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(A) During the first stages of w
ound healing, 

platelets are recruited to the open w
ound and 

deposit fibrin (w
hich serves as a prelim

inary 
extracellular m

atrix) to arrest bleeding. (B) 
During the next stages of w

ound healing, 
im

m
une cells including neutrophils follow

ed by 
m

acrophages are recruited to the w
ound and 

clear dead tissue and debris in preparation for 
healing. N

ew
 blood vessels sprout around the 

site. Fibroblasts are recruited to the site in 
anticipation of scar form

ation. Keratinocytes 
begin to m

igrate to cover the cutaneous w
ound 

surface. (C) Finally, during the rem
odeling 

phases of w
ound healing, the keratinocytes 

have covered the site. Below
 the fibroblasts 

deposit new
 extracellular m

atrix replacing the 
fibrin plug, w

hich is then rem
odeled to form

 the 
final scar. N

ew
 blood vessels are pruned and 

nerves begin to regenerate to the site.

Blood clot

connective 
tissue

Epithelium
 

(epiderm
is)

fibroblasts

keratocytes



M
igration of fibroblasts in vitro in response to an artificial w

ound



M
onocytes

(extravasation)

m
acrophages



M
igration of a m

acrophage in vitro



M
etastasis



M
DCK cells m

oving in a collective m
anner





The m
igrating front is in green 
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Photo-bleaching of lam
ellipodial actin 

in a m
igrating cell (W

ang, 1985, Lai et al, 2008)



Co expression of 
RFP-actin 
+photoactivable 
G

FP-actin

FRA
P of the 

central part of 
the cell

Lai et al, 2008



Treadm
illing of actin filam

ents ?

Photo-bleaching of lam
ellipodial actin 

in a m
igrating cell (W

ang, 1985)
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aintained at equilibrium
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Pantaloni et al, 2001

Barbed end
Pointed end

C
ss 

A
D

F (A
ctin D

epolym
erizing Factor) : 

depolym
erises 

actin 
filam

ents 
from

 
the 

pointed 
end 

to 
increase 

the 
concentration of m

onom
eric actin at 

steady state w
hich finally enhances 
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electron m
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Talin-1 
/ α-catenin

Reconstitution of the self-organisation
of tensile actom

yosin 
cables betw

een anchoring points w
ith purified proteins

Artificial stress fiber

(Ciobanasu
et al. 2014 N

at. com
m

.,  Ciobanasu
et al. 2015 N

at. Protoc.)
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Adaptor proteins
(talin, vinculin…

)

A
ctin
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ly 
polym

erized 
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By m
echanically coupling the polym

erizing and contractile actin cytoskeletons to 
the extracellular m

atrix, cell-m
atrix adhesion act as a m

olecular clutch that control 
force transm

ission 

Extracellular 
m

atrix
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From
 the top

From
 the side

Kanchanaw
ong et al, 2011

Super resolution 3D
 im

aging of focal adhesions (PA
LM

)
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1)
M

icrotubules assem
bly does not provide force for cell m

igration

2)
M

icrotubules provide polarity to the cell

3)
M

icrotubules control adhesion dynam
ics 





8. Pathogens that hijack the regulators of actin assem
bly 

reveal the m
echanism

s of cellular actin-based m
otility



Listeria com
et tail

C
ell transfected w

ith G
FP-actin

and infected by Listeria

Theriot w
eb site



The bacterial protein A
ctA

 is necessary for Listeria 
com

et tails

R
ed : Listeria ; green : actin filam

ents ; blue : nuclei

Kochs et al. C
ell 1994. From

 the group of Pascale 
C

ossart (Institut Pasteur).

Listeria

A
ctA



A
ctA

 is sufficient to m
ove beads in cytosolic extracts

C
am

eron et al., C
urr Biol. 1999

A
ctA



Purification of the host factor 
that polym

erizes actin

Listeria
+extract
+R

hodam
ine actin

=C
om

et tails

W
elch et al. N

ature 1997

The assay:



Fractionation of the extractListeria
+Active fraction
+R

hodam
ine actin

=Actin clouds

Listeria
+Inactive fraction
+R

hodam
ine actin

=nothing happens

C
louds instead of com

ets: the w
hole process is 

com
plex and requires m

ore than one fraction !

W
elch et al. N

ature 1997



Fractionation of the extract by successive 
chrom

atographies

1 com
plete extract

2 cation exchange flow
-through

3 anion exchange peak
4 gel filtration

protein amount

(mg)

Specific activity

(a.u./mg)

917.3
1.7
0.6

880
2,200
10,600
3,300

W
elch et al. N

ature 1997



G
el filtration in the last purification step

identifies the 7 subunits of A
rp2/3

elution fractions

it is a m
ultiprotein com

plex
identification of the subunits by m

ass spec
it contains tw

o Actin R
elated Proteins: Arp2 and Arp3

W
elch et al. N

ature 1997



Validation: Im
m

unofluorescence on the Listeria 
induced com

et tails

C
an you think of other w

ays to validate the Arp2/3 com
plex ?

It w
as surprising that the Arp2/3 com

plex w
as not at the interface

 betw
een the bacterium

 and the actin tail, but all along !

phalloidin
Arp3



Tim
e (s)

Pyrene-actin fluorescence (a.u.)

Actin + ActA

Actin + Arp2/3
Actin + Arp2/3 + ActA

W
elch et al. Science 1998

A
ctA

 directly activates the A
rp2/3 com

plex



O
ther pathogens hijack the cellular actin m

achinery 
to propel in the cytoplasm

G
ouin, W

elch and C
osart, 2005 



Subversion of A
rp2/3 by bacteria and viruses



Identical 
biochem

ical 
reactions

C
ell

B
acteria

B
acteria propulsion m

im
icks lam

ellipodium
 protrusion

P
rotrusion = treadm

illing + nucleation
P

ropulsion = protrusion

Bacteria / bead



R
econstitution w

ith pure proteins provides the 
dem

onstration that w
e understand the basic principle of 

bacterial propulsion / lam
ellipodium

 protrusion 
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From
 S. W

iesner et al, 2003
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 S. W
iesner

R
econstitution of actin based m

otility (2)
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