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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 of the centre of the historic city. It was

founded in 1989 to promote research in the areas of

Developmental 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
biology are complementary
since developmental biology is
concerned with how cells come
to acquire and maintain their
normal function; cancer is a
result of a cell breaking loose
from its correct controls and
becoming abnormal. Both areas
require a detailed knowledge of
intracellular processes, which
need to be analyzed at the

cellular and molecular levels.

ForREWORD BY THE CHAIRMAN

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 which ensure correct cell function in
normal development. At the technical level, the analysis
of cellular and molecular processes requires familiarity
with techniques which no one
person can master, such as gene
cloning, antibody preparation,
cell culture, and embryological
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.



WITHIN THE INSTITUTE Now in its fully operational During the course of 1996, Michael Akam, one of our

sixth year, our Institute consists of sixteen independent senior group leaders, was promoted to professorial

research groups containing postdoctoral
scientists, visitors, research assistants
and a total of more than 40 graduate
students. Together with support staff, the
Institute  comprises almost 200
personnel, all of whom are affiliated
through their group leaders to one of

the University science departments, The

status by the General Board of the
University, while three of our younger
group leaders have moved up to senior
group leader status: Steve Jackson, who
accepted the University's Quick Prof-
cxsurshi[‘r of Biology, Tony Kouzarides
who was appointed University Cancer

Research  Campaign Reader in

teaching we do and our lists of publications are credited Molecular Cancer Biology during 1996, and Daniel St.

to our parent departments, and we have access to their Johnston.

workshops and equipment.

We receive funding in a
2:1 ratio from our major
sponsors, the Wellcome
Trust and the Cancer
Research Campaign. In
S:*ptv.mhvr 1995, a site
visiting committee spent
two days in the Institute

]iﬁ[umng o pt'cxcma[inns

and talking to group
leaders. As a result of this visit, and of our
scientific publications over the previous five
years, we are very pleased indeed to say that our
quinquennial core funding was fully renewed by

our sponsors from January 1996.




In June 1996, the Institute celebrated the award of two new group leaders during the next two years. In

prestigious medals of the Biochemical Society to addition, we greatly look forward to an enlarged
members of this Institute. Professor Ron Laskey received seminar/tea room, a facility which plays a major role in
the Society’s CIBA Medal and Professor Steve Jackson promoting the scientific interactions that are so vital to
was awarded the Biochemical Society's Colworth Medal any research institute.

1997.

Sponsored by the Wellcome Trust and Cancer Research j;—‘ﬁk q“""'ﬂtﬂ“‘ :

Campaign, new extensions to the south side of our
building are nearing completion and are expected to be JOHN GURDON
ready for occupation before the end of 1996. As a result CHAIRMAN

Uf these extensions, we Propose Lo rec ruit one or more




INsTITUTE FACILITIES

The extension to our building will provide space for an
additional twenty to twenty-five research staff by
creating three new laboratory areas and allowing
reorganisation of administrative areas and subsequent
extension of an existing laboratory. Two temperature
controlled rooms will be installed in addition to

improvements in seminar and meeting room space.

Our graphics facility has grown considerably over the
past year, the new equipment including a second
confocal microscope, video imaging equipment and
silicon graphics workstation. This allows analysis and
presentation of time lapse and 3 dimensional data. We
are grateful to our sponsors for their generous support.



In addition to a successful football season for the The evenings entertainment at the Institute’s annual

Wellcome Wanderers, leisure and social events have scientific retreat featured Philippe Gautier and his
included participation in a rounders league, basketball jazz/Tock band seen here playing to an enthusiastic

matches, paragliding trips and popular wine-tasting audience.
evenings. We hope that the new catering arrangements

will allow gastronomic events to feature significantly in

the coming year.













Hox GENEs AND SEGMENT PATTERNING

IN ARTHROPODS

OX g{'ﬂ{‘\ L‘I)LL.’I"(E[‘ [['.il‘.‘nl,'l’f'l"l[i()[] 1;1;_1[3[’,\ [h.‘t[ ‘11')('(_”)

the position of cells along the antero-posterior axis
of the embryo. In arthropods, they control the

Locust eor at early cleavage diversification and specialisation of segments.

stages after mmpecting
S i D It is still a mystery how the Hox genes control the final
|J'.|J'c -":' L ."I\ dEre T {ees

morphology of each segment. To address this question, we

(vellow/green) is surrounded are studying what cellular processes result in the different

&y an stand of cytoplasm, shapes and sizes of the three legs of Drosophila, and how

hinh ha ) -
SARICA NIAS oclmiidl

£ these processes are modulated by the differential expression
imected dy .
; 7 of the Hox genes.
that the egg 1

In Dmstzpl:ila, the Hox genes are activated in the correct

segments by the products of segmentation genes. These form
£ ¥ I 2 £

intracellular gradients in the earliest stages of [ii,“.‘(_'|1'r]‘1|’]](*|'tt‘
while the embryo remains syncytial. Many other insects, and
most other organisms, do not have a persistent syncytial
stage of development. In locusts, for example, we have
recently shown that the cells of the embryo become isolated
from one another at very early stages of cleavage. To
investigate how patterning occurs in this cellular
environment, we are analysing the expression of other
pa[[g-rnjng genes, and alLuu]:[iilg Lo mdnipuhu‘ their

expression in the early embryo.

Although Hox gene clusters are conserved in many animal
phyla, some of the genes within the insect Hox clusters
appear to have escaped from stringent selection, evolving
rapidly to acquire new functions, particularly in early

development. We have shown that the zen class of

FOSEITE Of cpracrmal coiis dorsal /ventral patterning genes are highly divergent Hox
class 3 genes. We are studying these and other divergent Hox
genes to establish where in the phylogenetic tree their new

functions arose, and how their regulation has changed.



ANDREA BrAND

The midline progenitors
give rise to all three neural
cell types: interncurons,
motor neurons and glia.
These cells arise from five
distinet elasses of cell

ROBERT BARBOSA
TORSTEN BOSSING
CATHERINE DAVIDSON
EMMA-LOUISE DORMAND
NEIL HAYWARD

ALICIA HIDALGO

ULRIK JOHN

ALISON SCHULDT

lineage, each depicted in a
different colotr.

Taw-GFP binds to nucrotubules,
highlighting the cytoskeleton within
each epidermal cell of a living larva.

BRAND, A.H. (1995) GFP in Drosophila. Trends in Genetics 11, 324-315.

HIDALGO, A, URBAN, . and BRAND, A.H. (1995) Targeted Ablation of the Longitudinal Glia
Disrupts Axon Tract Formation in the Drosophila Embryonic CNS. Development 121, 3703-3712.
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1l!'i11g Nervous system dl‘\'t']';l]')!ﬂt'nT each neuron

acquires a specific identity, directing it to extend an

axon towards and synapse with an appropriate
target cell. Cell identity is acquired in response to a specific
pattern of gene expression and to cell-cell interactions. We
have developed a general method for directed gene
expression in Drmnphif:i, the GAL4 system, that allows
transcription to be manipulated both spatially and
temparally. Using targeted gene expression, transcription
patterns in neuronal precursor cells and in their progeny can
be altered with the aim of eliciting specific cell fate changes.
Directed expression of diphtheria toxin or ricin can be used
to ablate cells and to eliminate the cell-cell interactions that

may influence cell identity and axon outgrowth.

We are using targeted cell ablation to study the role of glial
cells and pioneer neurons in establishing the axon scaffold.
We are also killing specific subsets of the ventral midline
cells, which may send out attractive or repulsive signals to
migrating axons. For this reason the midline cells are

thought to be analogous to the vertebrate floorplate

To monitor the effect of cell ablation and cell fate changes in
vivo, we are labelling neurons and glia in living embryos by
expression of green fluorescent protein (GFP) from the jelly
fish, Aequoria victoria. We can now assay cell-cell interactions in
¥ivo, 1|'.3L'j|]g individual cells [!Irnugh t'lllhr)'m'it

development.
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DUNIN-BORKOWSKI, O.M., BROWN, N.H. and BATE, M. (1995). Anterior-posterior subdivision

and the diversification of the mesoderm in Drosophila. Development 121, 4183-4193

MARTIN-BERMUDC), M., and BROWN, N.H. (1996). Intracellular signals direct integrin localization

to sites of funcrion in embryonic muscles. J. Cell Biol. 134, 217-226






MARTIN Evans

STELLA BROWMN*

MARK CARLTON

HELEN CHILVERS

JOHN DIXCN

JOANMNE FERRIER

CATHERINE GODDARD*

SUSAN HUNTER

GHOLSON LYON
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EMILY SCOTT

GORDON STOTT
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MAGDALENA ZERNICKA-GOETZ
We continue to work in collaboration with
BILL COLLEDGE'S group® in the Department

of Physiology
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VERLHAC, M.H., KUBIAK, J.Z., WEBER, M., GERAUD, G., COLLEDGE, W.H,,
EVANS, M.J. and MARO, B.1996. MOS is required for MAP kinase activation and is
involved in microtubule organization during meiotic maturation in the mouse.
Development 122, 815-522.

HAYMAN, A.R., JONES, S.J. BOYDE, A., FOSTER, D. COLLEDGE, W.H,,
CARLTON, M.B.L., EVANS, M.]. and COX, T.M. 1996. Mice lacking tartrate-resistant

acid phosphatase (Acp5) have disrupted endochondral ossification and mild osteopetrosis.

Development 122, 3151-3162

For further publications see no. 16, 22, 38, 80.






CHARLES FFRENCH-CONSTANT

KATHARINE BLASCHUK

PHIL BUTTERY
EMMA FROST
THOMAS JACQUES
MONIQUE JOUET
MARCO PONASSI

Myelin sheath formation in xenocultures of mouse

oligndendrocytes and rat neurons

KIERNAN, B.W.,, GOTZ, FAISSNER, A. and FFRENCH-CONSTANT C. 1996. Tenascin-C inhibits
oligodendrocyte precursor migration by both adhesion-dependent and adhesion-independent mechanisms.
Mol. Cell. Neurosci. 7, 322-335.

MILNER, R., EDWARDS, G., STREULI, C.; and FFRENCH-CONSTANT, C. 1996 A role in

migration for the avfi integrin expressed on oligodendrocyte precursors. J. Neurosci. 16, 7240-7252.

SHAW, C.E., MILNER, R., COMPSTON, A.5., FFRENCH-CONSTANT, C. 1996 Analysis of Integrin
Expression on oligodendrocytes during Axo-Glial interaction by using Rat-Mouse Xenocultures. J.
Neurosci. 16 (3), 1163-1172.

For further publications see no. 20, 21, 58.



CELL EXTRACELLULAR MATRIX INTERACTIONS

A confocal slice through a ball of newroepithelial cells

(& newrosphere)

-1.

DURING ’\} EURAL DEVELOPMENT

he central nervous system (CNS) develops from a

‘ simple two-dimensional sheet of cells into a
complicated three-dimensional structure. The early

part of this development can be sub-divided into three basic
stages; proliferation of uncommitted neural precursors,
migration of differentiated progenitors and differentiation.
A better understanding of these stages is important both for
the study of developmental defects and also to enhance

repair in the damaged CNS.

Our lab examines the role of extracellular matrix molecules
and their integrin receptors in these stages. We use two
model systems; neurospheres (see figure) to examine the
behaviour of neural precursor cells and oligodendroglial
cells to examine the later stages of migration and
differentiation. Both cell types can be grown in culture
facilitating cell and molecular biological analyses of

integrin-ECM interactions.

We have shown that integrins and ECM molecules contribute
to the regulation of cell migration in the developing CNS.
One of these integrins, avf, is lost during oligodendrocyte
precursor differentiation, suggesting a role in the timing of
migration. Current experiments to determine the role of
this and other integrins using a combination of antibody
blocking, peptides, transfection of chimaeric integrins and

transplantation are in progress.
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the Cyclin family of

fBroteins
preket Pocket domain

BANNISTER A.]l. and KOUZARARIDES T. 1996. The CBP co-activator is a histone

acetyltransferase. Nature 384, 641-643.
WHITE, R.J., TROUCHE, D., MARTIN, K., JACKSON, 5.P. and KOUZARIDES, T. 1996.

Repression of RNA polymerase 111 transeription by the retinoblastoma protein. Nature 382, 88-90,

For further publications see no. 3, 50, 54, 60, 75, 76.
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listribution of ORC (green) relative to DNA (red) during

PIOTR ROMANOWSK] division of Xe OIS € Iy (Romanowsk et af., Ref. below)
HANNAH WILKINSOMN

GARETH WILLIAMS

GORLICH, D., KRAFT, R., KOSTKA, S., VOGEL, F, HARTMANN, E., LASKEY, R.A.,
MATTAJ ILW. and I[ZAURRALDE, E. 1996, Importin provides a link between Nuclear Protein Import
and U snRNA Export. Cell 87, 21-32.

ROMANOWSKI, P, MADINE, M.A., ROWLES, A., BLOW, L.]. and LASKEY, R.A. 1996. The
Xenopus origin recognition complex is essential for DNA replication and MCM binding to chromatin.

Current Biology 6, 1416-1425.

For further plll:“t‘;tl'u ns see no. 13, 23, 25, 26, 45, 46, 47, 52, 53, 62, 67, 68.
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PINES, ]. and HUNTER, T. (1994). “The differential localisation of human eyclins A and Bl is due to a
cytoplasmic retention region in cyclin BI'. EMBO J. 13, 3772-3781.

JACKMAN, M., FIRTH, M., and PINES, J. (1995). ‘Human eyclins Bl and B2 are localised to strikingly

different structures: Bl to microtubules, B2 primarily to the Golgi apparatus’. EMBO J. 14, 1646-1654
PINES, J. (1995). ‘GFP in mammalian cells’. Trends Genet., 11, 326-327.

For further publications see no. 80.



ReEcuLATION OF THE MAMMALIAN CELL CYCLE BY

CycLiNn-DePENDENT K INASES

he cell cycle ensures that DNA replication and mitosis
are discrete and sequential. It is orchestrated by the
cyclin-dependent kinases (CDKs) that are activated
and localised to the correct sub-cellular structures by their

cyclin parmer.

We are studying how cyclins localise CDKs to particular parts
of the cell. Cyclin A targets CDK1 and CDK? to the nucleus,
whereas cyclin Bl targets CDK1 to the cytoskeleton and
cyclin B2 directs it to the Golgi apparatus ang the ER. This
facet of the cyclins may be responsible for co-ordinating the

dramatic L‘lldi'lgu;\ in cell structure at mitosis.

Using chimaeric proteins and point mutants we have defined
the regions of the cyclins required for their localisation. We
have found a number of proteins that are able to interact
specifically with these regions through the yeast 2 hybrid
screen, and are determining their physiological role in cell

cycle regulation.

We have extended our studies on protein localisation by
using green fluorescent protein (GFP) as an in vivo marker
for cyclin localisation. Cyclin-GFP chimaeras are correctly
localised, and we are able to observe them in living cells as
they progress through the cell cycle. By generating a more
complete description of the interactions between cell cycle

regulators in both space and time in living cells, we hope to

deepen our understanding of how cells co-ordinate growth,

DNA synthesis and cell division.




JorDAN RAFF

RAFFE, |.W. 1996. Centrosomes and microtubules: wedded with a ring. Trends Cell Biol. 6, 248-251.

KELLOGG D.R., OEGEMA, K., RAFFE, ., SCHNEIDER, K., and ALBERTS, B.M. 1995. CP6{: a
microtubule-associated protein that is localised to the centrosome in a cell-cyele specific manner. Mol. Biol.

(:t‘” 6, ]{I:- 1-1684.

For further ]Hllbli(‘;l[iun\ see no. 40, 42, 66,



MoLecuLAR ANALYSIS OF THE CENTROSOME

th centrosome 15 lhﬂ_‘ l11¢|i!] i]]i,[._'r(l'[lll\'lllL‘ il]'gﬂ_[][h]l}g
centre in animal cells. Despite its central importance
in organising many cellular events, very little is
known about its molecular structure. We have isolated a
number of proteins that bind to microtubules in vitro and
are associated with the centrosome in vivo, thus making
them good candidates for proteins involved in
the interaction between centrosomes and

microtubules.

One of these proteins is a novel protein kinase
called LK6.This protein contains a PEST sequence
and is rapidly turned over in the embryo. Flies
overexpressing the LK6 kinase are very sick, and
show a variety of mitotic defects in the early
embryo (see figure), while overexpressing a
mutated LKé protein that has no kinase activity is
without effect. Our current hypothesis is that
overexpressing the LKé protein makes
microtubules too stable in the embryo. A second

protein, CP60, is located mainly in the nucleus in

interphase and relocates to the centrosome during mitosis,

Y e
Phosphorylation by cdc2/cyclin B regulates the ability of
this protein to interact with microtubules in vitro, and we

embryo over-expiessing the LKO kinase are currently testing the role of this phosphorylation event in

(C, D). Arvows Aighlight regions u vivo. We have also isolated two new centrosomal MAPs this

year, both of which appear to have mammalian homologues

of unknown function.

We are using a variety of molecular, biochemical, cell
biological, and genetic approaches to study the functions of

these centrosomal prultirw.



DANIEL ST JOHNSTON

GONZALEZ-REYES, A., ELLIOTT, H. and ST JOHNSTON, D. 1995. Polarization of both major
body axes in Phrosophila by gurken-torpedo signalling. Nature 375, 654-658.

ST JOHNSTON, D. 1995. The intracellular localisation of messenger RN As. Cell 81, 161-170.

GRUNERT, 8. and ST JOHNSTON, D. 1996. RNA localisation and the development of asymmetry

during Drosophila oogenesis.

Current opinion in Genetics and Development 6, 395-402









MAaMMALIAN DEVELOPMENT: SIGNIFICANCE OF EPIGENETIC

I)li'l'l-‘,l{f\-‘ﬂ.\.',\L\"I'S INHERITED FROM THE GERM LLINE

Igf2-LacZ H19

Paternal Maternal

Imprinting of lef2LacZ/H19 YAC clone shotving

A

P eferential Lac 7 expression dfer parern

ammalian development is regulated by epigenetic
determinants that are inherited from the germ
line. This accounts for the functional differences
between parental genomes during development caused by
the preferential expression of one parental allele of genes
called imprinted genes. We are investigating the germ line to
understand the molecular nature of the epigenetic
determinants and their consequences for development and

disease.

We aim to identify the cis elements that confer imprinting on
individual and clusters of imprinted genes within large
domains. We are also attempting to it‘lc_'n!if')' the trans-acting
genes that induce appropriate epigenetic modifications at
imprinted loci. Conditional deletion of these cis elements
and trans-acting genes, in germ cells, gametes and embryos,
will establish their precise functions at critical stages of the

imprinting cycle.

Another aim is to identify imprinted genes systematically
and to understand their precise functions during
development. Some novel imprinted genes such as Nnat, Peg3
and Pegl that influence early embryonic development as well

as behaviour are the focus of our current investigations.



ENRIQUE AMAYA

MATTHEW POLLI

FAROES

KROLL, K.K. and AMAYA, E. (1996) Transgenic Xenopus embryos from sperm nuclear transplantations

eveal FGF signaling requirements during gastrulation. Development 122:3173-3183.

AMAYA, E. and KROLL, K.K. (1996) A method for generating transgenic frog embryos. in Methods in

Molecular Biology: Molecular Embryology: Methods and Protocols. Edited by Paul Sharpe and Ivor Mason.

Humana Press Inc. , Totowa, NJ., in press.

For further publications sce na. 55.



SIGNALS THAT ORGANISE THE VERTEBRATE E.MBRYO

Figure 3.

receptor (lower) and stained for

notochord and somite m

wrker, Block

he vertebrate embryo is organized and patterned

following a series of inductive events. The first of

these signalling events results in the formation of the
mesoderm at the blastula stage. The second event occurs at
the gastrula stage when the dorsal mesoderm patterns the
rest of the mesoderm. As a long term goal we would like to
understand the molecular basis of the inductions that
organise the vertebrate embryo. In addition we would like to
better understand how localised production of signalling
molecules gets translated into organised changes in cell

movement and differentiation.

We are interested in determining how secreted molecules act
in a concerted way, in space and time, to produce a fully
organized embryo. To this end we have been investigating
the role of fibroblast growth factor (FGF) during mesoderm
formation in the frog, Xenopus laevis. We have found that
inhibiting FGF signalling in the embryo, by expressing a
dominant negative version of the FGF receptor, disrupts
mesoderm formation. In addition by following the
morphogenetic movements that occur during the gastrula
and neurula stages using time-lapse video microscopy, we
are studying the signalling events that pattern the embryo as
they occur. Finally we recently developed a very efficient
method for making transgenic frog embryos. This
technology will allow us to manipulate the expression of
developmental genes in the embryo with much better

precision than ever before.



Nancy PapaLorPuLu

Expression of N-tubulin

control
RAR

Dom. Neg.
RAR

Dom. Neg.
RAR

In situ hybridisation analysis of newral plare stage
Xenopus embryos injected with Dominant Negative
or a Control truncated Retinoic Acid Re epror
{Dom. Neg. RAR and Control RAR, respectively).
B-gal RNA was co-injected as a lineage tracer.
Injection of the Dom. Neg. RAR RNA eliminates or
greatly reduces primary neurvons, as marked by N
tubulim expression, while Control RAR or B-gal

RNA alone has no f'lnl.,lle"r'd'. (see no, = )

PAPALOPULU, N. and KINTNER, C. (1996). A novel Xenopus homeobox gene, Xér-1 defines a
novel class of homeobox genes and is expressed in the dorsal ciliary margin of the eye. Developmental
Biology 173: 104-114.

PAPALOPULU, N. and KINTNER, C. (1996). Anteroposterior patterning controls the timing of
neuronal differentiation in Xenopus embryos. Development 122: 3409-3418.

For further publications see no. 6, 63, 64.



























CHRISTINA KARLSSON PhD
EC Research Fellow

TUNKIAT KO BSc
CRC Graduate Student

ANNA MEDDINS BSc

AICR Research Associate
KAREN SIMPSON BA

MRC Graduate Student

LUCY PERKINS BSc

CRC Research Technician
JORDAN RAFF PhD

Wellcome Senior Research Fellow /
[Afhliated to Department of Genetics|
JUNYONG HUANG PhD
Wellcome Research Associate
DEBORAH KIDID BA
Wellcome Prize Student

JAMES WAKEFIELD BSc
Wellcome Prize Student
DANIEL ST JOHNSTON PhD
Wellcome Senior Research Fellow /
[Affiliated to Department of Genetics|
FREDERICUS VAN EEDEN PhD
Research Fellow

ACAIMO GONZALEZ-REYES PhDD
Wellcome Research Associate

JAN ADAMS BSc

Graduate Student

RUTH McCAFFREY BSc

EC Graduate Student

RACHEL SMITH BA
Wellcome Prize Student
HEATHER ELLIOTT BSc
Wellcome Research Technician
ENRIQUE AMAYA PhD
Wellcome Senior Research Fellow /
[Affiliated to Department of Zoology|

MATTHEW FOLLI BSc
Wellcome Research Assistant































ANNUAL RETREAT 1996



WELLCOME CRC INSTITUTI




