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Dans un monde sans inertie
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Un monde de petites forces
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Qulelques microorganismes ....

SOME MICROORGANISMS WITH FLAGELLA (CENTRAL CIRCLE) AND RELATED ORGANISMS
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Protozoaires

A.Jeuck et H Arndt, Protist, 164 842 (201 3)

Protists
With 1 or 2 flagella With Without flagella, but with  Without flagella/cilia, but Without flagellaiciia, Without
(=relatively long cilia more numerous relatively short  with rigid star-shaped but capable of flagella/cilia, but
compared to the cell size). than2 cilia for locomotion and/or  amanged axopods producing with plastids
Cell size ranges from less  flagella ingestion (=pseudopodia, stffened pseudopodia for (photosynthetic)
than 15pm to more than by microtubules) or ingestion and
50um. Colonies and tentacles locomation
aggregations may occur.
Flagellates Chart 6 Ciliates Heliozoans, Amoebae
suctorians
Not considered here
I"j\&""-\:: jl',/i'l’.l -f‘-/"‘,"‘"
«. ) & T e g N
A :;:;’3.'-.':;-5\ '
S R aaory
: INe\A
S Vs T N A Not to confuse with
I | 2 ‘ other very small and
. o ' often free-moving
Autotrophic; Heterotrophic; : organisms which are
compact and clearly chioroplasts not clearly visible, difficult to differentiate between not protists: e.g.
visible chioroplast ingested and functional chloroplast; groups containing also ki " large bacteria, and
mixotrophic or autotrophic forms are asterisked ( X)) ..l \ also metazoans
I | (e.g. turbellarians,
| ! orotifers)
See literature %)
referring o |
autotrophic
flagellates Fast-track to the main groups of heterotrophic flagellates
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Chat8 &9 Chart 4 Chart 2 Chart5 Chart 12 Chart 12 Chart 10

i’ h

Important
character

Choanoflagellates cuysomonads* Ciliophryids * Bicosoecids Euglenids * Euglenids % Freediving

Monosiga Spumella Pteridomonas Bicosoeca Entosiphon  Petalomonas ""“09‘““3
Cryptophyceans *Thamnaunonads Dinoflagellates *Apusomonads Cercomonads Spironemids Diplomonads
Goniomonas Thaumatomonas Gyrodinium Apusomonas Cercomonas Spironema Hexamita

Chart14 Chart3 Chart15 Chart 13 Chart 11 Chart 6 Chart 6
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Une bacterie : Escherichia Coli

Films Howard Berg, Harvard

Berg, H.C. (2000) Motile behavior of bacteria. Physics Today 53 (1), 24-29.
Howard Berg. The marvels of bacterial behavior. YouTube

Berg, H.C. E coli in Motion. New York: Springer-Verlag. 2003
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« run and tumble »
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The algorithm 1s: 1f things are getting better don't stop so soon.

cell

en I'absence de gradient de nutriment

avec de gradient de nutriment
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Des avantages de la mobilite
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E. Purcell, Life at low Reynolds number ,Am. ). Phys. 45 3 (1977) )
A

v ESPC

Parislech



13

Flagelle bactérien : une helice passive

527Al | s19A

15nm

L-type (STW1660) R-type (SJW1655)

C 530 nm

Filaments droits avec les deux
types de flagelline L et R

R+L : filaments hélicoidaux

Nm H. Berg, Ann. Rev. Biophys. 72, 19
m' ‘ : - (2003)
$a

A.Arkhipov et al., Biophysical Journal 2006
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Le moteur d’E. Coli
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Comment les flagelles s’apparient en faisceau

vidéo : groupe de Kenny Breuer, Brown Univ.
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Changements de conformation des flagelles

Semi coiled RH
pas |/2

Curly RH
pas |1/2 amp 1/2

H. Berg, Ann. Rev. Biophys. 72, 19 (2003)

L
v ESPC

Parislech



|7

Changements de conformation des flagelles

] N . 7~
N
(A) (B) (©)

Salmonella

D. Bray & T. Duke, Ann. Rev. Biophys. Biomol. Struct. 33, 53 (2004)
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Spirillum volutans



19

Nage par changement d’helicite

front
Kb
ORH

Spiroplasma

J. Shaevitz et al., Cell 2005
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Une algue verte : Chlamydomonas

Chlamydomonas moewusii Gerlofi

1
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Cell with flagella micrometres
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Differents modes de nage de Chlamydomonas

Wan KY, Leptos KC, Goldstein RE. 2014 Lag, lock, sync, slip:
the many ‘phases’ of coupled flagella. ]. R. Soc. Interface | I:

20131160.

slip  breaststroke

antiphase
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Spermatozoide : propulsion par onde progressive

Vidéo J. Guasto
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Variations sur les flagelles

Mastigamoeba setosa

Peranema trichophorum

Entosiphon silcatum

Petalomas sp.

T. Jahn & ].Votta , Locomotion of protozoa,
Ann. Rev. Fluid Mech. 4 93 (1972)
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Ochromonas

Ceratium
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Paramecies

MOLECULAR EXPRESSIONS
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Volvocales

Image et vidéo : groupe de Ray Goldstein, DAMTP, Cambridge

t=0.002 sec
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Structure des cils

(a) Plasma Bridge connecting
membrane central singlets

Central pair
of singlet
microtubules

Inner
sheath

Radial spoke

Spokehead

A tubule B tubule

Doublet microtubule

axoneme 9+2
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Motorisation des cils

A G X Ve,
' : = Taux de détachement des
.4_ r _._. _______ * dynéines dépendant de la force
: appliquée
:
ﬁ: Dynéines
Mode d’oscillation collective des
5‘6 moteur (Julicher & Prost 1997)
lg Structures élastiques
radiales

Experiment

Reproduction du mouvement
d’un flagelle de spermatozoide

l. Riedel-Kruse et al., HFSP J. | 192 (2008)
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