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 Discovering the shape of the molecular machines called proteins is vitally important to 

scientists in many fields, such as biology and genetics, but nowhere is it as important as in 

pharmaceuticals. In order to create effective drugs, scientists must understand the shape, or 

“conformation” of proteins to understand how they interact with other molecules. However, the 

process of discovering this conformation can yield many inaccurate conformations as well as 

accurate ones. 

 

 The potential energy of a conformation is a valuable way to rank different conformations; a 

conformation with lower energy is usually more similar to the native state. Computational methods 

that use coarse-grained energy functions produce large ensembles of low-energy conformations, but 

often contain inaccuracies. Clustering of these conformations by shape similarity allows detecting 

whether there are structures that are overly represented in the ensemble. The most populous clusters 

can then be fed to a more accurate, albeit more computationally demanding, energy function. In this 

work we report on the ability of an energy minimization protocol employing AMBER all-atom 

ff99SB force field to refine over-represented conformations and help discriminate by energy in order 

to determine which among them represents the native state. 

 

 We focus here on a protein found in the Influenza A virus for which we already know the 

native structure (available in the Protein Data Bank under id 1AIL).  All conformations were 

computationally processed to create better versions with lower all-atom potential energies using 

ff99SB. Since the fast computational method producing low-energy conformations at a coarse-

grained level of detail does away with side chains, the first step before the minimization protocol is 

to pack side chains and predict positions of hydrogen atoms on each conformation. Side chains are 

packed using SCRWL, an established side-chain packing method. Hydrogens are then optimally 

positioned using the tleap procedure in the AMBER package. A minimization protocol is then 

applied to each resulting all-atom conformation, which is designed to carefully lower the all-atom 

potential energy while limiting structural changes to the initial all-atom conformation. 

 

 We report here summary results on proteins with known native structures and detailed results 

on the one with PDB id 1AIL. We show that the minimization significantly lowers potential energy 

and improves structural features of the computed conformations. More importantly, the 

minimization highlights conformations similar to the known native structure as lower-energy 

conformations and so allows focusing on a relevant subset for potential further refinement through 

molecular dynamics simulations. 

 

 Finding the biologically-active (native) structure of a protein from knowledge of its 

amino-acid sequence can now be addressed in silico. Different algorithms for ab-initio 

structure prediction are now available, with varying degrees of success.  

 Accuracy and speed are often opposing goals. To deal with the high dimensionality 

of the search space where conformations of a protein sequence lie, many methods employ 

coarse-grained potential energy functions and produce low-energy decoy conformations 

of potential relevance for the native structure. Finer-grained potential energy functions are 

later to be used to optimize decoys and possibly discriminate among them. 

 Here, we implement and evaluate a procedure for refining decoy conformations 

produced by a method developed in the Shehu lab. The method employs a coarse-grained 

energy function and representation of the protein chain to reduce the running time. The 

results is that the decoy conformations only have backbone detail, with side chains 

removed. The objective here is to correct possible inaccuracies due to coarse graining by 

packing the missing side chains correctly, refining the resulting all-atom conformations 

through a minimization protocol, and then identifying candidate all-atom conformations 

capturing the sought native structure. 

PDB files were created for each of the 2200 decoy conformations at backbone resolution. 

Using SCWRL4, a side-chain packing program, missing side chains were optimally 

packed. The resulting PDB files were formatted to AMBER naming conventions. Using 

tleap, initial positions were determined for hydrogen atoms. The resulting 2200 all-atom 

PDB files were then each fed to the designed minimization protocol described below. 

 Unless otherwise specified, each minimization employed sander  

for 50 conjugate gradient descent steps using the ff999SB force field and 

the Generalized Born for implicit solvent with 0.2 ion Molarity. Hydrogen 

positions were first optimized using harmonic restraints of 5.0 

kcal/(mol*Angstrom^2) on remaining heavy atoms. The potential energy 

was then calculated and record as the initial energy in the results. 

 The minimization procedure was then repeated 10 more times 

without the harmonic restraints. Due to poorly predicted backbones, some 

conformations had incorrectly placed side chains. These cases were 

identified when final energy after all minimizations exceeded 50,000 

kcal/mol. These conformations were marked as invalid. 

 For the summary results, this same minimization protocol was 

applied onto PDB files of native structure of 10 proteins, omitting the 

side-chain packing step. 

PDB ID 
Initial Energy 

(kcal/mol) 
Final Energy 
(kcal/mol) 

All-Atom  
Final lRMSD 
(Angstrom) 

Backbone-Only Final 
lRMSD (Angstrom) 

1AIL -3066.0318 -3192.6167 0.80306 0.52891 
1AOY -2709.918 -2884.8364 0.76143 0.63631 
1cc5 -1597.5421 -2161.0639 1.02466 0.84319 
1FWP -1594.584 -2354.7546 1.21646 0.9765 
1gb1 -1766.0622 -1987.0511 1.06856 0.70243 
1SAP -2414.3606 -2622.3858 1.00378 0.89086 
1WAPA -2164.7849 -2328.9421 0.97234 0.78042 
2ezk -3216.7307 -3515.0265 1.02313 0.75611 
2H5ND -3854.0704 -4078.0003 0.75671 0.48633 
3gwl -3311.9818 -3486.4114 0.95864 0.69293 

  Out of 2200 input conformations, only 1689 of them 

were accepted as valid and used in the data. Because the 

coarse grained energy function that created the input 

conformations does not include side-chains in its calculations, 

many conformations had overly compact backbones that did 

not allow proper side-chain packing.  

 All valid conformations experienced a significant 

decrease in potential energy, typically between 100-300 

kcal/mol. Many conformations experienced much larger 

energy decreases, showing the necessity of minimization to 

correct suboptimal structures even after side-chain packing.  

The final potential energy for most conformations ranged 

between -3110 to -3000 kcal/mol. This included many 

conformations that exceed the initial energy of 1AIL’s native 

structure, indicating that the minimization protocol produced 

viable low energy conformations. 

 As energy decreased, the RMSD from the native 

structure did not necessarily decrease. Slight increases of 

0.0663 Angstroms we noticed. This is likely due to the 

minimization protocol finding local minima of the energy 

function rather than moving towards the native structure. 

 While this process did not reduce the RMSD of the decoy conformations, it 

did correct major problems with poor positioning of side chains and created stable 

and lower-energy all-atom versions of the decoy conformations. Energy-based 

discrimination of the all-atom conformations is expected to demand longer and more 

powerful energy refinement techniques. The minimization protocol presented here 

demonstrates an important proof of concept that shows promise in this direction 
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The native conformations of these proteins were minimized in 

the same ways as 1AIL. Even the native state can be changed 

to a significant RMSD while remaining extremely similar. 

These are the ten conformations 

with the lowest energy after 

minimization. They vary but 

they are relatively near the 

native structure. 


