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DNA	  advantage:	  
• 	  The	  code	  is	  composed	  by	  only	  four	  monomers	  and	  hence	  is	  easy	  to	  program	  
• 	  The	  resul6ng	  structure	  is	  easily	  predictable	  

DNA	  nanostructure	  use:	  
• 	  rigid	  building	  blocks	  
• 	  molecular	  cages	  
• 	  DNA	  motors	  and	  fuels	  
• 	  applica6on	  of	  DNA	  la;ces	  to	  protein	  structure	  determina6on.	  
• 	  drugs	  delivery	  
• 	  replicas	  of	  natural	  structures	  

Reference: 
•  R. P. Goodman, R. M. Berry, A. J. Turberfield, The single-step synthesis of a 

DNA tetrahedron, Chem. Comm. 1372-1373 (2004) 
•  J. Bath, S. J. Green, A. J. Turberfield, A free-running DNA motor powered by a 

nicking enzyme, Angew. Chem. Int. Ed. 44, 4358-4361 (2005) 



12 Double Helices 

24  Seven Thymidine  Single Strand 



Theore6cal	  complementary	  green	  region	  
annealing	  temperature	  =	  56°C	  

Theore6cal	  complementary	  red-‐blue	  region	  
annealing	  temperature	  =	  28°C	  

G1-‐G2	  G3-‐G4	  G5-‐G6	  G7-‐G8	  

	  B1-‐R3	  B2-‐R8	  B3-‐R5	  B4-‐R2	  	  

B5-‐R7	  B6-‐R4	  B7-‐R1	  B8-‐R6	  

O1	   GCCACCAGGTTTCGATGTCTAAGCTGACCGTTTGGACCGTGATTCCATGACTTTCTTAGAGTT	  

O2	   TGGCTACAGTTTCGGTCAGCTTAGACATCGTTTGAATCCTATGCTCGGACGTTTGGCTCACAT	  

O3	   TCACGGTCCTTTCTATCCGATCGAGGCATGTTTCATACTGAGAGCGTTCCGTTTGTCATGGAA	  

O4	   CAGATACGCTTTCATGCCTCGATCGGATAGTTTCTGTAGCCAATGTGAGCCTTTGTCGCAGTT	  

O5	   CTCAGTATGTTTCGGTTACGGTACAATGCCTTTCGCAAGACGTTAGTGTCCTTTCGGAACGCT	  

O6	   GGTGTATCGTTTGGCATTGTACCGTAACCGTTTGCGTATCTGAACTGCGACTTTCCACCGAAT	  

O7	   CGTCTTGCGTTTGTATGACGCAGCACTTGCTTTCCTGGTGGCAACTCTAAGTTTGGACACTAA	  

O8	   ATAGGATTCTTTGCAAGTGCTGCGTCATACTTTCGATACACCATTCGGTGGTTTCGTCCGAGC	  



•  5’	  extremi6es	  ac6va6on	  
3’	  OH-‐|||||||||||||||||||-‐OH	  5’	  	  	  	  	  	  	  

	   	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  T4	  polynucleo6de	  kinase,	  	  	  
	   	   	   	   	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  30	  min,	  37	  °C	  

3’	  OH-‐|||||||||||||||||||-‐PO4
3-‐	  5’	  	  	  	  

•  Hea6ng	  to	  65°C	  for	  10	  min	  
•  Cooling	  by	  0.25°C/min	  un6l	  30°C	  
•  T4	  DNA	  ligase	  addi6on	  
•  Cooling	  by	  0.25°C/min	  un6l	  16°C	  







SAXS reconstruction 

Correct assembly due  
to the careful design of 

the sequences 

Andersen et al, (2007).  Assembly and structural analysis of 
a covalently closed nano-scale DNA cage.  Nucleic Acids 
Res. 36, 1113-1119. 

cryo-TEM reconstruction 

12	  	  Double	  Helices	  

24	  	  Seven	  Thymidine	  base-‐pair	  Single	  Strand	  



MD	  Simula6on	  

Total Atoms   
 392955    

Water molecules   124425   
Na+ ions   

 600   
Simulation box side X (Å)  171   
Simulation box side Y (Å)  158   
Simulation box side Z (Å)  161   

 The high resolution model 
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MD SIMULATION 



The longest are the thymidine 
strands,  

 
The easiest is the self-assembly 

Self-‐assembly	  efficiency	  
	  influence	  of	  thymidine	  strand	  lenght	  
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Possible mechanism of incorporation 



The increased mobility of Cagehp(3T) at 4°C relative to 37°C suggests that the 
cage undergoes a conformational change attaining a more closed structure at low 
temperature and a more open structure at high temperature.	  







Two 50 ns MD simulations have been 
performed, starting from the same nanocage 
model at the experimental temperatures of 

277K and 313 K: 

  277K                                      313K 



 277K 
 313K
 single-strand  
 hairpin-loop 
 linker 

The hairpins-loop represent the 
regions with the highest level of 

fluctuation at both temperatures. 



         277K                313K 

• substantial reduction in the average number of hydrogen bonds; 

• double helices instability due to the kinetic energy increase . 



  277K             313K 



  277K         313K 
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Surface defined by 3 double 
helices, directly connected 
to each other through a 

linker region. 

Initial Extension: 18 nm2 



Cagehp(3T) at 4°C (black bars) at 37°C (dark grey bars). Cage(7T)at 37°C light grey bars). 



Expansion due to two kinds of rotational motions (one 
parallel to the helix axis and the other perpendicular to the 
base-pair at the helix extremity) that lead to an increase in 

the faces size.  



  HRP can be reversibly encapsulated 
  Encapsulation occurs because of fluctuations/deformations 

occurring at high temperature 
  This the first example of a reversible and controlled 

encapsulation and release 


