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The X-factor

The best of biochemical science was

also on display at the University of

York, exemplified by Colworth

Medal winner Andrew Sharrocks

(Manchester). The Colworth 

Medal was donated by Unilever

Research and recognizes work 

from a British scientist under 

35 years of age. Andrew addressed the

York audience with his prize medal

lecture entitled ‘Complexities in 

ETS-domain transcription factor

function and regulation’.

“Activation signals cause the 

activator proteins and co-activators

to work in concert to affect chro-

matin structure and transcription

activation factors,” explains Andrew.

“These, in turn, activate the basal

transcription machinery.”

The ETS-domain transcription

factor family can be broken down

into a series of subfamilies. Elk-1 

represents the founding member of

the ternary complex factor (TCF)

subfamily. Andrew concentrated on

the ETS-domain transcription factor

Elk-1, which was first discovered 

in a fraction of HeLa cell nuclear

extracts that formed ternary 

complexes with the serum response

factor (SRF) on the c-fos serum

response element (SRE).

The TCF transcription factors 

are characterized by the presence 

of the ETS DNA-binding domain, 

and sequence conservation within

this domain is enough to classify sub-

families. “Elk-1 is the best studied of

the TCFs and several functional

domains/motifs have been identified.

“SRF, once bound, recruits Elk-1

onto the DNA to form a ternary 

complex by a combination of 

protein–DNA and protein–protein 

interactions,” says Andrew. Studies

have shown that binding of Elk-1 

to the c-fos SRE in the absence of 

SRF cannot be detected, suggesting

that protein–protein interactions 

with SRF are a prerequisite for its 

recruitment. Mutagenic and structural

studies have been used confirm 

these results in the ternary 

SAP-1–SRF–SRE complex. SAP-1 is a

related protein shown to exhibit TCF-

like properties. Andrew detailed the

evidence for postulated interactions.
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Full steam ahead
Biochemical Society Meeting No. 675 Joint with The Physiological Society, University of  York

The University of York provided the venue for this highly successful
collaboration between the Biochemical Society and The Physiological
Society, with over 800 attendees enjoying ten colloquia on subjects
relevant to both societies.The meeting dinner was held at the National
Railway Museum in York, which holds the award European Museum of
the Year 2001. Diners were treated to a fabulous meal in the austere
company of some of the country’s finest locomotives, including the
Mallard (pictured above), Evening Star, a reproduction of Stephenson’s
Rocket and Eurostar. New at the museum is the first ever Bullet train
to be displayed outside of Japan.

The report below is only a snapshot of what went on at the 
York Meeting. For papers from the speakers, take a look at 
Biochemical Society Transactions 30 (2) to be published in May.

The picture shows the

world-famous Mallard

locomotive, which can 

be seen at the National

Railway Museum

(www.nrm.org.uk) 
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TCFs are also direct targets for

phosphorylation by MAP kinases.

“Phosphorylation plays a key role 

in multiple events,” says Andrew.

“Phosphorylation of Elk-1 induces 

a conformational change that

enhances the DNA binding ability 

of the protein, and potentiates its 

transcriptional activity in the 

presence of a co-activator.”

Andrew also discussed the biologi-

cal roles of Elk-1. “A fusion protein

Elk–En was created in which we 

fused Elk-1 to the potent engrailed

repression domain. This fusion 

protein represses SRE-driven 

transcription. The expression of Elk-1

also represses the activation of imme-

diate-early genes like c-fos and egr-1.

However, it also causes reduced cell

growth and promotes apoptosis, 

making Elk-1 critical for promoting

proliferation and blocking cell death.”

Andrew concluded by suggesting

that these TCFs have redundant roles,

rather than unique functions in vivo.

Functional genomics

The AstraZeneca Award showcases

work which, through biochemical

advances, leads to the development 

of a new reagent or technique. The

Award in 2001 went to Stephen

Oliver (Manchester) in recognition 

of his studies of yeast genetics and

physiology. His lecture was titled

‘Experimental and bioinformatic

approaches to functional genomics’.

“The iceberg is a new metaphor

for the state of genomics. There 

has been an avalanche of complete

sequence data, and we have managed

to analyse only the very surface of 

it. The portion that is below the

waterline is what I want to talk 

about today,” began Stephen.

Stephen went on to describe the

differences between the genome, the

transcriptome, the proteome and the

metabolome. “The genome provides 

a set of genes; the transcriptome, a

mRNA set in a cell, tissue or organ;

the proteome, a protein set; and 

the metabolome, a metabolite set. 

The genome is the only one which is 

context independent, and the meth-

ods of analysis for the different 

types are different.

“The metabolome is a schematic

representation of metabolic reactions.

We have been using the FANCY

(functional analysis by co-responses

in yeast) method to analyse this. 

If two mutants have the same 

co-responses, they will affect the

same monofunctional unit,” explains

Stephen. “If we know the unit in

which one of these genes causes an

effect, we can infer that of the other.”

“The transcriptome is the most

comprehensive at the moment, and it

is a popular area of research. It does

have weaknesses, such as are the

expression levels relevant to the 

questions you’re asking? Also, 

22% of open-reading frames are 

not expressed under any conditions.

However, hybridization techniques,

and microarrays in particular, are

now widely used to study the effects

of cell physiology, development biol-

ogy and genetic constitution on the

global expression pattern of yeast.”

The proteome was initially stud-

ied in the late 1970s. Attempts to

complete the work have been 

hampered by the inability to identify

proteins within two-dimensional

gels, and improvements in MS and

bioinformatics techniques that are

needed. “It would appear that there 

is a poor correlation between the 

proteome and the transcriptome.

Why could this be?” asks Stephen.

“The most likely reason is a mismatch

in lifetimes between the proteome

and the transcriptome.

“Although proteome analysis 

is still the classical analysis,” con-

cludes Stephen, “existing methods 

are neither high-throughput nor

comprehensive.”

Ribosome structure

Marin van Heel (Imperial College,

London) gave a brief history of elec-

tron microscopy. “The first electron

microscope was built by Ernst 

Ruska in 1931, and the theory of

understanding the image information

came about through the work of Fritz

Zernike. Fritz worked out that a 

double Fourier transformation was

needed to understand the diffraction

patterns created,” he says.

Marin has used electron micro-

scopy for probing the three-dimen-

sional structure of macro-molecules.

He analyses various orientations of

macromolecules in vitreous ice and

extracts information from the 

microscopical data. “If the average 

is taken of many noisy images, the

‘shared suffering’ means that a 

reasonable image can be obtained.

“Obviously, we have to digitize

many images and have gigantic

datasets. We are working towards

automatic particle selection, to

increase the throughput.”

Marin is currently involved 

in investigating the structure of a

complex of the 70S Escherichia coli

ribosome that contains the termina-

tion factor RF2. He showed electron

density maps demonstrating that 

the factor binds to the A-site, 

Andrew Sharrocks being

presented with the

Colworth Medal by Peter

Downes, Chairman of the

Biochemical Society
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in close vicinity to the mRNA. 

Marin thinks that fitting of both the

ribosome and RF2 crystal structures

to a high-resolution map may allow

determination of the molecular basis

for codon recognition.

Glycogenomics

The Annual Symposium was titled

‘Glycogenomics: the Impact of

Genomics and Informatics on

Glycobiology’, and was organized 

by Kurt Drickamer (Oxford) and

Anne Dell (Imperial College,

London). Anne Dell gave an overview

of strategies employing fast atom

bombardment, electrospray and

matrix-assisted laser desorption mass

spectrometry (MS), which enable 

the proteome and glycome of cells,

tissues and organs to be examined.

Anne’s laboratory has been

involved in developing rapid, high-

sensitivity MS strategies for screening

glycans in a diverse range of bio-

logical materials, including body 

fluids, secretions, organs, cultured

cell lines and whole parasites.

“We have used these technologies

in the study of mouse glycans, 

especially in analysing knockout mice.

In the GlcNAc TII knockout mouse,

kidney glycan comparisons with wild-

type mice show that the knockouts

possess none of the normal complex

polysaccharide structures,” says Anne.

Stuart Haslam (Imperial College,

London) discussed the glycome of

Caenorhabditis elegans. “We are

interested in defining all the sugar

structures present in a micro-

organism. Furthermore, we would

wish to define the function of glycans

on each protein. In humans this is a

very difficult task, and so we use

model organisms.

“We have chosen to study 

C. elegans because we have lots of

genetic information available. Also, 

it is a nematode and is therefore

closely related to parasitic nematodes,

which pose a huge world problem. 

If we can define the dense, sugary

coat of the parasitic nematode, we 

can understand the nematode’s inter-

action with the immune system.”

It is a major worry that detailed

structural knowledge of the ultimate

products of genes identified as being

involved in glycoconjugate biosyn-

thesis is limited. Stuart’s laboratory 

is performing mass spectrometral

analysis of the N-linked glycans 

of C.elegans. Stuart concludes 

that C. elegans contain naturally 

O-methylated N-glycans and have

phosphotidylcholine-containing

complex structures.

Jim Paulson (Scripps, CA, USA)

discussed why we are developing

arrays for glycogenes. “Microarrays

are a powerful expression analysis

tool, but glycogenes are currently

under-expressed in commercial

arrays.” Jim maintains that an array 

of glyco-conjugates is the “third

alphabet”, after DNA and RNA. His

group has started work on creating a

focused DNA microarray that will

eventually allow screening of all 

glycosyltransferase genes simultan-

eously and therefore allow the study

of their co-ordinated expression.

The microarray consists of 

synthetic oligonucleotides, which

identify a glycosyltransferase gene,

printed on polylysine-coated 

glass slides. Jim used the slides to

investigate the differential expression

of glycosyltransferases in mouse 

tissues and to compare the levels of

expression in lymphocytes before 

and after activation.

Jim also talked about the

Consortium for Functional

Genomics, which has the role of

defining paradigms by which protein-

carbohydrate interactions mediate

communications. 

“Over 50 investigators and 40

research institutions are involved 

in this project,”he says.

Energy and exercise

George Brooks (California, USA)

gave his presentation on ‘Lactate

shuttles in Nature’ as part of the 

colloquium organized jointly by the

Biochemical Society Bioenergetics

Group and the Physiological Society

‘Skeletal Muscle Energetics and

Exercise Tolerance’.

“Lactate metabolism was 

established by the founders of 

contemporary science, such as

Pasteur who noted that yeast can 

live with and without oxygen.”

The ‘Cell–cell Lactate Shuttle’

hypothesis states that glycogen

reserves are mobilized to provide 

lactate, a metabolic intermediate 

used for cell formation. Lactate 

was perceived to be an important 

oxidizable substrate and 

gluconeogenic precursor. 

“During exercise, lactate con-

tributes significantly to glucose 

production, but gluconeogenesis

accounts for only about 20–25% of

lactate disposal,” says George. It has

been shown that myocyte lactate

exchange is mediated by lactate/

pyruvate transporters. Recently,

George put forward a role for the

‘Intracellular Lactate Shuttle’ in 

regulation of redox when lactate is

exchanged for, or converted into, its

more oxidized analogue, pyruvate.
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Stephen Oliver giving 

the Astra Zeneca 

Award Lecture
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