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Nanoconcentrators 
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DNA retraction by entropic recoiling from nano- to microchannel 

Single	
  molecule	
  tug-­‐of-­‐war	
  of	
  DNA	
  	
  

frecoil frecoil 

F = U − TS; f = −grad(F) = T grad(S) 

Understanding the entropic forces acting on the DNA 
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(Burkhardt et al., J.Phys A, 1997) 

  What do we expect? 
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Recoiling force    

is lp independence 

(Turner et al., PRL 2002) 

(cylindrical tube diameter (D) << persistence length (P)) 
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  What do we expect? 

(Mannion et al, Biophys. J.,90,4538 
2006) 

(90X100 nm 
nanochannle) 

Estimated recoiling force ~ 200 fN 
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micro-channel 

nano-slit 

micro-channel 

(size of nanoslits is 
100 nm depth, and 
3 µm length) l=3 um 
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of nanoslits is 100 nm depth, and 3 µm length 

Nanoslit： 
100 nm depth 
20 µm length 

3x speed 



Discussion	
  

Smith et al., Nature  413, 748 (2001) 

Bacteriophage φ29 packages its 6.6 µm long, double-stranded DNA into 42 X 54 nm capsid. 

There are entropic, electrostatic and bending energies of DNA which need to be 
overcomed to package the DNA to near-crystalline density. 

Comparing to our results, the entropic recoiling force of 50 nm nanoslits is around 
1 pN. 

The highest force 
is 55 pN. 



Macromolecule conformation and 
dynamics in micro- and nano-

channels are controlled by 

Thermal/Entropic forces 

Electrostatic forces 

Steric (Excluded volume) forces 

Fluid / Hydrodynamic forces 

Micro → Nano : 

Polymer conformational freedom is 
restricted : Entropy ↓ 

Debye length / channel height ↑ : 
Electrostatics ↑  

Diffusion length / channel height ↓ : 
Hydrodynamics screened  

Goals:  Develop theory and simulations to help exploit the balances of forces in 
 strong confinement in order to manipulate DNA molecules and proteins 
 for nanopore detection 

Courtesy Dr. YL Chen 



Problems 

Chain dynamics in < 100nm channels 
is not well understood 

Electrostatic interactions 
in strong confinement 

Hybrid lattice-Boltzmann/Brownian 
dynamics simulations to capture DNA 

dynamics and interactions with the 
fluid 

•  Translocation micro- to nano-channel  

•  Inside the  nanochannel 

•  Collision with microposts  
and stretching 

As the nano-channel size approach 
the Debye length (5-20 nm), 
electrostatic interactions are 

comparable or stronger than the 
entropic and fluid forces 

Develop coarse-grained simulations 
that fully captures DNA/Protein/Ion 

interactions in nanochannels 

Courtesy Dr. YL Chen 



A single α-hemolysin channel (Ø =2.5 nm) embedded in a lipid bilayer 

Nanopore Single-molecule sequencing 



Solid State Nanopore DNA Sequencing 

Nature Biotechnology 10, 1145 (2008)‏ 
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Nanopore single-molecule sequencing 

Dekker group, Nat. Mater. 2003 

D. Branton, J. Golovchenko, Harvard 
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Electric Potential/Field Distribution 

Potential drop and field focusing mostly occurs at the nanopore! 



Spatial Localization - Nanopore 

Localize DNA for Measurement Controlled Propagation for Precision 

Nanotechnology 20 (2009) 185101 



J. Tegenfeldt 

Polymer dynamics in confined nanoenvironment 



Transcriptional factor (TF) mapping/ 
Identify protein binding sites 

Coiled protein-binding DNA 
Fully-stretched DNA in nanochannels 

(AS Nano program) 

TF mapping Barcode reading 
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Bright Field Image of Nanoslit  
and Nanochannels 

SEM Image of Etched Nanoslit  
and Nanochannels 

More Closer Look at The Nanochannels 
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Micro-to-nano Interface 

1D Nanochannels 

Interface 

Fluid In Fluid Out 

Nanochannel 

Microchannel 

PSQ 

Micro-to-nano 
Interface 

DNA strands going up the ramp in the 
interfaced area (movie) 

Gu, Gupta, Chou et al. Lab Chip, 7, 1198 (2007)  

World-micro-nano interfacing  
	
  Con>nuous	
  reduc>on	
  of	
  entropy	
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  In entropic recoiling at a micro-nanofluidic 
interface, how does one derive the 
retraction length with a sqrt(t) dependence?!

(Turner, Craighead et al., PRL 2002) 

(Mannion et al, Biophys. J.,90,4538 2006) 


