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THE INSTITUTE IN 2001

PN STITUT

CHAIRMAN’S INTRODUCTION
l write my first Introduction to this Prospectus two months

after taking over the Chairmanship of the Institute from
Professor Sir John Gurdon. We pay tribute to John's magnifi-
cent work in chairing the Institute and bringing it to its present
level of success below. All | should say here is how pleased we
are that John will remain in the Institute as a Wellcome Trust-
funded Group Leader, and how conscious | am of what a hard
act he will be to followl

This is an exciting time to work at the Wellcome Trust/
Cancer Research UK Institute. As described below, we have a
new building on the way, we have recently been awarded
funds to establish a microarray facility, and we have been
joined by two new Group Leaders. We are also enthusiastic
participants in a new Wellcome Trust Four-Year PhD
programme, of which Daniel St Johnston is a co-organiser.

We are delighted that several present and former members
of the Institute have received national and international
recognition of their work this year. Martin Evans, who left the
Institute in 2000, was awarded the Lasker Prize for his
pioneering work in developing embryonic stem cells; John
Gurdon was awarded the Conklin Medal of the Society for
Developmental Biology; Azim Surani was awarded the Royal
Society’s Gabor Medal; Anne Mclaren received the
Unesco/L'Oreal Women in Science Award (Europe) as well as
the US Society for Developmental Biclogy Award for Lifetime
Scientific Achievement; Tony Kouzarides was made the Royal
Society Napier Research Professor, awarded the Tenovus
Medal, and received the Wellcome Trust Award for Research in
Biochemistry related to medicine; Steve Jackson received the
Anthony Dipple Carcinogenesis Young Investigator Award;
Magda Zernicka-Goetz was made an EMBO Young Investigator,
and Andrea Brand was awarded the Hooke Medal of the
British Society for Cell Biology. Azim Surani, Steve Jackson and
Tony Kouzarides were elected as Fellows of the Academy of
Medical Sciences. Qur congratulations to all.
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As John Gurdon wrote last year, Ron Laskey has moved to
become Director of the new MRC Cancer Cell Unit in the
Cambridge Medical School. John had worked alongside Ron
for one third of a century; | overlapped with Ron at the
Wellcome/CRC Institute for only a year. Nevertheless, | quickly
learned to value Ron’s sage advice on many matters as much as
| admired his science. Like everyone I'll miss him, and we wish
him well.

New Group Leaders include Rick Livesey, who joins us from
Harvard Medical School and brings expertise in microarray
analysis to complement his work on the specification of neural
cell types, and Magdalena Zernicka-Goetz who is studying
early events in mouse development and was previously a Lister
Fellow in the Institute. We are pleased that Jon Pines has been
made a Senior Group Leader.

Readers of this prospectus will have noticed that the Institute
has changed its name. This reflects the merger, on the 4th of
February 2002, of the Cancer Research Campaign and the
Imperial Cancer Research Fund. The fusion of the two charities
makes Cancer Research UK the largest volunteer-supported
cancer research organisation in the world and the largest
funder of cancer research in the United Kingdom. We look
forward to playing a full and active part in the success of this
exciting new enterprise.
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Finally, | should like to thank all the members of the Institute
for making me so welcome; | look forward to working with
everyone to ensure that the Institute’s second decade is as
successful as its first.

Lo

Jim Smith, Chairman

HISTORICAL BACKGROUND

The Institute is situated in the middle of the area containing the
science departments of the University of Cambridge and within
a short distance from the centre of the historic city. It was
founded in 1989 to promote research in the areas of develop-
mental biclogy and cancer biology, and 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
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
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of intercellular processes, which need to be analysed at the
cellular and molecular levels. These research areas are comple-
mentary at the scientific and technical levels. To understand
what goes wrong when a cell becomes cancerous requires a
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 techniques that no single
person can master, such as gene cloning, antibody preparation,
cell culture, and embryonic manipulation. There is, therefore, a
major benefit in having scientists with different but complemen-
tary knowledge and technical skills working in close proximity
to one another.

The major sponsors of our Institute are the Wellcome Trust
and Cancer Research UK, and Group Leaders are normally
funded in large part by one or the other organisation. The
Institute is an integrated part of Cambridge University, and all
Group Leaders are affiliated to a University Department and
contribute to teaching and graduate student supervision.

INSTITU'I'L'O"*L_-‘tl\.":.'i_ﬂ'. « AND

PROFESSOR SIR JOHN GURDON

John Gurdon, who has now retired from his position as
Chairman of the Wellcome/CRC Institute, has been and
continues to be one of the most influential developmental
biologists of our time. John has made seminal contributions to
at least three areas of developmental biology, namely nuclear
transplantation and cloning, the use of Xenopus eggs and
oocytes for mRNA microinjection, and intercellular signalling
during embryonic development. As a result of this work, John
has received honorary degrees and awards too many to
mention, but including, as we all know, a Knighthood for
services to developmental biclogy.

As outlined in a recent interview in the International Journal
of Developmental Biology, we are fortunate that John entered
science at all, for at school he was regarded as being not only
unsuited for science but also the worst pupil the Biology master
had ever taught in his whole career! However, he received
encouragement from other teachers and his parents, and went
to Oxford to read Zoology. After a PhD with Michael Fischberg
and postdoctoral work at CalTech, he returned to Oxford as an
Assistant Lecturer in Zoology in 1962. John then moved to the

On top of Mount Harvard, Colorado.
John Gurdon at 14,500 feet.
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MRC Laboratory for Molecular Biology in Cambridge in 1971,
where he became head of the Cell Biology Division before
moving to the Department of Zoology and then setting up,
with Ron Laskey, the CRC Unit of Molecular Embryology. In
1989 John, Ron and others founded the Wellcome/CRC
Institute.

One of John’s most remarkable characteristics is that, unlike
most of his peers, he continues to do experiments. He has
managed to do this while being Master of Magdalene, a
Governor of the Wellcome Trust and Chairman of the
Wellcome/CRC Institute, with all the work and responsibilities
that those positions entail, and he is an example to all of us
with lesser commitments who only rarely wield the test tube!

All members of the Institute owe John a debt of gratitude
for making the Institute such a success, from its establishment in
1989, to the continuing support we have received from the
Wellcome Trust and the Cancer Research Campaign, and most
recently for his efforts in obtaining a grant from the Wellcome
Trust and the UK Government to fund our new building.

fo) T Hi-E WELLEOME = FRAEST
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Members also appreciate John’s inclusive and democratic style
of management, which has served the Institute so well in the
past, and which | hope will continue to do so in the future.

John has recently become Chairman of the Board of
Directors of the Company of Biologists, but we are delighted
that he will stay at the Institute to continue his pioneering work
on early amphibian development, and we look forward to
many more years of his company, his experiments and his
insightful comments.

CENTRAL SUPPORT SERVICES

Core staff provide administrative, technical and computing
support to the scientists, in order to ensure the smooth running
of the Institute. These vital tasks have been performed efficiently
and well in 2001.

Desmond Schmidt, Computer Systems Manager, left us to
return to his native Australia in August 2001. We miss both his
professional skills and his dry sense of humour. His replacement,
Alastair Downie, will join the Institute in January 2002.

FUNDING

During this year we learnt that our application to the Cancer
Research Campaign for a further five years of core support
(January 2001 to December 2005) was successful. This will
therefore run alongside the core funding from the Wellcome
Trust reported in last year’s Prospectus/Annual Report. Both the
Wellcome Trust and the CRC (now Cancer Research UK)
continue to support the Institute in the form of Fellowships,
individual project grants and equipment grants.

Other sources of funding, both direct and indirect, include
the European Union, BBSRC, the Royal Society, the Lister
Institute of Preventative Medicine, the Elmore Trust, the Isaac
Newton Trust, the Leverhulme Trust, the Association for
International Cancer Research and the European Molecular
Biology Organization.

CANCER - RESEARCH +« UE
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Applications to HEFCE and SRIF for funding for additional microarray facilities. The work has caused some inevitable
vital scientific equipment for the new building have been disruption to the lives of our neighbours in the Biochemistry
successful. Department, and we thank them for their forbearance.

We are extremely grateful to all these organisations for their
continuing support.
INSTITUTE RETREAT

This year marked the tenth Institute retreat, and we celebrated

INSTITUTE FACILITIES the occasion by going to Amsterdam. As usual the attendance
The Institute has excellent facilities and these are to be supple- was excellent and the Retreat was a great success, both
mented, thanks to generous contributions from the Wellcome scientifically and socially.

Trust and the Cancer Research Campaign, by state-of-the-art
microarray facilities and by expertise in bioinformatics. These
will be of great use to all the members of the Institute, and will
further encourage scientific interactions between different
groups.

NEW BUILDING

Work on our new building has now begun, and we expect it
to be completed by the autumn of 2003. The building will
provide enhanced laboratory and communal facilities and more
core equipment space. In particular, we wil be able to accom-
modate our improved imaging, bioinformatics, proteomic and

INSTITUTE =« OF = CANCE B« AND' > DEVEEOEMEMNTAL - BIOLOGY 7




JULIE AHRINGER

e are studying how patterns of cell divisions and cell

fates are controlled, using C. elegans as a model
system. One aim is to understand how polarity is established
in the embryo and how this information is transduced to
downstream events such as spindle positioning. Control of
spindle position is widespread in animal development, but
little is known about the mechanisms used. We have shown
that one key to this process is heterotrimeric G protein
signalling. We are currently studying how the G protein is
activated and how it signals to the spindle.

One approach we are taking to identifying new genes

involved is genome-wide RNA interference screening. We

SR have constructed a bacterial library for RNAI by feeding that
YAN DONG can individually target 87% of all C. elegans genes. Besides
ANDREW FRASER being quick and easy, RNAI has the major advantage that the
MONICA GOTTA sequence of the gene is known for which a phenotype is
RAVI KAMATH found. We are studying a number of new genes involved in
NATHALIE LEBOT polarity, spindle position, and spindle orientation identified Posterior localisation of PAR-2::GFP
GINO POULIN using this approach. (green) in wild-type C. elegans
MIAO-CHIH TSAI We are also applying genome-wide RMAi screening to {above) is abolished in a new polarity
CHRISTINE TURNER understanding the role of chromatin remodelling in later mutant identified by RNAi screening
DAVID WELCHMAN patterning events. In particular, we are studying functions of (below). P granules (red) are localised
PEDER ZIPPERLEN the NURD chromatin remodelling complex, which regulates to the posterior; DNA, blue.
many patterning decisions, including those involving Ras and
Wht signalling.

Gotta, M. and Ahringer, J. (2001) Axis determination in C. elegans: initiating and transducing polarity. Curr. Opin. Genet. Dev. 1], 367-373.

Zipperlen, P, Fraser, A., Kamath, R., Martinez-Campos, M. and Ahringer, J. (2001) Roles for 147 embryonic lethal genes on C. elegans
chromosome | identified by RNA interference and video-microscopy. EMBO J. 20, 3984-3992.

Fraser, A., Kamath, R.K., Zipperlen, P, Martinez-Campos M., Sohrmann, M. and Ahringer, J. (2000) Functional genomic analysis of C. elegans
chromosome | by systematic RNA interference. Nature 408, 325-330,

Solari, F. and Ahringer, J. (2000) NURD complex genes antagonise Ras-induced vulval development in C. elegans. Curr. Biol. 10, 223-226.

For further publications, see numbers 32, 37 and 39 on pages 54 and 55.
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PATTERNING, CELL POLARITY, AND GENOME-WIDE RNAi SCREENING IN C. ELEGANS

Wild Type development

The NURD chromatin remodelling complex is involved in

many cell fate decisions. Lack of NURD function results in

ectopic vulval tissue (arrows, bottom) due to inappropriate
activation of the Ras pathway. Wild type (top).

’ -'_‘h-:‘“"\ b | . L
Multiple nuclei Muclear position Mudear appearance

Spuﬁd!e orientation Aster morphology f_"r‘-.oplasn‘lc-appmdldrl'ir?
Many genes involved in early processes were discovered in
an RMNA interference screen of chromosome . Top: series of
first two cleavages in wild-type embryos. Bottom: examples
of RNAI mutant phenotypes.

A two-cell embryo with microtubules in green and
centrosomes in red. The anterior cell (left) and the posterior
cell (right) will divide in different orientations, specified by
the positions of the centrosomes.

BT T TEl. OF » CANCER « AND « DEVELOPMENTAL - BlOLOGY 9






GROWTH FACTOR SIGNALLING IN XENOPUS

:f.f Schematic diagram showing GAL4 activator and UAS A AVaROr conetiicts EXactor canstcs

ector constructs.

' B. F1 progeny from a UASGFP effector line were injected m Gal4 -:m
into ane cell at the two-cell stage with 100pg of Gald
mRNA. The embryo on the right inherited the UASGFP -m
transgene and is fluorescent due to transactivation by
Gal4 (arrow). The embryo on the left failed to inherit the

b UASGFP transgene and therefore is not fluorescent even
though it was injected with Gal4 mRNA (arrow).

Mating between a CMVGald line and a UASXvent-2 line
results in a headless phenotype at stage 30. Xvent-2 is a
transcription factor which is a direct target of BMP4
signalling. In situ hybridisation to anterior neural markers
(A, B, C, D) show that the microcephalic embryos lack
brain structures. They also fail to develop a notochord (F),
but are able to develop muscle (E). Each panel shows a
normal {upper) and microcephalic (lower) embryo.

‘INSTITUTE « OF = CANCER * AND * DEVELOPMENTAL - BlOLOGY 11







ASYMMETRIC CELL DIVISION AND AXON GUIDANCE IN THE CENTRAL NERVOUS SYSTEM

onal axons run along the lor

In the Drosophila embryonic CNS, interneur
anti Fasciclin Il, green, and phalloidin

tracts (yellow; double labelled with

een; anti Fasciclin Il) exit the CNS to synapse

while the axons of motor neurons (gr

on specific muscles (red; phalloidin).

Live imaging of the RPZ motar neuron

as it extends its axon out of the CN5
towards its target muscle.

Please see Brand lab home page: Cell fate determinants (green/yellow) are asymmetrically segregated from neuroblasts

http://www.welc.cam.ac.uk/~brandlab/ to their daughters in the early embryonic CNS (DNA labelled in blue, actin in red).
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NICK BROWN

Co-workers:

CHRISTIAN BOKEL

DAMNELLE DEVENPORT

MARCUS HICKS

MAITHREYI
NARASIMHA

JOHN OVERTON

KATIA ROPER

CATHY TORGLER

VIKKI WILLIAMS

CHRISTOS ZERVAS

ellular adhesion and communication are vital during the
development of multicellular organisms. These processes

use proteins on the surface of cells, which stick cells together
or transmit signals from outside the cell to the interior, so that
the cell can respond to its environment. Members of one
family of cell surface receptors, called integrins, can perform
both of these activities and therefore provide a molecular
link between cell adhesion and signalling. Our research is
focused on determining how proteins inside the cell assist the
integrins in their developmental roles: mediating cell migration,
adhesion between cell layers and cell differentiation.

To discover what other proteins are required to work with
the integrins, we have used the genetics of the fruit fly
Drosophila to identify genes required for integrin-mediated
adhesion. The molecular characterisation of these genes is
providing a description of the proteins that make up the
structure that links the integrins to the cytoskeleton. These
proteins include the cytoskeletal linker proteins kakapo and
talin, and the signalling adaptor proteins integrin-linked kinase
and tensin. By manipulating the structure of these proteins and
assaying their function in the living animal we are elucidating
how they contribute to integrin mediated adhesion during
development. Recent work has shown that some of these
components also contribute to the formation or regulation of
cell-cell junctions formed by other types of receptor, thus
connecting the different kinds of cell adhesion performed by
the cell.

A short piece of the kakapo protein
fused to green fluorescent protein
(green) only partially localises to the
periphery of the cell where the full
length protein (magenta) resides.

Brown, N.H., Gregory, S.L. and Martin-Bermudo, M.D. (2000) Integrins as mediators of morphogenesis in Drosophila. Dev. Biol. 223, 1-16.

Zervas, C.G., Gregory, S.L. and Brown, N.H. (2001) Drosophila integrin-linked kinase is required at sites of integrin adhesion to link the
cytoskeleton to the plasma membrane. J. Cell Biol. 152, 1007-1018.

Knox, A.L. and Brown, N.H. (2002) Rap] GTPase regulation of adherens junction positioning and cell adhesion. Science 295, 1285-1288.

For further publications, see number 13 on page 53.
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MOLECULAR ANALYSIS OF MORPHOGENESIS

| 10 Nla el
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actin (red) to the ends of the muscles

is reduced to a few strands when the sequence o

integrin-linked kinase (green) is altered







FUNDAMENTAL MECHANISMS OF CELL FATE DETERMINATION

Graft of tissue from nuclear transplant embryo

Dedifferentiation Redifferentiation

F——F—F— Differentiated
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TONY KOUZARIDES

Co-workers:

ANDREW BANNISTER
UTA-MARIA BAUER
ALISTAIR COOK
SYLVAIN DAUJAT
LUKE HUGHES-DAVIS
PAUL HURD

EMMA LANGLEY
MORVEN REID
PATRICIA RENDLE
MARGARIDA RUAS
STEVEN SANDERS

HELENA SANTOS-ROSA

ROBERT SCHNEIDER
DANIEL WOLF
PHILIP ZEGERMAN

any transcriptional regulators are de-regulated in cancer.
Qur group is interested in defining the mechanisms by
which such transcription factors function during normal cell
proliferation and in cancer.

Qur attention is focused on a set of enzymes which maodify
histones and regulate transcription via chromatin remodelling.
We would like to understand how, mechanistically, these
madifications affect transcription, the biclogical role of histone
modifying enzymes and their potential involvement in cancer.

Recently, we have focused on the process of histone
methylation, which can occur on specific lysine or arginine
residues. We have extensively studied the methylation of
lysine 9 of histone H3. This methylation leads to the transcrip-
tional silencing of genes found in heterochromatin and of cell
cycle genes regulated by the retinoblastoma (RB) repressor.
Lysine 9 methylation mediates silencing by recruiting the
repressor protein HP1.

In contrast to methylation of lysine 9, methylation of lysine 4
on histone H3 is activatory for transcription. We have identi-
fied the enzymes in yeast that mediate methylation at lysine 4
and are now characterising their mammalian equivalents. \We
can show that lysine 4 methylation prevents the association of
histones with deacetylases, a process which would otherwise
lead to repression.

A distinct set of enzymes methylates arginines. We have
characterised one such methylase, CARMI, which is a regulator
of nuclear hormone receptors. Our data show that CARM]
methylates arginine 17 of histone H3 in vivo and that this
modification is deposited on histones when estrogen receptor-
regulated genes are active.

Differentiation of myoblasts (top)
into myotubes (bottom) induces
translocation of GFP-HDAC4 from
the cytoplasm to the nucleus.

Bannister, AJ., Zegerman, P, Partridge, J.F, Miska, E.A., Thomas, 1.O., Allshire, R.C. and Kouzarides, T. (2001) Selective recognition of
methylated lysine ¢ on histone H3 by the HP1 chrome domain. Nature 410, 120-124.
Nielsen, S., Schneider, R., Baver, U-T., Morrison, A., O'Carroll, D., Cleary, M., Jenuwein, T, Herrera, R. and Kouzarides T. (2001) Rb targets
histone H3 methylation and HP1 to promoters. Nature 412, 561-565.
Baver, U-M., Daujat, S., Nielsen, 5.J, Nightingale, K. and Kouzarides, T. (2001) Methylation at arginine 17 of histone H3 is linked to gene
activation. EMBO Rep. 3, 39-44.

For further publications see numbers 21, 35, 56, 68, 93, 95 and 98 on pages 54-56 and 58.



TRANSCRIPTIONAL REGULATION AND CANCER

Model of RB-mediated repression
of the cyclin E gene. RB recruits
methylase activity specific for lysine
¢ of histone H3 to the promoter.
This methylation is then recognised
by the HP1 repressor protein.
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RICK LIVESEY

Mlot'u: neural stem and progenitor cells integrate
extracellular and intracellular information in each cell
cycle to decide the fates of their progeny. This is a
fundamental cellular process, common to all tissues in the
organism, and depends to a large extent on the dynamic use
of the available genes in the genome. Our lab uses genomics
technologies to understand how the genome is deployed
during this decision-making process. The goal is to identify the
genetic networks that control cell fate determination.

During development, different neurons are generated in a
stereotyped order from the available pool of dividing stem
and progenitor cells. One important mechanism that controls
which cells are generated at a given time is the competence
JAMES SMITH of stem and progenitor cells to generate particular cell types

in response to extracellular signals. Progenitor

competence changes over time, and this is a fundamental way
in which the stereotyped order of genesis of cell types is achieved. However, little is
known about the cellular mechanisms controlling progenitor competence, how they
interact with the processes controlling cell cycle exit and cell fate determination, and how
competence changes over time.

The lab investigates the intrinsic control of progenitor competence and neural cell fate
determination using the mouse neocortex as a model system. The ordered genesis of the
six cellular layers of the neocortex is achieved in part by temporal changes in the compe-
tence of cortical progenitors. We are using expression profiling of neural progenitors and
their progeny to identify gene expression networks involved in regulating competence
and laminar (cell layer) cell fate determination in the neocortex. Although composed of
the same six layers in all areas, the neocortex has discrete areas primarily dedicated to, for
example, motor control, the somatic senses, vision and hearing. Therefore, a second area
of research is how the basic processes of cell fate determination in the neocortex are
adapted and used to generate the different functional areas.

Co-worker:

Blackshaw, S. and Livesey, F.J. (2002) Applying genomics technologies to neural development. Curr. Opin. Neurobiol. 12, 110-114.

Livesey, R. and Cepko, C. (2001) Neurobiology: developing order. Nature 413, 471-473.

Livesey, F.J. and Cepko, C.L. (2001) Vertebrate neural cell fate determination: lessons from the retina. Nat. Rev. Neurosci. 2, 109-118.

Livesey, F.J., Furukawa, T, Steffen, M., Church, G.M. and Cepko, C.L. (2000) Microarray analysis of the transcriptional network controlled by
the photoreceptor homeobox gene erx. Curr. Biol. 10, 301-310.
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NEURAL PROGENITOR COMPETENCE AND CELL FATE DETERMINATION

Right: Characterising the gene expression program
of mammalian neural progenitors and stem cells 2

25 11 25
Cene expression in purified populations of retinal FE e ] |
progenitors was compared to that in total brain ol 1 1
using cDNA microarrays of over 12,000 genes. The |
resulting data were analysed by several different 9

. forms of cluster analysis, a method of exploratory # |
statistics, two of which are shown here. The graphs e e
show part of the results of k-means clustering of the Tebc [
data, and the colour blocks the results of hierarchical il + |
clustering. In both cases, three classes of progenitor- | ,Jr e AR
enriched genes are shown, depending on their | 2 .
enrichment compared to total brain and retina. P I |
Owverall, we have identified several hundred genes 21 !
that are highly enriched in their expression in neural 2 — ; ' =
progenitors in all parts of the nervous system. % .

1 | T
e
o {
1} ) |
Facing page: Gene expression profiling of L

2.5 11 =25 25 11 =23

Gene expression ratio (base 2)

P

(X

single neural progenitors using cDNA IR R U B kg i A e 1_1?2””
microarrays. cDNA amplified from a single & o° d@v P
progenitor cell {red) was compared with o ‘:_,o?'\) _\@x"; ﬁ.‘@" @%ﬂ (Cég:é‘\
that of total brain (green) to identify Q*":?(‘ \fl(s-c& Q\di-’? r Sl Q*""t?(\ &
progenitor-enriched transcripts on an q® g€ Q\‘P"'

array of over 12,000 mouse genes from
the NIH Brain Maclecular Anatomy Project
(BMAP) — progenitor genes appear as
bright red spots.

Examples of progenitor-enriched genes.

In situ hybridisation showing expression
of two progenitor-enriched gen
developing neural retina.

es in the













MOLECULAR CONTROL OF NEUROGENESIS AND NEURAL PATTERNING IN XENOPUS EMBRYOS

16-cell blastula gastrula

At the 16-cell stage, spindles are parallel to the surface of the embryo. At
the late blastula stage

spindles are either | or perpendicular to the

v

surface of the embryo, generating cells with different intrinsic properties
Just before gastrulation, all spindles are once again oriented parallel to

the surface (Andrew Chalmers and Bernhard Strauss).

Inject with RNA Insert BMP4 bead into Fix at stage 1&
and experimental RMNA expressing clone

32 cell embryo

Knocking out the cell cycle inhibitor p27 Xic by
an antisense morpholino oligo inhibits neuronal
differentiation (Samantha Carruthers).

Control p27¥IC1 MO

Implantation of BMP4 protein soaked beads (blue) into

experimental + GFP RNA injected region (green) shows

the co-operation {3'_r owWo sIgr -'-‘:”I."‘-;} [‘.-F]’.!T.-'v'i In naucing a

neural border marker gene (Penny Day)




JONATHON PINES

e are studying how cells contrel their division and are

following two parallel approaches to this question. In
one we are concentrating on how the proteins that trigger
the entry into mitosis are regulated by their subcellular
localisation. These proteins, such as the cyclins, the CDKs and
the Cdc25 phosphatases, alter their localisation as cells
progress through the cell cycle. Therefore, particular proteins
can only interact with each other in specific places and at
specific times. We are able to assay this behaviour in real time
by time-lapse fluorescence and DIC video microscopy using
GFP-fusion proteins. We use this assay to define the domains
of the proteins that target them to specific subcellular
structures, and to determine how their localisation is altered
CLAIRE ACQUAVIVA depending on the stage of the cell cycle. After defining these

Co-workers:

CAROLINE BROAD domains we use them to isolate the proteins that are responsi-

VIJI MYTHILY DRAVIAM  ble for targeting and controlling the subcellular location of

ANJA HAGTING mitotic regulators.

MARK JACKMAN Our second avenue of research is directed towards

CATHERINE LINDON understanding how protealysis is used to regulate progress

TAKAHIRO through mitosis. Again we are able to assay this in real time
MATSUSAKA using GFP-fusion proteins because fluorescence is directly

JO RICHARDSON related to the amount of a GFP-fusion protein. \WWe are

ROB WOLTHUIS investigating the behaviour of key substrates at each stage of

mitosis, including cyclin A, cyclin B1 and securin, and are using
these to define the events and the mechanisms that trigger the
destruction of specific proteins at specific times and in specific Cyclin B translocates into the nucleus
places. at the end of prophase. Simultaneous
fluorescence and DIC images of a cell

expressing cyclin B1-GFP.

den Elzen, M. and Pines, J. (2001) Cyclin A is destroyed in prometaphase and can delay chromosome alignment and anaphase.
J. Cell Biol. 153, 121-135.

Draviam, V.M., Orrechia, S., Lowe, M., Pardi, R. and Pines, J. (2001) The localization of human cyclins B1 and B2 determines CDKI substrate
specificity and neither enzyme requires MEK to disassemble the golgi apparatus. J. Cell Biol. 152, 945-958.

Jackman, M., Kubota, Y, den Elzen, N., Hagting, A. and Pines, J. (2002) Cyclin A- and cyclin E-CDK complexes shuttle between the nucleus
and the cytoplasm. Mol. Biol. Cell 13, 1030-1045.

For further publications, see numbers 55, 68, 75, 78 and 100 on page 56-58.
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REGULATION OF MITOSIS IN MAMMALIAN CELLS

Hela cells in anaphase (
prometaphase (bottom) stained
for anti-phospho-histone H3
(green), anti-CEMNP-E (red) and
CREST an

antibodies

Hela cells expressing Cdc20-GFP in metaphase (top)
and anaphase (bottom). The images on the left are
derived by deconvolution from those on the right.






MOLECULAR ANALYSIS OF THE CENTROSOME

The distribution of DNA (red),
microtubules (green) and centrosomes
(blue) in normal (top panels) and D-TACC
mutant (bottom panels) embryos. In the
mutant embryos, the microtubules
associated with the centrosomes are too
short at all stages of the cell cycle.

Wt

D-TACC
mutant
Met

Telophase

Int ProMet

The distribution of the three known human
. TACC proteins (TACCI, TACC2 and TACC3)
F v & = Sk
W g i human cells. The TACC proteins are

B shown in red and microtubules in green
in the merged image.
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he localisation of bicoid, oskar and gurken mRNAs to three

distinct positions within the Drosophila oocyte defines the
anterior-posterior and dorsal-ventral axes of the embryo, and
provides an excellent model system for analysing the molecular
mechanisms that underlie cell polarity and mRNA localisation.
My group is taking a variety of approaches to address these
issues:

1) The dsRMNA-binding protein Staufen is required for the
microtubule-dependent localisation of bicoid and oskar
mRMAs, and for the actin-dependent localisation of prospero
mRMNA to the basal side of dividing neurablasts. We are
currently characterising proteins that interact with Staufen to
mediate mRINA transport along actin or microtubules. Since
Staufen co-localises with each mRMNA, we are also using
GFP-Staufen to visualise mRNA transport in vivo.

2) The PAR-1 kinase is required for posterior localisation of
oskar mRNA, and provides the first example of a protein that
plays a conserved role in axis formation in Drosophila and C.
elegans. We are now analysing the role of PAR-1 in polarising
other cell types in Drosophila and are searching for its targets.

3) Since many proteins involved in mRNA transport or cell
polarity are required throughout development, they were not
identified in the classical genetic screens for maternal-effect
mutations that disrupt axis formation. To overcome this
problem, we are performing large-scale screens in germline
clones for mutants that affect GFP-Staufen localisation. We
have already identified a number of novel genes that are
required for the polarisation of the oocyte or for the
localisation of bicoid or oskar mRNA, and are now analysing
their functions.

Selection of the cocyte as a Drosophila
germline cyst moves through the
germarium. Several cells per cyst
initially enter meiosis and form the

synaptonemal complex (red), before
one cell is selected to remain in meiosis
and accumulates oocyte-specific
proteins such as Orb (green).

Huynh, J-R,, Petronczki, M., Knoblich, J.A. and St Johnston, D. (2001} Bazooka and PAR-6 are required with PAR-1 for the maintenance of
oocyte fate in Drosophila. Curr. Biol. 11, 901-9206.
Lopez-Schier, H. and St Johnston, D. (2001) Delta signaling from the germline controls the proliferation and differentiation of the somatic
follicle cells during Drosophila oogenesis. Genes Dev. 15, 1393-1405.
Shulman, J.M., Benton, R. and St Johnston, D. (2000) The Drosophila homolog of C. elegans PAR-1 organizes the cocyte cytoskeleton and
directs oskar mRINA localization to the posterior pole. Cell 101, 377-388.

For further publications, see numbers 12, 29, 47, 62, 76, 85 and 96 on pages 53-58.



mRNA LOCALISATION AND THE ORIGIN OF POLARITY IN DROSOPHILA
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f the oocyte at stage 10

A fused egg chamber with two
oocytes of opposite polarity,
marked with GFP-Staufen (green),
Fascilin Il (red) and a nuclear stain
(blue). The fusion was caused by a

yro, a novel

follicle cell clone of ac

component of the Notch pathway.







MESODERM FORMATION IN VERTEBRATE EMBRYOS

Xbra | |

Expression of Xbra (left) and SIP1 {right) at the

late gastrula stage.The two expression domains

are 'T'.iJli.'i.'.i‘_a' exciusive.

Xenopus animal pole regions adhere strongly

to fibronectin, allowing clear visualisation of

Specificity of T box genes in the early Xenopus embryo. cells in the confocal microscope. In this image,
Xbra, VegT and Eomesodermin are expressed in similar two animal caps, one of which is labelled with
domains, but they activate the expression of different genes. a membrane marker, are juxtaposed.
I'N T u : : 3]






THE ORIGIN AND PROPERTIES OF THE MOUSE GERM LINE

Fig. 3 (right). A. Germ cells migrate into the fetal gonads by 3A Germ cells in fetal gonads at day 12:5 p.c.
day 12.5 p.c, shown here as expressing Oct4-GFF, during
which time major epigenetic modifications occur. Erasure of

Female Male

o
imprints is followed by the initiation of new imprints that are . Erasure
propagated after fertilisation. In the female germ line, v lllll'!’ of imprints
imprinting is initiated in the growing cocytes. B. A cis control X-reactivation : LLh
element (DMD) associated with the H19 gene that confers *Demethylation
silencing of the paternal allele. Deletion of SL also results in
de-repression of the silent paternal allele. l
Initiation of
imprints
Oogenesis Spermatogenesis
relopment of Primordial Germ Cells % t{
from Proximal Epiblast
Lygote
@

Pre-implantation development propagation of imprints

3B Imprinting cis control element

l l l l s Paternal

/ e (B O R
Day 6.0 p.c. Day 7.2 p.c. ‘L‘?} e 7 L V2T e ¥ L =

!
Maternal
Fig. 1 (above). The proximal epiblast cells on day 6.0 p.c are the m

precursor cells for the germ cell lineage. They converge towards
the posterior region where the primitive streak develops. These
precursor cells develop either as germ cells or as somatic
extraembryonic mesoderm. Approximately 40 founder primordial
germ cells (PCCs) are detected at day 7.2 p.c. Development of
PGCs is dependent on signalling molecules from the
extraembryonic ectoderm, and possibly on a second signal from
the posterior region whose nature and origin is unknawn.
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We are studying how polarity and patterning becomes
established during early mouse development. Whereas
in most species the polarity of the embryo is laid down in the
egg, mammalian embryos were thought to be exceptional,
their polarity apparently developing only after implantation.
However, our recent cell fate studies showed that mouse
embryo polarity is anticipated before implantation and relates
to spatial patterning of the egg. This was unexpected because
preimplantation embryos can withstand experimental
perturbations and still develop normally. Now we wish to
understand those mechanisms that establish polarity in normal
development and those that compensate for developmental
perturbation. Specification of polarity appears to stem from the
position of the meiotic divisions in the egg and the site of
sperm entry. The pattern of cell division is influenced by these
cues and can dictate the basic features of blastocyst organisa-
tion and hence of later stages. These surprising findings open
several questions about the origin of polarity in mammals.

We address the following:

1) How do developmental cues lead to asymmetry? We are
combining experimental and molecular embryology to disturb
egg polarity and examine its role in early patterning.

2) How does polarity of the preimplantation embryo lead

to organised signalling activity at later developmental stages? We are using lineage and
transplantation studies to examine the normal fate of cells and their impact in novel

combinations.

3) What are the mechanisms that establish polarity? We are applying microarray
analysis to discover genes that mediate the development of polarity and then perturbing
spatial and temporal patterns of expression of such genes through mis-expression

and RMNAI.

Mouse embryo undergoing second
cleavage division. Orientation of
the cleavage plane relates to the
animal pole. Microtubules (green),
actin (red) and chromatin (blue).

Zernicka-Goetz, M. (2002) Patterning of the embrvc; — the first spatial decisions in the life of a mouse. Development 129, 815-829.
Piotrowska, K. and Zernicka-Goetz, M. (2001) Role for sperm in spatial patterning of the early mouse embryo. Nature 409, 517-521.
Wianny, F. and Zernicka-Goetz, M. (2000) Specific interference with gene function by double stranded RNA in mouse. Nat. Cell

Biol. Z, 70-75.

For further publications, see numbers 80, 81, and 100 on pages 57 and 58.
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DEVELOPMENT OF POLARITY AND EARLY PATTERNING IN THE MOUSE EMBRYO

Preimplantatation development of
the mouse embryo. Fertilised egg
with female and male pronuclei
(pink and blue stars, respectively)
and polar body marking the animal
pole (red asterisk). Blastocyst with its
animal-vegetal (yellow) and
embryonic-abembryonic (blue) axes.

Blastomeres of the 2-cell mouse embryo have
distinguishable fates. The fertilisation cone (fc) with
sperm tail (yellow) and fluorescent bead (green)
marks the sperm entry point (SEP) in the zygote.
The 2-cell blastomere that inherits the SEP (red)
tends to divide first to produce cells that populate
the embryonic part of the blastocyst. The other
blastomere (blue) tends to populate the
abembryonic part of the blastocyst.

Blastocyst Early Primitive Streak Stage Blastocyst Early Primitive Streak Stage

: l I

Polarity of the blastocyst anticipates polarity of the post-implantation embryo. Microinjection of GFP mRNA into inner cell mass
cells either near (N/PB) or away (A/PB) from the polar body demonstrates differential fate in the post-implantation egg cylinder.

N/PB
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FOUR-YEAR RESEARCH GRANT HOLDERS

MIRANDA GOMPERTS A major issue in developmental biology is how the embryo
subdivides into progressively smaller regions, each with

a unique identity. This project concerns the mechanism by

which two such regions are specified: the notochord and the

by these tissues is encoded by the not/flh gene. Zebrafish
harbouring mutations in this gene fail to form either tissue
indicating that the gene functions at or near the top of a
hierarchy specifying their development. In order to identify
the direct regulators of the not/flh gene we are using
transgenesis in Xenopus. We have also prepared a transgenic
line of animals expressing GFP under the control of the fih
regulatory elements. These animals are being used to study
the development and neural netwarking of the pineal gland,
which in Xenopus functions as a light sensor mediating early
behavioural responses to environmental stimuli.

Co-worker:

KIM GOLDSTONE

ISABEL PALACIOS lniracellular localisation of messenger RINA (mRIMNA) is a

common way of targeting proteins to the regions where
they are required. One of the best characterised examples of
localised mRNA is found in the Drosophila oocyte, where the
microtubule-dependent localisation of oskar mRNA to the
posterior pole of the oocyte specifies the formation of the
pole plasm. Genetic screens have identified genes that are
required for the localisation of oskar mRNA. These genes can
be compiled into two categories: Those that are required for
cell polarity and those that are specifically required for the
transport of oskar mRINA, such as staufen, mago nashi,
barentsz and kinesin. The aim of my research is to understand
the mechanism of oskar mRNA localisation by analysing the
precise function of those factors. | am taking several approaches to address this question:
1) 1 am using GFP-Staufen to visualise mRNA transport in vivo; 2) | am searching for new
proteins that interact with Mago nashi and Barentsz; and 3) | am studying how Kinesin, a
microtubule motor protein, recognises the oskar mRNA-containing complex and localises
it to the posterior pole of the oocyte.

For recent publications, see numbers 29, 76 and 96 on pages 54, 57 and 58.
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pineal gland. The earliest known transcription factor expressed
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Xenapus embryos expressing GFP
under the control of flh regulatory

sequences.
A. whole embryo
B. pineal gland
C. notochord

anteriorea———s posterior  anterior ¢——— posterior

Left: Localisation of oskar mRINA at the
posterior (A) or at the anterior pole (B)
in wild type or barentsz mutant oocytes,
respectively.

Right: Mago nashi and Staufen proteins
co-localise with oskar mRNA to the
posterior pole of the oocyte. However,
(i) Mago nashi is predominantly nuclear
and (i) Staufen is cytoplasmic (apparent
in the nurse cells).
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