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Loop Refinement 

 
Loop Refinement is a CHARMm based protocol that optimizes the conformation of a 

contiguous segment (i.e., a loop) of a protein structure. It is based on systematic 

conformational sampling of the loop backbone and CHARMm energy minimization. This 

approach can be used to refine a loop structure from a homology model as well as to 

optimize a segment of the protein experimental structure where the structure is poorly 

defined. 

Steps of Loop Refinement: 

(1) Construction and optimization of loop backbone: 

The initial stage of loop prediction algorithm includes a systematic search of loop 

structures by sampling the backbone dihedral angles φ and ψ. A minimum set of φ, ψ 

values for each residue are chosen based on the energy contour map (Spassov et al., 

2008) so that the individual residue conformation belongs to one of the low energy basins 

of local interactions and the combinations between them cover the principle changes in 

the direction of the peptide chain. 

During the loop construction, the loop is divided into two halves - the N-terminal half and 

the C-terminal half. Each half has N/2 residues for even number residue loop or the N-

terminal half is one residue longer than the C-terminal half for odd number residue loop. 

Each half is constructed independently from the end of the loop and two conformational 

states, (φ=-90, ψ=120) and (φ=-60, ψ=-40) for each residue are sampled. For glycine 

residue, two additional conformational states with (φ=60, ψ=-120) and (φ=60,ψ=60) are 

also sampled. 

One of the extra conformations sampled for glycine with (φ=60,ψ=60) is also found in 

other residues with lower frequency. Two sampling modes, fast and slow, are available, 

which differ in treatment of this conformational state. This conformation is ignored in the 

fast mode, and for slow mode, the sampling is done so that each half loop may have one 

residue adopt this conformation. 

Loops shorter than 15 residues use the slow mode and for longer loops, the fast mode is 

used. 

For each half of the loop backbone constructed, energy minimization is carried out with 

the rest of the protein fixed and in absence of the other half loop. Then the N- and C- 

terminal half loops are ranked separately according to CHARMm energy and up to 50 

conformations for each half are retained. 

Full loop conformations are constructed from all combinations of the retained half loops 

by making the peptide bond between the two half loops and energy minimization using 

the same CHARMm minimization protocol. 
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(2) Construction of loop side chain and optimization of loop: 

For each structures resulted from step 1, side-chain atoms are positioned using the same 

approach as with the Side-Chain Refinement protocol. Then, full minimization of the 

resulting loops is performed and a number of top ranking loop conformations are kept. 

The ranking is performed using the CHARMm energies. 

(3)   Re-ranking of the conformations: 

CHARMm energy minimization in the first two steps is done without including the 

solvation energy term. In this step, each top ranking loop conformation is rescored by 

adding the solvation energy term to other intramolecular energy terms. The solvation 

energy is calculated using the Generalized Born approximation (in CHARMm). 

CHARMM (Chemistry at HARvard Macromolecular Mechanics): 

 It is a versatile and widely used molecular simulation program with broad 

application to many-particle systems  

 It has been developed with a primary focus on the study of molecules of 

biological interest, including peptides, proteins, prosthetic groups, small molecule 

ligands, nucleic acids, lipids, and carbohydrates, as they occur in solution, crystals, 

and membrane environments  

 It provides a large suite of computational tools that encompass numerous 

conformational and path sampling methods, free energy estimates, molecular 

minimization, dynamics, and analysis techniques, and model-building capabilities 

 It is useful for a much broader class of many-particle systems 

 can be utilized with various energy functions and models, from mixed quantum 

mechanical-molecular mechanical force fields, to all-atom classical potentials 

with explicit solvent and various boundary conditions, to implicit solvent and 

membrane models 

 It has been ported to numerous platforms in both serial and parallel architectures 

ModLoop: automated modeling of loops in protein structures 

ModLoop is a web server for automated modeling of loops in protein structures. The 

input is the atomic coordinates of the protein structure in the Protein Data Bank format, 

and the specification of the starting and ending residues of one or more segments to be 

modeled, containing no more than 20 residues in total. The output is the coordinates of 

the non-hydrogen atoms in the modeled segments. A user provides the input to the server 

via a simple web interface, and receives the output by e-mail. The server relies on the 

loop modeling routine in MODELLER that predicts the loop conformations by 

satisfaction of spatial restraints, without relying on a database of known protein structures. 

The server is freely accessible to academic users at http://salilab.org/modloop 

http://salilab.org/modloop
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