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Cell migration

 A central process in the development and maintenance of multicellular
organisms.

 Cell migration plays a critical role in embryonic development, immune 
response,  wound healing, tumor formation and metastasis.
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http://cellix.imba.oeaw.ac.at/
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Cell migration- Fibroblasts

 A common in vitro system for studying cell-migration of 
which mechanism was well-established.
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http://cellix.imba.oeaw.ac.at/

 Cell membrane pushed by constant formation of actin filaments 
(lamellipidia, filopodia) at the leading edge.
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Cell migration- Fibroblasts-2

http://cellix.imba.oeaw.ac.at/

 In migrating fibroblast, traction forces are generated by 
cell-ECM adhesions (focal adhesions) to facilitate the 
movement of cells relative to surrounding tissues.

integrin

Extracellular matrix (ECM)
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A good in vivo model for studying cell migration: 

Zebrafish embryo primordial germ cells

 Embryos can develop outside the mother with high speed.

 High numbers of eggs useful for inducing mutations and 
selection.   

 Transparent embryos can be easily observed.

 Lots of mutants (EGFP-tagged, gene-knocked…) have been 
established.   
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Primordial germ cells (PGCs) 

 Cells give rise to the gametes.

 Germ cells originate during gastrulation and migrate to developing gonads.

 During their migration, PGCs are guided by chemoattractant stromal-cell-

derived faxtor-1a (SDF-1a).

http://en.wikipedia.org/wiki/Germ_cell
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 PGCs move in a very different way from other cells like 

fibroblasts and fish keratocyes.

 The cell membrane of PGCs grow into spherical 

protrusions called blebs.

The mechanism of PGC motility: Blebbing

http://cellix.imba.oeaw.ac.at/
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 Molecular mechanism of blebbing is currently unknown.

 The role of blebs both in physiological and pathological 
situations is still subject to debate. 

The mechanism of PGC motility: Blebbing- 2

 Blebs can be found in

 Execution phase of apoptosis

 Cells during cytokinesis

 Cell spreading

 Virus infection

Current Biology 16, 359–370, February 21, 2006
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The mechanism of blebs

Nature Reviews Molecular Cell Biology 9, 730-736 September, 2008

1. Initiation

2. Expansion

3. Retraction

Cytoplasmic flow 
due to internal 
hydrostatic pressure.

Local disruption of 
membrane-actin
cortex interaction 

Recruitment of 
myosin motor 
facilitates bled 
retraction.

 Initial powering of bleb expansion does not involve actin polymerization, which 
distinguished blebs from all other known cell protrusions.
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Blebs Cell protrusions such as lamellipodia
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Actin brushes 

 Function of actin brushes is relevant to cell motility.

Developmental Cell 11, 613–627, November, 2006
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The Rho family small G proteins- Rac1 and RhoA

 Rho family small G proteins

 Members have been shown to regulate many aspects of actin
dynamics.

 Small proteins (~21 kDa) have intrinsic GTPase activity.

 Rho proteins play a role in cell proliferation, apoptosis, gene 
expression, and other cell functions. 

Rac1 (PDB ID: 1ds6) RhoA (PDB ID: 1a2b)

http://en.wikipedia.org/wiki/Rho_family_of_GTPases

Rho-GTP (active)

Rho-GDP (inactive)

Rho 
proteins

Rho 
proteins

“Molecular switch”

GTPase activity
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The Rho family small G proteins- Rac1 and RhoA -2

Rac1 (PDB ID: 1ds6)

RhoA (PDB ID: 1a2b)

http://en.wikipedia.org/wiki/Rho_family_of_GTPases

?

?



The role of Rac1 in germ cell motility

Rac1

Low Rac1 activityHigh Rac1 activity

 Proper regulation of brush formation is 
essential for germ cell motility, which involves 
Rac1 activation.

Control

Track PGCs of 24 hpf

Low Rac1

High Rac1

Control
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The role of Rac1 in germ cell motility-2

 Use FRET-based biosensor to indicate Rac1-
activation level. 

Rho-GTP (active)

Rho-GDP (inactive)

Rho

Rho

GTPase activity

Germ cell in run phase 

 Rac1 activity was elevated at the leading edge, which 
was correlated to brush formation.

15

Levels of Rac1-FRET 

biosensor

Rac1 activity ----------------------Low
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The Rho family small GTPases- Rac1 and RhoA -2

Rac1 (PDB ID: 1ds6)

RhoA (PDB ID: 1a2b)

http://en.wikipedia.org/wiki/Rho_family_of_GTPases

?

Rac1 activation involved 
in actin brush formaiton, 
which is essential for 
germ cell motility.



The role of RhoA in germ cell motility

Low RhoA activityHigh RhoA activity

 RhoA has a role in regulating retrograde actin
flow important for general germ cell motility.

RhoA

Control

Track PGCs of 24 hpf

Low RhoA

High RhoA

Control
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The role of RhoA in germ cell motility-2

 Use FRET-based biosensor to indicate RhoA-
activation level. 

Rho-GTP (active)

Rho-GDP (inactive)

Rho

Rho

GTPase activity

 Running germ cell showed prominent RhoA
activation at the leading edge where it regulate 
actin retrograde flow.
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Germ cell in run phase 

Levels of RhoA-FRET biosensor

RhoA activity --------Low
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The Rho family small GTPases- Rac1 and RhoA -2

Rac1 (PDB ID: 1ds6)

RhoA (PDB ID: 1a2b)

http://en.wikipedia.org/wiki/Rho_family_of_GTPases

Rac1 activation involved 
in actin brush formaiton, 
which is essential for 
germ cell motility.

RhoA activation involved 
in actin retrograde flow
crucial  for intracellular 
actin dynamics.
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 germ cells plated on dishes coated with extracellular 
matrix components showed neither motility  nor 
adhesion.

 Knockdown  of integrin b did not prevent PGCs from 
reaching their target.

The role of cell-ECM adhesion in PGC motility

PGCs of 24 hpf

Integrin-b1a/b-MO 

Control

http://herkules.oulu.fi/isbn9514269306/html/x477.html
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 Germ cells do not use ECM for their migration, suggesting that cell-cell 
adhesion might be essential for interaction with surroundings.

 PGCs migrating within embryo are intimately associated with neighboring cells.

 Cell adhesion molecule E-cadherin may has a role in this process.

Actin
Membrane

The role of cell-cell adhesion in PGC motility

www.labnews.co.uk/news_archive.php http://en.wikipedia.org/wiki/Cadherin

Structure of E-cadherin
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The role of cell-cell adhesion in PGC motility: E-cadherin

 E- cadherin (epithelial) is the most well-studied member of the family.

 It consists of 5 cadherin repeats (EC1 ~ EC5) in the extracellular domain, 
one transmembrane domain, and an intracellular domain that interacts 
with actin through b- catenin.

http://herkules.oulu.fi/isbn9514269306/html/x477.html\



The role of cell-cell adhesion in PGC motility: E-cadherin-2

Normal blebbing,
normal actin
retrograde flow,
However, strong 
inhibition of cell 
motility 
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Strong defects in 
actin brush 
fornation,
interfering with cell 
motility.

 E-cadherin plays a essential role both in actin brush formation and generating 
retraction force by germ cells



Mechanism of PGCs motility
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 Retraction force is generated by cell-cell adhesion which mediated by 

E-cadherin to facilitate movement of PGCs relative to surrounding tissues.

 The interation between actin and E-cadherin is required 
for actin brush formation.
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Description

Regulator

Interaction 
with 
surrounding 
tissues

RhoA

Rac1

.

1. Local disruption of membrane-actin
cortex interaction.
2. Cytoplasmic flow due to internal 
hydrostatic pressure.
3. A actin-rich structure formed at leading 
edge, which is called actin brush is crucial 
for cell motility.

Mechanism 

Cell motility by blebbing

E-cadherin

Prominent activation of 
RacI is essential for actin
brush formation.

Actin retrograde flow 
important for actin dynamics 
require RhoA activation.

E-cadherin mediates 
retraction force generated 
by cell-cell adhesion, and 
also actin brush formation.
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EGFP

Developmental Cell 11, 613–627, November, 2006

 A GFP derivatives that carries a point mutation (F64L).

 Mutant to this scaffold has higher folding efficiency in 37°C.

 EGFP opened for using GFPs in mammalian cells.



Filamentous actin (F-actin)

Molecular and Cellular Biology, September 2002, p. 6582-6591, Vol. 22, No. 18

Globular actin (G-actin)

F-actin

Microfilament 
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 a Morpholino is a synthetic molecule antisense to target 

RNAs used to modify gene expression.

 Morpholinos do not degrade their target, unlike many 

antisense structural types (e.g. phosphorothioates, siRNA). 

Instead, their function as steric block. 

Morpholino

DNA

RNA

Morpholino

Protein
translation 
blacked
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Manipulation of Rac1 and RhoA qctivity

 Decrease Rac1 activity

 Expression of membrane-targgeted Rac1-binding 

domain of downstream effector P21/Cdc42/Rac1-

activated kinase 1 .

 Increase of Rac1 activity

 Expression of  constitutive active RacV12

 Decrease RhoA activity

 Expression of membrane-targgeted RhoA-binding 

domain of downstream effector protein kinase N1

 Increase RhoA activity

 Expression of  constitutive active RhoAV14

Developmental Cell 11, 613–627, November, 2006

PAK1 structure

PKN1 structure



FRET-based biosensor

Molecular and Cellular Biology, September 2002, p. 6582-6591, Vol. 22, No. 18

•FRET
Fluorescence resonance energy transfer


