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gene expression - from 
gene to protein

A gene is a DNA sequence 
which carries the genetic 
information of a protein.

The first step of gene expression 
represents the rewriting, or 
transcription, of DNA into RNA. At 

first, a strand of RNA is produced 
which still contains all the introns 
(non-coding DNA sequence of 
a gene) and exons (protein-
coding DNA sequence of a gene). 
This first strand of RNA is called 

pre-mRNA or immature mRNA. 
Subsequently, all introns 

are cut out of this primary 
transcript and the exons are 

joined together to form 
mature mRNA. This process 
is called splicing. Following 
transcription and splicing the 
mature mRNA is exported 
out of the nucleus into the 
cytoplasm where it binds 
itself to a cellular apparatus 
called the ribosome. The 
ribosome translates the 

mRNA information into a 
sequence of amino acids 
which then form protein 
molecules. This process 
is called translation.

Splicing: the gene jigsaw

During the splicing process RNA 
sequences which will not be translated 
into proteins (introns) are excised. The 
remaining coding RNA parts (exons) will 
then be joined together, i.e. spliced. 

In eukaryotic organisms, splicing is carried 
out by a giant cellular apparatus called 

the spliceosome which comprises 
a complex of RNA molecules and 
proteins. It is able to recognise specific 
sequences and signals within the pre-
mRNA which mark the beginning and 
end of each intron. Thus, introns can 
be excised and exons spliced together. 

Each excised intron is released as a lariat 
and is subsequently broken down.

Alternative splicing – different 
proteins and still the same gene

Introns represent the non-coding 
regions of DNA within a gene. They are 
transcribed, i.e. transformed from DNA 

to RNA, but then cut out of the mRNA. 
It is possible that they correspond 
to non-functional stretches of DNA 

which have lost their significance 
during the course of evolution. A 
gene can however also contain 
several functional sequences. 
Only during the process of 
splicing is it decided whether a 

Splicing  
binds for life

Splicing means combining two or more 
linear pieces of one material. The term 

is used for example by sailors for 
the linking of two ends of a rope. In 

genetics, the term splicing denotes the 
joining together of exon sequences 
in pre-mRNA after the non-coding 
parts (introns) are cut out. Only 

the resulting “mature” mRNA can be 
translated into proteins.

Examples of  
alternative splicing

Spliceosome
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A european network of excellence to study and 
understand the principle of alternative splicing

Alternative splicing plays a major 
role in increasing protein diversity in 
eukaryotic organisms. To understand the 
associated processes, their regulation and 
consequences, is one of the main objectives 
of biological and medical research.

Forty research teams from 13 different 
countries have taken on the challenge and 
formed the European network EURASNET 
(European Alternative Splicing Network). 
They are making significant contributions to 
fundamental research, in particular to gain 
an insight into the origin of various diseases 
resulting from defective alternative splicing.

This network of excellence is supported by the 
European Union within the sixth framework 
programme and runs over a period of five 
years (2006-2010). The close 
cooperation of the network 
strengthens international 
collaborations in Europe 
and overseas. In addition 
to 24 European institutes, 
two Argentinean 
teams form part of the 
network. There is active 
exchange of information, 
methods and materials 
between the partners.

The network is coordinated by Professor 
Reinhard Lührmann from the Max Plank 
Institute of Biophysical Chemistry at Göttingen, 
Germany. It pursues four main objectives:

•	 clarification of the mechanism of 
alternative splicing and the interaction 
with other regulatory processes,

•	 establishment of a communication 
platform to allow the exchange of 
information, methods and materials 
between network partners,

•	 support for 10 selected young investigators,

•	 increasing awareness of the significance 
of alternative splicing among medical 
doctors, politicians and the public.

eurASnet 

particular region of the pre-mRNA is treated as 
an intron or exon. Thus, different combinations 
of sequences can be joined together to give 
different mRNAs and proteins such that several 
different proteins can originate from a single 
gene. This process is called alternative splicing.

During the last decade, great effort has been 
put into the sequencing of genomes of 
various organisms– starting with viruses and 
continuing with bacteria and even humans. It 
became very clear that for higher eukaryotic 
organisms the number of protein-coding genes 
was much smaller than that of the resulting 

proteins. The diversity of proteins in human 
cells for example would require between 
100,000 and 150,000 protein-coding genes. 
However, sequencing experiments have shown 
that the human genome, and therefore every 
single human cell, contains only about 25,000 
genes.he discrepancy between the number of 
genes and the resulting proteins is explained 
by a mechanism called alternative splicing.

defects in alternative splicing

More than 95% of the human protein-coding 
genes are subject to alternative splicing. This 
explains how the small number of 25,000 
genes can lead to a proteome (i.e. the entire 
complement of proteins) containing hundreds of 
thousands of proteins. Changes or defects in this 
complex process can have serious consequences 
and lead to a number of diseases. Approximately 
15% of all mutations thought to be related 
to diseases result from splicing defects.

Mutations can for example suppress the 
process of alternative splicing altogether. As 
a consequence the correct gene product is 
missing and diseases can occur. Other mutations 
affect the regulation of alternative splicing 
causing diseases which follow highly diverse 
courses. Examples of diseases resulting from 
defects in alternative splicing are cancer and the 
formation of tumours as well as spinal muscular 
atrophy. These diseases and their causes will 
be discussed in detail on pages 20 to 23.

Until the late 70s, a gene was thought to be a 
continuous section of DNA. In 1977 however, 
Richard J. Roberts and Phillip A. Sharp independently 
discovered that genes can also be arranged 
discontinuously. Parts of the sequence originally 
contained in the DNA were missing in several mRNA 
molecules. Soon after, other research groups 
showed that the discontinuous arrangement of 
genes is not uncommon but rather a characteristic 
of eukaryotic cells, the genes of which are divided 
into introns and exons. The sequence sections of a 
gene which are not translated into proteins are called 
introns, those which code for a protein are called 
exons. In 1993, the two scientists Roberts and Sharp 
were awarded the Nobel Prize for Medicine for their 
discovery.

www.eurasnet.info EURASNET Meeting in Ile de Bendor, April 2007

EURASNET | 7



8 | Diversity as a strategy:  our immune system Diversity as a strategy:  our immune system | 9

diverSity  AS  A  StrAtegy –  
our  iMMune  SySteM 

the immune system needs to be able to react 
to a large number of foreign substances. 
For this it requires many different molecules 
which are created by alternative splicing. 

We are constantly confronted by bacteria, viruses 
and parasites which try to invade different 
parts of our body. The body can defend itself in 
various ways, for example the surface of the skin 
is the first barrier against invaders. For further 
defence and protection against infections we 
possess a complex and flexible immune system. 
It can recognise and fight substances foreign 
to our body. For these tasks, a great number of 
proteins are essential. In addition, the cells of the 
immune system need to be able to adapt rapidly 
and accurately to changing external conditions.

The unique diversity of the immune system 
is achieved partly through the regulation 
of genes by alternative splicing.

Part of the immune response is accomplished 
by lymphocytes. Both B-cells and 
T-cells belong to the lymphocytes.

the diversity of lymphocytes

The surface of lymphocytes is covered by 
a multitude of proteins called clusters of 
differentiation (CD). One representative of 
these clusters is CD45, a protein which is found 
on the surface of both B- and T-cells. CD45 is 
essential for the development and function of 

human lymphocytes. Severe 
impairment of the immune 
system arises in people lacking 
CD45. CD45 is, for example, 
involved in the activation 
of T-cells during the course 
of an immune response.

The pre-mRNA of CD45 

is extensivel
y alternativel

y 

spliced. During the 

course of an im
mune 

response eac
h of the 

resulting variants
 of the 

protein fulfils a differ
ent 

task when the immune cells 

are altered.

In the human body, CD45 exists as different 
variants. All these variants are however 
products of the same gene. The mRNA which 
codes for CD45 can be alternatively spliced 
in eight different ways and the resulting 
protein products all have different functions.

Three variable exons, exons 4, 5 and 6, are 
joined together in different combinations to 
give various CD45 products. In naive T-cells, 
i.e. before activation through presentation 
of an antigen by other cells, CD45 is formed 
containing exon 4. T-cell activation during the 
course of an immune reaction affects alternative 
splicing of the CD45 pre-mRNA producing 
mature mRNA which no longer contains exon 4.

the weak point in the system - 
diseases are caused by a defect in 
alternative splicing of cd45

A disturbance of the precisely regulated 
process of alternative splicing of CD45 by a 
mutation can lead to a weakened immune 
system, to autoimmunity, or even to the 
development of malignant tumours.

The human CD45 mutation researched in 
most detail is a point mutation in exon 4 
which causes incorrect alternative splicing 
of CD45 mRNA during T-cell activation. 
This defect has been related to the 
occurrence of multiple sclerosis.

Furthermore, an increased frequency of 
autoimmune hepatitis has been observed. 
Hepatitis is an inflammation of the liver 
which can arise from several causes. Research 
experiments in mice have shown that a splicing 
defect caused by a mutation in exon 4 of the 
CD45 gene can lead to autoimmunity. In this 
case the immune system attacks its own liver 
cells due to altered activation of T-cells, thereby 
triggering inflammation. In humans with the 
same defect in the CD45 gene, a correlation with 
autoimmune hepatitis could also be shown.

B- and T-cells
Using receptors on their surface, B-cells are able to recognise foreign substances (in the form of so-called antigens) in free, dissolved form and to produce antibodies 
against them. Antibodies are specific to one particular antigen. They bind directly to it and thus mark it for the immune system. Antigens marked by antibodies can be recognised by further cells of the immune system (for example the natural killer cells) and eliminated, or the antigens are neutralised by the antibodies directly binding to 

them.
T-cells form from lymphoblasts in the bone marrow and 
migrate as precursors to the thymus in order to mature. 
In contrast to B-cells, they recognise antigens only when 
they are presented to them by other cells. When a pathogen 
attacks a cell, fragments of the invader are transported to 
the surface of the cell where they can be subsequently recognised by T-cells. As soon as a T-cell recognises an 
antigen, it becomes activated. Activated T-cells reproduce 
rapidly and are vital for the immune response.

pre-mRNA

alternative

alternatively 
spliced 
CD45

alternatively 
spliced 
CD45

T-cell 
with 

wrongly 
spliced CD45

T-cell

T-cell

splicing
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relative position of the hair cell along the membrane 
controls which specific transcript is present in which 

region of the basilar membrane. At least eight 
different cSlo transcripts can be produced from a 

single gene by alternative splicing. The functional 
diversity of the channels is augmented by two 

additional mechanisms. A functional ion channel 
is made up of four cSlo proteins to form a 

tetramer, so four different proteins can be 
combined together. Furthermore, different, 

multiply-spliced variants are expressed 
simultaneously from individual hair cells, 

i.e. one single hair cell can contain many 
different ion channels consisting of 

cSlo variant proteins produced by 
alternative splicing. This results in an 
increased fine-tuning when it reacts 
to a sound wave of a given frequency.

the human ear is capable of recognising, and 
differentiating between a multitude of sounds 
and noises. this is possible due to the many 
different sensory hair cells, the diversity of 
which is guaranteed by alternative splicing.

Whenever we hear something, be it music or 
spoken word, sound reaches our ears as a sound 
wave. In order to perceive this sound wave 
consciously as noise, it has to be converted 
into a signal which the brain can understand. 
In mammals, the task of converting sound into 
nerve impulses is performed by the organ of 
Corti. The sensory cells of the organ of Corti can 
identify sound waves of various frequencies. 
Each individual hair cell has a certain wavelength 
which it reacts to most efficiently. Hair cells in the 
organ of Corti are arranged along a gradient: on 
one side the cells are tuned to low frequencies, 
on the other side to high frequencies.

Hair cells possess up to 100 tiny hairs called 
Stereovilli. When at rest, they lean 

against each other. When a sound 
wave arrives, they are set in motion. 

This physical stimulus generates an 
electrical signal which stimulates 

the auditory nerve. The auditory 
nerve then sends an electrical 

impulse to the brain.

the diversity of hair cells…

Hair cells are arranged on a membrane 
called the basilar membrane. Every hair cell 
on this membrane is finely tuned, reacting 
to one specific frequency most efficiently. 
Ion channels in the cell membrane of the 
hair cells are responsible for this precision. 
Different variants of ion channels exist. There 
are calcium and potassium channels, which 
enable the hair cell to react differently to 
incoming signals. The speed at which these 
channels open and close is crucial. The channels 
are derived from the so-called Slowpoke 
gene (cSlo), the primary RNA of which is 
alternatively spliced in order to generate the 
high number of different channels required.

… and how it is achieved

Hair cells are distinct due to the expression 
of the cSlo gene (c stands for channel) which 
carries the information for the ion channels. The 

MuSic  to  our  eArS –  
FroM  Sound  wAve  to  brAin  SignAl
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neurexins: hundreds of protein products 
originating from three genes

Three genes are responsible for the production of six  
neurexins since they each produce two pre-mRNA transcripts:

•	 α-neurexin mRNA (longer version)

•	 β-neurexin mRNA (shorter version)

The molecules which are formed from neurexin mRNAs are always 
membrane proteins. The gene products of the longer α-neurexin mRNAs have the 
potential to bind to many ligands. The gene products of the shorter β-neurexin mRNAs on the 
other hand can only interact with a few substances. The external part of the protein lying on 
the cell surface is highly variable. The reason for this variability is the fact that the six primary 
neurexin mRNA transcripts are the result of extensive alternative splicing. Thousands of different, 
functionally important versions of neurexins can potentially exist. For different types of neurons, 

different products of alternative splicing are formed. The number of possible interactions 
between neurexins and their binding partners is drastically increased by 

alternative splicing. Thus, the multitude of variants of neurexins and 
neuroligins produced by alternative splicing enlarges 

the possible spectrum of synapses.

Many proteins are essential to the network of cells in our brain 
and nervous system. They guarantee that our body and brain can 
perform all the vital functions. Alternative splicing plays a significant 
role in producing all the different proteins required. 

Synapses – the connecting links in the network

Neurons exhibit long threadlike extensions which serve to 
transmit electrical signals. Synapses represent junctions between 
neurons where the electrical connection from one nerve cell 
to the next is broken by a small gap, the synaptic cleft.

To perform tasks such as remembering or learning, our brain constantly 
needs to generate new connections among neurons or between 
neurons and other cells. For the formation of neural networks, the 
development of new synapses is of vital importance. Two of the 
major players in this process are neurexin and neuroligin.

brain proteins - neurexins and neuroligins 

Neurexins are a group of proteins only present in the brain. Increasing evidence 
suggests that they are the central organisers of nerve cells. They play a significant role 
both in signal transmission at synapses and as structural molecules at the synaptic 
cleft. The immediate binding partners of neurexins are neuroligins. The interaction 
between the two molecules is crucial for cell recognition in the nervous system.

Neurexins as well as neuroligins are encoded by several genes. Each of these genes can be modified 
by alternative splicing to form various variants, called isoforms. Different splicing variants of 
neuroligins can interact specifically with different splicing variants of neurexins. These interactions 
are essential for the formation phase of synapses. Neural networking, which results from the 
interaction of different synapses, guarantees problem-free signal transmission between the 
individual cells of the nervous system and therefore the impressive performance of our brain.

interconnected  thinking 

Brain and memory

The human brain contains 

approximately 1010 nerve cells 

(neurons), every single cell b
eing 

linked to other cells via 1000 

contact points. This enormous 

number of cells is needed to
 

perform bodily functions and memory 

tasks. To generate the necessary 

connections between neurons, a 

huge number of various proteins are 

required.

Synapses
Synapses are asymmetrical junctions between 
nerve cells. They transmit information via 
neurotransmitters, i.e. chemical messengers 
which relay, amplify or modulate signals from 
neuron to neuron or to other cells. At the 
pre-synaptic end of a neuron, neurotransmitters 
are released from vesicles or organelles. They cross the synaptic cleft and reach the 
post-synaptic membrane where they bind to 
neurotransmitter receptors. The signal is 
retransformed into electrical impulses and 
travels along the nerve cell to the next synapse.

BRAIN AND NERVE-
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Juan Valcárcel, Barcelona:
“The fruit fly was the first model system, or organism, where alternative splicing could be shown to be an important mechanism of controlled gene regulation. In the fruit fly this could be proven for the first time and it is a fantastic model to investigate and really understand the process of alternative splicing.”

Drosophila melanogaster

Fruit flies are yellowish-brown in colour, have 
characteristic red eyes and display black rings 
around their abdomen. Male specimens (left) differ 
visually from females (right). Female fruit flies are 
approximately 2.5 mm long, while males are smaller 
and have a darker abdomen. In addition, they display 
a black mark on their abdomen and a collection of 
sharp hairs around the anus and genitals. These hairs 
are used to hook on to the female during mating.
In contrast to humans, who have 46 chromosomes 
in each cell of their body, fruit flies make do with 
only eight chromosomes.

The sex of the fruit fly Drosophila melanogaster 
is determined in a remarkable manner. The 
fly’s sexual identity comes about through 
a cascade of alternative splicing steps.

Whether the larva of a fruit fly develops into 
a male or a female is decided by alternative 
splicing. The fruit fly model organism has taught 
us a great deal about alternative splicing. 
These findings can also give insights into 
similar mechanisms in other organisms.

A far-reaching relationship  
- how it all began

The sex of Drosophila is genetically 
determined. Whether a fly turns into 
a male or a female adult depends 
on the ratio of X chromosomes to 
autosomes (non-sex chromosomes) 
in a cell, i.e. the ratio of X to A. Flies 
with an equal number of X and 
autosomal chromosomes (X:A=1:1) 
develop into female adults while 
flies having one X chromosome 
to two sets of autosomes 
(X:A=1:2) will become male.

Sex-lethal” plays the leading role

The ratio of X to A determines 
whether active “sex-lethal” (SXL) 
protein, which is the product 
of the sex-lethal (sxl) gene, is 

Active SXL protein is 
produced in females but is 
not present in males. When 
SXL is present, a pathway of 
gene expression is initiated 
which is specific to females. 
TRA is produced and the 
production of female variants 
of subsequent proteins is 
guaranteed.

present in the fruit fly embryo. In females, this 
protein is produced in its active form whereas in 
males no active SXL can be detected. In females, 
the SXL protein initiates the formation of female 
organs by starting a series of reactions which leads to 
female-specific gene expression. Every gene controls 
one single subsequent gene in this process.

When the SXL protein is formed, a splicing 
reaction is set off in the primary mRNA of a 
further gene, called “transformer” (tra) mRNA is 
produced which codes for active TRA protein.

If no active SXL protein has been formed 
however, as in the case of Drosophila males, 
then no active TRA protein is expressed.

trA enters a fateful relationship

Together with the gene product of tra2, the 
protein TRA can form dimers. As a consequence, 
it binds to a splicing amplifier of the “doublesex” 
(dsx) gene, the next mRNA in the cascade, that 
is again spliced in its female-specific form.

Also starring: dSX - the doublesex protein

TRA influences the splicing of dsx mRNA so that a 
female-specific form of the protein, DSXF, is generated. 
The “female” DSX protein is a truncated variant of 

Chromosome complement
Except for sex cells, every single human cell carries a double set of chromosomes, or 23 chromosome pairs. 

Pair number 23 determines the sex. Men possess one X as well as one Y chromosome, whereas women carry two X chromosomes, which with respect to the sex chromosomes is called homozygote.
For humans, biological sex therefore depends on the chromosome complement. But how does this mechanism 
work in other organisms? Did you know that female platypuses for example have ten X chromosomes while males have five different X and five different Y chromosomes? And have you ever asked yourself whether the fruit flies in your fruit bowl possess X and Y chromosomes?

DSX. As a transcription factor, it can suppress the expression of 
genes which are responsible for the development of males.

If no active TRA protein is formed, splicing of the primary 
dsx transcript leads to the production of the male variant 
of the transcript, DSXM. DSXM prevents the expression of 
genes specific to female development. Further steps of 
development then lead to the emergence of a male.

DSXF is a version of the DSX 
protein which leads to female gene 

expression. A female fly emerges.

DSXM is the male-specific product. 

It suppresses female-specific 

genes and stimulates gene expression 

typical for males. The developing fly 

is then male.

Xy … unreSolved? 
A  Splicing  SerieS  in  droSophilA  MelAnogASter 



“you  MuSt  know  your  eneMy  
in  order  to  deFeAt  hiM” 

18 | “You must know your enemy in order to defeat him”17 | “You must know your enemy in order to defeat him” “You must know your enemy in order to defeat him” | 19“You must know your enemy in order to defeat him” | 18

Over 40 different protein products are formed through alternative splicing of the primary mRNA 
of only nine genes. These can be split into three groups, proteins made from unspliced RNA, 

proteins from simply-spliced RNA and proteins from doubly- or multiply-spliced viral RNA.

Therefore differently spliced as well as unspliced transcripts have to be transported from 
the cell nucleus of the host cell to the cytoplasm. There they are either translated into the 

corresponding viral protein or, in the case of unspliced RNA, packed into viral envelopes 
as a genome for new virus particles. Generally, unspliced immature RNA can not 

leave the cell nucleus. The virus has, however, taken a precaution. From its genetic 
information, the protein REV can be produced which fulfils an important task.  

REV shuttles back and forth between the nucleus and the cytoplasm.  
In the cell nucleus it binds to unspliced RNA and prevents further splicing.  

It also makes sure that unspliced RNA can be transported to the cytoplasm. 
There the unspliced RNA collects and is packed into viral envelopes. 

HIV and AIDS

Acquired Immune Deficiency 
Syndrome is an illness caused 
by HIV infection. AIDS covers 
different symptoms which through the HI virus causes damage to the immune system. These symptoms 
are mainly secondary infections and tumours. The infection results 
from transmission of the virus by body fluids.

Viruses generally possess only short RNA or 
DNA sequences which contain their complete 
genetic information. They therefore often 
use alternative splicing to produce a large 
number of proteins. This is also the case 
with Human Immunodeficiancy Virus (HIV).

Splicing as a possible point 
of attack against hiv

If alternative splicing is interrupted, the normal 
cycle of viral infection is obstructed and thus 
the virus can no longer reproduce. Therefore, 
the splicing process presents a starting-point 
for a possible therapy for HIV infection.

hiv – diversity in miniature

The HIV genome consists of two identical copies 
of a short RNA molecule. All HIV proteins are 
encoded in this RNA which is only 9000 bases in 
total. HIV belongs to the family of retroviruses 
whose genetic information is present as RNA. 
This RNA can then be inserted into the genome 
of a host cell. In addition to the typical retroviral 
genes gag (which codes for proteins to form 
the viral capsid), pol (which codes for various 
enzymes) and env (which codes for proteins of 
the viral envelope), the HIV genome contains six 
other genes. In order to fulfil all the functions 
necessary to survive and reproduce, these few 
viral genes are expressed in a very complex way.

Christiane Branla
nt, Paris:

“Together with the research team 

of Jamal Tazi, we are working on 

the development of a chemical 

substance, which can prevent o
r at 

least limit some of the steps of 

splicing. This substance can b
lock 

the reproduction of HIV in infected 

cells. This is an oppor
tunity to try 

to develop an 
efficient drug which 

targets the splicing proc
ess.”

The infection cycle of HIV – a retroviral infection
An HI virus consists of the RNA genome and a protein envelope. During the first stage of infection, the virus uses one 
molecule of the envelope, the glycoprotein envelop (ENV), to bind to receptors on the surface of the host cell. For the initial 
infection with HIV it is primarily T-cells which act as host cells in humans. After the virus capsid has fused with the 
cellular lipid membrane, the virus RNA enters the target cell. The linear, single-stranded RNA genome of the virus is copied by 
an enzyme, the reverse transcriptase, to form a linear, double-stranded DNA molecule. Since RNA is rewritten into DNA at this 
step, the virus is called a retrovirus. Thereafter, the DNA is transported to the cell nucleus and integrated into the genome of 
the cell. Here, the virus is called a provirus as it serves as a template for subsequent transcription. The DNA of the provirus 
is transcribed back into retroviral RNA in large quantities. Part of the RNA is processed further and then the total retroviral 
RNA, i.e. the spliced and the unspliced RNA, is transported into the cytoplasm. Here, the RNA sequences are translated into 
proteins. Two copies of the entire unspliced viral RNA become the viral genome. They combine with the envelope proteins to 
form the virus capsid. The newly generated viruses separate as buds from the cellular plasma membrane to infect other host 
cells.
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A  poSSible  weApon  
AgAinSt  cAncer? 

Splicing is involved in some of the 
defining steps of cell growth. An 
alteration of the splicing pattern can 
have serious effects on the life of a cell 
and lead to diseases such as cancer.

the proto-oncogene ron

A proto-oncogene is defined as a gene 
which, if mutated, can lead to a cancer 
gene. The gene product from ron, which is 
predominantly produced in healthy cells, is 
a receptor protein which regulates various 
cellular activities such as cellular growth 
and cell motility. People suffering from 
stomach cancer carry an alternatively spliced 
isoform of this protein, called deltaRon 
(ΔRon). The ΔRon splice variant lacks one 
exon and so does not make the normal Ron 
protein. The presence of ΔRon has also been 
demonstrated in other types of tumour such 
as breast cancer. How alterations in Ron in the 
immediate vicinity and close surroundings of 
affected cells actually lead to the formation of 
tumours are the subject of current research.

when tumour suppressors 
become inactivated

Cancer can also result from the inactivation 
of tumour-suppressing genes which stop 
cells becoming cancerous. If such a gene is 
altered through mutations, the cell loses the 

functional “suppressor proteins” for cell growth. 
In healthy cells, this prevents uncontrolled 
reproduction. p53 is the most well-known 
tumour suppressor gene, and inactivated p53 is 
very often found in people suffering from cancer. 
The protein encoded by the gene p53 is involved 
in the control of the cell cycle and plays a role 
not only in programmed cell death but also in 
the retention of function after cell division of 
mother cells into daughter cells. Isoforms of p53 
which are generated through alternative splicing 
become differently expressed in various tissues. 
Their pattern of expression is significantly 
altered in people with breast cancer for example.

Extensive knowledge and a better 
understanding of the processes which 
regulate splicing and alternative 
splicing, permits an important insight 
into the origin and development 
of tumours. The identification of 
cancer-specific splicing isoforms 
makes the design of diagnostic 
or prognostic procedures 
possible. Furthermore, specific 
tumour antigens can be developed which are 
suitable for therapeutic applications. 

Cancer cells are cells of our own body 
which grow out of control

All the cells in our body are subject to constant 
alteration. The process of cell division is usually strictly 
controlled. Each single step is carried out with precision 
and checked for accuracy. However, if the genotype 
of the dividing cells is altered, some of the necessary 
growth controls can be skipped and cells start to divide 
uncontrollably A tumour arises.
During later stages of the disease, individual cancer cells 
can leave the tumour and resettle at other locations in the 
body to form metastases.
Cancer means that growth, cell division and programmed cell 
death are out of balance.

Giuseppe Biamonti, Pavia:

In our work we are focussing on the 

proto-oncog
ene ron beca

use we want to 

understand w
hich mechanisms control 

alternative s
plicing and a

s a consequ
ence 

support the development of metastases.

Once we really understand how these 

programmes work we can also t
ry to 

correct the defects. T
his way the 

development of metastases co
uld for 

example be preven
ted.”

Cancer can arise in different ways. One way originates from a defect in alternative splicing.
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the genetic cause of SMA

A gene on chromosome 5 is responsible for 
causing Spinal Muscular Atrophy, i.e. congenital 
amyotrophia. This gene is called smn which 
stands for “survival motor neuron”. The name 
already suggests that the corresponding 
gene product is responsible for the survival 

of motor neurons, i.e. nerve cells of the bone 
marrow which make our muscles work.

Every person possesses two copies of the 
smn gene, smn1 and smn2. They only differ in 
their DNA code by five nucleotides. Of these 
differences, only one is responsible for the 
disease: the base cytosine is replaced by thymine 
at one particular position. This difference does 
not result in a change to the protein sequence 

A  deFect  in  AlternAtive  Splicing  
cAuSeS  SpinAl  MuSculAr  Atrophy  (SMA) 

but causes the pre-mRNA of smn2 to be 
alternatively spliced. Besides a small amount 
of complete functional proteins, smn2 mainly 
produces a truncated version of the SMN protein, 
SMNΔ7, which is highly unstable. For this 
reason it plays a marginal role in SMN function. 
In healthy people most of the SMN protein 
needed for muscle movement is obtained from 
the smn1 gene whereas smn2 delivers only a 
small portion of the protein. In SMA patients, 
smn1 is also defective. The small amounts of 
SMN proteins produced by smn2, however, 
are insufficient which eventually leads to the 
death of the motor neurons. Affected patients 
show progressive paralysis and amyotrophia. 

Many of them already die of respiratory 
insufficiency during the first two years of life.

A possible therapy?

Daniel Schümperli has dedicated his research to 
the correction of the erroneous splicing of the 
smn2 gene. If successful, SMA patients could 
produce sufficient amounts of SMN protein.

The illness 

Spinal Muscular Atrophy is a disease of the motor 
neurons that is nerve cells which are responsible 
for voluntary movement. All muscles in the body of 
SMA patients are affected. Walking, crawling, chewing, 
swallowing and breathing can become difficult.
In most cases SMA is inherited as an autosomal 
recessive disease. This means that a child will only 
become ill if both parents carry the mutated gene and 
pass it on to the child. If both parents are carriers, 
the chance that their child will become ill is 1:4, or 25%. 
Approximately one in 6000 newborns is affected by 
SMA. There are also cases where the disease is not 
inherited but caused by spontaneous mutation.

Daniel Schümperli, Bern:

“Should we succeed in corre
cting the splicing of 

the smn2 gene, i.e. co
rrect the recombination of 

information; it would be possible
 to cure spinal 

muscular atrophy. We have developed m
ethods to 

do just that. Until now, we could demonstrate 

in cell cultures of patient
s that correction 

of the SMN2 gene product occurs and that 

the cells of pat
ients again pro

duce more of 

the complete SMN protein… Considerable 

difficulties remain for a poss
ible gene therapy 

because tissue such as spinal marrow cannot 

easily be manipulated. However, if these 

difficulties are resol
ved within the next three 

to four years, one c
ould think about designing 

the first clinica
l trials in humans.”

spliced SMN

little SMN

little SMN

unstable

unstable

Spinal Muscular Atrophy
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gloSSAry 

ribosome: The ribosome is a 
complex cellular apparatus which 
is comprised of RNA and protein. 
The translation of the information 
from pre-mRNA into protein is 
carried out by the ribosomes.

rnA: From ribonucleic acid. 
Ribonucleic acid is responsible 
for the transport of the genetic 
information from the genes to 
the ribosome which carries out translation. 
RNA can exist in various types and as a 
consequence can carry out diverse tasks. 
Examples include messenger RNA (mRNA), 
ribosomal RNA (rRNA) and transfer RNA (tRNA).

Splicing: In genetics, splicing is the process 
which denotes the steps whereby introns 
are cut out of the pre-mRNA and the exons 
are joined to produce mature mRNA.

Spliceosome: The spliceosome is a complex 
apparatus composed of RNA and proteins 
which carries out the splicing reaction.

Synapse: Synapses are the connections 
through which nerve cells can 
“communicate” with each other or with 
other types of cells (muscle or gland).

transcription: During transcription, the first 
step of gene expression, the information 
contained in the DNA is converted to RNA. The 
enzyme responsible for this is RNA polymerase.

transcription factor: A transcription 
factor is a protein which has a regulatory 
effect on one of the steps of transcription 
(copying of the DNA into RNA).

translation: In translation the information 
contained in the mRNA is translated 
into the corresponding protein by the 
ribosomes. Translation takes place with 
the help of transfer RNAs (tRNAs).

t-cells, thymocytes: Thymocytes are the 
precursor cells of mature T-cells. They are 
formed and mature in the thymus. After 
selection the thymocytes transform themselves 
and form the pool of peripheral T-cells which 
can react to foreign pathogens. These peripheral 
T-cells are however tolerant of self-antigens.

Apoptosis: Apoptosis is a form of programmed 
cell death. To be precise, it is the cell’s “suicide 
programme” which can be either stimulated 
externally or triggered by internal processes.

Autosome: “Non-sex chromosomes”. 
Chromosomes which do not belong 
to the sex chromosomes (gonosomes) 
are called autosomes.

b-cells: B-cells are formed in the bone marrow 
and can produce antibodies against certain 
antigens which invade an organism. Each 
B-cell produces one type of antibody.

chromosomes are the carriers of genetic 
information in the cell nucleus of eukaryotes. 
The information is present in the form of DNA.

differentiation: Differentiation is defined as 
the functional and structural specialisation of 
cells or groups of cells during development.

dnA: From deoxyribonucleic acid. 
Deoxyribonucleic acid is the carrier of the 
genetic information in all known organisms. 
It contains all the information crucial to the 
survival of the cell, in chemical form.

eukaryotic: (from the Greek: eu = good, 
true and karyon = nut, core) Eukaryotic 
cells are characterised by their cell 
nucleus which is surrounded by a nuclear 
membrane, and which contains the genetic 
information in the form of chromosomes.

exon: This is the part of the pre-mRNA in 
eukaryotic cells which contains the information 
for the protein sequence. After splicing the 
exons are retained in the mature RNA and are 
transported to the cytosol to be translated.

Sex chromosome: The X and Y chromosomes 
are the sex chromosomes which are 
responsible for defining the sex of mammals.

intron: The part of the pre-mRNA which lies 
between the exons and contains no information 
for the protein product, is called the intron.

isoform: Is a version of a protein, which 
shows a similar, but not identical amino acid 
sequence. Isoforms can be encoded by the 
same gene and can originate from the same 
pre-mRNA. They exist as a result of alternative 
splicing from various mature mRNAs.

ligand: A ligand is a molecule which 
binds to another molecule and as a result 
can carry out its biological function.

lymphocytes: Lymphocytes are cells of the 
immune system in vertebrates. B-cells, T-cells 
and natural killer cells are all lymphocytes.

pre-mrnA: Precursor messenger RNA- 
eukaryotic mRNA which has yet to be 
processed or has been processed incompletely. 
In eukaryotes, the pre-mRNA is a precursor 
produced by transcription of the DNA.

Ask me! I know 

everything about 

this topic

www.eurasnet.info
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http://www.ebi.ac.uk/seqdb/
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Institute of Molecular Biology and Biophysics of the ETH
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FRÉDÉRIC ALLAIN

University of Uppsala, Sweden
GÖRAN AKUSJÄRVI

the  MeMberS  oF  eurASnet 

Andrea’s group is working on plant SR proteins 

and their impact on alternative splicing and plant 

development. Some of these proteins have an 

influence on alternative splicing of other genes 

and consequently influence plant development. 

Andrea could demonstrate that some of the 

SR proteins themselves are alternatively spliced 

and their splicing pattern is influenced by 

developmental and environmental conditions.

Gene expression in general and the step of 
alternative splicing in particular leads to the 
synthesis of different protein isoforms. Tumor 
cells might also use alternative splicing to increase 
their protein repertoires. Development of new 
therapeutic strategies to block tumor progression 
might be possible by generating splice variants 
having anti-tumor properties. Didier could show 
that transcriptional stimuli like steroid hormones 
can control splicing by recruiting co-regulators.

How can alternative splicing create primate-
specific genome diversity? What are the 
evolutionary processes that create alternative 
splicing? Are those processes responsible for 
higher order of phenotypic complexity? Those 
questions are the ones Gil’s group want to 
answer! Furthermore they want to find the 
connection between alternative splicing and genetic 
disorders and how the birthing of new exons in 
the human genome are linked to those diseases.

Rolf and his group are involved in the development 
of a database and other bioinformatics 
programs that are important for the research of 
alternative splicing. They combine computationally 
predicted and manually compiled data to 
generate a database on alternative splicing (ASD). 
Currently, different resources on alternative 
splicing are integrated and synchronized.

Frédéric is Associate Professor at the Institute of Molecular Biology and Biophysics of the ETH in Zürich. His research interests are the NMR structure determination of RNAs, proteins and protein-RNA complexes that are associated in post-transcriptional gene regulation. He has determined the structures of several alternative- splicing factors in complex with RNA, i.e PTB, SRp20 and Fox-1.

Goran wants to examine the basic regulatory mechanisms 
of gene expression at the level of RNA biogenesis. 
The members of the SR protein family are the main 
targets during a viral infection of Adeno- Herpes- or 
Vaccineviruses. Adenovirus for example can re-programme 
the cell’s splicing machinery in a way that preferentially 
viral specific RNA is spliced. Goran’s group is using 
DNA viruses as model systems to investigate their 
mechanism in the process of RNA splicing. Their 
current research is focussed on a novel viral protein, 
which is a candidate protein taking over the function 
of U2AF on virus-infected cells. This protein is an 
alternative splicing factor that appears to be the only 
viral protein necessary to convert a HeLa cell to a cell 
with splicing properties similar to a virus-infected cell.
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International Centre for Genetic Engineering 

and Biotechnology (ICGEB) Trieste, Italy

http://www.icgeb.org/francisco-baralle.html

FRANCISCO E. BARALLE

University of Southampton, UK
DIANA BARALLE

Peer’s group is developing computational 

approaches to the evolution and functional 

consequences of molecular evolution and in 

particular of alternative splicing. They were 

among the first to identify support for the 

notion of a considerable number of human 

alternative splice variants. Another point 
of interest is to investigate the functional 

consequences of alternative splicing in 
proteins and protein networks as well as 

at the level of tissue expression.

mRNA splicing in mammals is the main objective 
of Albrecht’s work; in particular, the regulation 
of alternative splicing by intronic regulatory 
elements is investigated. Specific RNA elements, 
more precisely CA-rich sequences, have been 
uncovered as splicing enhancer or silencers, 
regulating the efficiency of the splicing reaction 
or choice of the splice site in alternative splicing.

Alternative splicing and the deregulation of 
this mechanism are known to play an important 
role in tumor progression. Giuseppe and his 
group are trying to control pre-mRNA splicing 
by redirecting the sub-cellular distribution 
of splicing factors. The model they are using 
for this purpose is the Ron gene that encodes 
a member of the scatter factor family.

The main interest of Jean’s research is 
focused on pre-mRNA splicing in the 
yeast Saccharomyces cerevisiae. 
Prp8 is a highly conserved U5 snRNP protein 
that functions at the catalytic centre of the 
spliceosome. They recently showed that mutations 
in the C-terminus of Prp8 that cause Retinitis 
pigmentosa in humans, cause a defect in U5 
snRNP maturation and splicing in yeast. This 
type of Retinitis pigmentosa may therefore be a 
consequence of a splicing defect. They are also 
investigating links between transcription and splicing.

Some pre-mRNA splicing defects are involved in the pathogenesis of human diseases. Recombinant DNA procedures might help to prevent these diseases or provide an attractive tool to treat certain defects. The systems under investigation include the aberrant splicing of disease related genes causing some forms of cystic fibrosis, ataxia telangectasia, diseases of the connective tissue and neurodegenerative diseases.

Diana’s main interest lies in the role of mutations 
for the splicing apparatus and their consequences. 
Her group bridges clinical diagnostics and splicing 
mechanisms, exploiting human pathology to 
identify new modulatory elements of splicing. 
She is investigating previously unreported RNA-
protein interactions and develops new systems 
to uncover the effect of alternative splicing 
on the appearance of sequence variants found 
during molecular diagnostic testing.
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JOHN W. S. BROWN
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The spliceosome is a dynamic machine, which 

undergoes major conformational changes upon 

its self-activation. To study these changes 

Ian develops – in cooperation with a group 

in Leicester – methods for kinetic analysis 

of spliceosome dynamics. One very important 

time point knowing about the dynamics of the 

spliceosomal complex is during splice site 

selection. Activator and repressor proteins 

being involved in determination of splice site 

choice are therefore further investigated.

To investigate the mechanisms involved in biogenesis 
of messenger RNA (mRNA) is one of the major 
tasks of the research in Maria’s laboratory. In 
addition, she wants to contribute to a better 
understanding of the pathogenesis of diseases 
caused by genetic errors that affect this process. 
In particular new techniques are supplied to 
study the dynamics of spliceosome assembly 
in live cells, in addition, recruitment of factors 
to transcription sites are under investigation.

Trans-acting factors involved in the regulation 
of alternative splicing as well as the different 
roles of SR proteins on post-transcriptional 
regulation of expression are the main points 
of interest of the research in Javier’s group. 
The molar ratio of SR proteins may influence 
different modes of alternative splicing and they 
may represent a mechanism for tissue-specific 
developmental regulation of gene expression.

In the past the lab of Janusz has developed 
software tools for protein structure prediction. 
Furthermore they generated the first database 
of RNA modification pathways MODOMICS 
(http://modomics.genesilico.pl/). Currently they 
are involved in modeling studies on a number of 
proteins important for splicing regulation, and 
they are developing new tools for structure 
prediction of RNA and protein-RNA complexes.

John’s main interest lies in the selection of splice sites and the connection of nucleolar events and RNA quality control. John’s group want to examine alternative splicing control in plant gene expression. As their knowledge of alternative splicing in plants is less advanced than in animals, they developed an RT-PCR panel containing around 300 alternative splicing events from Arabidopsis to detect changes in splicing patterns of plants grown under different conditions or over-expressing specific proteins. The plant groups in EURASNET are using this system to generate novel and interesting results.

The main topic of interest in Christiane’s 
laboratory is the analysis of RNA and RNP 
structure and function relationship. They 
developed a in cellulo system to investigate the 
effects of mutations in HIV-1 RNA on the 
relative utilisation of all splicing sites. The 
involvement of the RNA secondary structure on 
the interplay of splicing activators and inhibitors 
could be demonstrated at two highly regulated 
acceptor sites of HIV-1 RNA (A3 and A7).
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Angela’s interest lies in the investigation of splicing 

proteins that function in 3´splice site definition 

at the onset of spliceosome assembly. SF1 is a 

human splicing factor that is essential for the 

viability of cells. Regulation of SF1 activity and 

its role in pre-mRNA processing of selected RNA 

targets are studied in HeLa cells. Furthermore 

the expression and function of various SF1 

isoforms are examined since the SF1 pre-mRNA 

itself is extensively alternatively spliced.

The main emphasis of Alberto’s research is 
placed on the mechanisms that couple the 
machineries performing splicing and transcription. 
The regulation of alternative pre-mRNA splicing 
involving coupling of transcription and splicing 
as well as co-ordination of alternative splicing 
events is characterized. Furthermore, changes 
in the rate of transcriptional elongation are 
observed. Those changes affect alternative 
splicing and contribute to the generation of 
multiple protein variants from one single gene.

Studying the mechanisms of alternative splicing 
in mammalian systems is the main aim of 
Jørgen and his group. In detail they examine 
the regulation of mRNA splicing in HIV-1 and 
medium chain acyl-CoA dehydrogenases (MCAD). 
Their attention is turned to the question, how 
cellular splicing factors interact with the 
RNA to direct the spliceosome to the right 
splice sites. Additionally the role of the HIV-1 
proteins Rev and Tat in HIV splicing should be 
clarified. The second project in Jørgen’s group 
deals with clarification of the mechanism for 
exon skipping in mutated versions of the medium 
chain acyl-CoA dehydrogenase (MCAD) gene, 
which leads to deficiency of the MCAD enzyme.

The general mechanisms of splicing regulation 
in plants are the major field of interest in 
Arthur’s research group. In particular, the 
function of plant proteins involved in splice site 
selection and alternative splicing are investigated. 
Furthermore, the connection between those 
proteins involved in the RNA metabolism and 
abiotic stresses is further characterized.

FSHD is the third most important hereditary disease of muscle. This disease is used as a paradigm to study the characterization of the molecular mechanisms of tissue-specific alternative splicing by Davide’s research group. The mechanisms underlying the tissue-specificity are delineated and the epigenetic alteration causing transcriptional de-repression of selective genes is studied.

Eduardo Eyras is a group leader and Research 
Professor at the Biomedical Informatics Unit of 
the Pompeu Fabra University in Barcelona. He has 
extensive experience in the development of novel 
strategies for gene prediction and in the use of 
comparative genomics for studying splicing. He has 
developed a method for the definition of transcript 
splicing variants from expression data, which 
has been used for the annotation of the human, 
mouse, rat and chicken genomes. He currently 
works on computational methodologies to study 
the regulation and the evolution of splicing.
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ANGUS I. LAMOND

Tropomyosin and actinin are alternatively spliced 

gene products. Their splicing is performed with 

smooth muscle specificity. Further investigations 

of this permit analysis of molecular mechanisms 

of regulated alternative splicing in model 
gene systems and the function of splicing 

regulators. Chris has developed a quantitative 

proteomic technique to define functional 

targets of splicing regulators. This approach 

might complement other global approaches 

(microarrays) in the attempt to define the 

“circuitry” of alternative splicing programmes.

Bertrand investigates the assembly of stable 
and dynamic protein complexes in splicing 
regulation. One participant in the play of early 
intron recognition is the U1 snRNP. The recently 
discovered, so-called RES complex also affects 
alternative splice site choice. The functional 
and structural characterization of the protein 
assemblies in early splicing is underway in 
Bertrand’s lab. Furthermore the role of RNA 
decay pathways in alternative splicing is of major 
interest for Bertrand and his research group.

Daniel and his lab crew have pioneered methods 
to manipulate specific alternative splicing 
events. One approach uses derivatives of U7 
snRNA, a short non-coding RNA involved in 
histone RNA 3´processing. This RNA can induce 
the skipping of internal exons from a targeted 
mRNA in the context of genetic (ß-thalassemia, 
Duchenne muscular dystrophy, Spinal Muscular 
Atrophy) or acquired diseases (HIV/AIDS). The 
therapeutic U7 snRNA accumulates as a stable 
small ribonucleoprotein particle in the nucleus 
cell compartment where splicing occurs.

The primary topic of her research interest 
is the organisation of pre-mRNA splicing in 
the cell nucleus. Therefore a novel approach 
to localize the assembly and function of 
essential splicing factors was established. 
On the other hand she investigates the 
action of snRNPs in co-transcriptional 
spliceosome assembly and alternative splicing.

His interest in alternative splicing specifically lies in determination of the composition of enhanceosomes assembled on different pre-mRNA substrates containing defined cis-acting regulatory elements. He want to elucidate qualitative and quantitative changes in the composition of spliceosomes formed under different physiological conditions, in different cell types and at different stages of the cell cycle.

Angus and his group is studying the dynamic 
behaviour of nuclear proteins and RNPs by expressing 
genes fused to fluorescent protein tags and 
performing time-lapse microscopy on living cells.

Multiple human diseases, including some inherited 
genetic disorders, malignancies and viral infections, 
modify or disrupt subnuclear bodies. Therefore 
Angus is interested in the functional organizations 
of the cell nucleus. He and his research group 
identified several human spliceosome and nucleolus 
proteins. A database of the human nucleolus 
proteins has been established (http://www.
lamond/ab.com/NOPdb3.o). Furthermore, the 
general mechanism of pre-mRNA splicing in 
mammalian cells is examined with the help of 
microscopy techniques, for example FLIM-FRET.
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Splicing can, additionally to spliceosomal 

splicing, occur without the presence of the 

spliceosome – this process is then termed 

nonspliceosomal splicing. The tRNA endonuclease 

from Methanococcus jannaschij is able to 

perform this reaction: it can cleave RNAs 

forming specific bulge-helix-bulge structures 

recognized by the enzyme. The resulting cleavage 

products are subsequently joined together by 

an endogenous ligase. Glauco is studying this 

endonuclease using it in mouse cells and mice.

One question concerning alternative splicing 
is how the splicing machinery manages to 
locate and pair 5´ and 3´splice sites in a 
tissue-specific and developmentally regulated 
manner. Jamal uses Drosophila melanogaster 
as a model system to identify novel splicing 
factors and their cognate target genes. 

A second project deals with development of 
a new approach in which specific splicing 
factors are targeted by small chemical 
molecules. After a large screen program several 
molecules were found to counter the splicing 
stimulatory effect of individual members of the 
SR protein family and have been selected for 
further development in pathological splicing.

James contributed to the understanding of how 
alternative splicing is regulated on the molecular 
level over years. His main interest lies in the 
function of SR proteins and hnRNP proteins as 
well as other RNA-binding proteins. In detail, he 
has characterized the RNA-binding specificity 
of the SR proteins (9G8, SRp20 and SC35) 
and analyzed how this is correlated with their 
properties of splicing activators. The second 
part of James’ work engages the molecular 
mechanisms at the basis of myotonic dystrophy, 
a genetic disease caused by the expansion of 
CUG repeats, and alterations of splicing.

Stefan’s work focuses on the regulation of 
alternative splicing by external stimuli and small 
RNAs. Using a mammalian cell system he could 
show that alternative splice site selection is 
influenced by reversible phosphorylation events. 
This finding explains the frequently observed 
changes of alternative splicing during development 
of tumorigenesis. Additionally, databases of 
alternative exons were developed to study the 
genome-wide relevance and regulation of them.

The way how alternative splicing is controlled within cells, tissues and ultimately, multicellular organisms is still poorly understood. The work from Anabellas lab has contributed to the understanding of how extra cellular stimuli are converted into changes in splicing patterns. She could show that complex cross-talk between signalling pathways determine the splicing pattern of a single gene. Different cell lines that recapitulate certain aspects of mammary gland normal development and tumorigenesis are used as a model system.

The recent research in Hermona’s lab focuses 
on the putative functional role(s) of anxiety 
reactions as a neuroprotection strategy. More 
specifically her work deals with stress-induced 
transcriptional and post-transcriptional regulation 
of the acetylcholinesterase (AChE) gene and the 
function of AChE variants. The causal involvement 
of AChE in the progression of Alzheimer’s and 
Parkinson’s disease and neuromuscular syndromes 
like myasthenia gravis, anticipate future therapeutic 
needs for drugs targeting specific AChE variant(s) 
or the corresponding RNA transcripts.
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Dominika is the webmaster of the Network and 
brings the EURASNET webpage up to date. As a 
bridge between the EURASNET and the public she 
collaborates with Claudia Panuschka to publish 
the current contributions on the website.

Lorraine is the Information and Online Service 
Officer. She has to maintain the EURASNET 
webpage. For this she stays in close contact 
with the team of SCRI. She also ensures the 
smooth functioning of the web platform.

Reinhard is the Scientific Network Manager of 
EURASNET. His responsibilities include controlling 
the network but also the financial and legal aspects of it. Furthermore he is responsible for the 
coordination of the reporting-activities and he also 
is the contact point for the European Commission.

Studying different aspects of RNA biology one can 
take advantage of the use of several computational 
methods. Mihaela developed a fully-automated 
software tool to generate a web-accessible database of all splice forms observed in the sequence data. 
It starts from large scale sequence data sets and 
performs all the steps that are necessary. This 
enables to analyze splice variation in a simplified 
way. An essential component of this tool is a novel algorithm that was developed for mapping cDNA and EST sequences to their corresponding genome.

The understanding of the molecular mechanisms of alternative splicing regulation is the main interest of Juan’s research. He studied how the Sex-lethal protein in Drosophila enforces the development of a female specific splicing pattern on target genes. Additionally he investigates the functions of trans-acting factors in alternative splicing and the link to cell differentiation and cancer progression.

Henning is especially interested in the investigation 
of protein-RNA interactions. Up to now unknown 
proteins which are in direct contact with RNA in 
ribonucleoprotein (RNP) particles can be identified 
after UV cross-linking of native RNP particles. 
For the detection he and his research group is 
establishing new, improved and increasingly sensitive 
mass-spectrometric methods (MALDI and ESI) 
combined with chromatographic enrichment 
strategies. The extremely low quantity of material 
needed for this technique renders analysis possible 
of RNP complexes which are low abundant.

As Public Scientific Officer, Claudia’s task is to 
communicate all the achievements of EURASNET 
to the public (leaflet and Brochure). She is also 
responsible for the internal EURASNET communication 
(Newsletter), as well as for the creation of commonly 
understood contributions which are posted on 
the webpage and writing press releases about the 
latest results of the EURASNET scientists.
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Complexes of RNA and protein (RNPs) are important 

for each step in gene expression. The most famous 

complexes of this kind, the small nuclear RNPs, 

contribute to the splicing of pre-mRNA. Joan’s 

main interest is how snRNPs can play various roles 

during gene expression in cells o
f vertebrates.

Robert’s research focuses on the expression and transport of RNA from the place of transcription, to the export out of the nucleus and the localization of RNA in the cytoplasmic compartment. 

Michael’s work revolves around two issues: processing of  
RNA and mechanisms that are based on circadien rhythm. 
His work focuses on nuclear events, in particular 
events that occur parallel to transcription, such as 
splicing, the formation of RNP complexes an the 
transport of RNA from the nucleus to the cytoplasm.

The research in James’ lab currently revolves around the field of microRNAs (miRNA), their biochemistry and their biology. Different miRNAs accumulate in normal cells during embryonic development, other accumulate under pathological conditions, like for example during the development of tumours. In James’ lab oocytes, eggs and embryos of the frog Xenopus laevis are 
used as model organisms. The steps of synthesis, 
processing and transport of the precursor miRNAs are investigated. Furthermore, the influence of miRNAs on the normal development in frog embryos is examined.

The splicing of RNA molecules is necessary 

for the expression of most of the proteins. 

For many of these genes alternative splicing 

is the control mechanism that is responsible 

for the production of a variety of protein 

isomorphs. Adrian is using biochemical and 

molecular biological approaches to investigate 

the mechanisms and the regulation of splicing.

Human and viral genes are complex genetic 
units of information. In Mariano’s group three 
aspects of this regulation are analyzed: 

•	 the relation between the synthesis of 
mRNAs and the steps which are necessary 
for the processing of these RNAs, 

•	 the alternative processing of mRNAs to get 
multiple proteins from a single gene, 

•	 and the regulation of gene expression in the 
(for humans pathogenic) flaviviruses.

The post-transcriptional gene deactivation using 
RNA interference (RNAi) and micro RNAs (miRNA) 
has gained great importance recently. It deals with 
important mechanisms of the genetic control. 
Witold’s work deals with the mechanism and 
the biological function of RNAi and miRNAs.
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