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FOREWORD BY THE CHAIRMAN

WITHIN THE INSTITUTE

uring the past year, the Institute has remained at the full

level of occupancy that existed last year. We have about 50

graduate students from various countries together with
somewhat more postdoctoral workers. We have 16 independent
research groups. Each group obtains its major funding from one
of our principal sponsors: the Wellcome Trust or the Cancer
Research Campaign. Each group is affiliated to one of the
Departments of Cambridge University, and we now have con-
nections of this kind with the Departments of Anatomy,
Biochemistry, Genetics, Medical Genetics, Pathology, Physio-
logy and Zoology.

During this year, Michael Akam took up his position as
Professor of Zoology and Director of the University Museum of
Zoology, where he has moved with his group to pursue his inter-
est in the evolutionary aspects of development. His place has
been taken in the Institute by Dr Julie Ahringer who was elected
to a Senior Research Fellowship of the Wellcome Trust and
moved to our Institute with her group during the summer of
1998. She is analysing the earliest events of nematode develop-
ment, with a special interest in the mechanisms that orient cell
division axes. The result of these oriented cell divisions is that
localized components of the egg and embryo are segregated to
different daughter cells, thereby directing growth and subse-
quent differentiation of the early embryonic cells.

Several senior postdoctoral research workers won competi-
tive awards for independent support this year. Whalst still asso-
ciated with the groups in which they have worked, the awards
enable these young scientists to embark on independent direc-
tions of research. The recipients of these awards are listed on
page 46.

Congratulations are due to Ron Laskey, who was presented
with the Louis Jeantet Prize for Medicine during 1998 (right).
The recipients of other honours and awards are listed on page 55.




FOREWORD BY THE 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 found-
ed 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 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 embry-

onic manipulation. There is, therefore, a major benefit in having
scientists with different but complementary knowledge and tech-
nical skills working in close proximity to one another.

John Gurdon, Chairman.

ORGANISATION AND FACILITIES

The Institute continues
to grow. Since we started
nine years ago, there has
been a steady increase in
the number of people
working here (now about
200), the number of
papers published each
year, and our grant
income. The 16 autono-
mous groups each se-
cure funds in open
national competition, as
a result of appraisal
entirely outside this
Institute. We also enjoy
the full support of
Cambridge University,
which funds most of our
Senior Group Leader
posts.

In accord with our increasing level of activity, we are for-
tunate in having increasingly sophisticated equipment and
instrumentation. Apart from the usual equipment required for
molecular biology and biochemistry, we have three confocal
microscopes. All major equipment is available to all groups, and
therefore is used very efficiently.
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Our involvement in the University of Cambridge activities
continues. All of our group leaders, many postdoctoral fellows
and graduate students contribute to the undergraduate and grad-
uate teaching of the University. As an Institute, we run a success-
ful series of graduate seminars in developmental biology, con-
tributed to and attended by members of most of the University
biology departments.

We greatly welcome the occupation of the new Biochemistry
building adjacent to us, which now houses most members of that
department. The Biochemistry Department in Cambridge has
great expertise and an outstanding reputation in the field of
structural biology, and this complements the cell and develop-
mental work of our Institute. We look forward to increasing lev-
els of collaboration with the new Biochemistry Department.

Winners of the Mixed Team category, annual Cambridge
Chariots of Fire Race



JULIE AHRINGER

e are studying how patterns of cell
‘ R’ divisions and cell fates are controlled
during embryogenesis, using the ne-
matode C. elegans as a model system. C. elegans
is an excellent animal for studies in develop-
mental biology because it grows rapidly (3 days
from egg to adult), it is transparent (allowing all
cells to be seen and followed in live animals),
genetic analyses are fast and easy, molecular
studies are rapid (the genome is completely
sequenced), and it is beautiful. We have focused
on two embryonic patterning events: the choice
of the axis of cell division early in development and the patterning of pos-
terior tissues later in embryogenesis.

One of the first indications of pattern in the C. elegans embryo is the ori-
entation of the axis along which a cell divides. Although this is a wide-
spread phenomenon in the development of many animals, little is known
about how correct axes are chosen. We have shown that the p subunit of a
heterotrimeric G protein is required for the correct orientation of early
embryonic cleavage axes. We are currently screening for other genes
involved to understand better how axis choice is made and what polanty
cues are used.

Subsequent patterning events establish the body plan and the organisa-
tion of tissues. We are studying how the posterior end is patterned. This
work is centred on the gene walb-7 which encodes an even-skipped homo-
logue required for patterning posterior mesodermal and epidermal tissues
in the embryo. We are using genetic and molecular methods to identify and
study new genes involved in embryonic patterning to extend the pathway
from vab-7, and to study the nature of the gene interactions. For example,
we recently found that the gene egl-27 genetically interacts with af-7 and
encodes a component of a chromatin regulatory complex. As vab-7 has a
sequence and expression pattern similar to those of even-skipped homo-
logues in other animals, including vertebrates, this work should be directly
relevant to other systems.

Ahringer, |. (1997). Turn to the Worm! Curr. Opin. Genet. Dev, 7 410-415.

Ahringer, |. (1997). Maternal control of a zygotic patterning gene in €. elegans. Development, 124,
J865-3869.

Zwaal, R., Ahringer, |., Rushforth, A., Anderson, P., and Plasterk, R. (1996). G proteins are required
for spatial orientation of early cell cleavages in C. elegans embryos. Cell, 86, 619-629.

Ahringer, ]. (1996). Posterior patterning by the Caenorbabditis elegans even-skipped homolog wab-
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

A

Top: A four-cell embryo showing localisation of P-granules

to the posterior (red) and microtubules emanating from the
asters (green).
Bottom: Localisation of GPB-1 (green),
a heterotrimeric G protein subunit, to the membrane

in the germ line. P-granules (red).






SIGNALS THAT ORGANISE THE VERTEBRATE EMBRYO
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An adult Xenopus laevis female (left) and
an adult Xenopus tropicalis female (right)




ANDREA BRAND

s the nervous system develops, thou-

sands of neurons are born, each of which

must assume a specific identity. One way
to generate cell diversity is to ensure that, upon
cell division, each daughter cell adopts a differ-
ent fate. This can be most simply achieved by
asymmetric segregation of cell fate determi-
nants at cell division. Recently, it has been
shown that such a mechanism is used to direct
cell fates during Drosophila neurogenesis. Each
neuronal precursor cell (or neuroblast, NB)
undergoes a series of stem cell divisions. Prior
to each division, the homeodomain protein Prospero is localised to the
basal side of the cell, and is then partitioned to the daughter cell (or gan-
glion mother cell, GMC). The mRINA encoding Prospero is segregated sim-

ilarly.

We are investigating the molecular mechanisms that direct the asymmet-
ric segregation of cell fate determinants. We have shown that Staufen, a
double-stranded RNA-binding protein, binds to the prospero mRNA and
directs its subcellular localisation. Both Staufen and Prospero, in turn, bind
to Miranda, which mediates their basal localisation at mitosis. To follow
the asymmetric localisation of determinants in living embryos, we fused
green fluorescent protein (GFP) to Staufen, Prospero and Miranda. We are
using colour variants of GFP to label several different proteins at once m
vivo.

Using targeted gene expression, transcription patterns in neuronal pre-
cursor cells and in their progeny can be altered with the aim of eliciting spe-
cific cell fate changes. In this way, we are investigating the role of segmen-
tation genes in directing neuronal and glial cell fates. We can also express
toxins in a restricted fashion to ablate cells and eliminate cell-cell interac-
tions. We are studying the neuron-glial interactions that direct axon out-
growth and mediate cell survival. Neurons and glia are labelled in living
embryos with tau-GFP, which highlights microtubules. We can then trace
individual cells throughout embryogenesis.

Schuldt, AJ., Adams, |.HJ., Davidson, C.M., Micklem, D.R., Haselof, ., St. Johnston, D., and Brand,
AH. (1998). Miranda mediates asymmetric protein and RNA localisation in the developing nervous
system. Genes Dev., 12, 1847-1857.

Dormand, E.L, and Brand, A.H. (1998). Runt determines cell fates in the Drosaphila embryanic
CNS. Development, 125, 1659-1667.

Schuldt, A.J., and Brand, A.H. (1999). Mastermind acts downstream of Notch to specify neuronal cell
fates in the Drosophila CNS. Dev. Biol., 205, 287-295.  For further publications see page 48.
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CELL FATE DETERMINATION AND CELL-CELL INTERACTION IN THE NERVOUS SYSTEM
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two-photon microscopy.

More information can be found on the Brand Lab home page:
http://www.welc.cam.ac.uk/ ~brandlab/







MOLECULAR ANALYSIS OF MORPHOGENESIS







MAMMALIAN DEVELOPMENTAL BIOLOGY AND GENETICS

E6.5

Chimeras were generated by combining
wild type host embryos with ES cells

)
homozygous for EcLacZ. The mutant cells  agS —
: &
are stained for LacZ expression (blue). o
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Above: An example of lineage tracing. Micro
injection of GFP mRNA into an inner cell mass
either adjacent to or opposite to the residual
polar body demonstrates in the resulting
postimplanation embryos a differential fate
indicating that there is a polarity already
established by the blastocyst stage.

MNeonate di11.5

EolacZ heterozygotes show holoprosencephaly with low penetrance
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DEVELOPMENT AND REPAIR IN THE MAMMALIAN CNS

GFP-expressing oligodendrocyte precursor in
co-culture with axons

QOligodendrocyte in cell culture



















ONCOGENIC TRANSCRIPTION FACTORS
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CONTROL OF EUKARYOTIC CHROMOSOME REPLICATION AND CANCER DIAGNOSIS

3T3 Cell nuclei in buffer (left) or in S-phase cytosol (right

Enhanced cervical smear (Pap) test







TRANSCRIPTIONAL REGULATION IN DEVELOPING B LYMPHOCYTES

B cell development Schematic
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EQA is the target of LPS and CD40 signalling. (A) Presence of
E2A protein in primary B cells before and after 3 days of culture
with LPS, LPS plus CD40 ligand (L), CD40L alone or LPS plus
anti-CD40 antibody. (B and C) Time-course analysis of E2A and
NF-xB induction after LPS stimulation of primary B cells.

Phosporylation cascades and nuclear targets
activated by CD40 signalling






MOLECULAR CONTROL OF NEUROGENESIS AND NEURAL PATTERNING IN XENOPUS

High dose Low dose Injection

Misexpression of a high concentration ot XBF-1 <

suppresses endogenous and induces ectopic N-
tubulin at the boundary of the expressing

ectoderm. Misexpression of a low concentration XBF-1/LacZ
of XBF-1 only induces additional N-tubulin RNA
within the expressing ectoderm. N-tubulin
expression on the injected side is indicated by a
red arrow

XBF-1 RNA

A clone of cells in the epidermis of a Xenopus embryo
produced by injection of lacZ (light blue) and XBF-1 in
one cell of the 32-cell-stage embryo. Ectopic neuronal
differentiation, marked by N-tubulin expression (brown,
arrow), surrounds the clone of XBF-1/lacZ expressing
cells (light blue)

In the anterior neural plate, neurogenesis accurs in
two curved stripes, marked by the expression of X-
Delta-1 (brown in A, magenta in B). The anterior
stripe (arrow in A and B) is located at the border of
the XBF-1 expression domain (light blue in B)







REGULATION OF THE MAMMALIAN CELL CYCLE BY CYCLIN-DEPENDENT KINASES

G2 Phase

Cyclin B1-GFP
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yclin B1 linked to
yellow fluorescent protein were expressed in Hela cells
and visualised with custom filter sets and a coole

scan CCD camera. The mutant cyc
phosphorylated in the CRS regic
the wild-type protein.







MOLECULAR ANALYSIS OF THE CENTROSOME

hMA8 microtubules merge






mRNA LOCALIZATION AND THE ORIGIN OF POLARITY IN DROSOPHILA
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