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Computational protein design: perspectives in methods and applications
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Abstract: In computational protein design, the amino acid sequence of a protein is rationally chosen through
computations so that the resulting molecule is of desired structure and function. Systematic methods for computational
protein design have been developed and validated in increasing number of experiments. Exhibiting strong potential for
broad applications, computational protein design has been considered as an important enabling technology for
Synthetic Biology. Here we briefly review the history of methods for computational design, which are divided into
three sections about heuristic design that based on rules, automatic optimization of amino acid sequences, and de novo
main chain design respectively. In the next chapter, we introduce the basic approaches and strategies in details. In
proteins energy calculation methods, we introduce physical energy terms and statistical energy terms. Based on these

energy calculation methods, we introduce sequence and structure design methods including automated optimization of
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amino acid sequences, de novo design of polypeptide backbones (with fragment assembling method or sequence
independent backbone potentials) , designing new interfaces for inter-molecule recognition such as protein-ligand
interfaces and protein-protein interfaces, and the concept of negative design. Besides the history and detail of
computational protein design methods that mentioned above, we also briefly discuss examples of using computational
protein design to support application studies, including enhancing protein structural stability and redesign or de novo
design of enzymes, vaccines and protein materials that related to interfaces design. These examples not only present
current studies using the computational protein design methods, but also enlighten us on more broader applications in
the future. Finally, we analyze some problems that need to be solved in the protein computational design method, such
as inefficient in design accuracy, difficulty in characterizing polar interactions, and the need to consider the
environment of non-aqueous solvents. We also discuss some aspects of possible application in synthetic biology like
biological logic gates design and biosensor design, and application prospects in the medical field such as antibodies,

vaccine design, etc.
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Fig.1 Examples of changes in the amino acids sequence of a polypeptide chain forming a regular spatial structure

(Hydrophilic and hydrophobic amino acids are alternated in a periodic pattern)
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Fig. 2 Optimization of amino acids sequences and side-chain conformations for a given backbone

(For the input target backbone structures, the sequences with the lowest energies were found by searching the sequence and

side chain conformational space, considering them the most likely to form the target structures)
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(Physical energy functions are generally constructed from the addition of covalent interaction

terms as well as non covalent interaction terms)
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Fig. 4 Statistical energy terms of various types

(Different statistical energy functions are obtained by transforming the probability distributions obtained from statistical analysis of different kinds of data)
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Fig. 5 Two backbone design strategies

(Up, Splicing with the native fragment into a new backbone. Down, Main chain design methods for optimizing statistical energy functions)
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Fig. 6 Basic steps of protein-protein interface design

[The backbone conformation of the ligand protein (red) in complex with the target receptor (green) is first designed,

then the residue types at the ligand protein interface are designed and optimized, resulting in the final design result (blue)]
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Fig.7 Positive design versus negative design

(Positive design only considers decreasing target state energy and does not consider other states. Negative

design then needs to raise the energy of the other states so that their energy differences from the target state increase)
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