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Bright field TEM image of negatively  

Stained capsid protein assembly in vitro  

NMR 2D 13C-13C correlation spectrum  
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The backbone structure of protein  



Outline 

1. Background of the problem 

 

2. Model set up 

 

3. What we did 

 

4. What can we do 

 

5. What we want to achieve 



The capsid is essential to HIV virus 

Pornillos et al., Cell (2009) 

Ganser-Pornillos et al., 

J. Virology (2004) Cameron Slayden Proposed structure of capsid: 

Ganser et al., Science (1999) 

Facts 

~120 nm 

25 million 

33.3 million 

No Cure !!! 



Coexistence of rigid and flexible regions of CA  

Bo Chen and Robert Tycko, Protein Science (2009) 

Flexible: 

 

Rigid: 
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CA assembly in 2-dimension 

Metropolis Criterion: 

rand_num  <  exp(-DE/kT) 

Attractive Interaction 

Repulsive Interaction: 

No collision & overlap 

Baillie, C.F. et al. Phys. Rev. D. (1989) 

Meakin,P. et al. JCP (1983) 



Spontaneous assembly in 2D 



Stability of various oligomeric intermediates 

Stochastic ~ exp(-DE/RT) 

40/KBT 

Exp Val ~ 2- 4 kcal/mol 



Driving forces and phase diagram of self-assembly 



Self-assembly is not nucleated by template 

Bo Chen et al. Biophysical Journal 2011 



Semi 3D simulation of self-assembly 



Correlate assembly mechanism with protein structure 

Zhao, Gongpu and Perila, Juan et al. Nature 2013 



Current Status 

200 subunits assembly in 4 days on one Xeon E5 1620 (4 core 3.5 GHz). 

Openmp helps the best. Multi-threading with dynamic workload schedule. 

Sorted Verlet list(pair list) improves the efficiency 170-180%. 

Simulate assembly of different curvatures based on experimental constraints. 

Simulate gag polyprotein assembly, the immature capsid lattice. 

10x speed to boost the system size ~ 2000 or more 

Better collision detection algorithm improves the efficiency 10-fold 

Goal => the need for speed 



OPENMP Parallelization 



New Hope 

Movie 
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Seeded growth 


