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Institute of Macromolecular Chemistry,
Czech
Academy of Sciences of the Czech Republic
Heyrovský Sq. 2
16206 Prague 6, Czech Republic
dusek@imc.cas.cz

Prof. W. H. de Jeu
FOM-Institute AMOLF
Kruislaan 407
1098 SJ Amsterdam, The Netherlands
dejeu@amolf.nl
and Dutch Polymer Institute
Eindhoven University of Technology
PO Box 513
5600 MB Eindhoven, The Netherlands

Prof. Jean-François Joanny
Physicochimie Curie
Institut Curie section recherche
26 rue d’Ulm
75248 Paris cedex 05, France
jean-francois.joanny@curie.fr



VI Editorial Board

Prof. Hans-Henning Kausch
Ecole Polytechnique Fédérale de Lausanne
Science de Base
Station 6
1015 Lausanne, Switzerland
kausch.cully@bluewin.ch

Prof. Shiro Kobayashi
R & D Center for Bio-based Materials
Kyoto Institute of Technology
Matsugasaki, Sakyo-ku
Kyoto 606-8585, Japan
kobayash@kit.ac.jp

Prof. Kwang-Sup Lee
Department of Polymer Science &
Engineering
Hannam University
133 Ojung-Dong Daejeon,
306-791, Korea
kslee@hannam.ac.kr

Prof. L. Leibler
Matière Molle et Chimie
Ecole Supérieure de Physique
et Chimie Industrielles (ESPCI)
10 rue Vauquelin
75231 Paris Cedex 05, France
ludwik.leibler@espci.fr

Prof. Timothy E. Long
Department of Chemistry
and Research Institute
Virginia Tech
2110 Hahn Hall (0344)
Blacksburg, VA 24061, USA
telong@vt.edu

Prof. Ian Manners
School of Chemistry
University of Bristol
Cantock’s Close
BS8 1TS Bristol, UK
Ian.Manners@bristol.ac.uk

Prof. Martin Möller
Deutsches Wollforschungsinstitut
an der RWTH Aachen e.V.
Pauwelsstraße 8
52056 Aachen, Germany
moeller@dwi.rwth-aachen.de

Prof. Oskar Nuyken
Lehrstuhl für Makromolekulare Stoffe
TU München
Lichtenbergstr. 4
85747 Garching, Germany
oskar.nuyken@ch.tum.de

Prof. E. M. Terentjev
Cavendish Laboratory
Madingley Road
Cambridge CB 3 OHE, UK
emt1000@cam.ac.uk

Prof. Brigitte Voit
Institut für Polymerforschung Dresden
Hohe Straße 6
01069 Dresden, Germany
voit@ipfdd.de

Prof. Gerhard Wegner
Max-Planck-Institut
für Polymerforschung
Ackermannweg 10
Postfach 3148
55128 Mainz, Germany
wegner@mpip-mainz.mpg.de

Prof. Ulrich Wiesner
Materials Science & Engineering
Cornell University
329 Bard Hall
Ithaca, NY 14853, USA
ubw1@cornell.edu



Advances in Polymer Science
Also Available Electronically

For all customers who have a standing order to Advances in Polymer Science,
we offer the electronic version via SpringerLink free of charge. Please contact
your librarian who can receive a password or free access to the full articles by
registering at:

springerlink.com

If you do not have a subscription, you can still view the tables of contents of the
volumes and the abstract of each article by going to the SpringerLink Home-
page, clicking on “Browse by Online Libraries”, then “Chemical Sciences”, and
finally choose Advances in Polymer Science.

You will find information about the

– Editorial Board
– Aims and Scope
– Instructions for Authors
– Sample Contribution

at springeronline.com using the search function.





Preface

This special volume on the enzyme-catalyzed synthesis of polymers focuses on
various methods of polymer synthesis using enzymes as catalysts. There are
three cases for such synthetic processes: (1) In living cells (in vivo) enzymes
catalyze the synthesis of all biopolymers besides other biological substances via
biosynthetic (metabolic) pathways. In test tubes (in vitro) enzymatic catalysis
is achieved for the synthesis of polymers via (2) biosynthetic pathways or (3)
non-biosynthetic pathways. The present volume is concerned with case (3).
Therefore, studies such as the synthesis of polyesters via fermentation using
micro-organisms and synthesis of proteins using E. coli are not included.

All enzymes are categorized into six groups: (1) oxidoreductases, (2) trans-
ferases, (3) hydrolases, (4) lyases, (5) isomerases, and (6) ligases. They show
respective catalytic functions specific to the substrate group in vivo. In this
volume, however, each chapter is organized on the basis not of the enzyme
category but on the class of polymers synthesized. Enzymatic synthesis of
polymers (often referred to as enzymatic polymerization) is operated by in
vitro enzymatic catalysis, which is close to or very similar to in vivo enzymatic
catalysis depending on the reaction.

In vivo enzymatic catalysis has advantageous characteristics: high catalytic
activity (high turnover), reactions under mild conditions with respect to tem-
perature, pressure, solvent, neutral pH, etc., and excellent reaction control of
stereo-, regio-, chemo-, enantio- and choro-selectivities. These characteristics
can also be realized in vitro depending upon the catalyst. Therefore, the re-
actions contribute to the alleviation of environmental problems due to their
low loading processes (energy saving), clean processes (without forming by-
products), and the biodegradable nature of product polymers in many cases.
These are often difficult to realize by conventional methods.

The first chapter by Reihmann and Ritter reviews the recent developments of
peroxidase-catalyzed oxidative polymerization of phenol and derivatives with
a phenolic OH group. The importance of enzymatic polymerization in general
is emphasized. Properties of product polyphenols, characteristics of the en-
zyme catalysis, and significance of the process and the product are discussed.
The second chapter by Uyama and Kobayashi is concerned with the oxidative
polymerization of polyphenols, which are compounds containing more than
two phenolic OH groups. These compounds include catechols and flavonoids
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such as urushiol and catechin. The anti-oxidant properties of flavonoids were
greatly enhanced by the polymerization. In the next chapter, Xu, Singh and
Kaplan described the synthesis of polyaniline and their derivatives by using ox-
idoreductase enzymes and biomimetic catalysts. In the presence of templates,
the polymer structure was controlled to produce processable materials, which
can be used for electrical contact applications, such as synthetic–biological in-
terfaces. The dip-pen nanolithography technique was used for the processing.

The fourth chapter by Matsumura overviews the lipase-catalyzed polyester
synthesis via ring-opening polymerization of lactones. A hydrolysis enzyme
of lipase, catalyzing the hydrolysis of esters to break the ester-bond in vivo,
catalyzed the ester-bond formation to produce polyesters. In comparison with
conventional methods, characteristics of the ring-opening polymerizability by
lipase catalysis was pointed out, and the reaction mechanism was extensively
discussed. A chemical recycling process using a polymer-oligomer equilibrium
is proposed. The following chapter by Uyama and Kobayashi describes various
polycondensations for the polyester synthesis catalyzed by lipase. Divinyl esters
were found to be very effective monomers for the reactions. Dehydration was
accomplished in water with lipase catalyst.

In the sixth chapter, Kobayashi and Ohmae reviewed polysaccharide syn-
thesis by hydrolase-catalyzed polymerizations. The general characteristics of
enzymatic polymerization and the importance of a new concept for monomer
design called transition-state analogue substrates are mentioned. New enzyme-
recognizable substrates were designed as two families, sugar fluoride monomers
and sugar oxazoline monomers. The polycondensation of the former and the
ring-opening polyaddition of the latter enabled the first successful chemical
synthesis of natural polysaccharides like cellulose, xylan, chitin, hyaluronan,
chondroitin and their derivatives as well as unnatural polysaccharides. Re-
action mechanisms and high-order molecular structure formation from the
product polymers are also discussed.

In the last chapter by Singh and Kaplan, vinyl polymerizations induced by
oxidoreductase enzymes are described, where a mediator is normally used.
The reaction is of radical-type to form a C – C bond main chain. Vitamin
C-functionalized vinyl monomers and others were polymerized. Such in vitro
reactions are unique because nature does not utilize the vinyl-type C – C bond
formation reaction except for natural rubber synthesis via polycondensation.

The interdisciplinary topics presented are expected to bridge the fields of
materials science (including polymer science) and life science.

Kyoto, Düsseldorf, Medford Shiro Kobayashi, Helmut Ritter, David Kaplan
October 2005
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