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Engineering Hybrid Proteins by Modular Recombination and Evolutionary Optimization. Lee, Seung-
Goo*, Eugene Rha, Jae-Seok Ha, Jeong-Min Lee, and Sun-Hwa Kim. Systems Microbiology Research Cen-
ter, KRIBB, Daejeon 305-806, Korea — Many proteins consist of distinctive domains that can act independently
or cooperatively to achieve a unique function. As these domains evolve from a naturally existing repertoire of
functional domains, this implies that domain organization is an intrinsic element involved in building the com-
plex structure and function of proteins. Thus, identifying functional domains would appear to be critical to the
elucidation of questions related to protein evolution, folding, and the engineering of hybrid proteins for tai-
lored applications. However, the simple application of “Lego-like assembly” to the engineering of hybrid pro-
teins is an oversimplification, as many hybrid constructs lack structural stability, usually due to unfavorable
domain contacts. Thus, directed evolution, along with computational studies, may help to engineer hybrid pro-
teins with improved physico-chemical properties. Accordingly, this paper introduces several approaches to
functional hybrid protein engineering that potentially can be used to create modulators of gene transcription
and cell signaling, and novel biosensors to analyze biological functions in vivo.
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Fig. 1. Protein redesign/engineering by rational and combinatorial approaches.
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Fig. 2. Directed evolution technology: construction of genetic library, protein expression, and high throughput screening,
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Table 1. Leading companies and products based on directed evolution technology.

Company Technology Applications Products
* MolecularBreeding™
Maxygen * directed evolution * Www.maxygen.com
* DNAShuffling process
* MaxyScan™
¢ Luminase™
* Cottonase™
¢ DirectEvolution™ * Phytase Enzymes
. * Gene Site Saturation * Agro, chemical, industrial and * Pyrolase™
Diversa Corp.

* Mutagenesis™
* Tunable Gene Reassembly™

pharma applications * DiscoveryPoint™
* Fluor Proteins
* DNA Polymerase

¢ www.diversa.com

*» Peptide agents that control synthesis and
assembly of inorganic materials

* Precise placement of nanostructures via
self-assembly and molecular affinity.

Cambrios Tech.

* NBE® technology
¢ Electronics, chemicals, coatings, ® DBT-P2, a lead compound can-
and healthcare industries didate for rheumatoid arthritis
* www.cambrios.com

* Direvo Process: Selection with Cyclic Opti-

Direvo Biotech AG ..
mization

* Pharma proteins
* Industrial enzymes
* Biocatalysts

e www.direvo.com

* MutaGen™
* MutaGen™ Analysis Platform (MAP)
* MutaScreen

MiliGen
Prologue Biotech

¢ www.millegen.com

Proteus * L-Shuffling™

* www.proteus.fr

Source: Beachhead Consulting
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Fig. 3. Modularity increases the evolvability of proteins [4, 18].
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¢ Finding Modularity
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» Structural analysis
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V
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Fig. 4. Finding and using the modularity of proteins.
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Fig. 5. FRET-based molecular sensor. Detection principle (A); Redesign of binding moiety and assembly to produce a FRET-based

sensor with novel specificity (B).
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Table 2. Bio-nano application of protein design and directed evolution technology.

Company Technology Products Researcher
* Protein engineering . . WAL
Maxygen « Molecular brecding DNA shuffling William Stemmer
* Catalytic antibodies
Scripps * Aminoacyl-tRNA Synthetases * Cofounder of Affymax, Symyx * Peter Schultz
+ Expanding Genetic Code
* Ames Biomolecular and + COSMOS (Computer Simulations of . Ol
NASA * Cellular Modeling Program Molecular Systems) Chris Henze
MIT » Hybrid organic-inorganic electronic * Directed Nanocrystal Assembly * Angela Belcher

and magnetic materials

* Biomimetics
« Nanocomposite
* Bio-inorganic interface

Univ. Washington

* Gold binding peptide

* Mehmet Sarikaya

* Fluorescent sensors

uUCsSD « FRET imaging * Pioneering in vivo sensors * Roger Tsien
RIKEN : I?IEEP;? ased sensor * Circularly permuted GFP * Atsushi Miyawaki
. *Bi 1 ineeti S .

Univ. Tokyo Biomolecular engineering * Homogeneous sandwich immunoassay * Teryyuki Nagamune

* Protein sensors
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