
  

A1. Connolly Surface[2]:

●Dense Representation 

●Solvent accessible surface area.

●Each point is represented by 3D 
coordinate, normal mode, type of 
surface.

●Type ranges from convex, to saddle, 
to concave.
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Structural modeling of molecular assemblies lies at the 
heart of understanding molecular interactions and 
biological function. We present a method for docking 
protein molecules and elucidating native-like structures 
of protein dimers. Our method is based on geometric 
hashing to ensure the feasibility of searching the 
combined conformational space of dimeric structures. 
The search space is narrowed by focusing the sought 
rigid-body transformations around surface areas with 
evolutionary-conserved amino-acids. Recent analysis  of 
protein assemblies reveals that many functional 
interfaces are significantly conserved throughout 
evolution. 

We test our method on a broad list of sixteen diverse 
protein dimers and compare the structures found to have 
lowest lRMSD to the known native dimeric structures to 
those reported by other groups. Our results show that 
focusing the search around evolutionary-conserved 
interfaces results in lower lRMSDs.

ABSTRACT

Regions Relevant for Matching

The JET method  [1], which relies on multiple sequence analysis, is 
employed to identify conserved amino acids. The JET score calculated for 
each amino acid can range from 0.0 (least conserved) to 1.0 (most 
conserved). Amino acids with at least 50% surface accessibility and JET 
score above a predefined threshold are deemed 'active' and assumed to 
participate in the interaction interface. The rest of the amino acids are 
treated as passive.

METHODS

B. Critical Points to Active Triangles

Input: Critical points of a subunit
Output:  Active Triangles – Triangle with at lease one critical 
point

1. while total number of critical points: 
2. randomly pick one critical point p

1
 with conservation score > 0.5

3.     perform a query on p
1
 around a  threshold radius (2-5 Å)

4. pick p
2
 and p

3
 randomly from this query result list where p2!=p3

Uniqueness of the Triangles:
●A lexicographic ordering of a triangle’s vertices is employed to 
ensure that no two triangles share the first vertex in the ordering. 
●No two triangles share their center of mass.

C. Rigid Body Transformation

●Active triangles are considered as reference frames for each 
transformation.
●For each unique active triangle selected from a monomer A, a 
matching active triangle is selected from the second one B. 
●The features for matching are only geometric at this point, as in [4].  
●The two corresponding frames define a transformation. 
●The transformation aligns the frames by superimposing their origins 
and rotating B on A.

Our approach is a promising first step towards efficiently computing 
physically relevant structures. Our ongoing work focuses on the 
following:

1.  Incorporate scoring, clustering and ranking.

2. Combining  the method with more detailed refinement procedure.

3. Investigate the approach in the context of a Monte Carlo based 
exploration. 

4. Extension of the method for arbitrary number of molecular 
assemblies.

A2. Critical Points[3]: 

●Sparse Representation.

●Projection of the center of gravity of a 
Connolly face.

●Types are 'caps', 'pits', or 'belts' to 
correspond to convex, concave, or 
saddle faces. 

●Takes the conservation score of its 
closest amino acid on the molecular 
surface.

Convex

Saddle

Concave

Cap/ Pit: Critical point of      
convex/concave surface 
Belt: Critical point of        
saddle  surface 

RESULTS
We selected 16 different diverse set of dimers with known native 
structures as our systems of study. Results obtained after the 
experiments make the case that on all selected systems of study the 
method is able to reproduce the native structure with an accuracy of 
less than 5Å within a feasible amount of time. 

2. Lowest lRMSDs by our method are compared to BUDDA[5]  and 
Kanamori [6]. Size refers to number of atoms. On about 12 out of the 16 
dimers, the method presented here achieves similar low lRMSDs to other 
two methods. On the remaining systems, our method outperforms these 
other two. 

1. This table shows two set of results: The number of active triangles goes 
down as the conservation threshold increases. The lowest lRMSD generally 
goes down as the conservation threshold goes up. 
  

3. This results shows the effect of the number of active triangles on time and 
accuracy of the method. In the first setting all unique triangles have been 
selected and the second settings chooses one third of the number of active 
triangles. This construction of active triangles achieves similarly low 
lRMSDs while improving the feasibility of the method.
    
  

4. The figure plots for two system PDB ID (a) 1FLT and (b) 1WWW 
energy values obtained from Firedock[7]  for the refined structures versus 
lRMSDs from the native structure. Only negative energy values are shown. 
The results show that many of the lowest-energy structures are also low in 
lRMSD from to the native structure. This suggests that short refinements 
may allow the method to detect low-lRMSD structures automatically by 
focusing on a few structures with the lowest refinement energies. 
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Docking refers to a 
computational method that tries 
to predict the binding 
orientation between two 
biomolecules that is more likely 
to be present in nature.

PROTEIN DOCKING 

COMPUTATIONAL CHALLENGES 
High dimensional search space: 

N X M + 6

 N, M = number of parameters to 
represent the unbound protein structures
 6 = three translations followed by three 
rotations 

CONCLUSIONS
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5.  
Lowest-lRMSD structures and the actual 
lRMSD achieved are shown for some of the 
dimers. Chains are drawn in different 
colors in transparent. Conserved amino 
acids in contact with one another are drawn 
in opaque. Structures are drawn with 
VMD[8].
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