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Il	
  n'est	
  rien	
  à	
  quoy	
  il	
  semble	
  que	
  
nature	
  nous	
  aye	
  plus	
  acheminé	
  qu'à	
  la	
  
societé.	
  Et	
  dit	
  Aristote	
  que	
  les	
  bons	
  
legislateurs	
  ont	
  eu	
  plus	
  de	
  soing	
  de	
  

l'ami)é	
  que	
  de	
  la	
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There	
  is	
  nothing	
  to	
  which	
  nature	
  seems	
  so	
  
much	
  to	
  have	
  inclined	
  us,	
  as	
  to	
  society;	
  	
  
and	
  Aristotle	
  	
  says	
  that	
  the	
  good	
  legislators	
  
had	
  more	
  respect	
  to	
  friendship	
  than	
  to	
  jus)ce.	
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Introduction: 
The Plasma Membrane 



The Players in the Plasma Membrane 



POPC 

POPE 

 UNSATURATED LIPIDS 

POPS 



Effect of a cis double bond 



sphingomyelin 

Saturated Lipids 



CHOLESTEROL 



Taking	
  a	
  broad	
  view	
  

•  In	
  the	
  last	
  few	
  years,	
  one	
  has	
  observed	
  the	
  
following:	
  



- 
2:1 DPPC/DOPC  

+20% Chol.  
@30C.(~303K) 

1:1 DPPC/DOPC  
+30% Chol.  

@30C.(~303K) 

20 microns 

HIGH 
TEMP. 

Micrographs courtesy of Sarahs Veatch and Keller  

Phase	
  Separa)on:	
  in	
  vitro	
  	
  



Vacuole membrane proteins segregate into domains in Stat-phase.  

Toulmay A , and Prinz W A J Cell Biol 2013;202:35-44 
©2013 by Rockefeller University Press 

and	
  in	
  vivo	
  



Modulated	
  Phases:	
  in	
  vitro	
  



Mixture	
  of	
  
cholesterol,	
  DPPC,	
  
and	
  DPhyPC	
  
	
  
Stanich	
  et	
  al.	
  
BJ	
  105,	
  444	
  (2013)	
  
	
  	
  
Image	
  courtesy	
  
of	
  Sarah	
  Keller	
  



Figure	
  2	
  	
  	
  GUV	
  pa]erns	
  as	
  POPC	
  is	
  replaced	
  by	
  DOPC	
  are	
  (	
  A	
  )	
  uniform;	
  (	
  B	
  )	
  con)nuous	
  Lo	
  with	
  asymmetric	
  Ld	
  domains;	
  (	
  C	
  )	
  honeycomb;	
  (	
  D	
  )	
  
irregular	
  patches	
  of	
  Lo;	
  (	
  E	
  )	
  regular	
  striped	
  pa]ern;	
  and	
  (	
  F	
  )	
  round	
  macro	
  Lo+Ld	
  domains,	
  with	
  composi)ons	
  of	
  DS...	
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Figure 2: Localization patterns of plasma-membrane
proteins.
From
Patchwork organization of the yeast plasma membrane into numerous
coexisting domains
Felix Spira, Nikola S. Mueller, Gisela Beck, Philipp von Olshausen, Joachim Beig & Roland
Wedlich-Söldner
Nature Cell Biology  14,  640–648  (2012)  doi:10.1038/ncb2487

(a) TIRFM images of GFP-labelled proteins revealed inhomogeneous localization with patterns ranging
from patch-like to network-like. Coloured frames represent functional classes as in Fig. 1a.
(b) Representative intensity profiles of patch and network patterns along the dashed arrows in a.

Localization patterns of plasma-membrane proteins. : Patchwork... http://www.nature.com.offcampus.lib.washington.edu/ncb/journ...
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and	
  in	
  vivo	
  



And,	
  of	
  course,	
  in	
  the	
  mammalian	
  
plasma	
  membrane,	
  one	
  sees	
  





But	
  believes	
  that	
  there	
  are	
  inhomogenie)es	
  
of	
  order	
  20-­‐100	
  nm............ra7s	
  



But	
  believes	
  that	
  there	
  are	
  inhomogenie)es	
  
of	
  order	
  50	
  to	
  100	
  nm............ra7s	
  

The	
  	
  central	
  ques)on	
  concerning	
  ra7s	
  is:	
  
	
  
Where	
  does	
  this	
  length	
  come	
  from?	
  



In	
  an	
  ordinary	
  fluid,	
  the	
  correla)on	
  
	
  length,	
  ξ0,	
  is	
  ~3nm,	
  not	
  large	
  enough.	
  
	
  
	
  Of	
  course	
  near	
  
	
  a	
  cri)cal	
  point,	
  ξ∼ξ0t-­‐ν	
  	
  becomes	
  large,	
  
	
  but	
  one	
  must	
  be	
  near	
  a	
  cri)cal	
  point………	
  
	
  
	
  



We	
  would	
  like	
  a	
  model	
  that	
  
encompasses	
  all	
  of	
  the	
  behavior	
  

	
  noted.	
  
	
  
	
  	
  



We	
  would	
  like	
  a	
  model	
  that	
  
encompasses	
  all	
  of	
  this	
  

Phase	
  separa5on:	
  What	
  drives	
  it?	
  	
  
Packing	
  constraints;	
  compe))on	
  for	
  space	
  between	
  	
  
saturated	
  and	
  unsaturated	
  lipids.	
  



We	
  would	
  like	
  a	
  model	
  that	
  
encompasses	
  all	
  of	
  this	
  

Phase	
  separa5on:	
  What	
  drives	
  it?	
  	
  
Packing	
  constraints;	
  compe))on	
  between	
  saturated	
  
	
  and	
  unsaturated	
  lipids.	
  

NB:	
  Cytoplasmic	
  leaf	
  is	
  almost	
  en)rely	
  unsaturated	
  lipids.	
  
Must	
  include	
  coupling	
  to	
  outer	
  leaf.	
  Even	
  then,	
  degree	
  of	
  
	
  separa)on	
  in	
  inner	
  leaf	
  is	
  problema)c.	
  



We	
  would	
  like	
  a	
  model	
  that	
  
encompasses	
  all	
  of	
  this	
  

Phase	
  separa5on:	
  What	
  drives	
  it?	
  	
  
Packing	
  constraints;	
  compe))on	
  between	
  saturated	
  
	
  and	
  unsaturated	
  lipids.	
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Modulated	
  phases;	
  	
  What	
  drives	
  them?	
  
	
  
Not	
  obvious.	
  One	
  possibility:	
  
Major	
  components	
  of	
  cytoplasmic	
  leaf,	
  PE	
  and	
  PS	
  have	
  	
  
very	
  different	
  shapes	
  	
  

PE	
   PS	
  



Modulated	
  phases;	
  	
  What	
  drives	
  them?	
  
	
  
Not	
  obvious.	
  One	
  possibility:	
  
Major	
  components	
  of	
  cytoplasmic	
  leaf,	
  PE	
  and	
  PS	
  have	
  	
  
very	
  different	
  shapes	
  	
  

PE	
   PS	
  

that	
  is,	
  	
  very	
  different	
  spontaneous	
  curvatures	
  	
  
(DOPS	
  	
  +6.9x	
  10-­‐2	
  /nm,	
  DOPE	
  	
  -­‐33.3x	
  10-­‐2/nm)	
  
	
  



Height	
  fluctua)ons	
  couple	
  to	
  concentra)on	
  difference	
  
(S	
  Leibler	
  and	
  DA	
  Andelman,	
  J.	
  Phys.	
  48,	
  2013	
  1987)	
  
	
  

PC

SM

PS

PE

Chol



height	
  fluctua)ons	
  	
  
	
  	
  	
  	
  	
  of	
  membrane	
  

coupling	
  
To	
  membrane	
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This	
  introduces	
  a	
  new	
  length	
  
characteris)c	
  of	
  the	
  membrane	
  

L=(	
  κ/γ)1/2	
  
	
  

For	
  κ=2x10-­‐19J	
  and	
  γ=1x10-­‐5J/m2	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (	
  κ/γ)1/2=141	
  nm	
  
	
  	
  



F /
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2
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o

Minimize	
  with	
  respect	
  to	
  h(k)	
  and	
  obtain	
  
	
  

F /
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Note	
  that	
  this	
  favors	
  non-­‐uniform	
  phases.	
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For	
  sufficiently	
  large	
  coupling,	
   Γ,	
  	
  this	
  brings	
  about	
  a	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  modulated	
  phase.	
  
	
  
	
  

Soft Condensed Matter

A Brewster Angle microscopy image that shows the
appearance of a spatially modulated stripe phase in a

Langmuir monolayer of a phospholipid-cholesterol system.
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silica/surfactant	
  nanostructured	
  composites	
  by	
  co-­‐assembly	
  
	
  (McGehee	
  et	
  al.	
  1994)	
  	
  



For	
  sufficiently	
  large	
  coupling,	
   Γ,	
  	
  this	
  brings	
  about	
  a	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  modulated	
  phase.	
  
	
  
For	
  smaller	
  couplings,	
  it	
  brings	
  about	
  a	
  structured	
  fluid	
  
	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  A	
  microemulsion	
  
	
  



What	
  characterizes	
  a	
  microemulsion?	
  

Peak	
  in	
  the	
  structure	
  func)on,	
  S(k),	
  is	
  at	
  non-­‐zero	
  k.	
  
	
  
Suscep)bility	
  is	
  greatest	
  to	
  perturba)ons	
  of	
  	
  non-­‐zero	
  k.	
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What	
  characterizes	
  a	
  microemulsion?	
  

Peak	
  in	
  the	
  structure	
  func)on,	
  S(k),	
  is	
  at	
  non-­‐zero	
  k.	
  
	
  
Suscep)bility	
  is	
  greatest	
  to	
  perturba)ons	
  of	
  	
  non-­‐zero	
  k.	
  
	
  
Locus	
  at	
  which	
  peak	
  moves	
  off	
  zero	
  is	
  the	
  Lifshitz	
  line.	
  	
  
Observable	
  in	
  principle	
  by	
  neutron	
  sca]ering.	
  



What	
  characterizes	
  a	
  microemulsion?	
  

Two	
  length	
  scales:	
  	
  ξ 	
  and	
  λ	
  	
  

g(r) / e�r/⇠

r1/2
cos(2⇡r/�)

When	
  λ-> 	
  1 (disorder	
  line)	
  	
  microemulsion	
  -­‐>	
  no	
  modula)on	
  

When	
  ξ -­‐>	
  1 microemulsion-­‐>	
  modulated	
  phase	
  



There	
  is	
  no	
  phase	
  transi)on	
  between	
  a	
  
microemulsion	
  and	
  an	
  ordinary	
  fluid	
  

•  Dis)nc)on	
  is	
  arbitrary	
  
•  Lifshitz	
  line	
  (mo)on	
  of	
  peak	
  of	
  S(k)	
  )	
  
•  Disorder	
  line	
  (divergence	
  of	
  wavelength	
  λ)	
  



Within	
  the	
  microemulsion,	
  the	
  
characteris)c	
  correla)on	
  length	
  is	
  	
  

L = (/�)1/2

(⇠0L)
1/2 = [(3nm)(142nm)]1/2 = 21nm



As	
  one	
  goes	
  from	
  normal	
  fluid	
  to	
  
microemulsion,	
  the	
  correla)on	
  length	
  

increases	
  from	
  ξ0	
  to	
  ξ∼(ξ0L)1/2	
  	
  
	
  

This	
  may	
  be	
  the	
  length	
  we	
  have	
  been	
  
looking	
  for.	
  

	
  

	
  



Put	
  this	
  all	
  into	
  a	
  simple	
  Landau	
  model	
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Mean-­‐Field	
  Phase	
  Diagram	
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Conclusion:	
  Disordered	
  phase	
  is	
  a	
  microemulsion	
  



A	
  nice	
  experimental	
  test	
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modulated	
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Start	
  in	
  mod	
  phase	
  	
  and	
  increase	
  	
  
the	
  surface	
  tension.	
  Do	
  they	
  disappear?	
  	
  

2	
  



Puung	
  it	
  all	
  together	
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Small	
  changes	
  in	
  membrane	
  
proper)es	
  can	
  take	
  a	
  system	
  from	
  one	
  

phase	
  to	
  another	
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There	
  is	
  nothing	
  to	
  which	
  Nature	
  hath	
  
more	
  addressed	
  us	
  than	
  to	
  socie)e.	
  
And	
  Aristotle	
  saith	
  that	
  perfect	
  Law-­‐
givers	
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