
Zhou	  et	  al	  PNAS	  2014	  Sanchez	  et	  al,	  Nature	  2012	  

30µm

2D	  suspensions	  of	  microtubule-‐
kynesin	  bundles	  	  at	  oil/water	  interface	   E.	  Coli	  swimming	  in	  nemaHc	  LC	  



Duclos	  et	  al,	  SoJ	  MaLer	  (2014)	  

fibroblasts	  

Narayan	  et	  al.,	  Science	  (2007)	  

VerHcally	  vibrated	  granular	  rods	  





mcm
Sticky Note
Must also include condition that |n|=1 - see projection operator \delta^T









free	  slip	  walls	   no	  slip	  walls	  

nematic 





•  Giomi,	  Bowick,	  Ma	  &	  MCM,	  PRL	  110,	  228101	  (2013);	  Giomi	  et	  al,	  Phil	  Trans	  A	  2014	  
•  Thampi,	  Golestanian	  &	  Yeomans,	  PRL	  2013;	  EPL	  2014;	  Phil	  Trans	  A	  2014	  
•  Gao	  et	  al,	  PRL	  2015	  

AcHve	  nemaHc	  hydrodynamics	  yields	  self-‐
sustained	  flow	  &	  defect	  proliferaHon	  

0	  

1	  

-‐0.2	  

+0.2	  
Order	  parameter	  &	  director	  field	   VorHcity	  &	  flow	  velocity	  



Spontaneous	  VorHcity	  &	  Defect	  ProliferaHon	  

Also:	  Thampi	  et	  al,	  2013,	  2014;	  Gao	  et	  al	  2015	  

defect-‐anHdefect	  pairs	  in	  the	  
order	  parameter	  are	  created	  at	  

the	  interface	  between	  
opposite-‐sign	  flow	  vorHces	  
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Scaling	  controlled	  by	  length	  	  	  	  	  	  	  of	  linear	  instability	  ⇠↵

`d defect separation

E.	  Hemingway,	  Mishra,	  Fielding,	  MCM	  
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Ac2ve	  Backflow	  

r · v = 0

Director	  distor2ons	  from	  disclina2ons	  yield	  ac2ve	  stresses	  that	  
act	  as	  a	  source	  for	  flows	  à	  solve	  for	  flow	  in	  Stokes	  limit	  

@tv = ⌘r2v + ↵r ·Q

+1/2	  

v
core

= 0

-‐1/2	  

,	  

direc2on	  depends	  
on	  sign	  of	  α	  

extensile	  contrac2le	  

v
core

⇠ ↵/⌘

Giomi,	  Bowick,	  Ma	  &	  MCM,	  PRL	  2013	  

Pismen,	  PRE	  2014	  



Bounding	  fluids	  cut-‐off	  divergence	  	  

fluid	  1	  	  η1	  

fluid	  2	  	  η2	  

ac2ve	  nema2c	  
film	  η0	  

⇠ =
p

d2⌘R/⌘2

⌘R = ⌘0 + ⌘1d1 + ⌘2d2
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Ac2ve	  Defects	  as	  ``Self-‐Propelled’’	  Par2cles	  

No	  backflow	  à	  pair	  dynamics	  
controlled	  by	  balance	  of	  fric1on	  
and	  a5rac1on	  	  

x = x+ � x�

In	  the	  presence	  of	  
ac2ve	  backflow	  defects	  
ride	  with	  the	  flow	   vb(x) ' �(↵/⌘)R�(x� x+)

Extensile	  
ac2ve	  
nema2c	  

⇣ẋ = �r [K ln(x/a)]

⇣ [ẋ± � vb(x)] = �r [K ln(x/a)]



t=45h	  t=30h	   t=75h	  

600 µm 

Contrac2le	  system:	  fibroblasts	  monolayer	  
G.	  Duclos,	  …	  Silberzan,	  SoS	  MaBer	  2013	  



+1/2	  defects	  as	  SP	  par2cles	  
ûi = (cos i, sin i)

Ø  Self-‐propulsion	  propor2onal	  to	  ac2vity	  
Ø  Sign	  of	  SP	  controlled	  by	  extensile/contrac2le	  
nature	  of	  ac2ve	  forces	  
Ø  Forces	  and	  torques	  obtained	  from	  
equilibrium	  interac2ons:	  

Epair ⇠ �s1s2K ln |r1 � r2|
Torque	  obtained	  from	  interac2on	  
energy	  of	  two	  ±1/2	  dipoles	  in	  the	  limit	  
D1,D2à∞	  

s=+1/2	  

s=-‐1/2	  

ri



q Topological	  defects	  as	  fingerprints	  of	  symmetry	  
(nema2c	  vs	  polar)	  

q Direc2on	  of	  mo2on	  of	  +1/2	  defect	  reveals	  extensile/
contrac2le	  nature	  of	  ac2ve	  stresses	  



Keber	  …	  MCM	  et	  al,	  Science	  2014	  

Nema2c	  order	  on	  a	  sphere	  
requires	  a	  +2	  topological	  charge	  

Ac2ve	  MT	  suspension	  
in	  a	  lipid	  vesicle	  
à	  2d	  nema2c	  on	  the	  
surface	  of	  a	  sphere	  

Four	  +1/2	  defects	  
at	  the	  corners	  of	  a	  

tetrahedron	  

Two	  +1	  defects	  at	  
the	  poles	  

lipid	  
molecule	  

vesicle	  



In	  ac2ve	  nema2c	  defects	  
oscillate	  between	  
tetrahedral	  and	  planar	  
configura2ons	  

Frequency	  set	  by	  size	  of	  
sphere	  and	  ATP	  
concentra2on	  (12	  mHz)	  

h↵i = 1

6

X

i<j

arccos

⇣ri · rj
R2

⌘

h↵itetr = 109�

h↵ipl = 120�



Oscilla2ons	  for	  	  
h↵i = 1

6

X

i<j

arccos

⇣ri · rj
R2

⌘

v0 ⇠ activity

viscosity

R frequency ⇠ v0/R

Defect	  core	  transla2on	  lags	  
reorienta2on	  





Smaller	  
vesicles	  

Silke	  Henkes	  (Aberdeen)	  	  
Rastko	  Sknepnek	  (Dundee)	  
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