
Copyright (c) Vladimir DARIC
 Permission is granted to copy, distribute and/or modify this document
 under the terms of the GNU Free Documentation License, Version 1.2
 or any later version published by the Free Software Foundation;
 with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
 A copy of the license is included in the section entitled "GNU
 Free Documentation License".



La modélisation UML de la transduction
du signal

présenté le 24/11/2003

par :

Darić Vladimir



La modélisation UML de la transduction du
signal

Lors de ma présentation orale j'ai très brièvement mentionné aMAZE. Comme je
l'avais signalé le modèle présenté repose entièrement sur aMAZE. Je me suis
donc penché à posteriori sur celui-ci et je me suis rendu compte que depuis
la publication de l'article sur lequel je me suis basé (juin 2003) le modèle
UML de la transduction du signal avait été integré dans aMAZE. J'ai donc du
changer ma présentation et y intégrer une description de aMAZE.

UML étant un langage dont la but est la modélisation et la conception de
logiciels, de nombreux concepts UML ne sont pas utilisés lorsqu'on souhaite
modéliser  des  objets  ou   des  processus  biologiques.   Toutefois  il  est
étonnant de voir combien ce modèle se prête bien à cette tache.

L'enjeu  majeur  de la  génétique fonctionnelle est  de déterminer  la  fonction biologique de
tous  les  produits  des  gènes  séquencés.  Le  développement  des  techniques  a  comme
conséquence une augmentation rapide de la quantité  et de la nature  des données disponibles.

Le développement  empirique  et  non coordonné  des  banques  de données  rend  l'analyse
croisé  des  informations  provenant  des  sources  différents  quasiment  impossible.  Pour
résoudre  ce problème plusieurs  projets  de  modélisation  ont  vu  le  jour.  Leur  but  est  de
proposer  un  modèle  unique,  suffisamment  modulable  affin  d'avoir  une  structure  unique
quelque soit le champ disciplinaire ou l'objet d'étude. Concrètement,  cela pourrait  permettre
une meilleure collaborations des scientifiques qui travaillent  sur  le séquencage des génomes,
avec ceux qui étudient  leur  fonction.

Nous allons nous intéresser  ici à un modèle de la transduction du signal. Celui-ci est  une
extension du  modèle aMAZE et  il est  capable de décrire  aussi  bien des voies métaboliques
que des réseaux de régulation ou de transduction du signal.

1/ Un bref aperçu de aMAZE

Le projet  aMaze a commencé en 1998 à EBI-EMBL (European Bioinformatics Institute  /
European  Molecular  Biology Laboratory)  avec le  soutien  des  industriels  tels  que Zenaca,
Aventis,  Monsanto. A cause des clauses  du contrat  la  base de données aMAZE n'a  pu  être
rendu accessible au public que depuis le 15 juin 2003.

aMaze est  un environnement  (WorkBench) pour la représentation, la gestion, l'annotation
et  l'analyse  de l'information sur  les réseaux  des processus  cellulaires  tels  que la régulation
de la transcription, les voies biochimiques, la transduction du signal.

Le  principe  de  aMaze  est  de  définir  des  règles  générales  qui  associent  des  'Entités
biologiques' et des 'Interactions' dans des réseaux complexes de processus cellulaires.



Le modèle aMAZE est basé sur  deux classes fondamentales d'objets: 'BiochemicalEntity'1 et
'Interaction'. La première représente  une entité  physique (protéine, gène ...). Des propriétés
de ces entités, comme par  exemple la position du gène sur  le chromosome, sont représentées
comme des  attributs  de  cet  objet.  La  seconde  représente  des  activités  moléculaires  qui
peuvent  être  de  plusieurs  types.  Par  exemple  'EntityProcessing'  et  'Binding'  sont  des
'Interactions'  qui  ont  des  'BiochemicalEntity' en  entré  et  en  sortie  (ex: réaction  chimique,
interaction protéine-protéine), alors  que 'Control'  est  une  'Interaction'  ayant  en entré  une  '
BiochemicalEntity' et une autre  'Interaction' en sortie.

Une troisième classe importante  de aMAZE est  'Process'. Elle représente  une collection de
'Interactions' ou de 'Process'. Cette  organisation permet  de reconstruire  des représentations
graphiques des voies biochimiques en reliant  des 'Interactions' par  leur  'inputs' et 'outputs'.

Pour  lier  une  activité  biologique d'une  entité  structurale  (gène, protéine) en particulier
avec un contexte le modèle aMAZE dispose des classes 'Compartement', subdivisé elle même
en  'SubcellularComponent',  'CellType',  'Tissue',  Organ',  SystematicGroup'.  Ainsi  un  objet
'Process'  peut  être  lié à une combinaison d'objets  de la  classe 'Compartement'  de manière  à
décrire le lieu où il se produit.

Fig. 1 : Exemple de modélisation d'une voie métabolique dans aMAZE

Fig. 2 : Exemple de modélisation d'une voie de transduction du signal

1 Les termes utilisés dans les modèles sont laissés en anglais. Le mot anglais est souvent choisi
judicieusement pour décrire les concepts relativement abstraits. Une bonne traduction en
français demandait une étude particulière dépassant largement mes compétences.



2/ Un modèle objet des voies de transduction du signal

Ce modèle est  une  extension du  modèle aMAZE. Il  s'agit  donc d'un  vrai  modèle UML,
aMAZE étant  juste  une modèle pour  d'organiser  les donnés dans une base de données et  ne
respecte pas  les spécifications d'UML. Ce modèle peut  décrire  des voies métaboliques ainsi
que des réseaux de régulation de la transcription ou des voies de transduction du signal.

a) Le modèle général

A la base de ce modèle on trouve le schéma suivant:

Toutes  les  interactions  sont  des  instances  de  ce schéma.  Une  réaction  chimique,  par
exemple,  est  une  sous-classe  de  'Transformation'  et  peut  avoir  plusieurs  'Transf_Inputs'
(substrats)  et  plusieurs  'Transf_Outputs'  (produits).  Les  informations  particulières  telles



que la  stoechiométrie  sont  des attributs  de 'Transf_Output '  ou de 'Transf_Input ',  de même
que  la  localisation  sub-cellulaire  de  la  transformation.  Une  'Transformation'  peut  être
contrôlé par  une autre  'BioEntity' (ex: catalyse).

b) Le modèle pour le transduction du signal

Les  mécanismes  de  transduction  sont  particulièrement  à  l'étude  car  bien  souvent  ils
jouent  un  rôle  dans  la  cancérisation  des  cellules.  Comprendre  ces  mécanismes  pourrait
amener à proposer de cibles thérapeutiques. Lorsqu'on parle des mécanismes de transduction
on entend des voies biochimiques qui transportent  une information d'un endroit  de la cellule
à  un  autre.  Ainsi la  fixation  d'une  molécule  messager  sur  un  récepteur  membranaire  va
aboutir  suivant  une cascade d'événements  à l'activation d'un gène dans le noyau. Le produit
de ce gène peut  lui même être  un facteur  de transcription, on aboutit  ainsi à des réseaux  de
gènes qui sont coregulés. Pour  accroître  la complexité de la tache, une molécule peut  ne pas
jouer  le  même rôle  selon  le  tissu  où  l'organe  que  l'on  étudie.  Cette  complexité,  qui  a
empoissonné  la  vie  de  nombreux  étudiants  en  biologie cellulaire,  rend  indispensable  un
modèle pour organiser  les connaissances, mais aussi pour aider la réflexion.

Le modèle proposé par  l'équipe de Deville & Gilbert  repose sur  le modèle général (a) déjà
exposé et qui est utilisé dans aMAZE.

Dans  les  processus  de  transduction  les  éléments  suivants  sont  particulièrement
importants  :

• la localisation cellulaire de chaque élément

• l'association et la dissociation des complexes protéiques et l'état  moléculaire de
protéines (ex: phosphorylation, acetylation ...)

La  'Translocation' est  modélisé  comme  une  sous-classe  de  'Transformation',  les
'BioEntities'  d'entrée  et  de  sortie  sont  les  mêmes,  la  localisation  initiale  est  attribut  de
'Transf_Input ' et la localisation finale est l'attribut  de 'Transf_Output '.

Une  'Translocation' peut  être  contrôlé  par  un  'TransportFacilitator',  une  perméase  par
exemple.

L'association et le dissociation des complexes protéiques sont modélisées en tant  que sous-
classes de 'Transformation' avec des classes spécifiques qui permettent  le régulation de ces
phénomènes.



Ce modèle  a  servi  à  concevoir  un  modèle  relationnel  contenant  30  tables  qui  ont  été
implémenté  pour  MySQL et  pour  Oracle. Cette  base de données a été  testé  et  vient  d'être
intégrée dans aMAZE. Elle contient actuellement environ 500 'Transformation' et 'Control'.

Références:

http://www.info.ucl.ac.be/people/YDE/Papers/eccb03_poster.pdf

http://www.amaze.ulb.ac.be/
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0. PREAMBLE
 
The purpose of this License is to make a manual, textbook, or other
functional and useful document "free" in the sense of freedom: to
assure everyone the effective freedom to copy and redistribute it,
with or without modifying it, either commercially or noncommercially.
Secondarily, this License preserves for the author and publisher a way
to get credit for their work, while not being considered responsible
for modifications made by others.
 
This License is a kind of "copyleft", which means that derivative
works of the document must themselves be free in the same sense.  It
complements the GNU General Public License, which is a copyleft
license designed for free software.
 
We have designed this License in order to use it for manuals for free
software, because free software needs free documentation: a free
program should come with manuals providing the same freedoms that the
software does.  But this License is not limited to software manuals;
it can be used for any textual work, regardless of subject matter or
whether it is published as a printed book.  We recommend this License
principally for works whose purpose is instruction or reference.
 
 
1. APPLICABILITY AND DEFINITIONS
 
This License applies to any manual or other work, in any medium, that
contains a notice placed by the copyright holder saying it can be
distributed under the terms of this License.  Such a notice grants a
world-wide, royalty-free license, unlimited in duration, to use that
work under the conditions stated herein.  The "Document", below,
refers to any such manual or work.  Any member of the public is a
licensee, and is addressed as "you".  You accept the license if you



copy, modify or distribute the work in a way requiring permission
under copyright law.
 
A "Modified Version" of the Document means any work containing the
Document or a portion of it, either copied verbatim, or with
modifications and/or translated into another language.
 
A "Secondary Section" is a named appendix or a front-matter section of
the Document that deals exclusively with the relationship of the
publishers or authors of the Document to the Document's overall subject
(or to related matters) and contains nothing that could fall directly
within that overall subject.  (Thus, if the Document is in part a
textbook of mathematics, a Secondary Section may not explain any
mathematics.)  The relationship could be a matter of historical
connection with the subject or with related matters, or of legal,
commercial, philosophical, ethical or political position regarding
them.
 
The "Invariant Sections" are certain Secondary Sections whose titles
are designated, as being those of Invariant Sections, in the notice
that says that the Document is released under this License.  If a
section does not fit the above definition of Secondary then it is not
allowed to be designated as Invariant.  The Document may contain zero
Invariant Sections.  If the Document does not identify any Invariant
Sections then there are none.
 
The "Cover Texts" are certain short passages of text that are listed,
as Front-Cover Texts or Back-Cover Texts, in the notice that says that
the Document is released under this License.  A Front-Cover Text may
be at most 5 words, and a Back-Cover Text may be at most 25 words.
 
A "Transparent" copy of the Document means a machine-readable copy,
represented in a format whose specification is available to the
general public, that is suitable for revising the document
straightforwardly with generic text editors or (for images composed of
pixels) generic paint programs or (for drawings) some widely available
drawing editor, and that is suitable for input to text formatters or
for automatic translation to a variety of formats suitable for input
to text formatters.  A copy made in an otherwise Transparent file
format whose markup, or absence of markup, has been arranged to thwart
or discourage subsequent modification by readers is not Transparent.
An image format is not Transparent if used for any substantial amount
of text.  A copy that is not "Transparent" is called "Opaque".



 
Examples of suitable formats for Transparent copies include plain
ASCII without markup, Texinfo input format, LaTeX input format, SGML
or XML using a publicly available DTD, and standard-conforming simple
HTML, PostScript or PDF designed for human modification.  Examples of
transparent image formats include PNG, XCF and JPG.  Opaque formats
include proprietary formats that can be read and edited only by
proprietary word processors, SGML or XML for which the DTD and/or
processing tools are not generally available, and the
machine-generated HTML, PostScript or PDF produced by some word
processors for output purposes only.
 
The "Title Page" means, for a printed book, the title page itself,
plus such following pages as are needed to hold, legibly, the material
this License requires to appear in the title page.  For works in
formats which do not have any title page as such, "Title Page" means
the text near the most prominent appearance of the work's title,
preceding the beginning of the body of the text.
 
A section "Entitled XYZ" means a named subunit of the Document whose
title either is precisely XYZ or contains XYZ in parentheses following
text that translates XYZ in another language.  (Here XYZ stands for a
specific section name mentioned below, such as "Acknowledgements",
"Dedications", "Endorsements", or "History".)  To "Preserve the Title"
of such a section when you modify the Document means that it remains a
section "Entitled XYZ" according to this definition.
 
The Document may include Warranty Disclaimers next to the notice which
states that this License applies to the Document.  These Warranty
Disclaimers are considered to be included by reference in this
License, but only as regards disclaiming warranties: any other
implication that these Warranty Disclaimers may have is void and has
no effect on the meaning of this License.
 
 
2. VERBATIM COPYING
 
You may copy and distribute the Document in any medium, either
commercially or noncommercially, provided that this License, the
copyright notices, and the license notice saying this License applies
to the Document are reproduced in all copies, and that you add no other
conditions whatsoever to those of this License.  You may not use
technical measures to obstruct or control the reading or further



copying of the copies you make or distribute.  However, you may accept
compensation in exchange for copies.  If you distribute a large enough
number of copies you must also follow the conditions in section 3.
 
You may also lend copies, under the same conditions stated above, and
you may publicly display copies.
 
 
3. COPYING IN QUANTITY
 
If you publish printed copies (or copies in media that commonly have
printed covers) of the Document, numbering more than 100, and the
Document's license notice requires Cover Texts, you must enclose the
copies in covers that carry, clearly and legibly, all these Cover
Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on
the back cover.  Both covers must also clearly and legibly identify
you as the publisher of these copies.  The front cover must present
the full title with all words of the title equally prominent and
visible.  You may add other material on the covers in addition.
Copying with changes limited to the covers, as long as they preserve
the title of the Document and satisfy these conditions, can be treated
as verbatim copying in other respects.
 
If the required texts for either cover are too voluminous to fit
legibly, you should put the first ones listed (as many as fit
reasonably) on the actual cover, and continue the rest onto adjacent
pages.
 
If you publish or distribute Opaque copies of the Document numbering
more than 100, you must either include a machine-readable Transparent
copy along with each Opaque copy, or state in or with each Opaque copy
a computer-network location from which the general network-using
public has access to download using public-standard network protocols
a complete Transparent copy of the Document, free of added material.
If you use the latter option, you must take reasonably prudent steps,
when you begin distribution of Opaque copies in quantity, to ensure
that this Transparent copy will remain thus accessible at the stated
location until at least one year after the last time you distribute an
Opaque copy (directly or through your agents or retailers) of that
edition to the public.
 
It is requested, but not required, that you contact the authors of the
Document well before redistributing any large number of copies, to give



them a chance to provide you with an updated version of the Document.
 
 
4. MODIFICATIONS
 
You may copy and distribute a Modified Version of the Document under
the conditions of sections 2 and 3 above, provided that you release
the Modified Version under precisely this License, with the Modified
Version filling the role of the Document, thus licensing distribution
and modification of the Modified Version to whoever possesses a copy
of it.  In addition, you must do these things in the Modified Version:
 
A. Use in the Title Page (and on the covers, if any) a title distinct
   from that of the Document, and from those of previous versions
   (which should, if there were any, be listed in the History section
   of the Document).  You may use the same title as a previous version
   if the original publisher of that version gives permission.
B. List on the Title Page, as authors, one or more persons or entities
   responsible for authorship of the modifications in the Modified
   Version, together with at least five of the principal authors of the
   Document (all of its principal authors, if it has fewer than five),
   unless they release you from this requirement.
C. State on the Title page the name of the publisher of the
   Modified Version, as the publisher.
D. Preserve all the copyright notices of the Document.
E. Add an appropriate copyright notice for your modifications
   adjacent to the other copyright notices.
F. Include, immediately after the copyright notices, a license notice
   giving the public permission to use the Modified Version under the
   terms of this License, in the form shown in the Addendum below.
G. Preserve in that license notice the full lists of Invariant Sections
   and required Cover Texts given in the Document's license notice.
H. Include an unaltered copy of this License.
I. Preserve the section Entitled "History", Preserve its Title, and add
   to it an item stating at least the title, year, new authors, and
   publisher of the Modified Version as given on the Title Page.  If
   there is no section Entitled "History" in the Document, create one
   stating the title, year, authors, and publisher of the Document as
   given on its Title Page, then add an item describing the Modified
   Version as stated in the previous sentence.
J. Preserve the network location, if any, given in the Document for
   public access to a Transparent copy of the Document, and likewise
   the network locations given in the Document for previous versions



   it was based on.  These may be placed in the "History" section.
   You may omit a network location for a work that was published at
   least four years before the Document itself, or if the original
   publisher of the version it refers to gives permission.
K. For any section Entitled "Acknowledgements" or "Dedications",
   Preserve the Title of the section, and preserve in the section all
   the substance and tone of each of the contributor acknowledgements
   and/or dedications given therein.
L. Preserve all the Invariant Sections of the Document,
   unaltered in their text and in their titles.  Section numbers
   or the equivalent are not considered part of the section titles.
M. Delete any section Entitled "Endorsements".  Such a section
   may not be included in the Modified Version.
N. Do not retitle any existing section to be Entitled "Endorsements"
   or to conflict in title with any Invariant Section.
O. Preserve any Warranty Disclaimers.
 
If the Modified Version includes new front-matter sections or
appendices that qualify as Secondary Sections and contain no material
copied from the Document, you may at your option designate some or all
of these sections as invariant.  To do this, add their titles to the
list of Invariant Sections in the Modified Version's license notice.
These titles must be distinct from any other section titles.
 
You may add a section Entitled "Endorsements", provided it contains
nothing but endorsements of your Modified Version by various
parties--for example, statements of peer review or that the text has
been approved by an organization as the authoritative definition of a
standard.
 
You may add a passage of up to five words as a Front-Cover Text, and a
passage of up to 25 words as a Back-Cover Text, to the end of the list
of Cover Texts in the Modified Version.  Only one passage of
Front-Cover Text and one of Back-Cover Text may be added by (or
through arrangements made by) any one entity.  If the Document already
includes a cover text for the same cover, previously added by you or
by arrangement made by the same entity you are acting on behalf of,
you may not add another; but you may replace the old one, on explicit
permission from the previous publisher that added the old one.
 
The author(s) and publisher(s) of the Document do not by this License
give permission to use their names for publicity for or to assert or
imply endorsement of any Modified Version.



 
 
5. COMBINING DOCUMENTS
 
You may combine the Document with other documents released under this
License, under the terms defined in section 4 above for modified
versions, provided that you include in the combination all of the
Invariant Sections of all of the original documents, unmodified, and
list them all as Invariant Sections of your combined work in its
license notice, and that you preserve all their Warranty Disclaimers.
 
The combined work need only contain one copy of this License, and
multiple identical Invariant Sections may be replaced with a single
copy.  If there are multiple Invariant Sections with the same name but
different contents, make the title of each such section unique by
adding at the end of it, in parentheses, the name of the original
author or publisher of that section if known, or else a unique number.
Make the same adjustment to the section titles in the list of
Invariant Sections in the license notice of the combined work.
 
In the combination, you must combine any sections Entitled "History"
in the various original documents, forming one section Entitled
"History"; likewise combine any sections Entitled "Acknowledgements",
and any sections Entitled "Dedications".  You must delete all sections
Entitled "Endorsements".
 
 
6. COLLECTIONS OF DOCUMENTS
 
You may make a collection consisting of the Document and other documents
released under this License, and replace the individual copies of this
License in the various documents with a single copy that is included in
the collection, provided that you follow the rules of this License for
verbatim copying of each of the documents in all other respects.
 
You may extract a single document from such a collection, and distribute
it individually under this License, provided you insert a copy of this
License into the extracted document, and follow this License in all
other respects regarding verbatim copying of that document.
 
 
7. AGGREGATION WITH INDEPENDENT WORKS
 



A compilation of the Document or its derivatives with other separate
and independent documents or works, in or on a volume of a storage or
distribution medium, is called an "aggregate" if the copyright
resulting from the compilation is not used to limit the legal rights
of the compilation's users beyond what the individual works permit.
When the Document is included in an aggregate, this License does not
apply to the other works in the aggregate which are not themselves
derivative works of the Document.
 
If the Cover Text requirement of section 3 is applicable to these
copies of the Document, then if the Document is less than one half of
the entire aggregate, the Document's Cover Texts may be placed on
covers that bracket the Document within the aggregate, or the
electronic equivalent of covers if the Document is in electronic form.
Otherwise they must appear on printed covers that bracket the whole
aggregate.
 
 
8. TRANSLATION
 
Translation is considered a kind of modification, so you may
distribute translations of the Document under the terms of section 4.
Replacing Invariant Sections with translations requires special
permission from their copyright holders, but you may include
translations of some or all Invariant Sections in addition to the
original versions of these Invariant Sections.  You may include a
translation of this License, and all the license notices in the
Document, and any Warranty Disclaimers, provided that you also include
the original English version of this License and the original versions
of those notices and disclaimers.  In case of a disagreement between
the translation and the original version of this License or a notice
or disclaimer, the original version will prevail.
 
If a section in the Document is Entitled "Acknowledgements",
"Dedications", or "History", the requirement (section 4) to Preserve
its Title (section 1) will typically require changing the actual
title.
 
 
9. TERMINATION
 
You may not copy, modify, sublicense, or distribute the Document except
as expressly provided for under this License.  Any other attempt to



copy, modify, sublicense or distribute the Document is void, and will
automatically terminate your rights under this License.  However,
parties who have received copies, or rights, from you under this
License will not have their licenses terminated so long as such
parties remain in full compliance.
 
 
10. FUTURE REVISIONS OF THIS LICENSE
 
The Free Software Foundation may publish new, revised versions
of the GNU Free Documentation License from time to time.  Such new
versions will be similar in spirit to the present version, but may
differ in detail to address new problems or concerns.  See
http://www.gnu.org/copyleft/.
 
Each version of the License is given a distinguishing version number.
If the Document specifies that a particular numbered version of this
License "or any later version" applies to it, you have the option of
following the terms and conditions either of that specified version or
of any later version that has been published (not as a draft) by the
Free Software Foundation.  If the Document does not specify a version
number of this License, you may choose any version ever published (not
as a draft) by the Free Software Foundation.


