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Background 
Computational modeling of ligand-protein binding has become a popular initial 
approach to design new drugs. However, most current structure-based drug design 
focus on the docking of  static crystal protein structure. Under natural condition, 
proteins are known to be dynamic in order to use different conformation to perform vital 
functions. It is important to understand these movements while protein is morphing. 
The experimental technology such as Crystallography and NMR could help us to get 
single snapshot of one conformation of the protein(Fig 1). On the other hand, 
computational protein morphing could provide us the full picture of the movement of 
protein during this process; these conformations could be further used as receptor for 
docking purpose. In this research, we implement the morphing algorithm by “linear 
interpolation”; we enable massive parallel programming to calculate and adjust the 
intermediate  protein pose (Fig 2). This algorithm could generate morphing 
intermediate poses at a very high speed. 
 

Algorithm 

IMPLEMENTATIONS 

BENCHMARKS 

The “linear interpolation” algorithm first takes a start and a end protein conformation plus the number 
of intermediated conformations as input (Fig 4).  

In this project, raw PDB file is the starting point of the input. The morph algorithm focuses on the 
alpha carbons and calculate only these atoms. So our first step is to transfer the PDB file to an array 
of coordinates of alpha carbons.  Each protein input is described as a float3 array.  

The proteinize function is to check whether the protein fulfill the protein conformation 
rule. Here are the details. 
1. For each protein, calculate the distance for each pair of adjacent Cα .  
2. Calculate each angle for j-1, j ,j+1 (0<j<n). 
3. Calculate the distance for each non adjacent C α.(basically we have to calculate all 
the distance pairs for each atom) 
4. check whether the distance the constraint of adjacent Cα at (3.7A to 3.9A) non 
adjacent C α at least  2 A, angle at (70˚ to 120 ˚)  
5. if not, generate a sphere lattice for the atom, choose a minimal movement of the 
original.   
6. Do step 5 for every atoms until the protein fulfill the requirement. 

Figure 7. The program’s flow chart. The major parallel part is 

calculation of distance, angle and lattice fit.  

Figure 6. The lattice structure. In this toy example, we first check 
whether the alpha carbons in the peptide chain fulfill the 
condition. Then we generate the lattice for each point to adjust 
the position of the alpha carbons 

As the intermediate steps are totally independent from each other, it is easy to 
implement parallelization in this problem. We do not use GPU to produce initial 
intermediate results because this process is usually less than one hundred iterations. 
However, The most time consuming task is proteinize, which divides each 
intermediate results into to some lattice (Figure 6) and then tries to find the minimum 
path between the adjacent lattices. The final output  
 
Thus our project mainly focuses on implementing the distance calculation and angle 
calculation and lattice fitting (Figure 7). These steps have to go through every point of 
the input and this usually have 500-2500 threads. 

Figure 8. The work load of the program shows Distance 
histogram and Lattice Fit are the major time consuming 
process. 

Our first experiment is to run each part 
of the program individually, we found 
the lattice fit  and distance cost  the 
major time. 

Figure 9. The left panel show performance improvement of distance 
histogram part as compared to the published MORPH-PRO algorithm. 
The right panel is angle histogram part 

Our algorithm could achieve 60-70% performance boost compare to the 
original CPU MORPH algorithm (Figure 9). The result of lattice fit part is still 
under final testing. 

It is important to understand the protein structure is dynamic and 
these dynamic structures could be potential drug targets. Linear 
interpolation could generate intermediate structures very fast but 
may generate unrealistic structures. 

Our GPU implemented morph algorithm solved this problem by 
using lattices to replace the initial results based on the parallel 
computation of distance and angle parameters. 

This algorithm provide fast calculation of dynamic proteins which 
could be further used for structure based drug design. 

 
 Our final morphing result is shown here. With start and end phase as input, 
we generate animation to mimic how protein moves.  

Figure 10. The morphing of protein SNF7. input: start and end phase in 
pymol. 
1-6: The animation of output in pymol shows how protein morphing 
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