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Lock-key model

“To use a picture, I would like to say that enzyme and
glucoside have to fit to each other like a lock and Key in

order to exert a chemical effect on each other.”

E. Fischer, 1894



Lock-key model

Internet sources




Outline

= New concept — keyhole-lock-key
= Tools — CAVER and HOTSPOT WIZARD

m Case — design of efficient biocatalyst



New concept

= haloalkane dehalogenases

= evolutionary analysis

= identification of hot spots

m construction exhaustive set of mutants
= kinetic characterization

m multivariate statistical analysis



Haloalkane dehalogenase
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Evolutionary analysis of functional sites

10 substitutions in 14 proteins
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L177 located in tunnel







Specific activites
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Principal component analysis
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Chaloupkova et a/. J. Biol. Chem. 278: 52622 2003



Keyhole-lock-key model

Damborsky & Brezovsky Curr. Opin. Biol. Chem. in press



Implications for cell biology

= two-level discrimination of ligands
= discrimination based on protein dynamics
= elimination of non-productive complexes

= enhanced evolvability of enzymes



Implications for synthetic biology

= optimization of elements for biorecognition,
biosensing, bioconjugation & biocatalysis
7 engineering affinity
7 engineering catalytic efficiency
7 engineering selectivity

7 engineering



Software tools

m CAVER — automated calculation of tunnels
in proteins and nucleic acids

= HOTSPOT WIZARD — automated prediction
of hot spots for mutagenesis



Software CAVER




Software CAVER

Petrek et a/.,, BMC Bioinformatics 7: 316 2006



Software CAVER 2.0
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Software CAVER 2.0
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http:// loschmidt.chemi.muni.cz/caver/



Software HOTSPOT WIZARD
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Software HOTSPOT WIZARD

¥ Result - Mozilla Firefox
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Case

m 1,2,3-trichloropropane

= identification of tunnels by CAVER

= analysis of ligand release by simulations
= mutations by focused directed evolution
= screening by biochemical assay

m characterization by transient kinetics
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1,2,3-Trichloropropane




Directed evolution

DhaA Relative activity
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1Bosma et al. Appl. Environ. Microbiol. 68: 3582 2002
2Gray et al. Adv. Synth. Catal. 343: 607 2001



Analysis of tunnels by CAVER

® Main tunnel
Side tunnel

Banas et a/. J. Comp. Aid.-Mol. Des. 20: 375 2006



Modeling of ligand release by computer simulation

Time: 00 ps



Rational design of tunnels

Main tunnel:
e C176Y

Side tunnel:
® W141F
® |135X
® | 245X
® V246X




Modification of tunnels by focused directed evolution

® Site-directed mutagenesis

¢ Saturated mutagenesis

Mutant c176Y  W141X
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Constructs with modified tunnels
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Desolvation of active site pocket




Conclusions

= Keyhole-lock-key — new concept for
catalysis by enzymes with buried sites

m CAVER & HOTSPOT WIZARD - software
tools for protein engineering

m Engineering tunnels — optimized catalytic
and biorecognition elements for SB
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