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Old campus,  
established in 
1912 
 
 



3 Nobel Prize 
laureates in Chemistry in 7 years 

 
Distinguished Profs.  
Aaron Ciechanover, Avram Hershko   2004  

“for the discovery of ubiquitin-mediated 
protein degradation” 
 
 
Distinguished Prof. Dan Shechtman     2011 
 

“for the discovery of quasicrystals” 





Holey Film 

Hole size: 1-6 µm Sample thickness: 
50-300 nm 
Δt = ~4 ms ΔT = 245 °C 

Chestnut	et	al	(1992)	

LN2- inert, inexpensive but bad coolant   Ethane – excellent coolant 
Freezing temp -210°C        Freezing temp -183.2°C 

Boiling temp    -196°C        Boiling temp    - 88.6°C 



 
 

         Tail 

  
 
Head 

     monomers               micelle 
  



hg

hc

hg

hc

al
V

a
aP

⋅
==

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

ahc 

ahg 

 

l

vhc 

temperature 
concentration 
Ionic strength 



Shimoni & Danino, Langmuir, 2006 

ü  core-shell structure  
ü  spheres to worms 
ü  swollen endcaps 
  

50 nm 

* 



Candau	et	al																			
J	Phys	IV	(1983)	
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Composi#on	

Micelles  (‘living polymers’) – dynamic entities 
presenting high viscosity upon growth (confirmed) 
and -  low viscosity upon branching (speculated)  
	
	



 
	
	
	
	

Danino	et	al,		Science	(1995)	



 
	
	
	
	

Branching  - dynamic, fluid, transient         
        interconnections 



Danino,	in	
“Wormlike	
micelles”	

	(2017)	
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Always Spherical Micelles? 

ChEO10   

 

(OCH2CH2)10OH 

C12EO10  

100 nm 

 
D ~ 13 nm 

t  ~ 4-5 nm 

ottO 
Glatter 

    

P~1 

Danino	et	al,	J	Phys	Chem	LeH,	2016	

They can be Spherical 





Model Bile, Time Zero 



Model Bile  

 

1 hr after 
dilution 



Model Bile, 42 hrs after dilution 



How do the crystals grow ? 

Possibly by interaction between the bilayers 
and the growing crystal 

Hepatology (2000) 



 
Chiral Self-Assembly 

 
Bio-Inspired Building 

Blocks 
 

Shape Selection 
 

Design Rules 
 properties    

 
 
 
 
 
 



 

Sea	shells	
Sharon,	Science,	2011	

Bauhinia	pods	
Mahadevan,	Science,	2012	
Cucumber	Tendril	Coils	

Amyloid	fibrils	 NucleaQng		
Bile	

Danino	
Saibil,	PANS,	2002	

500 A◦ 100 nm 

Tobacco	Mosaic	Virus	(TMV)	
Sachse	et	al.,	J.	Mol.	Bio.	2007	

50 nm 

21	

50 nm 
50 µm 50 nm 

Endocytosis	
(dynamin)	
Danino		



1. Molecular design 

Dilauryllysine (C12-β12) 

Simple……      and smart 



Minutes	 24	hours	 1	week	 4	weeks	 4	months	

23 
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 – dynamic transitions between 
Gaussian and cylindrical curvature 

Danino,	PRL,	2011	

ü   Both width and pitch grow 

ü   Twisted ribbons are precursors of helical ones 

ü   The transition occurs at a defined ribbon 

width 

Quantitative cryo-TEM reveals 
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Shape evolution and statistics of self-assembled molecular chiral 
ribbons, using a reduced model of incompatible elasticity 

Sharon & Danino, Nat Comm, 2019 
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Can we control multilamellarity? 

Gradzielski	&	Danino	(unpublished)	
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							C12KC12K-NH2	+:	
£‒	5	pep#de	shells	
¯‒	3	pep#de	shells	+		
								external	PMA	
r‒	3	pep#de	shells	
Û‒	1	pep#de	shell	+		
							external	PMA	
�‒	1	pep#de	shell	=	NT	
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b)	

SAXS (ID02@ESRF)  

C12KC12K‑NH2		
Kratky-Porod	plot		

SANS analysis following the layering 
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Nanoparticle-lipid interactions (<Tm=41ºC) 
	
	

Michel,	Gradzielski	&	Danino,	
Sod	MaHer,	2013,	

SiNPs DPPC  



Nanoparticle-lipid interactions (>Tm=-18ºC) 
	
	

time 

DOPC, SiNPs 

β=0.6 3  
weeks 

β=0.3 

β=0 



Nanoparticle-lipid interactions (>Tm=-18ºC) 
	
	

DOPC, SiNPs 

2 
weeks 

New hybrid materials combining the vesicles 
softness with the NPs hard colloid properties 

β=1.2 



For:  
gels, liquid crystals, viscous 
samples, micro-scale structures 
                 
Disclose:  
shape, size, morphology 
heterogeneity of particles 
surface topology  
lateral periodicity 
symmetry and space group  
changes in the lattice  
parameter defects 
 
Elemental analysis  
 

Freeze-fracture 
and cryo-SEM 

 

http://elmilab.com 

fracturing 

etching 

replication 

floating 



+
Cationic 
liposomes 

Negatively 
charged DNA 

Lipoplexes 

Lamellar phase Hexagonal phase 

PEG More PEG 

Lipoplex formation 
 

Danino & Harries,  Biophys J, 2009 

Osmotically–induced transitions in lipid/DNA mesophases 

33 



dlipid 

dDNA Osmotically–induced transitions 
between lipoplex mesophases 

100 nm 



1:5 Hexanol:lipid 

P = 45 atm 

Danino & Harries, 
Biophys J, 2009 

 
lamellar-to-hexagonal transition at lower osmotic pressure 

35 
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Danino, Colloid Surface A, 2015  



 
Direct Detector, 
Phase Plates 

CCD, Phase Contrast 

200 nm 
Solans & Danino, J Colloid Interf Sci, 2019 



Kennedy	et	al.	Biophys	J,	2000	

50	nm	

 

Lindman,	Faraday		
Discussion		

Langer,	Danino	
Nature	Nanotech,	2014	
Nano	LeHers,	2016	

Selec#ve	Etching,	here	to	
‘expose’	encapsulated		siRNA	

 



Dynamin Family Members  

Involved	in	membrane			
fission	and	fusion,		intracellular	transport,		
membrane	morphology,		
an#viral	ac#vity,		 Danino & Hinshaw,  

Curr Opin Cell Biol, 2001 

		Common	characteris#cs:	
•  Biochemical	ac#vi#es	
•  Self-assembly	
•  Associa#on	with	
membranes	

	

Large GTPases  



Clathrin-Mediated Endocytosis 

Plasma membrane 

Coated 
vesicle 

Constricted pit Coated pit 

J.	Heuser,	JCB,	1980	

Coats (clathrin baskets) 
under the plasma membrane 
of fibroblasts 

1
2 3 4 



Dynamin 

Evergren et al., 2007 

Models for Dynamin Function 

Danino et al JSB 2004 

Molecular Spring 

Molecular garrote  

Molecular switch  



+GTP 

Dynamin 
•   Dynamin transforms vesicles into long helical tubes 
  

Danino et al JSB 2004 

•   GTP activity  results in membrane constriction  



100 nm 

Dynamin: Resolving Conformational 
Changes along the GTP Cycle 

Nucleotide binding  
Constriction 

Nucleotide Hydrolysis 
Disassembly 

Free dynamin 

Constriction 
5 sec 

Disassembly 
15 sec 

Assembled dynamin 



Mitochondrion 

Intermembrane space 



•   The protein-membrane complexes morphology and dimensions are  
    similar to the mitochondrial cristae structures 

Danino & McQuibban, JBC 2012 
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