/
~ brandlab/

Miranda (red) forms a basal crescent
prior to neuroblast cell division,
whence it is partitioned asymmetrically
to the daughter cell {the GMC; Lal is
in blue). b

The APC/C localizes to neuromuscular

synapses. The number of synaptic
boutons (green) and the size of the
synapse increase significantly when
APC/C levels are reduced specifically
in motor neurons (muscle actin, red).

Barros CS, Phelps CB and Brand AH (2003) Drosophila non-muscle myasin || promotes the asymmetric segregation of cell fate determinants by cortical
exclusion rather than active transport, Developmental Cell 5, 829-840

Brand AH and van Roessel PJ (2003) Region-specific apoptosis limits neural stem cell proliferation. Neuron 37, 185-187

Carr A, Choksi 5P and Brand AH (2004) Turning back the clock on neural progenitors. BioEssays 24, 711-714
van Roessel PJ, Elliott DA, Robinson IM, Prokop A and Brand AH (2004) Independent regulation of synaptic size and activity by the anaphase-promoting

complex. Cell 119, 707-718

For further publications, see number 67 on pp 53-58



EMBRYONIC NERVOUS SYSTEM DEVELOPMENT: STEM CELLS TO SYNAPSES







MOLECULAR ANALYSIS OF MORPHOGENESIS

Fig 2: Lack of integrins produces a loss of cell-cell adhesion in the amnioserosa, an
extraembryonic epithelial cell layer, which results in rips between the cells (arrows).

Fig 4 (right): Overexpression of focal adhesion kinase (magenta) suppresses the clustering
of integrins (green) into adhesive complexes on the basal surface of the imaginal disc
epithelium (in collaboration with C Grabbe and R Palmer, Umea University).
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JOHN GURDON

Co-workers:

Adrian Biddle
Nigel Garrett
Jerome Jullien
Magdalena Koziol
Yen-Hsi Kuo

(Ray) Kit Ng

llenia Simeoni
Henrietta Standley
Caroline Webb

Qur group is interested in nuclear reprogramming and cell fate
determination by signal factors in amphibian development. We
have the long-term aim of establishing a route for the production of
replacement cells of the same genetic composition as the donor cells
used. Many different cell-types can be generated by transplanting
the nucleus of a specialised cell to an enucleated egg by which it

is reprogrammed. We have recently found that mouse and human
blood cell nuclei are induced to express the stem cell marker gene
octd when they are injected into growing amphibian oocytes. Unlike
eggs, oocytes do not induce DNA replication and therefore directly
reprogram adult cell nuclei at the transcriptional level; they are large
cells and are available in great abundance.

Amphibian oocytes are particularly well suited to our principal aim
of understanding the mechanisms of nuclear reprogramming. We
find that nuclear reprogramming entails both protein exchange
between donor nuclei and recipient oocytes, and the demethylation
of genomic DNA. Xenopus oocytes have a highly selective DNA
demethylase activity that acts on the promoter but not enhancer
regions of the stem cell marker gene octd. This seems to constitute
an essential part of the process by which somatic cell nuclei are
reprogrammed.

We are also analysing the mechanisms by which secreted signal
factors of the TGFbeta class can direct embryonic cells into divergent
pathways of cell differentiation. These factors act as morphogens,
and could be used to derive desired cell-types from the embryo cells
resulting from somatic cell nuclear transfer.

Ovarian oocytes of Xenopus

The germinal vesicle of a Xenopus
oocyte. The bright spots represent
nucleoli and cajal bodies

Simonsson 5 and Gurdon JB (2004) DMA demethylation is necessary for the epigenetic reprogramming of somatic cell nuclei. Mature Cell Bicl 6, 984-%90

Gurdon JB, Bryne JA and Simonsson S (2003) Nuclear reprogramming and stem cell creation, Proc Natl Acad Sci USA 100, 11819-22

Byrne JA, Simonsson S, Western PS and Gurdon JB (2003) Nuclei of adult mammalian somatic cells are directly reprogrammed to oct-4 stem cell gene
expression by amphibian oocytes. Curr Biol 13, 1206-1213

Standley HJ and Gurdon JB (2003) The community effect in Xenopus development. The Vertebrate Organizer pp 73-91. Ed H Grunz, Springer-Verlag,

Heidelberg

For further publications, see number 58 on pp 53-58
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: DNA REPAIR AND DNA DAMAGE SIGNALLING

Wild-type MEFs
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TRANSCRIPTIONAL REGULATION AND CANCER

p300 mutated in cancers

Chromatin modifying enzymes and their
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NEURAL CELL FATE DETERMINATION - DEVELOPMENT AND EVOLUTION OF THE NEOCORTEX
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ANNE MCLAREN

Qur research focuses on mouse primordial germ cells (PGCs) and the
epigenetic changes undergone both by the PGCs themselves, and by
the pluripotent stem cells derived from them.

The novel gene mRif], derived from our PGC genetic screen, has a
different expression pattern from other pluripotency genes that are
expressed in the germ cell lineage. Oct-4 is expressed in the inner
cell mass but mRif] is not; mRifl is expressed in the epiblast from 5.5
to 7.5 days post coitum, unlike Nanog and Stella.

The transition of PGCs to pluripotent embryonic germ (EG) cells

requires the presence of FGFs during the initial period of culture.
Addition of FGFs later does not support the transition, suggesting
that FGF receptors may be down-regulated. We are therefore

Dilly Bradford investigating the expression of FGF receptors and their isoforms. EG mTrf1
Gabriela Durcova-Hills cell lines can be induced to differentiate into ectodermal, mesodermal

Co-workers:

and endodermal tissues: cartilage and bone are of particular interest
to us, since skeletal defects have been detected in chimeras made
with EG cells that have undergone erasure of genomic imprints.

We have shown that the differential erasure of site-specific methylation
of imprinted genes in female EG cells is associated with the EG cell’s
own sex chromosome constitution, rather than the gender of the mRif1
embryo from which the original PGCs were derived. Sex-reversed

XX males resembled XX females in being hypomethylated; XY females,
like XY males, were hypermethylated. We have extended this study to
look at the imprinting of the paternally expressed gene Peg3 during
oogenesis. Ve found that expression of Peg3 occurred not only

in XX but also in XY females, so in this situation it was the gonadal

environment rather than the germ cell’s sex chromosome constitution mTrf1/mRif1
that was the deciding factor.

Durcova-Hills G, Burgoyne P and Mclaren A (2003) Analysis of a sex difference in EGC (embryonic germ cell) imprinting. Dev Biol 248, 105-110

Durcova-Hills G and MeLaren A (2004) lsolation and maintenance of murine embryonic germ cell lines. Handbook of Stem Cells, ed Lanza et al, Vol.l, 451-
457 Elsevier

Mclaren A (2004) Primordial germ cells in mouse and human. Handbook of Stem Cells, ed Lanza et al, Vol.1187-192 Elsevier
Melaren A (2003) Human Cloning. Nature Encyclopedia of the human genome 298-300. Macmillan Publishers Ltd
For further publications, see numbers 42 and 43 on pp 53-58



THE DEVELOPMENT OF MOUSE PRIMORDIAL CELLS
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CONTROL OF GENE EXPRESSION THROUGH NON-CODING RNA
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MOLECULAR CONTROL OF NEUROGENESIS AND NEURAL PATTERNING IN XENOPUS EMBRYOS
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JONATHON PINES

We are studying how cells divide, focusing on two main aspects:
how the cell initiates mitosis, and how the cell co-ordinates mitosis by
ubiquitin-mediated proteolysis. Because mitosis is a highly dynamic
process we are studying these processes in real time by time-lapse
fluorescence microscopy. We use FRAP and photo-activation to

gain a better understanding of the kinetics of protein behaviour,
deconvolution to improve the spatial resolution and FRET to assay
protein-protein interaction and kinase activity in vivo.

To understand how cells initiate mitosis we are analysing the behaviour
of the mitotic cyclin-CDKs, cyclins A and Bl, and their regulation

by phosphorylation and subcellular localisation. Using GFP-fusion
proteins to determine how their localisation changes through mitosis
we are able to define the domains of the proteins that target them to

Claire Acquaviva specific subcellular structures. To identify the proteins responsible for
Caroline Broad

Co-workers:

targeting we are analysing protein complexes at different points in

Lorena Clay mitosis by mass spectrometry.

Fay Cooke

Barbara di Fiore To understand how proteclysis is used to requlate progress through
Alex Domin mitosis we assay the degradation of the GFP-fusion proteins in living
Olivier Gavet cells. We are studying key APC/C substrates at each stage of mitosis

Anja Hagting
Mark Jackman

to define the events and the mechanisms that trigger the destruction
of specific proteins at specific times, and how this coordinates
chromosome segregation and cytokinesis. We are focusing on
whether the ubiquitination machinery is spatially regulated in mitosis;
in particular whether this accounts for the exquisite control of protein Top: Montage of 'normal’ and
degradation by the spindle assembly checkpoint. deconvolved image. Hela cells
stained for the APC/C (green),
centromeres (blue) and DMNA (red).
Bottom: Fully deconvolved image.

Lars Koop
Catherine Lindon
Takahiro Matsusaka
Jo Richardson
Adam Walker

Acquaviva C, Herzog F, Kraft C and Pines J (2004) The Anaphase Promoting Complex/Cyclosome is recruited to centromeres by the spindle assembly
checkpoint. Nature Cell Biclogy &, 892-898

Matsusaka T, and Pines J (2004) Chir acts with the p38 stress kinase to block entry to mitosis in mammalian cells. J Cell Biol 168, 507-516
Lindon C and Pines J (2004) Ordered proteclysis in anaphase inactivates Plk] to contribute to proper mitotic exit in human cells. J Cell Biol 164, 233-24]
Jackman M, Lindon C, Nigg EA and Pines J (2003) Active cyclin B1-Cdk] first appears on centrosomes in prophase Nature Cell Biol 5, 143-148



REGULATION OF MITOSIS IN MAMMALIAN CELLS

Recovery of Cyclin BI-GFP on Spindle Poles
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MOLECULAR ANALYSIS OF THE CENTROSOME




JIM SMITH

Qur research uses the amphibian species Xenopus laevis and Xenopus
tropicalis to investigate mesoderm formation during vertebrate
development. We are interested in mesoderm-inducing signals such
as activin, the nodal-related proteins and derriére, in the range over
which these factors can act, in their signal transduction pathways
(especially the Smad proteins), and in the genes that are activated as
immediate-early responses to induction. Transgenic Xenopus embryos
are used to study how these immediate-early genes are regulated and
to identify their targets. We are also analysing the regulation of the
cell cycle in the mesoderm, and are making extensive use of over-
expression screens and anti-sense morpholino oligonucleotides to
investigate gene function.

Co-workers:

Much of our work concentrates on the T box gene family, and
especially Brachyury, which responds to mesoderm-inducing factors
in a dose-dependent fashion and which, when mis-expressed, can
cause prospective ectodermal cells to form mesaderm. One issue
concerns the specificity of T box gene action, and to investigate this

Joanna Argasinska
Julia Bate

Liz Callery

Clara Collart

Kevin Dj | i :
A question we are charactensmg proteins that interact with Brachyury

and the related protein VegT. Brachyury is also required for the
morphogenetic movements of gastrulation, and we previously
identified Wnt11 as a target of Brachyury that is required for 1=20 min

Anja Hagemann
Dunja Knapp

Nigel Messenger
Oliver Nentwich

loana Ramis
Amer Rana
Yasushi Saka

normal gastrulation in both Xenopus and zebrafish. Whntl1 signals
through the planar cell polarity pathway, and we are analysing how
components of this pathway control gastrulation and other aspects

Fiona Wardle of early development, using cell bioclogy and imaging techniques.
We are also investigating the functions of aother Brachyury and VegT
targets such as members of the Bix family of homeodomain-containing

proteins.

Mercurio S, Latinkic B, ltasaki M, Krumlauf R and Smith JC (2004) Connective-tissue growth factor (CTGF) modulates cell signalling by Wnt family members.
Development 131, 2137-2147

Piepenburg O, Grimmer D, Williams PH and Smith JC (2004) Activin redux: specification of mesodermal pattern in Xenopus by graded concentrations of
endogenocus activin B. Development 131, 4977-4986

Williams PH, Hagemann A, Gonzalez-Gaitan M and Smith JC (2004) Visualizing long-range movement of the morphogen Xnr2 in the Xenopus embryo.
Current Biology 14, 1916-1923

Saka Y and Smith JC (2004) A Xenopus tribbles orthologue is required for the progression of mitosis and for development of the nervous system.
Dev Biol 273, 210-225

For further publications, see numbers 8, 21, 27, 34, 50, 58, 59 and 69 on pp 53-58
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MESODERM FORMATION IN VERTEBRATE EMBRYOS

Facing page: XnrZ exerts long-
range effects by diffusion. Two
animal pole regions, one expressing
EGFP-tagged Xnr2 (green) and a
cell membrance marker (red) were
juxtaposed at the late blastula
stage. They were photographed
shortly after the two tissues had
healed (t=0 min) and then 20
minutes later (=20 min). Tagged
Xnr in the responding tissue,

to the right of the dotted line, is
almost exclusively extracellular, and
has traversed 2-3 cell diameters
over the course of the experiment,
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DANIEL ST JOHNSTON

The localisation of bicoid and oskar mRMNAs to the anterior and
posterior poles of the Drosophila oocyte defines the AP axis of the
embryo, and provides an excellent model for analysing the molecular
mechanisms that underlie cell polarity and mRMNA localisation. We
are taking a combination of cell-biological, genetic and molecular
approaches to investigate these mechanisms:

Anterior

1) The dsRMA-binding protein, Staufen, is required for the
microtubule-dependent localisation of bicoid and oskar mRIMNAs, and
for the actin-dependent localisation of prospero mRINA in neuroblasts.
We are investigating how Staufen mediates mRINA transport along
both actin and microtubules, and are analysing other proteins
required for these processes. Since Staufen co-localises with these

Co-workers:

mRMAs, we are also using GFP-5taufen to visualise mRNA transport
Katsiaryna Belaya in vivo.
Florian Boehl
Chin-Wen Chang 2) We have shown that the homologues of three genes required for
Suve Croysdale AP axis formation in C. elegans (PAR-1, LKB1 (PAR-4), and 14-3-3
Katja Dahlgaard (PAR-5)) are required for the polarisation of the cacyte. Furthermore,

Hélene Doerflinger mutants in these genes disrupt epithelial polarity. We are now

screening for other components of this conserved polarity pathway,
and are analysing how it regulates the cytoskeleton.

Dalila Elovarrat
Alejandra Gardiol
Jacqueline Hall
Uwe Irion 3) Since many proteins involved in mRMNA transport or cell polarity
Nick Lowe are required throughout development, they were not identified in
frent Munro the classical screens for mutations that disrupt axis formation. To
overcome this problem, we are performing screens in germline clones
for mutants that affect GFP-5Staufen localisation. We have identified
many novel genes required for the polarisation of the cocyte or for
the localisation of bicoid or oskar mRINA, and are now analysing their
functions.

Teresa Niccoli
Alexandre Rapaoso
Isabel Torres

5

Vitaly Zimyanin

Posterior

Palacios |, Gatfield D, 5t Johnston D and lzaurralde | (2004) An elF4Alll-containing complex required for mRMNA localization and nonsense-mediated mRMNA
decay. Nature 427 753-757

Huynh JR, Munro T, Smith Litiere K and St Johnston D (2004) The Drosophila hnRINPA/B homologue, Hrpd8, is specifically required for a distinct step in osk
mRNA localisation. Dev Cell &, 625-635

Benton R and St Johnston D (2003) Drosophila PAR-1 and 14-3-3 inhibit Bazooka/PAR-3 to establish complementary cortical domains in polarized cells.
Cell 115, 691-704

For further publications, see numbers 4, 11, 18 and 38 on pp 53-58



mRNA LOCALISATION AND THE ORIGIN OF POLARITY IN DROSOPHILA













DEVELOPMENT OF SPATIAL PATTERNING AND CELL FATE IN THE EARLY MOUSE EMBRYO

Facing page: Development of the early mouse embryo f
fertilisation, through cleavage to the blastocyst stage and u
shortly after implantation when the anterior-p
emerges. It is still largely unknown how a mo 1k
its individual cells become polarised throughout these st
Animal-vegetal axis of the egg (orange); polarisati f
blastomeres at the B-cell stage (white) to
outside cells upon asymmetric divisions, en
axis of the blastocyst (yvellow) and its axis of bilateral symmetry
(orange); the anterior -posterior axis of the egg cy

(green)

n the IC

enerdie inside and

pryonic-abemor

Progeny of a single cell from the inner cell mass
of the blastacyst, which colonises the visceral
endoderm at implantation (E4.75, left) and
postimplantation (E5.5, right) stages.

Cytoskeletal dynamics from fertilisation to
the 4-cell stage. Microtubules (green), actin
(red), chromatin (blue). Blue star-sperm
entry position. Red star-extrusion of the
second polar body.
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Montage of in situ pictures from a large scale functional screen in Xenopus,
reflecting a novel cyclin (cyclinDx) expression pattern at neurula. Jun-An

Chen (Amaya Group), 2004
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