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Pourquoil faire des sciences de la vie ?

Qu'est-ce qu'une protéine ?

Qu'est-ce gu'une bactérie ?

A quoi sert la thérapie genique ?

Comprendre les poles de compeétitivite en SDV
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Quelques chiffres ...

Cote d'Azur: CA >2 milliards €
> 250 sociétes
> 10000 emplois

CHU: 6500 employés (1¢" employeur du 06) =0

+300 chercheurs, 50 laboratoires
(INSERM, CNRS, INRA, CEA, UNSA)

1 des 5 canceropoles a Nice @@@@@W@[@@U@

eeeeeeeeeeeeeeeeeeeeeee

1 des 3 genopoles a Sophia ' G
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LABORATOIRE FERRIER

Laboratoire PHYTALLIANCE YD COSMETICS
LABORATOIRE VETERINAIRE DEPARTEMENTAL
LABORATOIRES ARION
LABORATOIRES BOIRON

LABORATOIRES GENEVRIER
LABORATOIRES PHAGOGENE & DEC AZUR
LABORATOIRES SOPHILENE

LIMA France

LPG SYSTEMS

LUXCLEAR PHARMA

MANE

MEDIAN TECHNOLOGIES
MEDICAPTEURS France

MXM

NEURELEC

NICOX

NIXE

NUSIL TECHNOLOGY EUROPE

NUTREVA

OCTALIA TECHNOLOGIES

OPHTALMIS

ORTHOMED SA

PARALLEL DESIGN

QUANTIFICARE

ROHM AND HAAS France

SKINETHIC

SKINPHARMA

SO.F.I.A COSMETIQUES

SOCIETE EUROPEENNE DE CARDIOLOGIE
STERLAB

STRYKER EMEA
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THERAMEX
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VIRBAC
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Objectifs de ce cours

Acquérir un vocabulaire de base.
Comprendre les grands concepts.

Projets multidisciplinaires a forte valeur ajoutee.

Informatique
Electronique
Optigue
Matériaux
Télecom

l5tc %3
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Plan du cours

QU'EST-CE QU'UN ETRE VIVANT ?

EVOLUTION DES ESPECES
Origine de la vie

LE MONDE DE L’INFINIMENT PETIT
De la population a la cellule
Cellules animale, bactérienne, végétale

LES MOLECULES DU VIVANT
Eau, lipides, glucides, ions, proteine, acides nucléiques

ADN-ARN-PROTEINES
Genes, genétique, biologie moléculaire, puces a ADN

BIOLOGIE CELLULAIRE
Division cellulaire, cultures cellulaires

APPLICATIONS
Environnement, toxicologie, pbles de competitivité

CONCLUSION
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QU'EST-CE QU'UN
ETRE VIVANT ?



Déefinitions

Larousse:
"Ensemble des phénomenes (nutrition, assimilation, croissance, reproduction...)
communs aux étres organisés et qui constituent leur mode d‘activité propre,
de la naissance a la mort."

"Un organisme est dit vivant lorsqu'il échange de la matiere et de I'énergie
avec son environnement en conservant son autonomie,
lorsqu'il se reproduit et évolue par sélection naturelle™.

&
Q
S
3

Reproduction de bactérie
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L'ensemble differe de la somme des parties

Chlorure de sodium

NaCl

= Emergence

Chlore gazeux
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EVOLUTION DES
ESPECES



L’origine de la vie
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L'origine de la vie

Méthane
_) Dioxyde de carbone

ﬂ Ammoniaque
Azote

Electrnic o

sparks Hyd I‘Ogene

simulate Temperature

lightning 70 80°C Eau

“Atmosphere”

—
chamber containing -
CH‘, CO), NH3, Nz, P—.—

Hz, and Hzo i ‘{
| Condenser
& | cools gas

Acides aminés

“Atmosphere” products
Heat dissolve in water
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Billions of Years

15|

2.5

3.5

45 —

Evolution des especes

Prokaryotes

Eukaryotes

Bacteria Archaea Protists Plants Fungi Animals

RIVES

_— First humans

| Extinction of dinosaurs

—__Plants and symbiotic
fungi colonize land

Oldest animal fossiles

~_Origin of multicellular
organisms

— Oldest eukaryotic fossiles

= Origin of eukaryotes

Accumulation of atmospheric
e~ oxygen from photosynthetic
cyanobacteria

Oldest prokaryotic fossiles
ﬁ Oldest evidence of life

Origin of life (prokaryotes)
— Earth cool enough for crust to solidify

_— Origin of Earth

5 regnes

W=

Cenozoic
Mesozoic
Paleozoic

Precambrian
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Evolution des especes

b aCi | |e Prokaryotes Eukaryotes
Bacteria Archaea Protists Plants Fungi Animals
= Py £ ¢ \. . e

Moneres
10 000 especes

o — Oldest eukaryotic fossiles
®
o
3.6 B Origin of eukaryotes
» \
6 2.5 Accumulation of atmospheric 5 reg NES
= s oxygen from photosynthetic
o cyanobacteria Cenozoic
Mesozoic
Oldest prokaryotic fossiles
35 : : Paleozoic
g Oldest evidence of life
Precambrian
ﬁ Origin of life (prokaryotes)
@ —— Earth cool enough for crust to solidify
' : 4.5 | — Origin of Earth
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Evolution des especes

Origin of eukaryotes

oxygen from photosynthetic

>
)
2]
§ 2.5 Accumulation of atmospheric
@ cyanobacteria

Oldest prokaryotic fossiles

3.5 ﬁ Oldest evidence of life

Origin of life (prokaryotes)
! @‘\ —— Earth cool enough for crust to solidify

%\ ;ff 45— Origin of Earth

Prokaryotes
Bacterla Archaea Protists

60 000

Algues
Amibes

Eukaryotes
Plants Fungi Animals

.Protlstes' ‘\"( @ %

5 regnes

Cenozoic
Mesozoic
Paleozoic
Precambrian
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Evolution des especes

Prokaryotes Eukaryotes
Bacteria Archaea Protists Plants Fungi Animals

Firsthumans - @ 9k q 7 %

Extinction of dinosaurs

—__Plants and symbiotic
i fungi colonize land

- Oldest animal fossiles
_ ~ Origin of multicellular
0rgan|sms Végétaux
_— Oldest eukaryotic fossiles 166 000

B Origin of eukaryotes
5 regnes

Accumulation of atmospheric
o~ oxygen from photosynthetic
cyanobacteria Cenozoic

Billions of Years

Mesozoic

Oldest prokaryotic fossiles

35 : _ Paleozoic
- 4 Oldest evidence of life

Precambrian

Origin of life (prokaryotes)
—— Earth cool enough for crust to solidify

45— Origin of Earth
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Billions of Years

3.5

45 —

Evolution des especes

Prokaryotes Eukaryotes
Bacteria Archaea Protists Plants Fungi Animals

e - @ 90k Yy T #

—— Extinction of dinosaurs
—__Plants and symbiotic
fungi colonize land
" Oldest animal fossiles

~_Origin of multicellular
organisms

Mycetes
100 000

— Oldest eukaryotic fossiles

- Origin of eukaryotes
Accumulation of atmospheric 5 reg NES
e~ oxygen from photosynthetic e
cyanobacteria Cenozoic
Mesozoic
Oldest prokaryotic fossiles
: : Paleozoic
Oldest evidence of life S—
ﬁ | Precambrian

Origin of life (prokaryotes)
—— Earth cool enough for crust to §

_— Origin of Earth
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Evolution des especes

Prokaryotes Eukaryotes
Bacteria Archaea Protists  Plants Fungi Animals

s - @ 90ty ¢ %

Extinction of dinosaurs
Animaux
1 500 000

Plants and symbiotic
fungi colonize land

5 regnes

Cenozoic

Mesozoic

Paleozoic

Precambrian

o solidify
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Le jeux des feetus et embryons animaux

Poulet Humain Xenope Souris

Fabrice DUPRAT 19



LE MONDE DE
L’INFINIMENT PETIT



Des ions aux populations
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Des ions aux populations
Systeme

Ca p|l

circuit

ssssss
vvvvv

| mm Vessels transporting
oxygenated blood
sels trans,

A, HOUOT - Aix-Mar:



Biomes

. ' ¥ Ate 40~
Ecosysteme = plusieurs organismes interdépendants (plantes,
animaux , ...) dans une zone geographique définie.

- ice ] Monsoon forest . Tree savanna

. Arctic Tundra Desert Subtropical dry forest

Taiga Xeric shrubland Tropical rainforest

. Temperate broadleaf Dry steppe - Alpine tundra

. Temperate steppe . Semidesert Montane forest

Mediterranean . Grass savanna Ocean biome

Biomes = zones avec un climat, un relief similaire + les mémes populations

d'animaux et de VeQEtaux http://www.windows.ucar.edu/tour/link=/earth/Life/biesphesesiad 23




10m 4

im

1— Hauteur d'un humain

Dimensions en biologie

: Y
oam{ Longueur de certains neurones —a M
ol >-Oeil W g
1tem4  |nsectes
1mm
Structures du cerveau - ) B
100 um | — Loupe binoculaire’.
} Cellule 2 (x2 to x60)
10 ,nm: -
; Ba terle I I
1,.m4 } Mitochondric > Microscope photonique
. (x20 to x1000)
: )
R &
100 nm ; ’
1> Virus
1+ Ribosomes
10 nm . - , o '
'} Protéines > Microscope électronique
> Lipides
1nm .
B
1 lons ) Microscope a Force atomique (AFM)
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_a cellule animale

Cilia
Microvilli
Lysosome
Free ribosome
Secretory Microtubule
vesicles network
Plasma
membrane
Golgi Lytsho_some fusing
apparatus with incoming
c I phagocytic vesicle
i Phagocytic vesicle
Smooth
endoplasmic Nuclear envelope

Centrioles

Mitochondrie

Peroxisomes

Noyau

Centrosome

Rough Vesicles

endoplasmic
reticulum

Ribosomes

Seeley "Anatomy & Physiology", Mc Graw-Hill
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Nucleus
ORIENTATION DIAGRAM

Chromatin
Nucleolus -

. of nuclear
.. envelope

=
Surface of
nuclear envelope

Le noyau

membrane

Inner
membrane

(c) Close-up of nuclear envelope
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La cellule bactérienne

Bordetella Clostridium Escherichia

Spirulina Staphylococcus Streptococcus Saimonelia
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La cellule vegetale

Anatomy of the Plant Cell

Plasma Cytoplasm
Membrane ough
' Endoplasmic
Peroxisome Reticulum
Nucleus
- Nucleolus
Nuclear
Apg::gtlu . Envelope

Figure 1
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La blologle =
Interactions de quelques protéines

TNF, FasL, TRAIL N\ Trophic Factors @)
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LES MOLECULES
DU VIVANT



L 'eau

= 99% H,0
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Propriétés étonnantes de I’eau
Excellent solvant

mmm) | 'hydratation permet de nombreuses réactions biochimiques
Forte tension de surface

‘ Permet a 1’eau de circuler dans les racines
; :: ‘.'- " ;1“¥ \f- _4}




Proprietés étonnantes de I’eau

Winter

ICE
4
2°C
3°C

Expansion lors de la congélation
‘ Les plans d’eau ne gelent pas entierement
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Les lipides (graisses)
Alimentation: produits laitiers, graines, huiles

Structures:

CHOLINE .

PHOSPHATE .

GLYCEROL -

FATTY ACIDS ¢ ¢

: ey betict
i ~__ Bicouches TR
RoOles: Membranes, Signalisation, ...
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LLa membrane plasmique

Carbohydrate chains

Glycolipid

External membrane
surface

Phospholipid _|
bilayer

Protein
Cholesterol

Internal membrane ' Membrane
surface Polar region Nonpolar region channel protein
of phospholipid of phospholipid

Glycoprotein
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Les glucides (sucres)
Alimentation: fruits, légumes, pain, ...

Cellulose fibrils
in plant cell wall
(TEM)

o\ YA U

LMY £

V(77 Cell
\ yFrues

Structures:

ot (ot RO 29 |
Cellulose -
A (. [ uQMH [ chains L) A
Inkage =l
=7 1 ‘ h P
! .7 i =
m m | ’ "’ 7 '/,// — <\\\\
T T € —
S « WJO.\ O
Roles: Structure, énergie, signalisation, ... T o N

Glucose monomer

raviive vurnAi o1



La chitine, glucide de structure

Bernard ’hermite
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Les 1ons

Alimentation: eau minérale, légumes

o=
+9 "
©
+9Q e
@N+@ 3
a
< S 8-
a, o+
2y
* Ei""
o’
x o’

Role: signalisation, catalyse, ...
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Permeabilitée de la membrane plasmique

HYDROPHOBIC  Hydrocarbons
MOLECULES 0,

——q
[(——@]
| St )

(——0

SMALL UNCHARGED H,0
POLAR MOLECULES

¢ msbe 3
¢}
=9
O— —0©

CO,

LARGE UNCHARGED Glucose
POLAR MOLECULES

H' Na" HCOj

IONS gt ca?* o1 Mg?*

[—— @
=8
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Les proteines (protides)

Alimentation: viande, poisson




Enzymes, des proteines pour la catalyse

Enzyme ——— Substrate
(sucrase) - (sucrose)

Active Y

site

Fructose

1 Enzyme RN
and substrate )
are available !

4 Products are
released

Enzyme—
substrate

complex —__

3 Substrate is
converted to
products
Substrate binds
to enzyme
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Protéines de structure: toile d’araignée

_
100 pm
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Reaction agoniste-récepteur

= |la base du mode d'action des medicaments

Arkin et al. (2003) PNAS

Fabrice DUPRAT 44


poche_agoniste.mpg

ATP (Adenosine Tri Phosphate)

i3

mitochondria

Acetyl cOA

—
. } B
4 1“ "
- -
.
| f. T d
:
A
"
"
we .
2hs
e ’
3 - Ls
4
.

Acides amines
http:'www.microscopy.fsu.eduicells/animals/mitochondria.html
http:/'mww.hybridmedicalanimation.com/pagesichloroplast.html
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Cytosquelette: réseau d'actine
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Protéine de structure: microtubules

Animal'Cell Micrograph-

Tk

Microtubule
Network -
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tubules

ICI'O

dem

éseau

R

Fabrice DUPRAT 48



Microtubules et actine

Kinesin “walks” along a microtubule track

Transport e .8 > MLl > @
vesicle TR e s

| "I ATP ADP+P,
Kinesin : o
Microtubule
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Nanobiotechnologies

Nanomachine
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nanomachine.mov

Acides nucléiques

PYRIMIDINES

0

|
| i
H

"'f/

Thymine Uracil

(in DNA) (in RNA)
T U >\Nltr°g°n°uB
base

I
“0~P-0-
o
Phosephate -
group Pentose

sugar

-
-
-—

Adenosine

(a) Nucleotide components (b) Nucleotide (c) Polynucleotide



L 'AXE
ADN-ARN-PROTEINE



L "axe ADN-ARN-Proteines A

ADN | |
o -
g
G=
6—¢
c—a
6—¢
c—a
e r—A
c—¢
T—A
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L'axe ADN-ARN-Protéines
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—CcC—0—C—0—0—0—0—@O—C—C— >

/)

’

’

’

ARNM L'axe ADN ARN Proteines

Acides aminés

Cysteine

Tryptophane

Tyrosine

Protéine

ribosome Cp

Seeley "Anatomy & Physiology”, Mc Graw-Hill
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Transcription et traduction en animations

As RNA polymerase reads eac
nucleotide it brings in the complementary
nucleotide and bonds them together forming '\

the mRNA strand. -

LT LT L

e nucleotides break free from the DNA,
and the DNA folds back into a double heli

Transcription

uuuuuuuu

-

http://www-class.unl.edu/biochem/gp2/m_biology/animation/gene/gene_a2.htmi

UA/AuUGcGccgUc|lg|luc|a
1. Traduction

The ribosome reads
the next codon and
another tRNA with a
complementary
anticodon binds.

- =
1. http://www-class.unl.edu/biochem/gp2/m_biology/animation/gene/gene_a3.htmi
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transcription.avi
traduction.avi

Synthese protéique et reticulum endoplasmique
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Appareil de Golgi
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Couleur
yeux

Couleur
plumes

Groupe
sanguin

Gregor Mendel (1822-1884)
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Mere

Pere

Couleur des plumes
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Groupes sanguins

Pere ‘ ‘ ‘ ‘ Mere
Al O Bl O
o 10 1o L

ABl A|O] OBl |00

25%‘ ‘ 25%‘ ‘ 25%‘ ‘ 25%‘ ‘
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ANOUre (DUlo gairygariZdlls)

Axolotl (Ambystoma mexicanum)

p—C aumon (Salmo salar)

Fondule (Fundulus heteroclitus)

Flet (Platichthys flesus)
Thon (Thunnus thynnus)

Hippocampe (Hippocampus comes)

Tortue (Geochelone chilensis)

— Rat (Rattus norvegicus)
S ouris (Mus musculus)

Homme (Homo sapiens)

chistosoma japo

Biochimie et
évolution

L’hémoglogine

Poisson chat (Ictalurus punctatus)
Dinde (Meleagris gallopavo)
Orge (Hordeum vulgare)

Limande (Pseudopleuronectes americanus)

Plante (Arabidopsis thaliana)

>Rattus norvegicus
ACATTCTCCTTCTGATAGACTCAGGAAGCAATCATGGTGCTCTCTGCAGATGACAAAACCAACATCAAGAACTGCTGGGGG
AAGATTGGTGGCCATGGTGGTGAATATGGCGAGGAGGCCCTACAGAGGATGTTCGCTGCCTTCCCCACCACCAAGACCTAC
TTCTCTCACATTGATGTAAGCCCCGGCTCTGCCCAGGTCAAGGCTCACGGCAAGAAGGTTGCTGATGCCTTGGCCAAAGCTG
CAGACCACGTCGAAGACCTGCCTGGTGCCCTGTCCACTCTGAGCGACCTGCATGCCCACAAACTGCGTGTGGATCCTGTCAA
CTTCAAGTTCCTGAGCCACTGCCTGCTGGTGACCTTGGCTTGCCACCACCCTGGAGATTTCACACCCGCCATGCACGCCTCTC
TGGACAAATTCCTTGCCTCTGTGAGCACTGTGCTGACCTCCAAGTACCGTTAAGCCGCCTCCTGCCGGGCTTGCCTTCTGACC
AGGCCCTTCTTCCCTCCCTTGCACCTATACCTCTTGGTCTTTGAATAAAGCCTGAGTAGGAAGC*

>Mus musculus
CACTTCTGATTCTGACAGACTCAGGAAGAAACCATGGTGCTCTCTGGGGAAGACAAAAGCAACATCAAGGCTGCCTGGGGG
AAGATTGGTGGCCATGGTGCTGAATATGGAGCTGAAGCCCTGGAAAGGATGTTTGCTAGCTTCCCCACCACCAAGACCTAC
TTTCCTCACTTTGATGTAAGCCACGGCTCTGCCCAGGTCAAGGGTCACGGCAAGAAGGTCGCCGATGCGCTGGCCAGTGCTG
CAGGCCACCTCGATGACCTGCCCGGTGCCTTGTCTGCTCTGAGCGACCTGCATGCCCACAAGCTGCGTGTGGATCCCGTCAA
CTTCAAGCTCCTGAGCCACTGCCTGCTGGTGACCTTGGCTAGCCACCACCCTGCCGATTTCACCCCCGCGGTACATGCCTCTC
TGGACAAATTCCTTGCCTCTGTGAGCACCGTGCTGACCTCCAAGTACCGTTAAGCTGCCTTCTGCGGGGCTTGCCTTCTGGCC
ATGCCCTTCTTCTCTCCCTTGCACCTGTACCTCTTGGTCTTTGAATAAAGCCTGAGTAGGAAGAAGCCTGCA*
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~ Application: Therapie génique
Gene d'intérét

/ \ /'T ransfert

Production %
dans un vecteur #
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Hormones

: : Protein-denved molecule binds to
Protein-Derived J __receptor on outside of target cell

@ Target cell
@ .‘ .j_rgct ce

Circulating blood

Capillary

membrane ‘ g

Receptor

DINA

Receptor in
| cytoplasm

Hormone molecules
diffuse through
spaces in capillary g
walls

Steroid molecule passes /
through target cell membrane

Hormmone-receptor

complex Steroid

Nucleus Hormone

Fabrice DUPRAT 64



BIOLOGIE
CELLULAIRE



Matrice extracellulaire
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Division cellulaire
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Division cellulaire

| |
jJ@ ] '\O/‘{
—h O = G A
Telophase PR\ o it
I\ M
H

© Elsevier. Guyton & Hall: Textbook of Medical Physiology 11e - www.studentconsult.com
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Inhibition de contact

Contact-Mediated Communication

Signal
Transduchion

Cell 1

Cancer
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Apoptose ou Mort programmee de la cellule

Stress EXTRINSIC
DNA Damage PATHWAY

Chemotherapy
uv

INTRINSIC
PATHWAY

Caspase-8

Apolion
CIAP1

CIAP2
ILP-2
Livin
NAIP
24 Survwm A\
\ \ 7o

Pro-Caspase-9

G =0 *  Caspase7
Caspase-9 Caspase-3

Yy

APOPTOSIS

http://www.biooncology.com/bioonc/research/apoptosis/index.m

Endogenous ligand
Apo2L/TRAIL

Procaspases 8,10

A
Caspase 8,10
Procaspases 8,10 /
& ‘_®
t-Bid &9 Bid
Mitochondria

Cytochrome ¢ Apaf-1 Caspase 8,10

&3

Bak 7
Cytochrome ¢ &= /_ﬁ G \ -

Bax V%MACD\ABLO ) APOP‘OQD“P a’p,;

£3
- Yol
Bel2/BelX, /MCL 1—|f - R W‘ﬁe 9
PﬂMA N SN *
\ | \ X

p53 \§‘ 973

d?} { Caspase 3,6&7

SO\ ‘Qﬁ‘ ‘ Yy 4
a4 v; ") . I A \Apoptosis
&) VAP

” X N
» DNA Damage '} A\ \P
&) G155
S N,
7

R ,.;i_ P R Sl
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Systeme nerveux central

Cerveau
+

Moelle epiniere

Body of Formix o\
RRREN Corpus Callmum
N \
N :
Piruirary Glerd Qg% Corvbellura
’) % i
& . /
) !
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( §
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'
I S
Vivtelwel Colurm -— {
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Spinad Cord
Hf
B
—
E
Canda Equina !‘
x Durse Mater

Corvbrarm
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Systeme nerveux peripherique

SYMPATHETIC ( Thoracolumbar) PARASYMPATHETIC (Craniosacral)
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Systeme cardio-vasculaire
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Vaisseaux sanguins

‘—= Endothelium

Endotheli
ndothelium — | (Tunica Intima)
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Systeme lymphatique

Retour dans les veines :
- jugulaire
- sous-claviaire gauche

Lymphatic ——=——
capillaries
Lymph
node

. Pulmonary
) circulation

Lymphatic
vessels
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Migration des lymphocytes

Selectins

-

Chemokines :
-~ Integrins

- -

1. Tethering o
vessel and rolling 2. Activation
3. Firm Adhesion

lumen : ; ;
o e 4. Transmigration
) —\

inflammatory \

stimuli

endothelium

Greenwood Vasc Pharm 2002
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Transmigration des leucocytes
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OUTILS DE LABORATOIRE



Enzymes de restriction
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Mutagenese et modele de souris

Creation of a mouse model of cystic fibrosis | B2oducton of
: dergelin g woelor
byekcoporabon

embryonal stem (ES) cells grown in cukure IFs &
isolation of successfully targeted ES cell clone @

introduction of ed clone into blastocyst and reimplantation
in pseudopregnant foster mother

cyetic fibrosis AT\ Q
; 2\ cama;é{:V\—_d .ét : at

' faa Vo -
uamm—' mice carriag Chime oric offspyin g produc od

b kshoel pelh ofogy muben f an o bred for Sen smviesion of
ofc yehic Bbrosics mouse eliefe crossed muden I slfele

http://wwwold.hgu.mrc.ac.uk/Research/Devgen/Cysfib/julia.htm

Fabrice DUPRAT 80



Cultures primaires

Neurones de ganglion de la racine dorsale de souris
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Anticorps et imagerie

Step 1
Microbial antigen is dried on a glass slide and
treated with a chemical fixative

A ;

¢

Step 2
Dilutions of patient serum are incubated with
the antigen on the slide, and then rinsed

A

C = -

P

Step 3
A flourescein-labeled antibody (conjugate) is added

P—>—
r)—>—r
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Cultures primaires

Anticorps fluorescents sur striatum de souris
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Lignée immortalisée (HELA)
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APPLICATIONS



Substitut d'organe: Peau humaine artificielle
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verticale des
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http://www.invitroskin.com
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Enwronnement

Deénitrification de I'eau (bactéries)
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Indices biologiques normalisés

Détermination normalisée de la faune et de la flore des milieux agquatiques

Grille de détermunation d'un mdice hiotigue

NOMEEREE D'TUNITES
STYSTEMATIQUES
DATS LECHANTILLON
NOMERE TOTAL
WATUEE DES GROUPES FAUNISTIQUES Classe

classzes par ordre de sensibilité décroizsante a la pollution Pourle 16 decualite
groupe ||1/[2-5/|6-10/111-15 et

le plus plhus

sensible VALEUE DE
LTHNDICE

14
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Industrie alimentaire

Clarlflcatlon des jus de fruit, hydrolyse des pectlnes (polysaccharldes)

Fermentations (alcools, panification, biscuiterie, choucroute)
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Diouble couche de
phosphelipides

Membrane externe d'E. coli

Hémagglutinines

+— Neuraminidaszes

Protéine « M »,
couche interne de
I enwelappe virale

AR viral
(stmple brin)

ADN viral —=

Structure simplifiée du virus Influenza

VIRUS ABACTERIES: LES PHAGES

Lipid Membrane
HLACIass Il, DR

HLACIass I, DR

gp 120
Docking Glycoprotein

gp 41
Transmembrane Glycoprotein
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7
B

Presented by LiveScience in cooperation with 3DScience.com
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Cycle intracellulaire de Listeria monocytogenes
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CONCLUSION



SCIENCES DE LA VIE

Secteur économique d'avenir
Haute valeur ajoutee, tres technologique
Neécessite de gros moyens financiers et humain

Il y a un besoin de savoir-faire tres multidisciplinaire
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http://cellimagelibrary.org/home
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The inner life of the cell

http://aimediaserver.com/studiodaily/harvard/harvard.swf

Harvard University Biovisions
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