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Thirty years. It is not a child anymore. Nor an adolescent. 
But a fully fledged young adult with a bright future ahead. 
Swiss-Prot, now known as UniProtKB/Swiss-Prot, has 
braved upheavals of all shapes and sizes to become 
the renowned high-quality protein knowledgebase it 
is today, used by researchers world-wide. Its role was 
recognized early on by major partners. The European 
Molecular Biology Laboratory (EMBL) in Heidelberg was 
the first to distribute Swiss-Prot in the early days, while 
the University of Geneva hosted the database from the 
day it was born to the day it found itself in a blind alley 
– at the end of which emerged the SIB Swiss Institute of 
Bioinformatics. 

By supporting the creation of SIB, the Swiss government 
promoted not only a vision that continues to evolve 30 
years on, but a vision that has also proved to be more 
than successful. UniProtKB/Swiss-Prot is an important 
knowledgebase, one of Europe’s core data resources, 
that has adapted and has never ceased to adapt to 
an extremely changing environment. Over the years, 
UniProtKB/Swiss-Prot has become both precious and 
essential, and owes much of its success to the expertise 
and dedication of its biocurators. Currently, 70 biocurators 
work from three different sites – SIB (Geneva), EBI 
(Hinxton) and PIR (Washington). Fifty are based at SIB 
in Geneva.

Swiss-Prot also happens to be the only database to 
have given rise to an institute: the SIB Swiss Institute of 
Bioinformatics. Founded in 1998, today SIB is a non-profit 
organization that provides world-class bioinformatics. It 
began with 20 bioinformaticians and five research groups, 
and now counts some 60 groups and 750 bioinformaticians. 
Its structure has become a model for countries setting 
up their own bioinformatics infrastructure, and it is the 
largest national node of the European bioinformatics 

organization ELIXIR. SIB has also created a true 
bioinformatics culture in Switzerland, which now has the 
highest concentration of bioinformaticians in the world: 94 
per million inhabitants. The Institute leads developments 
in the field of bioinformatics in Switzerland, and offers 
over 150 bioinformatics resources to the international life 
science community – including high-quality databases 
and software.
 
Bioinformatics has been central to most research projects 
in the life sciences world-wide for many years, and it is 
now beginning to play a key role in medicine and health, 
through a field known as personalized health. To address 
this exciting development, SIB launched a clinical 
bioinformatics initiative several years ago already. At the 
heart of this (r)evolution lies a sum of “omics” knowledge 
to which UniProtKB/Swiss-Prot has been the backbone 
for the past 30 years. The knowledgebase is not only the 
pride of the SIB Swiss Institute of Bioinformatics and its 
partners, but of the whole of Switzerland too.

I would like to express my heartfelt thanks to our funders, 
sponsors and partners – past and present – for their 
financial support and encouragement in helping us fulfill 
our mission, and for supporting the Swiss-Prot Group at 
SIB. I am also thankful to all the biocurators at EMBL-
EBI, PIR and SIB for their relentless efforts in maintaining 
an unrivalled and precious resource. Finally, I would 
like to thank SIB Communications for preparing this 
anniversary brochure, especially Maren Veranneman, 
Vivienne Baillie Gerritsen, Marie-Claude Blatter, Sylvie 
Clottu, Christine Durinx, Lydie Bougueleret, Sylvain Poux, 
Elisabeth Gasteiger, Caroline Ronzaud from Vivactis 
(Suisse) SA and Camille Sauthier from Valenthier, as well 
as Mary Todd Bergman, Lindsey Crosswel and Rodica 
Petrusevschi from the EMBL-EBI communication team 
for their valuable input.

Foreword 
30 years of excellence
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It all began on a very small scale in Geneva with Amos Bairoch, 
then a PhD student, who created his own protein database for 
the software package (PC/Gene) he was developing.

As the interest in his database grew, Amos contacted 
the EMBL to ask if they could distribute it by tape along 
with the EMBL Nucleotide Sequence database. This was 
the beginning of a 30 year collaboration with what is now 
the EBI. When the web arrived, the database became 
available through the first website in the biomedical field: 
www.expasy.org. Thirty years on, the UniprotKB/Swiss-
Prot database contains 550,000 protein sequences that 
are curated by a team of over 70 experts in Geneva, 
Hinxton and Washington D.C. It is now freely accessible 
on the UniProt website, which is visited by an average 
of over 500,000 users per month, approximately 4,6 
million page views, making it the most important protein 
encyclopedia in the world.

Today, UniProtKB/Swiss-Prot is the most widely used 
protein information resource in the world. It provides 
concise, but thorough, descriptions of a non-redundant 
set of hundreds of thousands of proteins including 
their function, domain structure, post-translational 
modifications and variants. Its high-quality annotation is 
the fruit of manual expert curation by biologists who use 

information available in the scientific literature to provide 
an accurate description of each protein’s features. This 
task is performed in collaboration with the European 
Bioinformatics Institute (EBI) in Hinxton (UK) and the 
Protein Information Resource (PIR) in Georgetown 
(USA).

The Swiss-Prot group at SIB is one of the largest groups 
in the Institute. Fourteen of the group members figure 
among the current list of the most frequently cited 
researchers based on the Thomson Reuters Web of 
Science platform covering scientific publications between 
2003 and 2013. The SIB Swiss-Prot group is also turning 
30 in 2016; it has evolved with the database, lived through 
major crises and its members are still passionate about 
biocuration. The SIB Swiss Institute of Bioinformatics is 
currently a renowned independent, non-profit foundation 
that includes some 60 bioinformatics research and service 
groups and some 750 scientists from the major Swiss 
schools of higher education and research institutes. SIB 
provides life scientists and clinicians in academia and 
industry with world-class bioinformatics.

Swiss-Prot celebrates
its 30 years



7

In the late 70s, DNA and protein sequences were being produced 
quite easily, and with them came the need for storage and 
analysis tools.

The first computing programs to be developed aimed 
at comparing proteins between different species to 
understand their function. This was the very beginning 
of bioinformatics. In fact, the term appeared for the first 
time in 1970 and referred to the study of information 
processes in biotic systems, so it did not really mean what 
is called bioinformatics now. In the 80s, Amos Bairoch 
- today Group Leader at SIB - felt the need to perfect 
an existing protein sequence databank. While working 
on his PhD, he started to “annotate” proteins by adding 
information such as their structure and pathological roles, 
and adapted the database to computers. Swiss-Prot, the 
manually annotated protein sequence database, was 
born! This was in 1986. At that time, the various versions 
of Swiss-Prot were distributed on magnetic tapes by 
EMBL-Heidelberg. It was the start of a long-lasting 
collaboration.

FROM A ONE-MAN TEAM TO A SWISS INSTITUTE 
With the emergence of microcomputers and the 
constant increase in protein dataflow, Swiss-Prot 
needed specialized annotators, also called biocurators. 
Biocuration, i.e. the activity of extracting, organizing, 
and making biological information accessible to both 
humans and computers, became essential. The Swiss-
Prot database was growing exponentially and being used 
world-wide, while protein curation was going full speed 
both in Heidelberg/Hinxton and in Geneva. Towards the 

end of the 90s, the Swiss team lacked funds because 
of the heterogeneous nature of the project: it was both 
national and international. In 1996, the Swiss government 
and the Swiss National Fund recognized nevertheless 
the scientific value of Swiss-Prot and accepted to finance 
the project for two years but no longer. To solve the issue, 
the SIB Swiss Institute of Bioinformatics was created in 
1998: the Geneva Swiss-Prot group had a new home and 
its mission was to keep on developing the database. The 
collaboration with the team in EMBL-EBI could continue. 

SWISS-PROT BECOMES UNIPROTKB/SWISS-PROT
In 2002, and thanks to the unparalleled efforts of 
Rolf Apweiler, now Director of EMBL’s European 
Bioinformatics Institute (EMBL-EBI), the UniProt 
consortium, a collaboration between SIB, the European 
Bioinformatics Institute (EBI), and the Protein Information 
Resource (PIR), and funded by the National Institutes 
of Health, was launched. In this context, the UniProt 
Knowledgebase (UniProtKB) was created, consisting 
in the curated UniProtKB/Swiss-Prot databank, its 
automatically annotated supplement TrEMBL, and the 
PIR protein database. Today, UniProtKB represents the 
world’s most comprehensive catalogue of information on 
proteins. In the space of 30 years, the number of proteins 
entered in UniProtKB/Swiss-Prot has risen from 4,000 to 
550,000, and the staff from one to 70 people of whom 50 
are in Geneva.

A history of Swiss-Prot
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Frederick Sanger sequenced the 
first protein: insulin 

1 protein

65 proteins 
The first “Atlas of Protein 
Sequence and Structure” 
published by Margaret O. Dayhoff 7,724 proteins 

Creation of the Sequence 
Retrieval System (SRS) around 
Swiss-Prot, by Thure Etzold

33,329 proteins

Creation of ExPASy, the Swiss-
Prot home server, 
and the first www 
server in biology 
(University of 
Geneva) 

Creation of the European 
Bioinformatics Institute (EBI)

The first Swiss-Prot entry: 
P00001 (now P99999)

Swiss-Prot 1st release (July 21st)
During his PhD thesis, Amos 
Bairoch designed a protein 
sequence analysis tool 
(COMPSEQ-PC/Gene). To be able 
to use his tool he had to design a 
new protein sequence database: 
what became Swiss-Prot was 
born… An unplanned event!

ca. 4,000 proteins

First release of Swiss-Prot on a 
CD, produced by Genofit, a Swiss 
company… Most users had to 
buy a CD-ROM drive!

8,702 proteins

Swiss-Prot 
down the years

1986 1988 1989 19931952 1965
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77,977 proteins 

Creation of the SIB Swiss 
Institute of Bioinformatics 
and implementation of a system 
of annual subscription fees for 
commercial users 

392,667 proteins

A first draft of the complete 
human proteome is available 
in UniProtKB/Swiss-Prot 

New official and unified 
website www.uniprot.org 550,552 proteins 

30th anniversary of Swiss-Prot 

First release of TrEMBL, 
the automatically annotated 
supplement of Swiss-Prot: 
61,137 proteins

Swiss-Prot funding crisis: 
granting agencies failed to find 
a solution to finance Swiss-Prot. 
A cry for help resulted in 2,500 
messages of support within 2 
months

59,021 proteins

Creation of the UniProt 
Consortium (EBI - SIB - PIR) 
Swiss-Prot becomes 
UniProtKB/Swiss-Prot, and is 
free for everyone!

122,564 proteins 

20th anniversary of Swiss-
Prot in Fortaleza, Brazil

231,435 proteins

Completely redesigned UniProt 
website 

546,790 proteins

1996 1998 200820062002 20162014
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Role and place of the Swiss-Prot database 
and the SIB Swiss-Prot group

A GOLD STANDARD FOR PROTEIN KNOWLEDGE 
UniProtKB/Swiss-Prot is an expertly curated and very low-
redundant protein knowledgebase originally created in 
1986 under the name of Swiss-Prot, and now part of the 
UniProt Knowledgebase which was established in 2002. 
Its mission is to provide the scientific community with a 
comprehensive, high-quality and freely accessible resource 
of protein sequence and knowledge. The database sums 
up all the available information on a given protein in a given 
species, such as its function, cell location, pathological 
role, interactions and differences with other species. All 
this information has been curated beforehand, i.e. sorted, 
structured, reviewed and validated by expert people 
(known as biocurators). 

UniProtKB/Swiss-Prot is one of the most widely used 
databases and is recognized today as a gold standard 
reference and quality gatekeeper by the international 
scientific community. It is used by scientists from all fields 
of the life sciences as well as by clinicians. It also serves as 
a reference for patent organizations in the field of proteins 
and biotherapeutics, and is used by computer scientists to 
benchmark their prediction programs. The database also 
serves as a foundation for other databases intended for 
more specialized audiences; an example would be the SIB 
NeXtProt database recently developed for clinicians.

Over the years, UniProtKB/Swiss-Prot has shown that it 
knows how to adjust and has evolved accordingly to fit 

the new needs of its users and adapt to emerging fields 
of research. “This capacity to adapt to the surrounding 
environment is one of the database’s major achievements 
over the last years, explains Ioannis Xenarios, Head of 
the Swiss-Prot group at SIB. We let the database evolve. 
In this way, it remains ‘fit’ and is tailored to specific needs”. 

FROM A ONE-MAN TEAM TO A RECOGNIZED GROUP 
OF BIOCURATION EXPERTS 
At SIB, Swiss-Prot was the name given to one of the 5 
founding groups. Over the last three decades, this group 
has quite naturally changed in parallel with the database. 
It has adapted to times of opulence as it has reverted to 
less reassuring conditions. Despite this, the biocurators 
are still as passionate as they ever have been, as are 
their colleague developers, and are all dedicated to 
preparing the best possible product. More importantly 
and thanks to the catalyst role of the institute, the group 
has become a biocuration and knowledgebase expertise 
asset that offers highly-qualified scientists who can 
advise on how to prepare a database and to what end. It 
also provides other national and international research 
groups with support on how to gather and structure 
knowledge on different biological data adapted to the 
users’ needs. “Much more than the database itself, the 
real asset of the SIB Swiss-Prot group for Switzerland 
and for the scientific community is the know-how and 
competences of its people,” concludes Ioannis Xenarios 
enthusiastically.

Today:
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With the current exponential growth of biomedical data, there 
is a crucial need to organize and check them, as well as make 
them accessible to both humans and computers.

This activity is called biocuration. Online biocurated 
databases play a central role in the whole process. On 
the occasion of the 30th anniversary of Swiss-Prot, the 
curated section of the UniProt Knowledgebase Ioannis 
Xenarios, Head of the Swiss-Prot group at SIB, has been 
asked about the current and future challenges for the 
knowledgebase and for his group. 

What do you think is the main challenge of UniProtKB/
Swiss-Prot today?
Nowadays, there are terabytes of data newly generated 
every week. Our main challenge is to transform these 
“big data” into smart and actionable data. This can 
only be done by adequately balancing the power of our 
biocuration experts to optimize the automation performed 
by computers. In other words, we need to feed the 
algorithms with high quality, robustly identified and well-
structured data and then use these algorithms to scale up 
on to the millions of entries that we have to deal with. The 
real challenge we have today is thus to make the best 
use of human expertise in the whole process of dealing 
with massive amounts of complex data. 

What will be the challenges of UniProtKB/Swiss-Prot 
tomorrow?
With the development of artificial intelligence, there 
is a big danger of solely relying on technologies and 
automatic systems to solve everything, and leaving the 
humans out of the process; this also applies to the fields 
of life sciences and biomedical research. Therefore, 
the challenge of Swiss-Prot in the future is actually the 
same as it is today: making sure we can survive in such a 
machine driven environment by correctly structuring the 
“big data”, while also using human expertise to provide 
the “reference set” of information and knowledge to the 
database users. 

Which initiatives have been taken by the SIB Swiss-
Prot group to move forward?
“Big data” are useful if they are accessible by scientists, 
but also if the different pieces of information from various 
fields are connected or interlinked. Our goal is to facilitate 
the data exchange between scientists. For this, we have 
reinforced our collaborative work with scientific journals 
and publishers to properly cross-reference – within 
the text body of articles – the different evidences or 
knowledge that we have curated inside Swiss-Prot. For 
instance, the SIB Swiss-Prot group is collaborating with 
the European Molecular Biology Organization (EMBO) 
journal to develop a resource called SourceData. In this 
project, we are attempting to structure figure annotations, 
since figures do contain most of the evidence held within 
a biology paper.  

We also try to identify emerging fields and needs, 
and collaborate with their experts to transform their 
knowledge accumulated over the years, into well-
structured databases. SwissLipids, Rhea and Viralzone 
are all resources issued from such collaborative work 
between the SIB Swiss-Prot group and experts. Here 
again, our aim is to help build bridges between fields. 
For instance, the expert-annotated database of chemical 
reactions – Rhea – links enzymes and chemistry, 
thus becoming the cornerstone resource of metabolic 
balanced reactions. Swiss-Lipids, for its part, bridges 
lipids with biochemistry and helps fill a gap in the study 
and structuration of lipid knowledge.  

Finally, the SIB Swiss-Prot group, together with Vital-IT, is 
also involved in public-private partnerships as illustrated 
by the Innovative Medicine Initiatives (IMI) funded by both 
the EU and pharma companies. The IMI takes advantage, 
either directly or indirectly, of the expertise provided by 
the SIB Swiss-Prot group to enhance knowledge access 
by scientists and clinicians.

The challenges 
of Swiss-Prot
An interview with Ioannis Xenarios
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Museums have their curators. Art galleries too. Their job is to look 
after collections they are knowledgeable about and present them 
to an audience in a way that makes sense and is informative. 
Biocurators do the same. 

Ever since the advent of computers and advanced 
technology in the life sciences, the quantity of biological 
data has grown exponentially and been stored in 
databases. The simple piling up of data, however, is of little 
help not only to researchers but also to computers. To be 
useful, they need to be sorted some way or another. Such 
a step is easily performed by specialized software. But as 
for many things, without a human touch, something lacks. 
Swiss-Prot is a protein sequence database that sprung 
into existence 30 years ago when protein sequences 
were still trickling in. In those days, every sequence could 
be nursed. Today, however, millions of protein sequences 
are produced on a monthly basis. How does Swiss-Prot 
cope? Thanks to its biocurators. 

ABOUT THE BIOCURATOR
The life of a biocurator may sound simple. But it is not. 
Dozens of articles have been published to define this 
new species of life scientist. Biocurators are professional 
scientists who are trained to collect, sort, synthetize, 
organise and validate biological information which is 
then disseminated via databases. The nature of their job 
demands the patience and thoroughness of a librarian 
and they have been referred to – whether endearingly 
or not – as ‘museum cataloguers of the internet age’, 
‘those who prefer computers to pipettes’, ‘self-confessed 
bookworms’, or ‘monk copyists’. A somewhat narrow-
minded and outdated view. 

Biocuration is not only a science in itself but, like the 
technology that nourishes it, it is continuously evolving. 
Biocurators have to adapt fast as they face the unending 
production of huge amounts of data and have to deal 
with ever-changing biological knowledge. In Swiss-Prot, 
for instance, although the number of protein sequences 

does not exceed the half million mark, it provides data 
that have been checked and improved by its biocurators. 
This upgraded information is in turn (re)used for 
automatic annotation of new incoming sequences. As 
such, biocurators have become an essential and central 
piece of the life science puzzle. 

About 70 biocurators currently work for the Swiss-
Prot database – which is now part of the UniProtKB 
knowledgebase – in Switzerland (SIB), England (EBI) 
and the US (PIR), most of whom (50) work at SIB. They 
are biologists, biochemists and chemists with a strong 
background in wet-lab research, and generally hold PhD 
degrees. Their job consists in reviewing experimental and 
predicted data for each and every protein with a sharp 
critical eye, as well as verifying in detail every protein 
sequence. In this way, they provide a complete overview 
of any information there exists on a given protein. 

DEALING WITH DATA
The information is extracted from various sources; most 
of it regards experimental data which is drawn from the 
literature. Biocurators reconcile any conflicting results and 
then compile them into a concise, comprehensive report 
– both in free text and structured format – with controlled 
vocabularies that can be read by a machine. The process 
of expert biocuration adds a wealth of knowledge to 
UniProtKB/Swiss-Prot records, and includes information 
related to a protein’s function, structure and subcellular 
location but also a wide range of sequence features 
such as active sites or post-translational modifications, 
besides the protein’s interactions with other proteins. 

Huge amounts of data means tons of articles. Does 
a biocurator read every single publication there is on a 

The art of biocuration
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given protein? The answer is no. A crucial step in expert 
curation is knowing how to identify a representative subset 
of publications that will provide a complete overview of the 
information that is available at the time. Any information 
added manually to Swiss-Prot is linked to its source – in this 
way, users can trace each piece of information to its origin. 
For maximum efficiency, Swiss-Prot biocurators generally 
deal with groups of related proteins – such as proteins that 
belong to the same family or are found in different species 
– as the background knowledge already exists within the 
database. Swiss-Prot biocurators also collaborate and 
leverage the work of complementary curated resources 
to ease consistency and data exchange, thereby ensuring 
that biocuration efforts are not duplicated. 

THE NOTUM PROTEIN, AN EXAMPLE
But this is all very theoretical. How exactly do Swiss-Prot 
biocurators deal with the knowledge that is pouring in? The 
recent characterization of the Notum protein in humans 
and the common fruit fly, Drosophila melanogaster, 
provides an excellent example. One Swiss-Prot biocurator 
waded through over 100 articles that were linked to the 
term “Notum” – which also happens to be the name given 
to the dorsal portion of an insect’s thoracic segment. 
According to well-established criteria, two papers were 
sufficient to extract the information needed to acquire a 
comprehensive overview of the protein. 

Notum was initially characterized in D.melanogaster 
as a protein that had a vital role in developmental 
morphogenesis by inhibiting the Wnt signalling pathway 
– a pathway that passes signals into a cell via cell 
surface receptors. For over 20 years, scientists thought 
the pathway was inhibited by Notum via the hydrolysis of 
specific proteoglycans known as glypicans. However, the 

two selected articles contradicted these results: inhibition 
occurs via serine depalmitoleylation of the Wnt proteins 
themselves. Thus the role of Notum as an inhibitor of the 
pathway is confirmed, but the mechanism is different.

Thanks to this new experimental data, an update of the 
function – and the protein’s name – was echoed across 
10 different species in UniProtKB/Swiss-Prot. But the 
biocuration did not stop there… New gene ontology 
(GO) terms were created, a new enzyme commission 
(EC) number was issued, the positions of the enzyme’s 
active sites were annotated from its 3D structure in the 
Protein Data Bank (PDB), and the modification of the 
Wnt protein by depalmitoleylation and its consequences 
have been annotated using controlled vocabulary 
defined by the RESID database of Protein Modifications. 
And, so as not to lose track of any information even if it 
has become redundant, the former function of the Notum 
protein is described in detail under a ‘CAUTION’ section. 

MAINTAINING BIOLOGICAL KNOWLEDGE
This example illustrates how essential expert 
biocuration is, and how the correct identification of only 
a few targeted publications can give rise to information 
that is not only vital but has a chain reaction effect. 
Thanks to manual biocuration, new biological functions 
continue to be unveiled within what are thought to be 
well characterized protein families. Correct and up-to-
date information is spread across other databases in 
addition to being fed back into the automatic annotation 
and function prediction systems loop. Existing close 
and mutually beneficial collaborations between different 
resources are also heightened, demonstrating yet 
again how essential expert biocuration is in maintaining 
biological knowledge.   

Cross-references to UniProtKB/Swiss-Prot
Palmitoleoyl-protein carboxylesterase NOTUM, 
Homo sapiens (Human): Q6P988
Palmitoleoyl-protein carboxylesterase NOTUM,
Drosophila melanogaster (Fruit fly): Q9VUX3

Photo: © Vivienne Baillie
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Facts & Figures

A team of over

70
biocurators in Geneva, 

Hinxton and Washington, D.C. 

550,552 
entries 

derived from 

13,269
different species

including the Dodo, the Siberian woolly mammoth, the jellyfish, cocoa and the Zika virus. 

2,592
Viruses

202
Archaea

2,905 
Bacteria

7,570 
Eukaryota

589,628 
protein sequences (including isoforms)

comprising

196,472,675
amino acids 

(if one letter code equals 1mm → 196 km) 
→ distance around Lake Geneva…

 (UniProtKB/Swiss-Prot, February 2016)
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2 
amino acids

the shortest sequence, a cuttlefish protein involved 
in contracting the oviduct (P83570) 

35,213 
amino acids

the longest sequence, a mouse protein which is a key 
component of striated muscles (P83570)

25,000,000
visitors since 2008

Currently about 

5,000,000
visitors each year 

Each day, almost  

35,000
visitors  

250,000
page views

4,000 
diskettes (3 ½ inches, 720 KB) would be needed 

to store UniProtKB/Swiss-Prot today  
(120m, as high as the Jet d’Eau, Geneva’s fountain)

Over 

20,000,000,000 
RDF triples with biological data to query UniProt with SPARQL

The most represented species 
in UniProtKB/Swiss-Prot 

is Homo sapiens with 

20,198 
entries (in 2016) 

Amos Bairoch, founder of Swiss-Prot, 
holding the printed version of all the names 

of the proteins (extract on far left) from the first draft 
of the human proteome in 2008

The roll’s length:

96 
metres
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User comments

“Just wanted to say I greatly appreciate how consistent 
and reliable UniProt/Swiss-Prot is in terms of keeping 
the database up to date and answering questions!”

“We are fortunate to have the excellent resource of 
UniProtKB/Swiss-Prot to advance our work” 

“I want to thank for the enormous effort and dedication 
to keep this excellent work to the scientific community”

“The high bioinformatics standards UniProt establishes 
and puts into practice are not only admirable and 
practical, but also very helpful. Thanks!”

“Thanks! UniProt does such a wonderful job of bringing 
data seamlessly together for query and download!”

“The UniProt site is now a ‘one-stop shop’ for virtually 
all the functional annotation one would need for a set of 
proteins” 

“The help, reactivity and quality of reply you offer by 
email are great as well”

“Such a resource (SPARQL) is seen an excellent 
example of what the semantic web technologies could 
deliver within the life sciences arena”

“What a wonderful research site. Thank you for the 
hard work and resource”

“Thanks for the wonderful resources!”

“Thank you for your awesome and informative site”

“UniProt is amazing! I use it A LOT and it is a great resource”

“I love your website and your service”

“I wish all help desks were as good as you guys”

“Many thanks for your email. I am delighted that your 
team has managed to incorporate my feedback”

“Thank you so much. You are my angel and miracle”

The UniProtKB/Swiss-Prot help desk receives about 1,700 requests 
every year, with general questions on the database, feedback on the 
website, very precise questions e.g. on a particular protein family, 
update requests, or just to say thank you!
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The “UniProt” generation 
of SIB biocurators:
Some views

Ten years ago, Swiss-Prot had just entered the UniProt 
consortium. This very dynamic expansion period was 
characterized by a high hiring rate, the setup of a real 
consolidated structure between departments, and the 
development of numerous collaborations. Most of the 
newly hired had a background in biology or biochemistry. 
They joined the SIB Swiss-Prot group as junior curators, 
fresh out of wet labs and very glad to work for a free 
service dedicated to the scientific community. 

Today, they say that this strong and relatively recent 
background at the bench is probably the main difference 
that really distinguishes them from the first generation. A 
few of them had indeed already used bioinformatics tools 
and could thus easily evaluate the needs of lab scientists, 
thus helping in the development of UniProtKB/Swiss-Prot. 

COMMON VIEWS 
However, on the whole, both the “UniProt” generation 
and the first generation share common views about the 
SIB Swiss-Prot group and its evolution. After 30 years, 
UniProtKB/Swiss-Prot is still the gold-standard protein 
knowledgebase, which goes to show its ability to evolve. 
Similar opinions are shared regarding the challenges 
faced today: dealing with big data, providing high quality 
biocurated information to build automatic procedures, and 
establishing collaborations to bridge the gaps between 
different life science fields and clinical domains. “We feel 
we carry today a more important responsibility than in 
the past, says one of the interviewees of the “UniProt” 
generation. The 30th anniversary of the knowledgebase 
and of the group is an opportunity to consider what has 
been achieved and how helpful UniProtKB/Swiss-Prot is 
to the scientific community”.

Celebrating the 30th anniversary of the gold-standard knowledgebase 
is a time to honour the first generation of Swiss-Prot curators who 
were part of the creation of the resource, but also to listen to 
those who joined the ship ten years ago: the “UniProt” generation.

Today, biocurators bring with them 
their different expertise that they 
are eager to share. There is no 
competition within the group; 
on the contrary, synergies arise 
for the good of the database. 
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Hanky Panky
Original oil painting by Brenda York
www.brendayork.com

Silent pain

What about the persistent pain that 
frequently escorts chronic conditions, 
such as a sore back or cancer? Who 
can see the good in that kind of pain? 
Though there may be instances when it 
seems superfluous and even cruel, the 
sensation of pain is more necessary than 
it is not. It is a clear indicator that there 
is something wrong, and that it needs to 
be seen to. In the absence of pain, no alert signals are 
given off - which could ultimately put your life in danger. 
It is a complex sensation with many a meaning and many 
a pathway. One particular pathway was discovered when 
members of a family were incapable of feeling pain - a 
singular and rare condition due to the loss of function of 
a protein known as SCN9A or Nav1.7.

One of the very first medical descriptions of such an 
affliction was described in the literature in the 1930s. 
The article depicted a man who had an act as a human 
pincushion in a circus. Another similar case was 
discovered more recently in Pakistan where a young 
street performer entertained crowds by running knives 
through his arms or walking on red hot coal - and ended 
up in hospital on a regular basis for medical care. He 
died at the early age of fourteen when he threw himself 
off a roof. A study carried out on his family revealed other 
cases of seemingly total indifference to pain. In the past 
few years, yet other occurrences of this peculiar condition 
have been described. The disease is congenital, very rare 
- so far only 30 cases have been described worldwide - 
and though it sounds ideal never to be under the grasp 
of pain, life is not necessarily easier for those who suffer 
from it.

It took many centuries before it was 
acknowledged that pain could be useful 
and - in some ways - even protective. 
For Aristotle, pain was merely part of 
a man’s lot while on earth. Christianity 
transcended the belief by stating 
that pain was a divine gift. Although 
Hippocrates (460-379 BC) had 
already suggested that pain was the 

announcement of some form of physical disorder, it was 
only at the beginning of the second millennium that Galen 
of Pergamum (129-200 AD), a Roman physician, actually 
suggested that a network of nerves in our body lead to 
the brain. Such nerves were capable of distributing three 
types of perception: locomotion, sensibility and pain, 
where the purpose of pain was understood as a means 
of survival. The notion of the ‘usefulness’ of pain - such 
as the memory of what can harm or the telltale sign of a 
physical disorder - only emerged in the 18th century once 
Science had set itself free from the Church.

Individuals suffering from indifference to pain have 
already been depicted in the scientific literature but their 
condition was always accompanied with other serious 
drawbacks, such as mental retardation for instance. 
However, the difference between these cases and 
what the Pakistani street performer was suffering from 
is that he was otherwise perfectly normal. People with 
congenital indifference to pain (CIP) present no mental 
disadvantages. They can discern a dull touch from a pin 
prick, feel their limbs moving and even discriminate hot 
from cold. Their cardiac rhythms are perfectly normal as 
is their capacity to sweat. The only other deficiency that 
may be linked to CIP is perhaps a slight loss of smell. But 
not every individual presents this slight anosmia.

Is there really a point to pain? Yes, argue most. Pain warns you 
that something is not right. It teaches children not to put their 
hands on a hot plate because they know heat hurts. It urges 
you to consult your doctor when pain persists in any part of your 
body. Yes, but what about pain that accompanies something 
which has already been diagnosed?

by Vivienne Baillie Gerritsen, published in February 2009
www.proteinspotlight.org
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So what is at the heart of this particular case of 
indifference to pain? A protein: SCN9A, otherwise known 
as ‘sodium channel protein type 9 subunit alpha’. SCN9A 
is a transmembrane protein found in neurons. It forms 
a channel through which sodium ions flow, following 
the membrane’s electric gradient. SCN9A seems to be 
concentrated in peripheral neurons and may well be at 
the very beginning of the electric impulse which triggers 
off the pain message and sends it off to the brain. In 
CIP, SCN9A is truncated and the channel is unable to 
function. Consequently, the sensation of pain isn’t sent 
to the brain. Scientists were surprised to discover that 
only one protein seems to be responsible for a sensation 
which belongs to a pathway that is otherwise so complex. 
In this instance, SCN9A acts a little like an on/off switch. 
Certainly, SCN9A is at the very heart of pain perception 
since another mutation actually heightens the sensation 
- a condition known as erythermalgia.

Pain has many facets. There are many neuronal 
pathways which trigger off pain. There are many other 
types of sodium channels involved in its transmission. 
What is more, polymorphisms may well endow different 
individuals with differences in pain perception. Perhaps 
we all suffer differently. Be that as it may, pain is essential 
and the bearer of news which is better not to disregard. 
Babies and young children who suffer from CIP can bite 
off parts of their lips, chop off the tips of their tongues or 
burn their hands - which all go unnoticed unless a third 
party is present. And these are only surface wounds. 
What of broken bones or bowel blockage for instance?

The scarcity of CIP is precious for the design of drugs 
such as painkillers. Indeed, any rare disease whose 
phenotype can pinpoint only one protein - in this case, 
a sodium channel - is a godsend for scientists. If a drug 
can be designed to block SCN9A specifically, the side 
effects could be minimal. Currently, there are many 
analgesics that can silence pain by blocking other types 
of sodium channels, but the secondary effects can be 
big. However, the question arises: is it such a good thing 
not to feel pain? Imagine a chronic disease. Taking away 
all sensation of pain could turn out to be a catastrophe. A 
cardiac arrest could go unnoticed for instance. Perhaps, 
then, the population should be informed differently on 
the advent of a common harmful condition? Instead of 
describing the pain felt in your chest, for instance, why 
not put more of a stress on the other symptoms which 
accompany a heart attack? Undoubtedly, there is more 
to pain than meets the brain. And though at times it may 
seem heartless, a life without pain would be like a ship 
without its hull.

«Though there may be 
instances when it seems 
superfluous and even cruel, 
the sensation of pain is more 
necessary than it is not.»

«It took many centuries before 
it was acknowledged that pain 
could be useful and - in some 
ways - even protective.»

Cross-references to UniProtKB/Swiss-Prot
Sodium channel protein type IX subunit alpha, 
Homo sapiens, (Human) : Q15858
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Leg Wheel & Jew Harp
by Rima Staines
www.rimastaines.com

by Vivienne Baillie Gerritsen, published in April 2009
www.proteinspotlight.org

The making of crooked

Nature can tease us with very little. 
Any one of our movements is made 
possible thanks not only to the 
existence of motor neurons but their 
growth and differentiation. Growth and 
differentiation are, in turn, dependent 
on many cellular activities, in particular 
the trafficking of entities from one end of 
a nerve cell to another. If the trafficking 
is checked for any given reason, the 
neuron does not react the way it should 
and whatever limb it activates will suffer 
the consequences. Spastin is an enzyme 
which has a central role in the building of highways for 
neuron traffic and we now know that it is also guilty of 
causing a neurodegenerative disease in the lower limbs, 
known as hereditary spastic paraplegia.

Hereditary spastic paraplegia (HSP) is a disease which 
causes progressive spasticity and weakness of the 
legs of those who suffer from it. Also known as the 
Strumpell-Lorrain disease, it was first described by the 
German neurologist Adolph Strümpell (1853-1925) in 
1883, and characterised in greater detail by the French 
physician, Maurice Lorrain in 1888. The 20th century 
has shed molecular light onto HSP and researchers 
now know that the main culprit was the mutated form 
of an enzyme, known as spastin. Spastin is found in 
many tissues, amongst which nerve tissues where it 
populates motor neurons both in the nucleus and the 
cytoplasm. It is still unclear what spastin does in the 
nucleus - if anything at all - but much has been revealed 
about its role in the cytoplasm.

Spastin interacts with microtubulin. 
Microtubulin dimers assemble - or 
disassemble - to build microtubules 
which are used to reinforce the cell’s 
cytoskeleton, for example, or to build 
molecular roads on which all sorts of 
micro- and macromolecules travel. If you 
could see the inside of a cell, you would 
observe the continuous lengthening and 
shortening of hundreds of microtubules 
as they serve their purpose. Once a 
road has been used, there is no point in 
keeping it built, so it is destroyed and the 

units used to build another road. Conversely, every road 
needs a place to start. These are the centrosomes which 
represent the beginning of any microtubule and onto 
which microtubulin dimers are added. Unsurprisingly, 
spastin is dense around the centrosomes.

As mentioned, spastin has a major role in the building 
of microtubule highways. In fact, spastin fine-tunes the 
dynamics and integrity of microtubulin assembly thanks 
to two roles which may seem paradoxical: spastin not 
only knows how to sever microtubules but it also knows 
how to create small bundles of microtubules. Naturally, 
there must be a host of co-factors which are also part 
of the fine-tuning and the timing of bundling or severing. 
Yet, spastin has a central role since a mutated form of 
the enzyme disrupts the balance between microtubule 
bundles and severing altogether.

Moving any one of our limbs is not something most of us have 
to think twice about. Rising from a chair to make a cup of coffee 
or picking your nose is usually a piece of cake. Yet the natural 
mobility of our legs - for instance - can be dependent on the 
existence or not of molecular loops.
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What is it that makes spastin choose the right time to 
bundle or sever? Spastin functions either as an ATPase 
or not, and these two modes are undoubtedly governed 
by other co-factors. When spastin is not functioning as 
an ATPase, it binds to microtubules and promotes their 
bundling. Conversely, the presence of ATP promotes the 
formation of a spastin homohexamer which looks a little like 
a cogwheel with a hollow centre. Each monomer carries 
two loops, positioned one above the other and which line 
the inner ring of the wheel. These particular loops are 
critical for mictrotubulin recognition and severing.

How does spastin sever microtubulin? Specific domains 
on spastin recognise the tail of assembled microtubulin 
and sucks it into the hole in the middle of the hexamer. 
Following successive cycles of ATP hydrolysis, two 
possible processes occur: severing is achieved either by 
pulling on the microtubulin tail and untying a knot the way 
you would undo a shoelace, or by flipping the position of 
the microtubulin dimer within the polymer thereby making 
it impossible for further microtubulin stacking and hence 
microtubulin growth.

Without the loops, microtubule severing would not be 
possible. In HSP, a mutation in spastin affects one of the 
two loops. As a result, the dynamics of microtubules are 
impaired, cellular trafficking is affected, neuron growth is 
stunted and those with the mutated form of spastin suffer 
an awkward gait with weakness in the legs. And there is 
growing evidence that some families may also suffer from 
dementia. Much is known about spastin - its structure, its 
cellular distribution, its function - yet still more needs to be 
known to design therapies which can help those living with 
the shadow of HSP hanging over them so that the simple 
act of walking to the coffee machine is less of an ordeal.

«Any one of our movements is 
made possible thanks not only to 
the existence of motor neurons 
but also to their growth and 
differentiation.»

«Hereditary spastic paraplegia 
(HSP) is a disease which
causes progressive spasticity 
and weakness of the legs
of those who suffer from it.»

Cross-references to UniProtKB/Swiss-Prot
Spastin, Homo sapiens, (Human) : Q9UBP0
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Alex by Jeff Bowering
www.jeffbowering.co.uk

by Vivienne Baillie Gerritsen, published in June 2010
www.proteinspotlight.org

A mind astray

This is just one of the many manifestations 
of what could be the beginnings of 
Alzheimer’s disease (AD). A disease 
which affects millions of people worldwide, 
and sends their families into a whirlpool 
of doubt, impatience, pain and disbelief. 
Slowly but surely, Alzheimer’s takes a hold 
of the patient’s brain, causing damage to 
its neuronal structure and hampering its 
cognitive faculties. In time, the patient fails 
to recognise his or her own family besides suffering from 
disturbed basic vital functions, and the family members 
have to learn to deal with the loss of someone dear who 
is still alive... With a little over 100 years of research into 
AD, scientists are now able to diagnose the affliction 
relatively early. Despite this, there is still no medication 
which can cure a patient, though researchers have 
ventured down many alleys. One of these alleys involves 
a protein known as immunophilin FKBP52 which may 
have a future in stalling the progression of Alzheimer’s.

Over the past few decades, especially since the era 
of molecular biology, scientists have reached an 
understanding of AD at a very fine level. There seem 
to be different forms of the disease. A rare hereditary 
form. One form which may be caused by neuronal 
inflammation. And the more current sporadic form 
which occurs with the passing of the years. In this 
instance, neuritic plaques and neurofibrillary tangles are 
observed in the brain, both of which are the result of two 
different proteins - amyloid-β and tau, respectively - that 
accumulate in an abnormal fashion. As a result, normal 
neuronal growth and function are hindered bringing on 
the characteristic symptoms.

Tau is abundant in neurons and binds to 
microtubulin where it has a pivotal role in 
microtubule growth and stability. And if it 
affects microtubule growth, then it affects 
not only cellular architecture but also cellular 
trafficking, since cells use microtubules as 
motorways to deliver nutrients and other 
molecules to different destinations. Without 
the assistance of tau, neurons are then 
neither able to elongate, nor to regenerate. 

In AD, tau structure is modified via hyperphosphorylation 
and instead of assisting microtubulin, it creates tangled 
clumps of fibres in the neurone’s cytosol.

If such clumps could be dismantled one way or another, 
or at least their growth impeded, then that would leave 
free tau for the microtubules. Consequently, cognitive 
malfunctions caused by stunted microtubule elongation 
could either be restored or avoided. This is the exciting - 
albeit speculative - discovery that was announced at the 
beginning of the year. And where immunophilin FKBP52 
comes into the picture.

FKBP52 is a large protein found in abundance in the 
brain - up to 50 times more than in the immune system in 
rats, for instance. To date, FKBP52 is thought to have at 
least three probable distinct roles. First, the protein can 
function as a peptidyl-prolyl cis-trans isomerase - also 
known as rotamase activity - in which it has a role in the 
folding and unfolding of other proteins. Second, it can 
bind to the heat shock protein Hsp90, by way of which 
it interacts with steroid receptor heterocomplexes and 
regulates steroid receptor signalling. Third, and here’s 
the novelty, it binds to tau.

He hadn’t been able to dial the full number for some time. But he 
had told his family that the phone was out of order. Until one of 
his daughters realised that it was not the phone which was faulty 
but her father’s memory.
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And, not only does it bind to tau, but it especially binds 
to tau in its hyperphosphorylated form, which is the form 
that creates the tangled clumps characteristic of AD. 
Subsequently, as the reasoning goes, if FKBP52 can bind 
to the hyperphosphorylated tau, then it could prevent tau 
from forming clumps, thus slowing down the progression 
of AD, or indeed anticipating it.

It all sounds very promising. Yet scientists are quick to 
point out that tau is only one component which is part of 
AD. There is also amyloid-β, to name but one. What is 
more, everything is still very hypothetical since research 
has not extended further than the laboratory and no 
direct link has been made to AD. Besides, tau interacts 
with hosts of other proteins, and who says that FKBP52 
has a “privileged” interaction with it?

Sometimes, research is like fumbling for an unknown 
object in the dark. And it is not surprising that a disease 
such as Alzheimer’s, which taints something as intangible 
as personality and the very subtle chemical balance 
which makes it, is so difficult to fathom. AD, and similar 
dementias, is possibly one of the worst illnesses which 
can afflict a human being - and their surroundings - since 
it affects the very essence of who we are. And that is 
no doubt why such huge advances have been made on 
the medical front in the past years. AD is now diagnosed 
faster. Over the years, ways have been found to slow it 
down. Surely the next step will be some kind of cure.

«In time, the patient fails to 
recognise his or her own family 
whose members have to learn 
to deal with the loss of someone 
dear who is still alive...»

«It is not surprising that a disease 
such as Alzheimer’s - which 
taints something as intangible as 
personality and the very subtle 
chemical balance which makes 
it - is so difficult to fathom.»

Cross-references to UniProtKB/Swiss-Prot
Peptidyl-prolyl cis-trans isomerase FKBP4, 
Rattus norvegicus, (Rat): Q9QVC8
Peptidyl-prolyl cis-trans isomerase FKBP4, 
Homo sapiens, (Human): Q02790
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Life’s First Breath, by Maria Pace-Wynters
www.mariapacewynters.com

Life’s first breath

Each one of us spent the most part of nine 
months floating in amniotic fluid inside our 
mother, with oxygen being pumped into 
us via the umbilical cord. Once born, the 
umbilical cord is taken away from us and 
we have to find another way of providing 
our body with oxygen. Fast. That’s when 
the tiny newborn - that we all were - starts 
using its airways which, up to that point, had been on 
standby. Something, however, has to boost them into 
action. Recently, researchers discovered the doings of a 
protein, known as ‘teashirt homolog 3’, which has shown 
that it most probably has a direct role in life’s first breath 
- not in sparking it off but in preparing the grounds to 
welcome oxygen and deliver it to every part of our body.

Why do we breathe in the first place? The question 
really is: why do we need oxygen? Oxygen is used in 
the process which makes energy out of the food we 
eat. Without it, we would not be able to synthesize ATP 
and our body would therefore be deprived of the vital 
molecule which drives all the biosynthetic pathways and 
physiological processes we need to keep us alive. In 
order to capture the oxygen, Mother Nature provided us 
with airways - such as lungs and a nose - to breathe it 
in, and blood to distribute it to every nook and cranny of 
our body. Likewise, the same airways and blood system 
get rid of carbonic dioxide which is the waste product that 
arises from the use of oxygen. Consequently, the process 
of breathing in, and breathing out, is paramount to say 
the least, and perhaps best illustrated by the notion that 
life is determined by both our first breath and our last.

The act of breathing is a complex one. It is 
not just a matter of letting the surrounding 
oxygen leak into our nose or mouth, from 
where it will drift into the blood system. 
Two airways - the upper one and the 
lower one - have to be set into motion. 
In a nutshell, the upper airways are the 
system we use above our shoulders to 

provide an air flow, such as our nose and the windpipe; 
the lower airways are situated below the neck, such 
as our lungs. When a newborn finally emerges from its 
mother’s womb, a whole set of muscles, airway openings, 
motoneurons and hordes of biochemical pathways are 
triggered off so that the first breath of air can enter the 
mouth and be pushed down to the lungs which will have 
just started their rhythmic movement for a lifetime of 
inhalation and exhalation.

Teashirt 3 is not a newly discovered protein. It belongs 
to the large family of zinc finger proteins which are 
transcriptional regulators, so named because they use 
zinc ions to stabilise internal structural folds that are 
capable of binding typically to DNA or RNA. Teashirt 3, in 
particular, is involved in the regulation of developmental 
processes within the upper and the lower respiratory 
system, as well as in the differentiation of uretic smooth 
muscle for instance. It is also known to be involved in 
the development of Alzheimer’s disease together with 
caspase 4. All in all though, the most surprising role 
teashirt 3 has is, without a doubt, its connection with a 
newborn’s very first breath.

We give very little thought to the first breath we took as we entered 
this side of reality, and yet it was one of the most traumatic 
experiences we have ever been through. So much so, it is 
probably not such a bad thing that we have no – conscious –
recollection of it.

by Vivienne Baillie Gerritsen, published in October 2010
www.proteinspotlight.org
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Indeed, very recently, researchers demonstrated that 
when teashirt 3 was deficient in mice, the rodents were 
incapable of taking their first breath and, as a result, 
died almost instantly. The reason for this is twofold. 
Seemingly, teashirt 3 has a direct role both in the opening 
and the shutting of upper airways, and the rhythmic 
heave of the lungs as they inhale and exhale. Under 
such circumstances, it is not difficult to grasp the notion 
that deprived of one of these events - or indeed both - a 
newborn has little chance of surviving.

In detail, with regards to the upper airways, teashirt 3 
seems to be involved in controlled cell death of cranial 
motoneurons. To be sure, when teashirt 3 is deficient, 
motoneuron apoptosis is abnormally increased thereby 
tampering with the neuromuscular control for the flow of 
oxygen in the upper airways. How exactly this happens is 
still unknown but teashirt 3 may be important for the cell 
to cell signalling essential for the survival of embryonic 
motoneurons. It could be that teashirt 3 actually protects 
neurons from apoptosis. In the lower airways, teashirt 
3 seems to be directly linked to the well-being of the 
chest pump. Without it, the respiratory rhythm generator 
(RRG), which governs the rhythmic contractions of the 
chest pump muscles, is disturbed. How is still unclear but 
it could have something to do with pH levels. When the 
umbilical cord is cut, unless there is a system to preserve 
the pH homeostasis, the RRG is not prompted. Hence 
the newborn is unable to breath.

This said, teashirt 3 cannot solely account for a newborn 
failing to draw its first breath. No protein acts on its 
own. However, teashirt 3 is certainly a key protein in 
the “simple” act of living. It is at the origin of our first 
breath and hence at the heart of our survival outside 
our mother’s womb. And it must surely have a decisive 
role in our very last breath too. Besides this knowledge, 
getting to know teashirt 3 more intimately may well help 
to prevent neonatal deaths, which remain for the great 
majority unexplained. And who knows? Perhaps, one 
day, teashirt 3 will help to prolong life by lending us that 
extra puff.

«The act of breathing is a 
complex one. It is not just a 
matter of letting the surrounding 
oxygen leak into our nose or 
mouth, from where it will drift into 
the blood.»

«Teashirt 3 is at the origin of our 
first breath and, hence, at the 
heart of our survival outside our 
mother’s womb. And it must 
surely have a decisive role in our 
very last breath too.»

Cross-references to UniProtKB/Swiss-Prot
Teashirt homolog 3, Mus musculus (Mouse) : Q8CGV9
Teashirt homolog 3, Homo sapiens (Human) : Q63HK5
Teashirt homolog 3, Rattus norvegicus (Rat) : D3ZKB9



26

Migraine Aura, by Pet Serrano

Throb

What is more, there are many painkillers 
on the market which are able to wipe 
away the symptoms within a matter 
of minutes. Migraines, however, are 
a different cup of tea. The same 
environmental factors may trigger off 
a migraine but the symptoms are far 
more severe, frequently causing those 
suffering from one to remain bedridden 
until the pain has gone. Needless to say, 
headaches like migraines have no doubt 
been mankind’s lot since our appearance 
on this planet, but what is responsible for the rhythmic 
thump inside our heads? There are two theories. One 
says that it all has to do with blood circulation. The second 
says that it’s because of our neurons. Recently, scientists 
discovered a protein, known as TRESK, that seems to 
be directly involved in causing migraines. TRESK takes 
part in neuronal communication, thereby supporting the 
second theory.

The term “migraine” is from the old French “migraigne” 
derived from “hemicrania” - literally meaning “half a 
skull” - a term used by the Greeks to describe these 
debilitating headaches which typically affect one side 
of the brain. Over the centuries, suggested remedies 
could be as drastic as applying a hot iron to the head 
or inserting garlic into an incision made in the temple. 
Some migraines - one third in all - give off tell-tale signals 
known as the aura, which warn those suffering from them 
of an oncoming attack. These signals are caused by 
neurological disturbances which are frequently visual - 
such as black spots, hallucinations or scintillating shapes 
- but can also be sensory such as limb weakness or a 
pins and needles sensation for instance.

Women suffer from migraine attacks 
more than men do. Why remains a 
mystery. Could it have something to do 
with their menstrual cycle? Possibly. 
Menopause certainly does seem to 
be one of the best ways to diminish 
migraine episodes. This said, there is no 
question that both genders are prone to 
the attacks. So what is it inside us which 
throbs? In the past years, researchers 
have managed to link a handful of genes 
to migraines but no one could point to 

one gene in particular. Until a few scientists discovered 
that a specific mutation in TRESK - for TWIK-related 
spinal cord potassium channel - could cause hereditary 
migraine with aura.

TRESK is one of the many types of potassium channel 
which has four transmembrane domains and two pore 
domains - themselves sandwiched between the first 
and second, and the third and fourth transmembrane 
domains. The importance of potassium channels 
was first recognised in the 1950s when researchers 
were developing the concept of electrophysiology 
and membrane potential, and realised that potassium 
channels were at the heart of cell to cell communication. 
Indeed, as could be expected, potassium channels are 
found in every cell type of all forms of life and are known 
to be involved in a variety of physiological functions such 
as heart rate, muscle contraction and hormone secretion 
to name a few.

TRESK is found in the human spinal cord and brain. 
So, besides letting potassium ions through neuron 
membranes, what is the purpose of this particular channel 

Many of us are acquainted with headaches. Brought on by lack 
of sleep, a lot of alcohol, too many tears, the time of month, or 
even the time of year, clammy weather, overbearing noise - you 
name it - headaches are a pretty common ailment many of us 
put up with on a regular basis.

by Vivienne Baillie Gerritsen, published in December 2010
www.proteinspotlight.org
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in our central nervous system? It seems that TRESK has a 
direct role in the regulation of neuronal resting membrane 
potential as well as neuronal excitability - obviously of 
utmost importance when it comes to brain function. It has 
been suggested that the channel has a specific role in the 
pathway to pain and, conversely, in general anaesthesia. 
In the event of migraine with aura, a particular mutation in 
TRESK causes the channel to lose its function completely 
by truncating the second transmembrane domain in the 
channel. As a consequence, TRESK is unable to regulate 
neuronal excitability and - upon certain environmental 
cues such as bright lights, alcohol or tiredness - the first 
signs of neurogenic disturbance occur, soon followed by 
the characteristic debilitating painful pulses.

Since this particular mutated form of TRESK - and no 
doubt other mutations on the same protein, which remain 
to be discovered - has a direct role in causing migraines, 
an obvious therapeutic strategy would be to find a way 
to upregulate TRESK activity. Furthermore, the effects 
of TRESK inactivity could explain why patients who 
have to rely on immune-suppressants frequently suffer 
from migraine episodes. Indeed, immunosuppressive 
therapy involves calcineurin inhibitors which, in turn, 
inhibit TRESK function. There may be hope then for 
migraine sufferers who could benefit from such therapies 
either by using them as an immediate painkiller or as a 
prophylactic.

This could be great news for something which paralyses 
about 10% of the world’s population. It has been 
estimated that migraine headaches are the most costly 
neurological disorder in the European Community - what 
with the medical costs involved and the consequent loss 
of professional productivity. However, finance and the 
work place aside, just a means to alleviate the throbbing 
pain which accompanies migraines is enough to look 
forward to and would offer a far more comfortable life to 
those who suffer from a chronic form of the condition.

«Headaches like migraines 
have no doubt been a human’s 
lot since our appearance 
on this planet, but what is 
responsible for the rhythmic 
thump inside our heads?»

«Remedies could be as drastic 
as applying a hot iron to the 
head or inserting garlic into an 
incision made in the temple.»

Cross-references to UniProtKB/Swiss-Prot
TWIK-related individual potassium channel, 
Homo sapiens (Human) : Q7Z418
Potassium channel subfamily K member 18, 
Mus musculus (Mouse) : Q6VV64
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by Frédéric Aeby
www.fredericaeby.ch

Tipping the mind

Or Peter Sellers. Mental illness has been 
around for as long as humans, so why does 
evolution bother to preserve it? Precisely 
because of the advantages of a creative 
mind. Researchers are not suggesting that 
someone suffering from a mental disorder 
is inevitably a potential artist. Or vice versa. 
At least not quite... But what they are slowly 
demonstrating is that there seems to be 
a genetic predisposition for creativity and 
psychosis. And that this predisposition has 
exactly the same origin for both traits. More 
specifically, a protein known as neuregulin-1 
may have the capacity - given the environment 
- to tip a mind into mental illness or genius.

The term “schizophrenia” was coined by the Swiss 
psychiatrist Eugene Bleuler, in 1911. Until the very end 
of the 19th century, psychiatric disorders had certainly 
been diagnosed but it was only in 1887 that the German 
psychiatrist Emil Kraeplin tried to classify them. In so 
doing, he suggested “dementia praecox” - or premature 
dementia - to sum up the symptoms of what is now 
defined as schizophrenia. Eugene Bleuler changed the 
name because Kraplin’s designation suggested a gradual 
mental deterioration, which is not necessarily the case.

Centuries ago, the causes of mental disorders were 
believed to be the doings of evil spirits that had taken 
possession of a body. The treatment proved to be as 
naïve as the times were in medical knowledge, and 
patients could be subjected to extreme treatments, such 
as the drilling of holes into their skulls through which 
the demons were released. Alternative and less drastic 
treatments also existed, one of which was the exposure 

of patients to certain types of music - a 
therapy that is not far-removed from a current 
alternative therapy known as the Tomatis 
Method, in which music is used to help 
alleviate mental disorders such as autism 
or depression for instance. Until relatively 
recently, people suffering from psychosis 
spent a great part - if not all - of their adult 
life in asylums. Thankfully, during the second 
half 20th century, great advances were made 
in the field of psychiatry and many patients 
suffering from mental disorders are now able 
to live an independent - albeit marginal - life.

Such advances include the medical treatment 
of schizophrenia, which affects as much 

as 1% of the general population... Running thoughts, 
delusions, hallucinations, social withdrawal, lack of affect 
and deficits in executive function are only a few of the 
disturbances characteristic of someone suffering from 
this particular form of psychosis - a number of which may 
even appear before the onset of the illness. This is why 
the recent discovery of neuregulin-1 and its probable 
involvement in schizophrenia is encouraging. But what, 
exactly, has been discovered?

Neuregulin-1 is a signalling protein that mediates cell-cell 
interactions and plays a critical role in organ development. 
There are four isoforms. Isoform type IV is particular 
to the nervous system, and is greatly expressed in the 
foetal brain - and to a lesser degree in the adult brain 
- where it is thought to be at the heart of neurogenesis, 
neuronal migration, synaptic plasticity and the regulation 
of neurotransmitter function. It is hardly surprising, then, 
that the deregulation of neuregulin-1 can bring about 

Talk about the other side of the coin. There is growing evidence 
that creativity may well go hand in hand with psychosis. Intuitively, 
it does not seem so far-fetched a notion. Just think of Salvador 
Dali, for example.

by Vivienne Baillie Gerritsen, published in June 2011
www.proteinspotlight.org
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psychiatric disorders. A mutation within the promoter 
region of the neuregulin-1 type IV gene is believed to 
be the culprit. This mutation causes the protein to be 
expressed differently and lays the foundations, very 
early on in life, of a psychiatric fragility whose symptoms 
usually first appear during the later years of adolescence 
- given the unfortunate circumstances.

Neuregulin-1 is expressed in neurons and secreted at the 
synaptic cleft, where it binds to a receptor known as ErbB4 
situated on the postsynaptic membrane. This action 
sparks off a signal which is relayed further, ultimately 
fuelling a variety of pathways all involved in brain 
development. One hypothesis could explain the onset 
of schizophrenia: the effects of neuregulin-1 on synaptic 
plasticity via glutamatergic transmission. Abnormalities in 
plasticity may explain cognitive drawbacks characteristic 
of schizophrenia, such as deficits in memory, attention 
and executive function.

One surprising discovery is that the neuregulin-1 isoform 
which predisposes to schizophrenia also seems to 
protect carriers from cancer. Why? No-one knows. As no 
one can say in what way neuregulin-1 is able to galvanise 
creativity. Naturally, there is no way that one sole protein 
could have such intimidating power. Brain development 
is hugely complex and involves myriads of intricate 
biological pathways. However, this particular brain-
specific neuregulin-1 may well prove to be precious for 
the design of drugs which would not have the violent side 
effects current medication has on patients. And is it not 
intriguing - not to mention somewhat daunting - to realise 
that psychiatric fragility and creativity are, perhaps, not 
only related but may also be inheritable?

«Researchers are suggesting 
that there may be a genetic 
predisposition for creativity and 
psychosis.»

«One surprising discovery is that 
the neuregulin-1 isoform which 
predisposes to schizophrenia also 
seems to protect carriers from 
cancer.»

Cross-references to UniProtKB/Swiss-Prot
Neuregulin-1, Homo sapiens (Human) : Q02297
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Ish* Fish, by Sergey Engel
*Ish means ‘Man’ in Hebrew
www.meatexz.com/engel

A case for discomfort

On the whole, for any given species, a 
pleasant perfume implies that all is well, 
while a bad one suggests that something 
is wrong. The smells the human body 
gives off are a combination of who 
we are, what we eat, and the general 
state of certain metabolic cycles. When 
part of a metabolic cycle is deficient, a 
change in our bodily odours can occur. 
This is the unfortunate case of what is 
known as the ‘fish odour syndrome’, or 
trimethylaminuria. People afflicted with trimethylaminuria 
release a smell of rotting fish. The symptoms were first 
clinically described in the 1970s and, in the 1990s, 
scientists discovered the cause: a malfunction of an 
enzyme known as flavin-containing monooxygenase 3.

Though the condition was first clearly described in the 
1970s, there is little doubt that it had already occurred 
in a human being. Anecdotal descriptions appear in the 
ancient literature. The first known depiction goes back 
almost 3’000 years and recounts the case of an Indian 
woman who smelt so bad that she had been cast from 
society. About 750 years ago, it seems that the syndrome 
was the cause of suicide amongst Thai concubines. 
Shakespeare himself, obviously came across the 
condition since he portrays a character who smells of 
fish in ‘The Tempest’; a ‘Poor John’ he calls him which, in 
those days, referred to a salted and dried hake. Various 
other descriptions followed but the first official clinical 
report was made in the 1970s, on a six year old girl who 
also suffered from Noonan syndrome**.

Consequently, for a time, not only was it 
believed that trimethylaminuria was rare 
but that it was probably linked to other 
afflictions, such as Noonan syndrome. 
Over the years, however, scientists 
have discovered that trimethylaminuria 
is hereditary and caused by the 
presence of too much trimethylamine in 
bodily excretions, i.e. in breath, sweat, 
saliva and vaginal secretions.

Trimethylamine - or TMA - is the result of bacterial 
digestion of foods that are rich in choline and carnitine, 
such as eggs, liver, peas, soybeans and sea fish for 
example. When everything is working properly, TMA is 
modified by our liver so that it becomes water soluble. 
This procedure not only facilitates TMA excretion but 
also makes the amine odourless. On the whole, for 50 
mg of TMA, a human being usually excretes about 1 mg 
of non-modified ‘smelly’ TMA, while the rest has been 
transformed and is odourless.

What is happening inside someone who is suffering from 
fish odour syndrome? There are a number of enzymes in our 
liver that spend their time modifying chemical compounds for 
further use or excretion. One of these enzymes is a flavin-
containing monooxygenase of which there are five different 
kinds: FMO1 to 5. Flavin-containing monooxygenase 3 - 
or FMO3 - is the major catalytic form found in the liver. In 
normal conditions, FMO3 oxidises incoming TMA, which 
is further modified to increase water solubility and hence 
facilitate excretion. The oxidation of TMA by FMO3 acts 
like a deodorant and wipes away its fishy smell. If FMO3 
is faulty, however, the oxidising step is skipped and TMA 
leaves our body the way it entered it: with a smell.

There is no life without smells. In the wild, smells - and the 
capacity to sense them - are the basis for survival for plants and 
animals. They are used to attract, seduce, repel or protect, and 
are with us night and day; so much so that life would seem very 
bland without them.

by Vivienne Baillie Gerritsen, published in June 2013
www.proteinspotlight.org
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So far, 150 different mutations have been found in 
FMO3, which alter the enzyme in such a way that it can 
no longer work the way it usually does. Despite this 
abundance of mutations, researchers are still not clear 
on how the mutations affect TMA oxidation. What they 
do know, though, is that the mutations do not affect the 
flavin binding sites. But they may affect the protein’s 
tertiary structure, or directly affect the site where TMA 
is supposed to bind for its subsequent oxidation. And, if 
TMA is unable to bind to FMO3, it will not be oxidised.

An intriguing discovery is that fish odour syndrome 
seems to go hand in hand with other conditions. 
Psychological disorders, such as depression and 
psychoses are frequently stated. Naturally, the simple 
fact of not smelling nice in society is something extremely 
difficult to deal with and hardly surprising that it causes 
individuals to develop antisocial behaviour. Especially as 
the syndrome can affect children at a very early age. 
Despite this, researchers are now positive that fish odour 
syndrome is frequently associated with neurochemical 
disorders. This is probably due to the fact that - besides 
TMA - FMO3 also oxidises other amines which may have 
a direct effect on depression and psychoses. Foreign 
compounds that enter our bodies - such as pollutants 
or environmental chemicals that predispose us to 
carcinogenesis and birth defects for instance - may also 
be affected by a deficiency in FMO3.

In the case of fish odour syndrome, very little can be done. 
Diets that diminish the amount of TMA entering the body 
can be followed. Medication to reduce our floral bacterial 
activity - and hence the amount of TMA released - can 
also be taken. In the future, we could imagine engineering 
microorganisms to produce FMO3 in our digestive tract, 
or the development of suppressants that are able to 
mask the rotten fish smell. Of course, gene therapy could 
be used to replace the deficient FMO3 gene by a healthy 
one... It is always an astonishing thing to realise how 
such minute changes in our chemical composition are 
able to affect a person’s whole life. How vulnerable each 
one of us is with respect to our chemical make-up.

«As a rule, for animals and plants, 
a pleasant smell implies that all 
is well, while an unpleasant one 
suggests that something is not 
quite right.»

«The first known depiction of fish 
odour syndrome dates back to 
1 000 BC in India, and recounts 
the case of a woman whose body 
smelt so awful that she was cast 
from society.»

Cross-references to UniProtKB/Swiss-Prot
Dimethylaniline monooxygenase [N-oxide-forming] 3, 
Homo sapiens (Human) : P31513
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by Lars Henkel
www.larshenkel.com

The geometry of 
intelligence

The brain of a marmoset or 
mouse, for instance, seems 
almost smooth when put beside a 
sheep’s, or a human’s. It all has to 
do with available space. Human 
brain tissue presents such a large 
surface that the only way Nature has found to fit it into 
a rather small receptacle is to fold it many times - very 
much like inserting a large blanket into a small drawer. 
This folding has given the human brain the particular 
architectural characteristics it has; an architecture 
which - when altered - can cause severe neurological 
harm. Recently, scientists discovered a protein which 
has a direct role in folding brain tissue during brain 
development: TMF-regulated nuclear protein 1, or Trnp1.

The human brain begins its development at an early 
embryonic stage - with the differentiation, multiplication 
and migration of neurons - and continues well after birth, 
even into the sensitive and fragile period of adolescence. 
During the postnatal period, the brain continues its 
formation of synapses, followed by synaptic pruning, 
for months and even years. Synapses then undergo 
reorganisation which takes place during childhood and 
adolescence. Such reorganisation depends not only on 
genetic factors but also environmental factors. In this light, 
it is not hard to understand that forms of stress - such as 
verbal or physical abuse for instance - can alter a brain’s 
architectural harmony, resulting in psychiatric fragility. 
Folding of the brain cortex - or cortical gyrification - also 
has its harmony. Brain tissue whose folding is hindered 
early on in development can have a profound influence 
on a brain’s function and performance.

Our perception of the brain has 
come a long way. In the early 
days, the heart was believed to 
be the seat of intelligence and the 
brain was assumed to be mere 
“cranial stuffing”. The expression 

“learning something off by heart” apparently stems 
from this ancient belief. Over the millennia, views have 
changed and the brain is now known to be the part of our 
body which incarnates intelligence. The earliest recorded 
reference to the brain dates back to the 17th century BC. 
The ancient Greeks had different views as to what a brain 
was for - from acting as a cooling mechanism for the blood 
to a place which harboured the mind. It was during the 
Renaissance, and the practise of cadaver dissection, that 
the Belgian physicist Andreas Vesalius began to jot down 
the structural characteristics of the brain. The advent of 
the microscope and, especially, the development of tissue 
staining towards the end of the 19th century finally revealed 
the structures of single neurons, and the notion grew that 
different parts of the brain had different functions.

These functions are defined both by neuron type and 
neuron connectivity, but just as importantly by brain 
geometry, or cortical gyrification. The geometry of a 
brain is defined by three axes: radial, tangential and 
lateral. Trnp1 has turned out to have a role in pushing 
the brain both upwards (radial expansion) and lengthwise 
(tangential expansion) during its development. How? 
When the protein’s expression is high, neural stem cell 
populations are renewed, mediating tangential growth. 
When Trnp1 expression is low, a surge in neuron cell 
numbers is observed as well as an increase in fibres that 
serve as guiding structures for cortex gyrification. What is 
more, Trnp1 is also a master regulator of radial glia fate; 

All vertebrates have a skull. In which is lodged - and protected 
- one of the most important and complex biological tissues that 
exists, i.e. the brain tissue. When you compare the brains of 
different animals, there is one thing that stands out immediately: 
the amount of folds.

by Vivienne Baillie Gerritsen, published in August 2013
www.proteinspotlight.org
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radial glia being populations of cells that are involved 
in key developmental processes, such as patterning, 
neuronal migration and neuron precursors.

How does Trnp1 achieve these crucial steps in brain 
development on the molecular level? To date, not 
much is known, besides the fact that Trnp1 is a nuclear 
transcription factor that requires an extraordinarily strong 
DNA interaction for its function. It is tightly associated 
with chromatin. In fact, the protein’s sequence has a 
surprising number of arginines - a characteristic also 
found in a protein known as UTF1 which is able to affect 
chromatin compaction. All in all, through its interaction 
with DNA, Trnp1 is able to orchestrate vital steps in brain 
development, resulting in cell fate and cortical gyrification 
- in other words, the geometry of intelligence.

When the cortical architecture of our brain is hindered 
in any way, the consequences can be drastic. Amongst 
other major neurological drawbacks, it is thought that 
epilepsy and certain forms of autism are caused by dents 
in brain architecture. Harm of this nature is believed to 
be both of genetic origin and environmental. Surprising 
research has shown that physical and sexual abuse in 
children can cause observable harm to the developing 
brain, and may be the origin of long-lasting traumas 
and psychiatric fragility. A very intriguing study also 
demonstrated that there is a fair chance that chronic 
bullying - in other words verbal abuse - could also be at 
the heart of similar changes in brain structure in children, 
which could be the source of psychological problems 
later on in life. Factors such as Trnp1 are paramount in 
understanding brain development and architecture, and 
may well pave the way to novel therapies for neurological 
disorders caused by brain tissue which has gone askew.

«In the early days, the heart 
was believed to be the seat of 
intelligence and the brain was 
assumed to be mere “cranial 
stuffing”.»

«Certain forms of stress, such as 
verbal or physical abuse, can alter 
a brain’s architectural harmony, 
resulting in psychiatric fragility.»

Cross-references to UniProtKB/Swiss-Prot
TMF-regulated nuclear protein 1, 
Mus musculus, (Mouse) : Q80ZI1
TMF-regulated nuclear protein 1, 
Homo sapiens, (Human) : Q6NT89
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Approaching happiness by Carol White
carolrwhite-62.tumblr.com

by Vivienne Baillie Gerritsen, published in August 2015
www.proteinspotlight.org

Approaching 
happiness

Yet understanding what sculpts high spirits 
is essential; as essential as understanding 
feelings at the other end of the scale - 
such as depression for instance. Over the 
years, scientists have demonstrated that 
there is undoubtedly a genetic component 
to happiness, as there is to depression. A 
gene discovered in the 1960s and known 
to be involved in antisocial behaviour has 
actually turned out to have its say in human 
happiness as well. Depending, that is, on 
how strongly the gene is expressed and 
an array of sociocultural, physiological and anatomical 
parameters. The gene is known as MAOA - for monoamine 
oxidase A - an enzyme that metabolizes neurotransmitters 
which each have their say in modulating our mood. And 
since MAOA is located on the X chromosome, it is argued 
that the enzyme influences happiness in women while, 
surprisingly, it has little incidence on men.

From a historical point of view, happiness was first defined 
as a condition that depended on events that were exterior 
to an individual, such as good luck or the prospect of a 
long-expected journey. As time went by and the notion of 
happiness began to revolve around something more self-
centred, happiness became synonymous with a person’s 
well-being. Cheerfulness and its making - or indeed its 
undoing - is currently understood as the intricate result 
of a sum of situations in which an individual is immersed. 
Namely: a person’s age, gender, education, household 
income, marital status, employment status, mental 
disorder, physical health, relationship quality, religiosity, 
abuse history, recent negative life events and self-esteem. 
With the belief that happiness is something every human 
will naturally lean towards if doused in the “right” conditions.

Moods, however, are not solely due to 
circumstances outside an individual. Over 
the years it has become obvious that 
there is a genetic component to our traits 
of character too; something a mood can 
be built upon. So scientists turned to the 
genome to pin down genes that meddle 
with our humour. Antisocial personality 
traits are so diffuse and have such harmful 
effects on society in general that they have 
been intensively studied. And this is how, 
back in the 1960s, MAOA was identified 

as a gene that could having something to do with a 
person’s antisocial behaviour. But these are notions to be 
handled with great care. Considerations such as these 
can be - and have been - used in legal procedures to 
lighten a sentence for instance. Genetic predisposition to 
antisocial behaviour does seem to exist, i.e. it can trigger 
off antisocial behaviour depending on a given life event. 
An example would be child abuse. However, a person who 
carries the predisposition and has suffered child abuse 
does not necessarily develop aggressive behaviour. The 
difference is subtle but important to grasp.

So how can MAOA be involved in two states of mind that 
are situated on the opposite ends of the mood scale? 
First: a brief introduction to the enzyme behind MAOA. 
MAOA is a flavoenzyme that catalyses the oxidation of 
three neurotransmitters - dopamine, noradrenaline and 
serotonin - with the help of its cofactor flavine adenine 
dinucleotide (FAD). These three neurotransmitters are 
part of many different pathways amongst which those 
that tamper with mood regulation. Dopamine, as an 
illustration, is linked to our reward-motivated behaviour 
and has its say in depression and mania but also cognitive 

We all know what happiness is. At least we know what it feels 
like to be happy. But the moment you begin to define it, things 
become complex. And trying to measure a feeling as ungraspable 
as happiness seems as far-fetched as weighing a poem.
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alertness. Noradrenaline is responsible for vigilant 
concentration and may well be involved in decision-
making. And serotonin seems to play an important part 
in our feelings of well-being and happiness. To cut a long 
story short, when MAOA is expressed at low levels, it 
seems to mark a predisposition to antisocial behaviour. 
When it is expressed at higher levels, it could predispose 
us to happiness. And the fact that it is X-linked has made 
scientists wonder whether women are then more prone 
to happiness than men. But things have proved to be far 
more complex: an increased amount of MAOA does not 
make men happier.

MAOA could be compared to a corkscrew. The main 
body is made of two globular parts: one holds the cavity 
into which slips one of the three neurotransmitters (or 
indeed inhibitor); the second is the co-factor FAD binding 
domain. The corkscrew per se protrudes from the main 
body of the enzyme as a helix which is inserted into the 
mitochondrial membrane thus anchoring the enzyme on 
the mitochondrion’s surface. To date it is not known why 
the mitochondrion was chosen as a place of mooring but 
anchoring is necessary for enzyme activity. The active 
site of MAOA is almost a sealed cavity whose opening 
is very narrow thus making it difficult for the substrate 
to squeeze through. However, when MAOA is inserted 
into the mitochondrial membrane, the whole structure 
becomes more supple and the substrate is able to slip 
into the active site.

Monoamine oxidases are important flavoenzymes that, 
over the years, have been linked to many psychiatric 
disorders. Happiness is far from a psychiatric disorder 
but it is a state whose detailed molecular description 
can help understand disabling mood disorders. MAOA is 
involved in antisocial behaviour but also in happiness, 

thus making it an ideal target for drug design. This said, 
happiness is dependent on many external parameters, 
and so will the efficiency of an MAOA-targeted drug. And 
to make things more complicated, studies have shown 
that the epigenetic methylation of MAOA could have a 
role in alcoholism and nicotine addiction in women. 
It is all so very complex and the more you read about 
happiness, what it means and how to measure it, the less 
you seem to know. And yet, the laugh of a child or a glint 
in an old woman’s eye is able to express it in a fraction 
of a second.

«Happiness was first defined as a 
condition that depended on events 
exterior to an individual. With time, 
it became synonymous with a 
person’s well-being.»

«Moods are not solely due 
to circumstances outside an 
individual; there is a genetic 
component to our traits of 
character too.»

Cross-references to UniProtKB/Swiss-Prot
Amine oxidase (flavin-containing) A, 
Homo sapiens (Human): P21397
Amine oxidase (flavin-containing) A, 
Rattus norvegicus (Rat): P21396
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Circles in a Circle, by Wassily Kandinsky 
(1866-1944)

by Vivienne Baillie Gerritsen, published in January 2016
www.proteinspotlight.org

Shaping life

It all comes down to a very delicate 
balance between biology and physics. 
Even a single cell needs to be able to 
counter surrounding tensions without 
which it would simply collapse and hence 
lose its three-dimensional status. Within 
every cell many different proteins are 
busy making sure that the cell’s tension is 
sufficient for it not to collapse, whilst others 
promote cell proliferation and cell binding as an organ is 
gradually formed. Yes-associated protein - YAP - is one 
such protein that not only has a role in cell proliferation 
and tissue regeneration but also in organ shape and 
alignment.

Shape and size are just two of Nature’s many mysteries. 
How does a heart know when to stop growing? Even 
more enigmatic perhaps, how does it know which shape 
to adopt? And who tells it where to stay? The shape and 
size of an organ depends on the physical forces that act 
upon it and its response to them, but also, of course, on its 
genetic makeup. The first to have described in detail the 
phenomenon of morphogenesis was the Scottish pioneer 
of mathematical biology, D’Arcy Thompson (1860-1948) 
- author of “On Growth and Form” in which he postulates 
that animal body shapes are conditioned by gravity. 
His work has been admired by biologists and physical 
anthropologists alike, but also by architects and artists 
such as Henry Moore, Salvador Dali and Jackson Pollock 
- although in his hypothesis he failed to understand the 
importance of evolution.

A protein discovered in the early 1990s and 
known as YAP - for Yes-associated protein 
- has proved to have a major role not only 
in cell proliferation, apoptosis inhibition and 
organ shape but also in organ alignment. 
To start with, it is the prime mediator of 
the Hippo signalling pathway, the pathway 
that controls organ size and shape in 
animals by regulating cell proliferation, 

cell differentiation and cell death. Many components of 
the Hippo pathway are highly conserved throughout the 
animal kingdom, which goes to show how essential it is. 
Within this pathway, upstream regulators either promote 
the expression of YAP or, in contrario, its degradation, thus 
in turn controlling downstream cell proliferation.

YAP is expressed in almost every tissue and is a 
transcriptional co-activator; lacking a DNA-binding site 
however, it needs the help of other transcriptional factors 
(TFs) or co-activators - all of which belong to the TEAD 
family of TFs - to activate gene expression. YAP itself 
becomes active upon phosphorylation governed by cell-
to-cell contacts. It then binds to its co-activator via what 
has been coined a WW domain - barely 35 amino acids 
long and one of the smallest known modular protein 
domains known to date, which is believed to mediate 
protein-protein interactions and act as a binding pocket 
for P-rich or P-containing ligands. Gene expression is 
altered once YAP has been activated. This leads to cell 
proliferation, inhibition of cell apoptosis but also stem cell 
amplification - hinting at a role in tissue regeneration. 
Besides being an integral part of the Hippo pathway, YAP 
is also thought to link several other pathways all of which 
play key roles in cell fate and tissue regeneration.

We take our shape for granted. As we do the contours of our eyes 
and the curves of our heart. But for everything to be sculpted the 
way Nature has found it best for us to be, cells need to know 
when to multiply and when to stop multiplying, in addition to 
knowing how to remain close to one another while dealing with 
external forces such as the gravitational pull.
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How exactly though does YAP affect an organ’s shape? 
When YAP is dysregulated in zebrafish, tissues not only 
collapse but do not align correctly. When tissues flatten, 
this means that their internal tension is not strong enough 
to counter the forces outside them, such as gravity. And 
what creates tissue tension? Actomyosin contraction. 
Actomyosin is an important component of both a cell’s 
cytoskeleton and its extracellular matrix, and as such 
is not only important for the 3D shape of a cell, and by 
extension an organ, but also essential in cell migration 
and organ alignment. This would then imply that YAP 
has a role in forming the actomyosin network. What is 
more, YAP seems to be influenced by cellular stiffness, 
cell adhesion or even cell geometry, meaning that it can 
function as a mechanosensor. And since YAP is also able 
to regulate tissue tension downstream, there may well be 
a feedback loop where tissue tension controls YAP, and 
YAP in turn guides tissue tension.

YAP’s transcriptional activity seems to be involved in 
several different instances all leading to organ formation 
and alignment. So it doesn’t come as a surprise that 
it is regulated in several different ways too - amongst 
which G protein-coupled receptor signalling, protein-
protein interactions, phosphorylation, and mechanical 
stress. And if YAP has a role in cell proliferation and 
regeneration, then there’s a fair chance that it is a potent 
oncogene. Indeed, when YAP is dysregulated, the 
Hippo pathway goes haywire too. The over-expression 
of YAP is at the heart of various human cancers. Its 
role in cancer has been extensively explored over the 
years - cells are disinhibited, and seem to grow with no 
specific point of anchorage for instance, two indicators 
of oncogenic transformation.

Consequently, YAP and its co-activators - such as the 
YAP-TEAD complex - have become targets for anti-cancer 
therapeutics. Diverse compounds could doubtlessly dock 
to one of the binding sites to break or weaken the complex 
and thus stifle further cell differentiation. Though still little 
is known, in the past years research has been focusing 
on the Hippo signalling pathway, and new discoveries 
are being made at a very fast rate. Besides cancer, 
understanding the role of YAP in cell regeneration and 
organ formation could help to harness embryonic stem 
cells to generate complex organs that require not only 
different kinds of tissue but also their correct alignment.

«Our shape all comes down to 
a very delicate balance between 
biology and physics. Even a single 
cell needs to counter surrounding 
tensions without which it would 
simply collapse.»

«Shape and size are just two of 
Nature’s many mysteries. How 
does a heart know when to stop 
growing? How does it know which 
shape to adopt? And who tells it 
where to stay?»

Cross-references to UniProtKB/Swiss-Prot
Transcriptional coactivator YAP1, 
Danio rerio (Zebrafish) : Q1L8J7
Transcriptional coactivator YAP1, 
Homo sapiens (Human) : P46937
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