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Protein design and evolution for biocatalysis
August 30 – September 1, 2006, Greifswald, Germany

during the meeting, suggesting that
white biotechnology receives appro-
priate attention of authorities in Eu-
rope and will continue to develop.

The meeting was attended by 148
participants from 21 different coun-
tries. Most of the participants (90%)
came from EU member states, but
other countries like USA, Israel, India
and Pakistan were also represented.
Notable was the high percentage of
young people in the audience, which
is very positive. A tight link between
academics and industry in the field of
biocatalysis was obvious from the
presence of 18 participants from com-
panies, some of them actively partici-
pating in the program of the confer-
ence. The companies LONZA, Degus-
sa, Henkel and B.R.A.I.N provided fi-
nancial support to the meeting. The
event was further supported by the

The second event of the series fo-
cused on engineering of proteins was
held in the beautiful historical city of
Greifswald. It was the follow-up of the
meeting entitled Directed Evolution
taking place in Paris four years ago
(September 2002). The symposium
was organized by Professor Uwe Born-
scheuer from Greifswald University.
The event took place in the brand new
building of the Institute of Biochem-
istry. The modern building with a spa-
cious lecture room and newly
equipped laboratories provided a
unique atmosphere to the meeting
(Figure 1). Recent openings of other
institutes carrying out research in the
field, such as the Manchester Interdis-
ciplinary Biocentre (UK), the Research
Centre Jülich (Germany) or the Centre
for Biocatalysis and Biotransformation
(Czech Republic) were mentioned

Deutsche Gesellschaft fur Fettwissen-
schaft, Deutsche Bundesstiftung Um-
welt, VAAM Fachgruppe Biotrans-
formationen and by the Section on
Applied Biocatalysis of the European
Society for Applied Biotechnology.

The program of the meeting com-
prised of 31 lectures organized in four
sessions: (i) rational protein design, (ii)
directed evolution, (iii) catalytic
promiscuity and (iv) application of
biocatalysis. The first two sessions in-
troduced two major streams of protein
engineering (Figure 2). Rational pro-
tein design is a knowledge-based ap-
proach using structural data and com-
puter modeling for mutation design.
Mutations are introduced into the
gene by site-directed mutagenesis.
Directed evolution is a technology-
driven approach using molecular biol-
ogy techniques for generating large li-
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Figure 1. ‘Moments’ from the meeting Protein
Design and Evolution for Biocatalysis hosted by the
Institute of Biochemistry of the University of
Greifswald. In 2006, the University is celebrating
550 years since its foundation.
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braries of mutant genes. The variants
carrying beneficial mutations are
identified by screening or selection.
Catalytic promiscuity is an emerging
area of biocatalysis, providing the an-
swers to fundamental questions about
evolution of novel catalytic activities.
Application of biocatalysis in the pro-
duction of valuable substances was
the focus of the last session, providing
a number of success stories from the
use of newly discovered, engineered
or evolved enzymes in various indus-
trial processes.

It is impossible to provide a com-
plete report on all contributions pre-
sented during the meeting due to
space limitation. Therefore, only some
highlights are listed below and I apol-
ogize if some important achievements
or favorite proteins are not mentioned.

Due to the natural complexity of
protein structures and structure-func-
tion relationships, protein engineer-
ing greatly benefits from the develop-
ment of new computational tools and
experimental techniques. Novel data-
bases specialized on protein super-
families are being established, inte-
grating the information about protein
sequence and structure with essential
links to the protein function. Jürgen
Pleiss (Institute of Technical Biochem-
istry, Stuttgart, Germany) introduced

a P450 Protein Engineering Database,
while Henk-Jan Joosten (Wageningen
University, The Netherlands) present-
ed a 3DM database. Paolo Braiuca
(University of Trieste, Italy) lifted up
the speed of constructing 3D-QSAR
models for prediction of protein selec-
tivity compared to energy-based ap-
proaches. A Mutagenesis Assistant
Program (MAP), useful for analysis of
the data from directed evolution ex-
periments, was discussed in the lec-
ture of Ulrich Schwaneberg (Interna-
tional University Bremen, Germany).
Theoretical scanning mutagenesis
based on hybrid Quantum Mechan-
ics/Molecular Mechanics applicable
for identification of mutagenesis hot
spots was described by Karl-Erich
Jäger (Research Centre Jülich, Ger-
many). The program CAVER for calcu-
lation of access tunnels in the protein
structures, Comparative Binding En-
ergy (COMBINE) analysis for con-
structing quantitative structure-
specificity relationships models and
Random Acceleration Molecular Dy-
namics (RAMD) for simulation of prod-
uct  from buried active sites were in-
troduced by Jiri Damborsky (Masaryk
University, Czech Republic). Vesna
Gavrilovic (Codexis, Redwood City,
USA) demonstrated superiority of re-
sults obtained with DNA-shuffling

guided by theoretical Protein Se-
quence Activity Relationships
(ProSAR) in comparison with classical
shuffling techniques. ProSAR identi-
fies beneficial, potentially beneficial,
deleterious and neutral mutations in
the gene after each round of shuffling,
making it possible to re-introduce
beneficial mutations to the next gen-
eration of gene using semi-synthetic
primers.

In the experimental area, a num-
ber of molecular biology techniques
for construction of mutated gene li-
braries were presented, e.g. circular
permutation, massive mutagenesis,
gene saturation mutagenesis (GSSM),
sequence saturation mutagenesis
(SESAM), gene reassembly and oth-
ers. These new techniques are typi-
cally solving some of the limitations of
existing ones, like bias towards cer-
tain mutations, low robustness, insuf-
ficient reproducibility or unsatisfacto-
ry throughput. Stefan Lutz (Emory
University, USA) reported an exciting
technique called circular permutation,
which is moving the terminal ends of
the protein along the sequence. The
technique is presumed to alter the
structural integrity of a protein, poten-
tially changing the active site accessi-
bility and flexibility. A 175-fold im-
provement of the catalytic efficiency
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Figure 2. Rational design and directed evolution
represent two conceptually different approaches
used for engineering of proteins. ©Zbynek
Prokop and Jiri Damborsky, Loschmidt Laborato-
ries, Masaryk University, Brno, Czech Republic.
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was achieved when applying circular
permutation on the lipase CALB,
compared to 12-fold improvement
achieved by classical DNA-shuffling
technique. Other areas of active
methodological development are fo-
cused on screening methods. Fasci-
nating ultra-high-throughput screen-
ing technology based on the fluores-
cence of product molecules coupled to
the cell wall was described by Karl-
Erich Jäger (Research Centre Jülich,
Germany). The application of the plat-
forms Giga-Matrix and Fluorescence-
Activated Cell Sorting (FACS) for
screening 1 billion of samples per day
was reported by David Weiner (Diver-
sa, USA). Marc Delcourt (Biomethods,
Paris, France) introduced the THR
method which can be used for the
identification of thermostable pro-
teins in a relatively short time (6
months) without using high-through-
put screening. The method is employ-
ing a folding reporter, e.g. the gene
coding for kanamycin resistance,
fused to the protein of interest. High
integration of various technologies
employing multiparametrical screen-
ings in the directed evolution experi-
ments was exemplified by Jürgen Eck
(B.R.A.I.N. Ag, Zwingenberg, Ger-
many). Manuel Ferrer (Institute of
Catalysis, CSIC, Madrid, Spain) re-
ported on the screening of novel en-
zymes in metagenomic libraries – i.e.
total genomic DNA extracted from en-
vironmental samples. It is known that
uncultivable species represent a large
fraction of microbial population in the
environment (>99%) and their genes
can be targeted by metagenomic ap-
proaches.

The success stories described in
the presentations can be generally di-
vided into the reports on: (i) newly iso-
lated, constructed or evolved enzymes
and (ii) the application of improved
catalysts in the industrial technolo-
gies. Karl Hult (Royal Institute of Tech-
nology, Stockholm. Sweden) showed
that elimination of the catalytic serine
from the active site of lipase CALB re-
sults in the protein catalyzing the new
aldol and Michael addition reactions.
Jean-Louis Reymond (University of

Berne, Switzerland) discussed possi-
bilities of using dendrimers (molecular
trees) as artificial enzymes. The ad-
vantage of using the dendrimers in-
stead of proteins lies in robustness of
their preparation by combinatorial
synthesis and lack of folding problem.
A successful evolution of various oxi-
dase enzymes for deracemization re-
actions was described by Nicholas J.
Turner (University of Manchester, UK).
Engineering stereoselectivity was the
focus of many lectures dealing with
various enzymes including lipases,
esterases, aldolases, haloalkane de-
halogenases, halohydrin dehaloge-
nases, alcohol oxidases, P450 mono-
oxygenases and 1,5-anhydro-D-fruc-
tose reductases.

Fascinating cases on improving
industrial process by bringing in a
novel or optimized catalysts were ex-
emplified by the speakers from the
companies. The use of biocatalysts
can make industrial processes more
efficient or more environmental
friendly. The lectures on optimization
of enzymes for production of statin in-
termediates were delivered by Oliver
May (DSM, Delft, The Netherlands)
and Vesna Gavrilovic (Codexis, Red-
wood City, USA). DSM evolved a nov-
el deoxyribose aldolase by combina-
tion of site-directed mutagenesis and
directed evolution. Codexis employs
halohydrin dehalogenase with only
85% identity to the wild-type enzyme
with the award-winning technology.
David Weiner (Diversa, San Diego,
USA) described the development of a
novel xylanase operating at high pH 9

and >90°C, reducing consumption of
ClO2 during pulp bleaching. Steffen
Osswald (Degussa, Hanau, Germany)
reported on nitrile hydratase with im-
proved stability and activity, stressing
out the importance of good expression
of the protein entering technological
processes. Similar concerns were
expressed by Allan Svendsen (Novo-
zymes, Bagsvaerd, Denmark), point-
ing out that the successful catalyst
must be highly active, but also suffi-
ciently robust for large-scale produc-
tion and storage.

Two lectures were scheduled in
the session on catalytic promiscuity.
Florian Hollfelder (University of Cam-
bridge, UK) presented a case of an en-
zyme catalyzing six different chemical
reactions. The possibilities for the use
of promiscuous activities as shortcuts
for interconversions within a super-
family are currently under investiga-
tion. Werner Besenmatter (ETH
Zürich, Switzerland) described a proj-
ect aimed at “transplantation” of the
active sites into another protein scaf-
fold. He systematically randomized
chorismate mutase and selected for
active mutants. Only single and dou-
ble mutants were seen active in the li-
braries of 10 millions of protein vari-
ants, indicating limited plasticity of
the active site under investigation.

The program of oral presentations
was substantially enriched by 56
poster presentations. It would be
naive even to attempt to cover all good
science presented in the posters on
display. Let me mention at least three
posters, which attracted attention of
the scientific committee and were
awarded book prizes from Wiley-VCH
(Figure 3). The first prize was received
by Sabine Stebel (Universität Frei-
burg, Germany) presenting the robust
and reproducible method Nucleotide
Exchange and Excision Technology
(NExT) for generation of mutations by
gene recombination. Motivated by
the phenomenon of catalytic promis-
cuity, Konstanze Stiba (Greifswald
University, Germany) succeeded to
engineer an epoxide hydrolase activi-
ty into an esterase scaffold by combi-
nation of site-directed mutagenesis
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Figure 3. The winners of the poster prizes
Michael Puls, Konstanze Stiba and Sabine
Stebel, together with the organizer of the meet-
ing, Prof. Uwe Bornscheuer (from left to right).



and error-prone PCR. Her poster re-
ceived the second prize. Michael Puls
(Institute of Molecular Enzymology,
Jülich, Germany) received the third
price for the poster presentation de-
scribing the engineering of artificial
lids in bacterial lipases.

The intellectually demanding pro-
gram of the meeting was nicely bal-
anced with the conference dinner tak-
ing place in the small fisher village
Wieck. A breath-taking view on the
coast of the Baltic Sea were the back-
ground to many delicacies and excel-
lent wine served in the local restau-
rant “Utkiek” (Figure 4). Under this
friendly atmosphere the participants
continued exciting scientific discus-
sions and greatly enjoyed this plat-
form for exchange of experience and
ideas.

On behalf of all participants, let me
thank to Professor Uwe Bornscheuer
and his team for organizing a scientif-
ically exciting meeting with a very

pleasant atmosphere. The next meet-
ing will be held in the city of the father
of genetics – Johan Gregor Mendel.
The event will be organized jointly by
the Masaryk University, the Centre for
Biocatalysis and Biotransformation
and the South Moravian Innovation
Centre in Czech Republic. We are
looking forward to welcome you to
Brno in 2008!

Jiri Damborsky
Loschmidt Laboratories, Masaryk
University and Centre for Biocatalysis
and Biotransformation
Czech Republic
E-mail: jiri@chemi.muni.cz
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Figure 4. The conference dinner in the fisher vil-
lage Wieck.


