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CHAIRMAN'’S INTRODUCTION

uring this year, two important decisions have taken place
D that positively affect the future of this Institute. One is that
we have been awarded a major grant to relocate and upgrade
our whole Institute to a new site adjacent to the new Biochem-
istry Department in Tennis Court Road. We will be physically
attached to this Department which has a major strength in
structural biology, and as such will complement our own
expertise in cell, developmental and cancer biology. This grant
has been made by the Wellcome Trust, who, in partnership
with the UK Government, have provided a large sum for the
refurbishment and upgrading of science laboratories in this
country.

The other major decision affecting the future of this Institute
is the appointment of Dr J C Smith FRS of the Medical
Research Coundil's National Institute of Medical Research at Mill
Hill, London as my successor. He will become the John
Humphrey Plummer Professor of Cell Biology in Cambridge
University and Chairman of this Institute with effect from
October 2001. Jim Smith has a distinguished career as a Devel-
opmental Biologist. He was the first to identify a mesoderm-
inducing factor, and to analyse its concentration-related effects
on early development. We much look forward to him joining
our Institute during next year.

During this year, two group leaders have left us to move to
senior appointments in this country. Martin Evans was one of
the original scientists who initiated the founding of our Institute.
He has moved to become Director of Biosciences at the
University of Wales in Cardiff, where he will continue his work
on insertional mutagenesis in the mouse.

Charles ffrench-Constant has been elected to the Profes-
sorship of Neurological Genetics in the Cambridge University
Medical School’s Department of Medical Genetics; he has
moved his laboratory to the Centre for Brain Repair on the
Addenbrooke’s Hospital site. He will continue his work on
neural development and repair.

John Gurdon, 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 biology 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 biclogy 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 of 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 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 one 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 complementary knowledge
and technical skills working in close proximity to one another.

INSTITUTE FACILITIES

The Institute has a range of central facilities and services
contributing to the research effort. Consolidating facilities has
proved an efficient use of resources including space, consum-
ables and staff. These facilities offer distinct areas of support,
which release research staff from much administration and the
more routine laboratory tasks. Providing communal areas
equipped with instruments used by all groups is an efficient use
of space and equipment, avoiding duplication. A relatively small
number of multi-skilled staff perform these duties and liaise
regularly with the research staff to ensure these central areas
run smoothly and develop according to the needs of the
Institute.

We have a single, centralised administration office which
deals with grant processing, staff appointments and accounts.
Information channelled through this office is disseminated
appropriately to research staff, the University and sponsors, thus
providing continuity and efficient use of research time and
funds.






JULIE AHRINGER

e are studying how patterns of cell divisions and cell

fates are controlled during embryogenesis, using the
nematode C. elegans as a model system. Work in the lab is
focused on two embryonic patterning events: the correct
choice of cell division axes in the early embryo and the control
of body patterning later in embryogenesis.

One of the first indications of pattern in the C. elegans
embryo is the orientation of the axis along which a cell
divides. Although the control of spindle orientation is a
widespread phenomenon in animal development, little is
known about how correct axes are chosen. We have shown
that heterotrimeric G proteins are required for the correct

CEsvorice orientation of early embryonic cleavage axes. We are
BEHROOZ ESMAEILI screening for other genes involved to identify targets and
ANDY FRASER understand what polarity cues are used, using a wide range
MONICA GOTTA of approaches, including a genome wide RNA interference
RAVI KAMATH screen.

MARUXA MARTINEZ A second area of research in the lab is on patterning
CARA NEADES events that establish the body plan and the organisation of
FLORENCE SOLARI tissues. For example, we found that the gene vab-7 encodes
PEDER ZIPPERLEN an even-skipped homologue required for patterning posterior

mesodermal and epidermal tissues in the embryo. In addition,
we found that T-box genes have a more widespread patterning role and are involved in
regulating vab-7 mesodermal expression. Using genetic and molecular methods, we are
identifying and studying new genes involved in embryonic patterning. We identified the
gene egl-Z7 through genetic interactions with vab-7 and found it is similar to MTAI, a
component of the NURD chromatin regulatory complex. egl-27 and a related gene egr-1
are redundantly required globally for embryonic body patterning. We are now studying
other functions for the NURD complex, including those involving Ras and wnt signalling.

Cell divisions are easily
followed in live embryos

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

Solari, F., Bateman, A, and Ahringer, J. (1999). The Caenorhabditis elegans genes egl-27 and egr-1 are similar to MTAI, a member of a
chromatin regulatory complex, and are redundantly required for embryonic patterning. Development, 126, 2483-2494.

Ahringer, J. (1997) Maternal control of a zygotic patterning gene in C. elegans. Development, 124, 3865-3869.

Zwaal, R, Ahringer, J,, Rushforth, A, Anderson, P., and Plasterk, R. (1994). G proteins are required for spatial orientation of early cell cleavages
in C. elegans embryos. Cell, 88, 619-629

Ahringer, J. (1996) Posterior patterning by the Caenorhabditis elegans even-skipped homolog vab-7. Genes Dev., 10, 1120-1130.
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PATTERNING AND POLARITY IN THE C. ELEGANS EMBRYO

vab-7 mutant larva (bottom) has severe posterior defects

Top: 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.
Bottom: Localisation of GPB-1 (green), a heterotrimeric G
protein subunit, to the membrane in the germ line.
P granules (red).



ENRIQUE AMAYA

he vertebrate embryo is organised and patterned

following a series of inductive events. As a long term goal
we would like to understand the molecular basis of the induc-
tions that organise the vertebrate embryo.

To facilitate our studies we recently developed an
approach for generating transgenic frog embryos. We are
using this technique to study the role of fibroblast growth
factor (FGF) signalling during mesoderm formation in the frog,
Xenopus laevis.

We are also studying how mesoderm pattern is estab-
lished in the amphibian embryo. We have begun to inves-
tigate the regulation of two early mesodermal genes in trans-
genic embryos. One of these genes, Xnot, is expressed in
ROSS BRECKENRIDGE dorsal mesoderm fated to become notochord and the other

Co-workers:

ODILE BRONCHAIN gene, XMyf-5, is a myogenic gene expressed in dorso-lateral
ROSALIND FRIDAY mesoderm fated to become muscle.
KIM GOLDSTONE Another focus of our interest is the role of growth factor
MIRANDA GOMPERTS  signalling in heart and eye development in transgenic frog
KATHY HARTLEY embryos. We are generating transgenic embryos that
LUCY HAYTER aberrantly express genes that upregulate or downregulate
STEPHEN NUTT growth factor signalling molecules specifically in these organs.
MATT POLLI Finally we are performing an insertional mutagenesis screen
using a gene trap approach in Xenopus tropicalis, a diploid
frag related to Xenopus laevis, with a view of identifying novel Tl

genes involved during development.

Figure 1. Transgenic embryos expressing
Please see Amaya Lab home page: http://www.welc.cam.acuk/~ea3 . green fluorescent protein (GFP) using
a promoter fragment isolated from the
Pax-6 gene. The different panels show
embryos at the specified stages of
development.

Amaya, E. and Kroll, K.L. (1999). A method for generating transgenic frog embryos. Methods Mol. Biol. 97, 393-414.

Amaya, E., Offield, M. and Grainger, R.M. (1998). Frog genetics: Xenopus tropicalis jumps into the future. Trends Genet. 14, 253-255.

Bronchain, O.J., Hartley, K.O. and Amaya, E. (1999). A gene trap approach in Xenopus. Curr. Biol. % 1195-1198.

Kroll, KL. and Amaya, E. (1999). Transgenesis in Xenopus Embryos. in Early Development of Xenopus laevis. Edited by H.L. Sive, R M. Grainger
and R.M. Harland, eds. (Cold Spring Harbor Laboratory Press: Cold Spring Harbor), Chapter 11, in press.



SIGNALS THAT ORGANISE THE VERTEBRATE EMBRYO

Figure 2 (left).

Early gastrula stage embryo stained for
the expression of Xnot (dark purple) and
Xmyf-5 (light blue).

Figure 3 (right)

Transgenic frog expressing the green
fluorescent protein (GFP) under the
control of a lens specific promoter.

Figure 4 (left). Transgenic tadpole expressing a tau-GFP fusion construct under the
control of the neural specific -tubulin promoter (top panel). Similarly staged
tadpole fixed and stained for neurofilament protein (bottom panel).
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Figure 5. Diagram of the gene trap vectors
used for insertional mutagenesis in Xenopus




ANDREA BRAND

Co-workers:

CLAUDIA BARROS
TORSTEN BOSSING
MELANIE CRANSTON
CATHERINE DAVIDSON
NEIL HAYWARD

JULIA KALTSCHMIDT
MICHAEL MURRAY
CHRISTOPHER PHELPS
ALISON SCHULDT
PETER VAN ROESSEL

s the nervous system develops, thousands of neurons are

born, each of which must assume a specific identity. Each
neuron can then extend its axon towards, and form a synapse
with, an appropriate target cell. We are interested in how cell
diversity is generated in the Drosophila nervous system, and
how cell-cell interactions orchestrate axon pathfinding.

One mechanism for generating cell diversity is to ensure
that, upon cell division, each daughter cell adopts a different
fate. This can be achieved by the asymmetric segregation of
cell fate determinants. We are investigating the molecular
mechanisms that control asymmetric segregation, and the role
of the cytoskeleton in directing unequal cell division. To follow
cell fate determinants in living embryos, we have fused green
fluorescent protein (GFP) to the determinants Prospero,
Staufen and Miranda. Using colour variants of GFP, we can
follow several different proteins at once in vivo in both wild
type and mutant embryos.

The asymmetric segregation of cell fate determinants and
the generation of daughter cells of different size rely on the
correct orientation and position of the mitotic spindle. To
monitor the cytoskeleton during neuronal cell division, we
label actin and microtubules in vivo and carry out time lapse
analysis by confocal microscopy.

We are also studying the neuronal and glial interactions
that influence axon outgrowth, and have identified several
signalling molecules that direct axon pathfinding. We are
characterising their roles in nervous system development by
targeted gene expression, to ectopically express these
molecules, and RNAI, to eliminate their expression.

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

Miranda (red) and microtubules (green),
labelled with two different spectral variants
of green fluorescent protein, can be
followed simultaneously in a living embryo.
Three time points shown.

Schuldt, AJ, Adams, J.HJ.,, Davidson, C.M., Micklem, D.R., Haseloff, J,, St. Johnston, D. and Brand, A.H. (1998). Miranda mediates asymmetric

protein and RNA localisation in the developing nervous system. Genes Dev., 12, 1847-1857.

Schuldt, AJ. and Brand, AH. (1999). Mastermind acts downstream of Notch to specify neuronal cell fates in the Drosophila CNS. Dev. Biol.,

205, 287-295.

Kaltschmidt, J.A., Davidson, CM.,, Brown, N.H. and Brand, A.H. (2000). Rotation and asymmetry of the mitotic spindle direct asymmetric cell
division in the developing central nervous system. Nat. Cell Biol., 2, 7-12.

For further publications, see numbers 11-12 and 114 on pages 48-54.



CELL FATE DETERMINATION AND CELL-CELL INTERACTION IN THE CENTRAL NERVOUS SYSTEM

The cell fate determinant

Miranda (green) is asymmetrically
segregated when neuronal
precursors divide. DNA is labelled in
red and p-galactosidase in blue.

Axons in the CNS of a wild type
embryo normally form a
ladder-like scaffold (left; CNS
axons are labelled in brown
and the nuclei of Engrailed-
expressing neurons in black).
Axons misroute across the
midline when a signalling
molecule is removed by RNAI
(right).







MOLECULAR ANALYSIS OF MORPHOGENESIS

Genes that cause integrin phenotypes
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THE ROLE OF CELL ADHESION RECEPTORS IN MAMMALIAN NEURAL DEVELOPMENT

GFP-expressing oligodendrocyte precursor in co-culture with axons

Oligodendrocyte in cell culture







FUNDAMENTAL MECHANISMS OF CELL FATE DETERMINATION

A cell that knows its position in a morphogen gradient
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TONY KOUZARIDES

any transcriptional regulators are found de-regulated in
M cancer. Our group is interested in defining the mecha-
nisms by which such transcription factors function in normal
cell proliferation and in cancer. Recently our attention has
been focused on a new set of enzymes, acetylases and
deacetylases, which regulate transcription by acetylating
histones.

We have been analysing the process of acetylation since
our discovery that a transcriptional co-activator protein CBP/
p300 is a histone acetylase. We now know that this protein is
found mutated in many different cancers. In an effort to
establish the specificity of acetylation by CBP/p300 we have
recognised that this enzyme can acetylate not only histones
ANDREW BANNISTER but also many other cellular proteins of diverse function,

0 min

Z min

Co-workers:

UTA-MARIA BAUER including transcription factors. An important acetylated factor,

JOE BOUTELL with respect to cell proliferation, is the S-phase-inducing

WENDY BURGERS transcription factor E2F1, whose activity we find is stimulated 12 min
ALISTAIR COOK by acetylation. We have recently set out to identify chemical

FRANCOIS FUKS inhibitors of acetylases to help us in dissecting different

EMMA LANGLEY acetylation pathways.

RICHARD MAY Our work on histone deacetylases has implicated these

ERIC MISKA enzymes in the G1/S cell cycle checkpoint. We found that the

SOREN NIELSEN RB tumour suppressor protein uses histone deacetylase activity 22 min
MARGARIDA RUAS to suppress E2F function and mediate G1 arrest. A connection

HELENA SANTOS-ROSA has also been made to DNA-methylation, a process known to

DANIEL WOLF result in transcriptional repression. We have found that the Figure 2.
PHILIP ZEGERMAN DNA methyltransferase Dnmt] is associated with deacetylase GFP-HDAC4 transiocates from the

cytoplasm to the nucleus following the
inhibition of nuclear export by
leptomycin B treatment.

activity in the cell, suggesting an overlap in the repressive
mechanism mediated by methylases and deacetylases.

Brehm A, Miska EA, McCance DJ, Reid JL, Bannister AJ & Kouzarides T (1998). Retinoblastoma protein recruits histone deacetylase to repress
transcription. Nature 391, 597-601.

Miska, E.A., Karlsson, C., Langley, E., Nielsen, S.J., Pines, J. and Kouzarides T (1999). HDAC4 deacetylase associates with and represses the MEF2
transcription factor. EMBO J. 18, 5099-5107.

Fuks, F., Burgers, W.A., Brehm, A., Hughes-Davies, L. and Kouzarides T (2000). DNA methyltransferase Dnmt] associates with histone
deacetylase activity. Nat. Genet., 24, 88-91.

For further references see numbers 5, 13-14, 47, 49, 59, 104 and 112 on pages 48-54.



TRANSCRIPTIONAL REGULATION AND CANCER
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Figure 3. Differentiation of
myoblasts (left) into
myotubes (right) induces
translocation of GFP-
HDAC4 from the
cytoplasm to the nucleus.




RON LASKEY
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DAWN COVERLEY
GUILLERMO DE LA
CUEVA MENDEZ
LORENA FARRACE
CHRISTINE FOX
TORSTEN KRUDE
JACKIE MARR
TONY MILLS
CRISTINA PELIZON
DAVID SANTAMARIA
KAl STOEBER
MAGDALENA SWIETLIK
DAVID SZUTS
YOSHINORI TAKEI
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ur current research focuses on two topics, the control of
O eukaryotic chromosome replication and DINA replication
proteins as diagnostic cancer markers.

We have used human cells grown in culture to develop a
family of cell-free systems that initiate DNA replication
efficiently in vitro. We use GI nuclei as templates and S-phase
extracts to induce replication. We have focused our attention
on proteins that regulate DNA replication by assembling a
pre-replication complex on unreplicated DNA. These proteins
are the origin recognition complex ORC, Cdcé and proteins
of the MCM family. The presence of MCM proteins distin-
guishes replicated DNA from unreplicated DNA, as MCMs are
displaced during replication.

Using the human DNA replication cell-free system, we have
shown that competence of Gl nuclei to respond to S-phase
factors arises suddenly in G1 at a time that coincides with
synthesis of Cdcé protein. Furthermore, addition of recom-
binant Cdcé protein advances the time of initiation of DNA
replication.

Cdcé and MCM proteins can be used as markers for prolif-
erating cells at any stage in the cell division cycle except quies-
cence (G0). We have exploited this to develop an immuno-
enhanced cervical smear test in order to decrease the
frequency of false negative results in this important test. We
are able to combine immunostaining for MCM5 or Cdcé
together with the conventional Papanicolaou stain. In this way
both types of information can be read from the same slide.
We are extending this approach te other forms of cancer,
including cancer of the colon, lung, bladder and breast.

313 Cell nuclei in buffer (top) or in
S-phase cytosol (bottom)

Krude, T, Jackman, M., Pines, J. and Laskey, R.A. (1997). Cyclin/Cdk-dependent initiation of DNA replication in a human cell-free system.

Cell 88 109-119.

Stoeber, K, Mills, A.D., Kubota, Y., Krude, T., Romanowski, P., Marheineke, K., Laskey, R.A. and Williams, G.H. (1998). Cdcé protein causes
premature entry into S phase in a mammalian cell-free system. EMBO J. 17, 7219-7229.

Williams, G.H., Romanowski, P., Morris, L., Madine, M., Mills, A.D., Stoeber, K., Marr, J,, Laskey, R.A. and Caleman, N.C. (1998). Improved
cervical smear assessment using antibodies against proteins that regulate DMNA replication. Proc. Natl. Acad. Sci. USA 95, 14932-14937.

For further references see numbers 24, 32, 61-63, 80, 107 and 116 on pages 49-54.



CONTROL OF EUKARYOTIC CHROMOSOME REPLICATION AND CANCER DIAGNOSIS

Enhanced cervical smear (Pap) test

Enhanced cervical smear (Pap) test by fluorescence microscopy










JONATHON PINES

he dramatic changes in the architecture of the cell as it

prepares to divide are orchestrated by the cyclin-
dependent kinases (CDKs) and their cyclin partners. Our goal
is to determine how cyclin-CDK activities are coordinated in
space and time to reorganise the cell at mitosis.

We are studying the dynamic behaviour of the cell cycle
machinery during cell division in real time, in living cells by
time-lapse fluorescence and DIC video microscopy. By using
GFP-fusion proteins we are able to determine the changes in
localisation of specific cell cycle regulators, such as the cyclins,
the CDKs and the Cdc25 phosphatases as cells progress
through the cell cycle. We use this assay to define the

Co-workers: domains of the proteins that target them to specific subcel-
PAUL CLUTE lular structures and to determine how localisation is regulated
NICOLE DEN ELZEN depending on the stage of the cell cycle. In complementary
ANJA HAGTING experiments we are isolating the proteins responsible for
MARK JACKMAN targeting and controlling the subcellular location of cyclin-CDK
VI MYTHILY complexes.

TUNKIAT KO We are also using the time lapse fluorescence assay to
ROB WOLTHUIS study the role of proteolysis in mitesis. The amount of fluores-

cence of a GFP-chimaera is directly related to the amount of
protein, therefore by quantitating the flucrescence we are able to determine when, and
where, proteolysis is activated in the cell. These studies have shown that cyclin B]
destruction is coordinated, both temporally and spatially, with the spindle assembly
checkpoint.

Cyclin Bl translocates into the nucleus at the end
of Prophase. Simultaneous fluorescence and DIC
images of a cell expressing cyclin B1-GFP.

Hagting, A, Karlsson, C,, Clute, P,, Jackman, M. and Pines, J. (1998) MPF localisation is controlled by nuclear export. EMBO J. 17, 4127-4138.

Clute, P and Pines, J. (1999) Temporal and spatial control of cyclin Bl destruction in metaphase. Nat. Cell Biol. 1, 82-85.

Hagting, A., Jackman, M., Simpson, K. and Pines, J. (1999) The translocation of cyclin Bl to the nucleus at prophase requires a phosphorylation-
dependent nuclear import signal. Curr. Biol., 9, 680-689.

Karlsson, C., Kaitch, S, Hagting, A., Hoffmann, |. and Pines, J. (1999) Cdc25B and Cdc25C differ markedly in their properties as initiators of
mitosis. J. Cell Biol. 144, 573-584.

Furuno, N., den Elzen, N. and Pines, J. (1999) Human cydin A is required for mitosis until late prophase. J. Cell Biol. 147, 295-306.

For further references please see numbers 4, 86-87 and 122 on pages 48-54.




REGULATION OF MITOSIS IN MAMMALIAN CELLS

G2 Phase

Prophase

i ] Pro-Metaphase
Before injection After injection 3

inhibitor of cyclin A-dependent kinases returns to G2 phase (right).

Cyclin A is required for prophase. A prophase cell (left) injected with an - y
.
MNote that the cell decondenses its chromosomes and flattens cut. '

Metaphase

J

Anaphase

Cyclin Bl has to be phosphorylated to enter the nucleus. Wild type cyclin Cyclin B1-degradation visualised in real time. Cyclin

B1 was linked to GFP (green) and a non-phosphorylatable mutant linked to B1-GFP purified from baculovirus-infected cells was

YEP (red). Only the wild type protein can enter the nucleus (middle panel) injected into a Hela cell and then imaged with a
before nuclear envelope breakdown (right panel). cooled slow-scan CCD camera. Left panels DIC

images, middle panels fluorescence, right panels
merged images.



JORDAN RAFF

he centrosome is the main microtubule organising centre

in animal cells. Despite its central role in organising many
cellular events, very little is known about how centrosomes
function. We have taken a reductionist approach to this
problem, isolating proteins that bind to microtubules in vitro
and are associated with centrosomes in vivo. By studying these
proteins we hope to gain a better understanding of how the
centrosomes function at the molecular level. One of these
proteins, called D-TACC, is associated with centrosomes in
interphase, and with centrosomes and spindles in mitosis.
Centrosomal microtubules are too short in embryos carrying a
mutation in the d-tacc gene, suggesting that D-TACC is

ST normally required to nucleate or stabilise centrosomal microtu-
FANNI GERGELY bules (Figure 1). D-TACC is related to the mammalian trans-
JUNYONG HUANG forming acidic-coiled-coil containing (TACC) proteins, that
KIM JEFFERS have been implicated in cancer. We have shown that at least
MICHAEL LEE two of the TACC proteins are localised to centrosomes and/or

CHODAGAM SASIDHAR  microtubules in human cells. When overexpressed in human

cells, the TACC proteins form huge polymers in the cytoplasm,
that can interact with microtubules (Figure 2). We are currently investigating the function
of these proteins in human cells.

Many cell cycle regulators are associated with centrosomes and we have started to The distribution of D-TACC (blue),
analyse the potential role of the centrosome in regulating cell cycle events. We have _”“'CTU‘UbU'ES (green) and DNA (red)
made a cyclin B-GFP construct and shown that the degradation of cyclin B (an event that in WT embryos at metaphase.

is crucial for the exit from mitosis) is spatially regulated within cells. Cyclin B-GFP accumu-
lates at centrosomes in interphase, in the nucleus in prophase, on the mitotic spindle in
prometaphase, and on the microtubules that overlap in the middle of the spindle in
metaphase. In cellularised embryos, the protein is degraded in two phases: toward the
end of metaphase, degradation of the spindle-associated protein initiates at the spindle
poles and spreads to the spindle equator; once complete, the chromosomes enter
anaphase, and the remaining cytoplasmic cyclin B is degraded. These cbservations
suggest that cyclin B degradation may be initiated at the centrosomes/spindle poles.

Gergely, F, Kidd, D, Jeffers, K., Wakefield, J.G., and Raff, 1 W. (2000) D-TACC: a novel centrosomal protein required for normal spindle
function in the early Drosophila embryo. EMBO J. 19, 241-252.

Raff, JW. (1999). Nuclear migration: the missing (LJUNC? Curr. Biol. ¢ R708-R710.

Huang, J-Y., and Raff, JW. (1999). The disappearance of cyclin B at the end of mitosis is regulated spatially in Drosophila cells. EMBO J. 8,
2184-2195.

For further references see number 92 on page 53.



MOLECULAR ANALYSIS OF THE CENTROSOME

Figure 1

The distribution of DINA (red), microtubules

(green), and centrosomes (blue) in normal
panels) and d-tacc mutant (bottom panels)
embryos. In the mutant embryos the r

associated with the centrosomes are to
all stages of the cell cycle

Figure 2
The distribution of microtubules (red
human TACC protein (g I

the T

are gverexpressing

overexpressed

ACC protein forms large fibres in

the cytoplasm that interact with the microtub







mRNA LOCALISATION AND THE ORIGIN OF POLARITY IN DROSOPHILA

Figure 2

NMR structure of one double-stranded RNA binding
domain from Staufen protein '
RNA stem-loop (blue). The amino
contact the RNA ar

shown 1In 3







THE MOUSE GERM LINE AND ITS INFLUENCE ON DEVELOPMENT
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MARTIN EVANS
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e are studying the development and physiclogy of the
W mammalian organism by using embryonic stem cells as
a route to somatic and germ-line transgenesis. These cells
provide a bridge between tissue culture and the whole
animal, allowing specific genetic modifications to be intro-
duced and selected in cell culture, and their effects to be
tested in the context of the physiclogy and genetics of a
whole animal.

Embryonic stem cells can be genetically modified by
various techniques. By gene trapping, we generated and
analysed mutations in the genes encoding Histone 3.3a, which
causes neuromuscular deficits and male infertility. Several
members of the T-box gene family, a class of putative
transcription factors controlling essential events in early devel-
opment, were mutated by gene targeting (homologous
recombination). We found that the murine orthologue of
Eomesodermin, a Xenopus T-box gene identified in the
laboratory of John Gurdon, is required for the development
of the trophoblast lineage and the morphogentic movements
of gastrulation in the mouse embryo. Tbx4 and Thx14, two
other members of this gene family, are essential for the
formation of specific subsets of mesodermal tissue later in
development.
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Gene trap mutation of the Histone 3.3a
gene.
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Immunofluorescence of a mouse cocyte at

the pachytene stage of meiosis. Pairing of

homologous chromosomes is shown by

the presence of synaptonemal complex in

red. Germ cell nuclear antigen, a germ cell
marker, is shown in blue.

T he germ cell lineage in mice is established about a week
after fertilisation, in the extraembryonic region proximal to
the posterior end of the primitive streak. After migrating to the
genital ridges, the site of the future gonads, the primordial
germ cells can follow three alternative developmental
pathways. Which they pursue depends upon signals from their
surroundings. In a female embryo they enter first meiotic
prophase. In a male embryo they stop proliferating and
remain in G1 or GO until birth, after which the cell cycle
resumes. |f they are removed from the genital ridge and
cultured in the presence of certain growth factors, they
develop into pluripotential stem cells, termed EG (embryonic
germ) cells, which can be maintained indefinitely in culture. If
replaced in an early embryo, EG cells will colonise all cell
lineages.

We are studying the transition in vitro from primordial
germ cells to EG cells, and the resumption of proliferation in
male germ cells after birth. An EC cell line derived from the
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spermatogonial stem cell population could throw valuable light on the establishment of
new methylation patterns associated with imprinted genes. We are also attempting to
identify genes responsible for the entry of female germ cells into meiosis, using subtractive

hybridisation and homologies with other organisms.
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ur interests are in the areas of development and
O evolution and in the study of cell behaviours in devel-
opment which may relate to a better understanding of cell
behaviour in cancers. In evolution, our work has shown that
teleost fish have undergone additional rounds of genome
duplication and subsequent gene loss from an analysis of Hox
complex structure in Fugu rubripes (pufferfish). We have also
shown that sequence comparisons using nen-coding
sequences of this fish are an efficient means to detect
regulatory elements in mammals. In the area of cell behaviour
in development, we are studying the molecular basis for
cellular memory and investigating the role of Staufen proteins
in mammalian development. In close collaboration with Azim
Surani we are using mouse genetics to try to address the
kinetics of cell memory mediated by novel polycomb and
trithorax group homologues in mammals.

For recent publications see numbers 3, 19, 55, 67 and 90 on
pages 48-53.

protein-coupled receptors (GPCRs) are a superfamily of
G proteins controlling a wide range of physiclogical
pathways. GPCRs have proven to be excellent drug targets;
roughly a half of all modern drugs act on this class of
receptor. Genome sequencing data suggest that in addition
to the about 250 known GPCRs there is a similar number of
structurally related receptors with unknown biclogical
function. These so called “orphan’ receptors hold a great
promise for drug development. In a joint project with Andreas
Russ and Sam Aparicio we are using bioinformatics to identify
novel orphan GPCRs which are then functionally charac-
terised by gene disruption in mice. The identification of
receptor function in development and physiology will be
important to guide the development of drugs acting on these
targets.

For recent publications see number 22 on page 49.

In vivo function
defines biology and
therapeutic potential
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AXenopus embryo showing notochordal
and epiphysial expression of the not/flh
gene (dark blue stain).

Initiation of human DNA replication
in vitro

A major issue in developmental biology is how the embryo
subdivides into progressively smaller regions, each with a
unigue identity. This project concerns the mechanism by which
two such regions are specified, the notochord and the
epiphysis. The earliest known transcription factor expressed 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. The aim of the project
is to identify the direct regulators of the not/flh gene because
this, in turn, will reveal the signal transduction pathways and
developmental processes by which the notochord and
epiphysis are formed.

M.Branon, M.Gomperts, L.Sumoy, R.T.Moon and D.Kimelman.
[-catenin binds to the siamois promoter via transcription factor
Lef/Tcf to requlate specification of the dorsal embryonic axis in
Xenopus. (1997) Genes Dev. 1], 2359-2370.

y research focuses on the cell cycle control of initiation
M of DNA replication and of chromatin assembly, using
cell-free systems derived from human tissue culture cells.

Initiation of DINA replication is triggered in nuclei, isolated
from late G1 phase cells arrested by mimosine, upon
incubation in cytosolic extract from proliferating cells. The
protein kinases cyclin A/Cdk2 and cyclin E/Cdk?2 are bound to
nuclei from mimosine-arrested cells and their activity is
required for triggering initiation. Initiation also depends on
soluble factors, which we are currently purifying by
biochemical fractionation of the cytosolic extract.

Chromatin assembly factor CAF-1 mediates regulated
nucleosome assembly on replicating DNA. We are currently
analysing the coupling of CAF-1 activity to DNA replication,
which depends on cydin-dependent kinase and on protein
phosphatase activities.

For recent publications see numbers 61-63 on page 51.
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NA may be damaged by sunlight, ionizing radiation,

chemical mutagens and many other agents. Unrepaired
or inaccurately repaired DNA damage often features in the
development of cancer. Very efficient mechanisms have
evolved, therefore, to repair various forms of damage. My
research focuses mainly on the final step in the repair of DNA
double-strand breaks - the joining of DNA ends catalysed by
DNA ligases. | have found that the yeast DNA ligase, Ligdp,
repairs DNA double-strand breaks, and that its activity is
regulated in several ways by its partner protein, Liflp. For
example, Lifl p targets Ligdp to DNA ends and this, in turn, is
regulated by another DNA-binding protein, Ku. | am currently
characterising how this occurs within chromatin. In collabo-
ration with colleagues, | am also studying how Ku regulates
telomere length.

For recent publications see numbers 93, 101 and 111 on
pages 53-54,

he aim of our research is to determine when and how the

body plan of mammals is established. Until now it was
believed that mammalian embryo polarity is established only
after implantation. However, our studies using a novel strategy
to trace cell lineages challenge this view. They indicate that
mouse embryo polarity is anticipated before implantation and
is related to the polarity of the egg. To understand the origin
of polarity and mechanisms of axis formation in mammals, we
are combining experimental embryology and molecular
techniques to ask:

* what underlies asymmetric division of the egg and how is
egg asymmetry related to embryonic polarity?

* what is the developmental role of embryo pre-patterning
and how does early polarity transform into that of the defin-
itive embryo?

* how are signalling centres established and what are the
molecular mechanisms specifying polarity?

For recent publications see numbers 117-118 and 122 on
page 54.

Postimplantation mouse embryo (E6.5)
showing the fate of a blastocyst ICM cell
microinjected with GFPmRMNA. These
studies demonstrate that polarity of the
embryo is established already before
implantation.
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A) XSox17f (blue) in the naive
endoderm. (B) Transgenic Xenopus
embryos expressing GFF in the
developing foregut. (C) Homeobox
genes Hex in the liver bud (blue) and Pdix
in the pancreatic region (brown) of the
embryonic gut.

ur research focuses on the molecular mechanisms under-
O lying the formation of internal organs such as the liver
and pancreas. In vertebrate embryos, signalling by growth
factors patterns naive endodermal tissue into broad territories.
This basic pattern is elaborated by a complex series of tissue
interactions, so that some endodermal cells form the liver while
others give rise to the pancreas or lungs. Using the frog
embryo as a model, we are applying a combination of
molecular and embryological technigues, to uncover the
genetic programs responsible for this poorly understood
process of organogenesis. Current investigations examine how
transcription factors integrate signals from different growth
factors to specify endoderm and embryonic liver. We are also
conducting a number of screens to find novel genes involved
in liver development.

For recent publications see numbers 38, 106 and 123-124 on
pages 50-54.
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