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In generale, aggregati di NP si 
comportano come una NP più grossa.

RecQ4, 
ATP in HAB 

A B



  

PaGES	
  2	
  

Ma come si fanno aggregare le NP in 
modo controllato?
Per esempio con il DNA

RecQ4, 
ATP in HAB 

A B
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Base	
  pairing	
  	
  

DNA
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Liga,on	
  of	
  s,cky	
  ends	
  

• restriction enzymes:
cut DNA at specific sequences
• ligases:
link two DNA pieces covalently
• helicase: 
unwinds DNA
• topoisomerases: 
Change topology (linking, winding 
number)
• DNA/RNA polymerases:
make copies
• DNA binding proteins:
help in recombination, function as
transcriptional modulators, etc.

Courtesy of Friedrich C. Simmel, LMU, Munich

DNA Biotechnology
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It is the combination of in 
vitro hybridization and 
synthetic branched DNA 
that leads to the ability to 
use DNA as a construction 
material

DNA Biotechnology
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DNA can be used to: 
 
• Build nanostructures 
• guide materials synthesis 
• construct nanomechanical devices 
• perform computations 

DNA molecule with the connectivity of a cube. The six backbone strands are
represented by the colored balls and the bases are all drawn in white. Note that the 
molecule is a hexacatenane, with the six strands linked to each other. Each single strand 
corresponds to a face of the molecule
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L'evoluzione ha dotato il DNA di una capacità straordinaria di codificare le 
informazioni:
un solo grammo di DNA può memorizzare circa 700 terabyte, cioè 
700.000 gigabyte d'informazione, corrispondente a circa 14.000 Blu-ray disc. 
E questo può durare milioni di anni, come dimostrano le ricerche di recupero e di 
sequenziamento del DNA di antiche specie animali e vegetali. 
Ecco perché, una delle applicazioni più interessanti, anche se di là da venire, degli 
origami a DNA è la memorizzazione di dati. (Le Scienze, 2016)
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DNA origami

https://www.youtube.com/watch?v=Trg2__Lgnc0
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Ma come si fanno aggregare le NP in 
modo controllato?
Per esempio con il DNA
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Self-assembly

Membranes are made of strongly anisotropic molecules
Strongly anisotropic molecules like to self-organizing
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Self-organized monolayers (on liquid surfaces)

Langmuir Films 

The term ‘‘molecular self-assembly” refers to spontaneous formation of an ordered 
molecular overlayer on the surface, often proceeding through several consecutive stages 
where 1D and 2D ordered structures can also exist. 

Thermodynamically, molecular self-assembly proceeds toward the state of lower entropy , 
and must therefore be compensated by a sufficient decrease of enthalpy due to 
intermolecular and molecule-surface interactions. 
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Self-organized monolayers (on solid surfaces)

Langmuir-Blodgett Films 
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The simplest example of self-assembling is given by self-assembled monolayers (SAMs): 
SAMs are distinguished from surfactant layers by the fact that one end of the molecules 
is designed to have a favorable and specific interaction with the surface of interest. This 
results in the formation of a stable monolayer
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Self-organized monolayers (on solid surfaces)
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The high affinity of thiols for noble and coinage metal surfaces makes it possible to generate surfaces with 
useful and tunable chemical function.
Once molecules adsorbed on the surface, the formation of ordered and closely packed arrangement starts. 
It  depends upon the intermolecular interactions, such as van der Waals, dipole or π-π interactions.
The terminal group confers specific properties to the surface (hydrophobic/hydrophilic)
 

−COOH, −CF3 −SH, −OH 

Alkanethiol SAMs 
Typical height: 1-3 nm, 
can be considered as 
nanometer-sized films
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L’anima metallica:
la dimensione determica le proprietà ottiche e 
elettroniche del materiale
Il SAM:
è responsabile della stabilità, della solubilità e 
delle interazioni delle NP con l’ambiente 
(funzionalità)
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In generale, aggregati di NP si 
comportano come una NP più grossa.

RecQ4, 
ATP in HAB 

A B
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Reazioni enzimatiche: elicasi
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Reazioni enzimatiche: elicasi

Aggregazione di NP
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Esperimento di melting (senza enzima)

524 nm: AuNP 20 nm SPR peak
260 nm: free DNA SPR peak  

Disgregazione degli assemblati di NP:  aumento 
del picco a 524 nm
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Disgregazione degli assemblati di NP in presenza 
dell’enzima ( e di ATP)
Aumento del picco a 524 nm rispetto a quello a 
650 nm



  

PaGES	
  2	
  



  

PaGES	
  2	
  



  

PaGES	
  2	
  



  

PaGES	
  2	
  



  

PaGES	
  2	
  



  

PaGES	
  2	
  



  

PaGES	
  2	
  



  

PaGES	
  2	
  

Rilascio
Unità di riconoscimento
Unità funzionale

Farmaco Vettore

Distretto 
malato

Riconoscimento


