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Bioinformatique

Deux deéfinitions possibles

* Applications de l'informatique a la biologie (en anglais:
computational biology)

* Analyse de l'information biologique (en anglais:

bioinformatics) /‘

C’est cette bioinformatique que nous abordons ici.
L’'information est:

* La sequence

* La structure

* La fonction, les interactions etc.



La déduction par homologie, ou le
« dogme central » de la bioinformatique

* Si la bioinformatique « marche », c’est parce que I'évolution des
geénes laisse une trace parfaitement visible lorsque 'on compare leur
sequence

* Les régions fonctionnelles des génes (sites catalytique, de fixation, etc.)
sont soumises a sélection. Elles sont relativement préservées par
I'évolution car des mutations trop radicales sont désavantageuses.

» Les régions non fonctionnelles ne subissent aucune sélection et divergent
rapidement a mesure que s'accumulent les mutations.

» Les nouveaux genes apparaissent surtout par remaniement de genes
ancestraux: on peut donc déduire la fonction de la plupart des genes par
comparaison avec les génes « homologues » d’'autres especes.

» (Evolution des genes=mutations, insertions, déletions, recombinaisons)
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Structure «classique» d’'un géne codant une

F u
protéine
| 5 UTR | o cDs >l JUTR >
| | | |
| | I I
| | I I
| | I I
i : intron intron E E
|
[ [cAAT] [TATA[ ] AUGI N N (T —
exon exon exon

Mais un gene « classique », cela n’existe pas....



Parcentage of exons

Distribution des tailles d’exons et d’introns

chez H. sapiens, D. melanogaster, C. elegans

el § (173474
— Warm

— Fly

Percentage of introns

0 - g
0 100 200 300 400 500 600 700 800 S00 1,000
Exon length (bp}

<100 bp 101 bp-2 kb 2 kb-5kb 5-30kb  >30 kb
Intron langth

International Human Genome Sequencing Consortium. Initial sequencing
and analysis of the human genome. Nature (2001) 409: 745-964



Some facts about the human genome

+ 3.2x10° bp
= Genes comprise about 3% of the genome
« Average gene length: ~ 8,000 bp
= Average of 5-6 exons/gene
= Average exon length: ~200 bp
= Average intron length: ~2,000 bp
=« ~8% genes have a single exon

=« Extremes:
« Factor VIII gene (whose mutations cause
hemophilia A)
= spread over ~186,000 bp (~9 kb of exons and
~177 kb of introns.)
. = 26 exons (size range 69 to 3,106 bp)

= 25 introns (size range 207 to 32,400 bp)

« Dystrophin - the biggest human gene yet
« >30 exons, spread over 2.4 million bp.

Dystrophin is a large, rod-like
cytoskeletal protein which is
found at the inner surface of
muscle fibers. Dystrophin is
part of the dystrophin-
glycoprotein complex (DGC),
which bridges the inner
cytoskeleton (F-actin) and the
extracellular matrix.



Un géne, plusieurs produits

« Epissage alternatif dans plus de 30% des
génes humains (Hanke et al. 1999)

ATG Stop polyA
+——a—H i—i | iI—Ha 11— DNA

| .

_l'Transcn'ptiun

O O e primany
transcript

1 Maturation

T 1 AsAAA [N | AAAAA mRNA
1 Translation

[T [ [ITTII] protein

* Promoteurs alternatifs
« Signaux polyadenylations alternatifs



- Les pseudogenes

1. Résultent de duplication de génes existant

HHF
|
duplication
}
———HH -
Forme active Forme inactive

2. Résultent de la rétro-transposition d'un ARNm

e

transcription —— [ aaaa (ARNm)
|

Reverse - transcription

—HH | l
DM VYV (cDNA)

- Des génes dans les genes




Arabidopsis (plant)  C. elegans (roundworm)

25,706 18,266
Organism  Drosophila (fly) Saccharomyces (yeast)
Genes 13,338 ~6000
| | Metabolism Cell-cell communication || Cytoskeleton/structure
(| DNA replication/modification Protein folding and degradation | Defense and immunity
P Transcription/translation B Transport [T Miscellaneous function

[ intracellular signaling B Muttifunctional proteins | Unknown
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Homo sapiens

—> GENE EXPRESSIon . Wamoewp home , PUCES o 404"




Génomique Evolutive

Deux grandes approches nécessaires et complémentaires

N\

Etude de I’évolution de chacun + Etude de I’évolution d’un
des génes d’un génome génome en tant que tel

« basée sur le concept d’homologie « gain et perte de génes

« analyse des évenements de

ik : ! ‘ * synténie
duplication, fu51l0n, fission dff genes . contexte génétique
« structure/fonction des protéines U

Mise en évidence des forces
motrices sous-jacentes aux modes
d’évolution des génomes

» Extension de la phylogénie moléculaire
* Nouvelles possibilités d'analyses



Synteénie

. conservation de l'ordre des genes
entre deux génomes.
* mesure du degre de syntenie
« définition de zones de synténie : zones floues

espece 1

—-——-—-—-—- —-—:




Evolution des génomes

addition de nouveaux génes perte de génes
(protéines, fonctions ..) (protéines, fonctions ..)

évolution des génes ancestraux

contemporain

génome
ancestral

®» Différences qualitatives
= changements dans la nature des génes

® Différences quantitatives
— variations du nombre de genes



Evolution des génomes bactériens
Elimination progressive des génes « superflus »

o e Ay | e ity oy - o e e Fig. 2. The genome of the common ancestor of
2000 ESS cvees B3~ eeese (oREIER ee L = E. coli and Buchnera. Each circle represents a
. s FTW &l i1 gene, Red, genes conserved in Buchmera; blue,
EE B 4 - - ® w T IITITIZNLL 1 - LLL e d
S PTT Sean LU T o BB e " mEs BARAR genes not present in the Buchnera gemome;
BIIeSsE 0 e e ee e e  EEleees . > . orange, pseudogenes in Buchnera. Gemes are
- oo BESEEEEM o - 4. e b 3o s o ordered according to the E. coli K-12 genome,
o . BB e B e e and the first circle corresponds to E. coli b0002
e S S A, o s """:i/ (thrA ). The origin of replication is marked
e .l. LLE .:':-':_.'iii‘.. :‘%!:II‘::I:::I sesnsEARRASERRES :-':ii'i'i With " hhlfk c’irclc Mﬁlﬂh’ tm ‘m"}
e PECLR i S AP - id o o & ' ' are shown as green re recmngles This gemome
S esouseosceosodiiciilioocesecosecl T« e . < includes those E. coli genes with an orthelog in
soocesciecea il e e U C oS e B B e either V. cholerae or Buchnera APS.
" nomea saes @@ PR~ P
TRENDS v Gerties
(@) (b) (c)
Angesior Ancestor Ancestor
e S 2 2 e oG G Gl b= = e
— BAPE BuAPS — BuAPS
-p —, = > ’

from the Buchnera APS (BuAPS) genome. (a) The is mmhvmd am! Inm
gradually eroeded by continwal small deletions and other ions mmtil it is o longer
recognizable as a pseudogene (e.g. the remnant sequence corresponding to the dam and damX genes). (¢) Complete deletion of intervening
genes, The "ancestor' shows the structure conserved in E. coli and V. cholerae. Green, genes lost from Buchnera; red, functional genes in
Buchnera; vellow, pseuadogenes in Buchrera..




Prediction of protein 3D structure

sequence

KELVLVLYDY QEKSPRELTI
KKGDILTLLN STNKDWWKVE
VNDRQGFIPA AYLKKLD

-

Similar sequence with | Similar sequence(s)
Known 3D structure is | | found, but no info

No similar sequence

is identified : ,
' & identified on 3D structure

__ | -
- Homology modelling l |

Fold recognition R . 4
no ' yes ‘ ?

H -~
?

3D structure




Fibre axis

4.8A 4

Meridional
e ( ® ) direction

10-11A— \../
9.6A

Equatorial direction 4.8A t

Fig. This shows the characteristic eross-fi spacings from X-ray fibre diffraction from amyloid fibrils, A strong 4.8 A reflection on
the meridian corresponds to the hydrogen bonding distance between fi-strands (shown right), and a more diffuse 10-11 A reflaction
an the equator shows the intersheet distanee of about 107 A, A spacing of 96 A would correspond to the repest distance for an
anti-parallel arrangement of [strands. This is not always observed in poorly aligned diffraction patterns, bot often m well aligned pat-
tern,

ey~

Microscopie electronique

des fibres amyloides

Structure

nres R vieki =1

T, 1 |. rl | ”:::. 1 i ..::




Toward Larger and Larger Biological
Systems

protein I M - supramolecular complexes

amino cytochrome ATP synthase Ribosome Virus
acid ~100aa ~5000aa ~11000 > 30000 aa
nucleotides/aa

structure Q:b function

/5' dynamics /3

4 Myosin
2% ~ 4500 aa

http://www.pdb.org/



Large-scale conformational changes

Virus maturation

X-ray crystallography = atomic level

Cryo electron microscopy (crvo-EM) = low-
resolution (from 7A). shape information

Protein synthesis: ribosome

Functional Transcription - Replication
motions

RNA polymerase




Protein engineering and protein
design.

Protein engineering — altering protein sequence to change protein function or
structure

Protein design — designing de novo protein which satisfies a given requirement



Protein engineering strategies

Goals:
« Design proteins with certain function

Increase activity of enzymes

Increase binding affinity and specificity of proteins

Increase protein stability

Design proteins which bind novel ligands



Paracelsus challenge: convert one fold into
another by changing 50% of residues.

+ Challenge because all proteins . B i
with > 30% identity seem to have " [ | @™
the same fold. \ }: l“h ::

. 3 }[/ .

* L.Regan et al: Protein G (mainly ‘ '
beta-sheet) was converted to Rop " © %D
protein (alpha-helical) by :’; P,

changing only 50% residues



Protein-Based Design

Docking (rigid, flexible) 2. de novo Building

Scoring

IC.,, K, 2??




Les banques de données de séquences biologiques : laquelle choisir ?

AATDB, AceDb, ACUTS, ADB, AFDB, AGIS, AMSdb, ARR, Asnhn BBDB, BCGD, Beanref, Biolmage,
BioMagResBank, BIOMDE, BLOCKS,BovGBASE, BOVMAP, BSORF, BTKbase, CANSITE, CarbBank, CARBHYD,
CATH, CAZY, CCDC, CD4OLbase, CGAP, ChickGBABE, Colibri, COPE, CottonDB, CSNDB, CUTG, CyancBase,
&cWCFC, d4dbeEsT, dbsTs8, DDBJ, DGP, DictyDb, Picty cDB, DIP, DOGS, DOMO, DPD, DPlnteract, ECDC,
ECGC, ECO02DBASE, EcoCyc, EcoGene, EMBL, EMD db, ENZYME, EPD, EpoDB, ESTHER, FlyBase, FlyView,
GCRDE, GDB, GENATLAS, Genbank, GeneCards, Genline, GenLink, GENOTK, GenProtEC, GIFTS, GPCRDB,
GRAP, GRBase, gRNAsdb, GRR, GSDB, HAEMB, HAMSTERS, HEART-2DPAGE, HeXAdb, HGMD, EIDB, HIDC,
Hlvdb, HotMolecBase, HOVERGEN, HPDB, HSC-2DPAGE, ICN, ICTVDE, IL2RGbase, IMGT, Habat, KDNA,
KEGG, Klotho, LGIC, MAD, MaizeDb, HMDB, NMedline, Nendel, MNEROPS, MGDE, MGI, MHCPEPS Micado,
MitoDat, MITOMAP, MJDE, MmntDB, Mol-R-Us, MPDB, MRR, MutBase, MycDE, HKDB, NRSub, 0-lycBase,
OMIA, OMIM, OPD, ORDB, OWL, PAHdb, PatBase, PDE, PDD, Pfam, PhosphoBase, PigBASE, PIR, PKR,
PMD, PPDBE, PRESAGE, PRINTS, ProDom, Prolysis, PROSITE, PROTOMAP, RatMAP, RDP, REBASE, RGP,
EBASE, B8COP, SegAnaiRef, 8SGD, 8SGP, SheepMap, Soybase, SPAD, SRNA db, SRPDB, STACK,
StyGene,Sub2D, SubtiList, SWISS-2DPAGE, SWISS-3DIMAGE, SWISS-MODEL Repository, SWISS-PROT,
TelDB, TGN, tmRDB, TOPS, TRANSFAC, TRR, UniGene, URNADB, V BASE, VDRR, VectorDB, WDCM, WIT,

WormPep, YEPD, YPD, ¥YPM, etc ...

ET  DEVELOPPEHENT METHORES "THEeRIQUES



