New Concepts and Software Tools for Rational Design of Enzymes
Jiri Damborsky, Jaroslav Bendl, Jan Stourac, Eva Sebestova, Jan Brezovsky

Loschmidt Laboratories, Department of Experimental Biology and Research Centre for Toxic
Compounds in the Environment, Faculty of Science, Masaryk University, Czech Republic

Enzymes are biological catalysts accelerating chemical reactions in living organisms. Protein
engineering focuses on construction of enzymes with improved activities, specificities, and stabilities
for biotechnological applications. Protein engineering greatly benefits from computational tools that
provide guidance for identification of structural elements important for protein function and design of
specific mutations [1] or smart mutant libraries [2].

We have released a new version of CAVER (http://www.caver.cz/), the software tool for analysis
of tunnels and channels in biomolecules [3-4]. The tunnels and channels are important structural
features serving for transport of small molecules, ions and water solvent through the protein structures.
The mutagenesis targeting protein tunnels provides enzymes with improved activity [5],
enantioselectivity [6] and stability [7-8]. New Caver enables analysis of ensembles from molecular
dynamic simulations (Fig. 1), which is important for integration of dynamics into protein design [9].
Mobile elements called molecular gates are important components of protein tunnels and channels
[10], providing specificity and selectivity. Molecular gates add another level of sophistication to
rational design of tunnels and channels and this task very challenging.

Fig.1. Analysis and visualization of tunnels in dynamic protein structure of haloalkane
dehalogenase by Caver 3.0 [3] and Caver Analyst 1.0 [4].

HOTSPOT WIZARD (http://loschmidt.chemi.muni.cz/hotspotwizard/) predicts hot spots for site-
directed mutagenesis or focused directed evolution [11]. Identification of suitable targets for
mutagenesis experiments is based on combination of structural, functional and evolutionary
information obtained from bioinformatics databases and computational tools (Fig. 2). Hotspot Wizard
lists residues ordered by predicted suitability for mutagenesis, together with information about their
conservation level and potential function. Although the current version of HotSpot Wizard has become
quite popular with more than 4,000 analyzed structures since its launch in 2009, it currently has two
major limitations: (i) the three-dimensional structure of analyzed protein must be known and (ii) the
tool identifies positions, but does not predict substitutions. The new version of HotSpot Wizard will
address these shortages by integration of structure prediction using homology modelling and
estimation of the effect of substitutions on protein function. All databases and computational tools will
also be updated. New interactive and intuitive user interface will offer an easy way to perform several
structural and evolutionary analyses at once with minimal demands on users, making HotSpot Wizard
potentially useful for experimentalists with no prior knowledge of computer modelling or rational
protein design.
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Fig. 2. Workflow of HotSpot Wizard 2.0 [11].

The software tool PREDICTSNP (http://loschmidt.chemi.muni.cz/predictsnp/) provides robust and
accurate prediction of the effect of mutations on protein function [12]. We have used 43,000 mutations
of known effect from scientific literature and patents for the unbiased evaluation of eight established
prediction tools: MAPP, nsSNPAnalyzer, PANTHER, PhD-SNP, PolyPhen-1, PolyPhen-2, SIFT and
SNAP. The six best performing tools were combined into a consensus classifier PredictSNP, resulting
into significantly increased prediction performance and improved robustness (Fig. 3). A user-friendly
web interface enables easy access to all eight prediction tools, the consensus classifier PredictSNP and
annotations from the Protein Mutant Database and the UniProt knowledgebase. The web server and
the datasets are freely available to the academic and medical community.
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Fig 3. Workflow of PredictSNP 1.0 [12].
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