


BIOTECHNOLOGY 
INTELLIGENCE 
UNIT 

CRYSTALLINE BACTERIAL 
CELL SURFACE PROTEINS 

Uwe B. Sleytr 

Paul Messner 

Dietmar Pum 

M g'S~ ar it ra 

Center for Ultrastructure Research and 
Ludwig Boltzmann Institute for Molecular Nanotechnology 

Universit~it fiir Bodenkultur 
Vienna, Austria 

Academic Press 
kG. LANDES COMPANY 

AUSTIN 



BIOTECHNOLOGY INTELLIGENCE UNIT 
CRYSTALLINE BACTERIAL CELL LAYER P R O T E I N S  

R.G. LANDES C O M P A N Y  
Austin, Texas, U.S.A. 

Submitted: October 1995 
Published: January 1996 

This book is printed on acid-free paper. 
Copyright 1996 �9 by R.G. Landes Company and Academic Press, Inc. 

All rights reserved. 
No part of this book may be reproduced or transmitted in any form or by any means, elec- 
tronic or mechanical, including photocopy, recording, or any information storage and retrieval 
system, without permission in writing from the publisher. 

Please address all inquiries to the Publisher: 
R.G. Landes Company 
909 Pine Street, Georgetown, Texas, U.S.A. 78626 
Phone: 512/863 7762; FAX: 512/863 0081 

Academic Press, Inc. 
525 B Street, Suite 1900, San Diego, California, U.S.A. 92101-4495 

United Kingdom Edition published by Academic Press Limited 
24-28 Oval Road, London NW1 7DX, United Kingdom 

International Standard Book Number (ISBN): 0-12-648470-8 

Library of Congress Catalog Number: not available by publication date 

Printed in the United States of America 

While the authors, editors and publisher believe that drug selection and dosage and the specifications and 
usage of equipment and devices, as set forth in this book, are in accord with current recommendations and 
practice at the time of publication, they make no warranty, expressed or.implied, with respect to material 
described in this book. In view of the ongoing research, equipment development, changes in governmen- 
tal regulations and the rapid accumulation of information relating to the biomedical sciences, the reader is 
urged to carefully review and evaluate the information provided herein. 

Library of Congress Cataloging-in-Publication Data 

(CIP data applied for but not available by publication date) 



PUBLISHER'S NOTE 

R.G. Landes Company publishes six book series: Medical 
Intelligence Unit, Molecular Biology Intelligence Unit, Neuroscience 
Intelligence Unit, Tissue Engineering Intelligence Unit, 
Environmental Intelligence Unit and Biotechnology Intelligence Unit. 
The authors of our books are acknowledged leaders in their fields 
and the topics are unique. Almost without exception, no other 
similar books exist on these topics. 

Our goal is to publish books in important and rapidly changing 
areas ofbioscience for sophisticated researchers and clinicians. To 
achieve this goal, we have accelerated our publishing program to 
conform to the fast pace in which information grows in bio- 
science. Most of our books are published within 90 to 120 days of 
receipt of the manuscript. We would like to thank our readers for 
their continuing interest and welcome any comments or 
suggestions they may have for future books. 

Deborah Muir Molsberry 
Publications Director 

R.G. Landes Company 



This Page Intentionally Left Blank



CONTENTS 

1. I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Uwe B. S/eytr, PauI Messner, Dietmar Pure, Margit SAra 

0 Occurrence ,  Location,  Ul t ras t ruc ture  and  Morphogenes i s  

o f  S-Layers ................................................................................... 5 
Uwe B. Sleytr, Paul Messner, Dietmar Pum, Margit Sdra 
2.1. Introduction ................................................................................... 5 
2.2. Occurrence and Location of S-layers on Bacterial Cell Envelopes .... 6 
2.3. Ultrastructure of S-layers ................................................................. 8 
2.4. Morphogenesis of S-layers ............................................................. 13 
2.5. Conclusions .................................................................................. 22 

0 Chemica l  C o m p o s i t i o n  and  Biosynthesis o f  S-Layers ................ 3 5 
Paul Messner 
3.1. Introduction ................................................................................. 35 
3.2. Non-Glycosylated S-Layer Proteins ............................................... 37 
3.3. Glycosylated S-Layer Proteins ....................................................... 49 
3.4. Conclusions .................................................................................. 62 

4. Analysis o f  S-Layer Proteins  and  Genes ..................................... 77 
Beatrix Kuen, Werner Lubitz 
4.1. Introduction ................................................................................. 77 
4.2. Promoter Structures of S-Layer Genes ........................................... 78 
4.3. Secretion of S-Layer Proteins ........................................................ 84 
4.4. Protein Homology Studies Among Different S-Layer Proteins 

and Related Proteins ..................................................................... 85 
4.5. S-Layer Protein Variations ............................................................ 87 
4.6. S-Layer Domains .......................................................................... 91 
4.7. Recombinant S-Layer Genes and Molecular Biotechnology .......... 94 

0 Funct ional  Aspects of  S-Layers ................... ............................. 103 
Margit Sdra, Eva Maria Egelseer 
5.1. Introduction ............................................................................... 103 
5.2. Specific Functions ....................................................................... 104 
5.3. General Functional Aspects ......................................................... 113 
5.4. Conclusion .................................................................................. 121 



0 B iotechnological  Appl icat ions  o f  S-Layers ............................... 133 
Margit Sdra, Seta Kiipcii, Uwe B. Sleytr 
6.1. Introduction ............................................................................... 133 
6.2. S-Layer Ultrafiltration Membranes (SUMs) ................................ 134 
6.3. Continuous Culture of S-Layer Carrying Organisms ................... 136 
6.4. S-Layers as Matrix for the Immobilization of Functional 

Macromolecules .......................................................................... 138 
6.5. S-Layer Coated Liposomes .......................................................... 150 
6.6. Conclusion .................................................................................. 153 

7. Vaccine D eve lopmen t  Based on S-Layer Techno logy  ............... 161 
Paul Messner, Frank M. Unger, Uwe B. Sleytr 
7.1. Introduction ............................................................................... 161 
7.2. S-Layers as a Fish Vaccine ........................................................... 161 
7.3. S-Layers as Carrier/Adjuvant 

for Vaccination and Immunotherapy .......................................... 162 
7.4. Conclusions ................................................................................ 168 

Q Molecular  N a n o t e c h n o l o g y  and  Biomimet ics  wi th  S-Layers .... 175 
Dietmar Pure, Uwe B. Sleytr 
8.1. Introduction ............................................................................... 175 
8.2. Formation of S-Layer Lattices on Solid Substrates 

and Liquid Surface Interfaces ...................................................... 176 
8.3. S-Layers as Patterning Structures 

and Nanonatural Resists in Molecular Nanotechnology .............. 190 
8.4. Biomimetic Applications ............................................................. 197 
8.5. Conclusion .................................................................................. 201 

Appendix:  

Crystal l ine Surface Layers 

on Eubacter ia  and  Archaeobacter iaa  ........................................ 211 

Index ............................................................................................... 227  



This Page Intentionally Left Blank



EDITORS 

Uwe B. Sleytr 
Center for Ultrastructure Research 

and Ludwig Boltzmann Institute for Molecular Nanotechnology 
Universit~it fiir Bodenkultur 

Vienna, Austria 
Chapters 1, 2, 6, 7, 8 

Paul Messner 
Center for Ultrastructure Research 

and Ludwig Boltzmann Institute for Molecular Nanotechnology 
Universit~it fiir Bodenkultur 

Vienna, Austria 
Chapters 1, 2, 3, 7 

Dietmar Purr, 
Center for Ultrastructure Research 

and Ludwig Boltzmann Institute for Molecular Nanotechnology 
Universit~it fiir Bodenkultur 

Vienna, Austria 
Chapters 1, 2, 8 

Margit Sfira 
Center for Ultrastructure Research 

and Ludwig Boltzmann Institute for Molecular Nanotechnology 
Ufiiversit~it fiir Bodenkultur 

Vienna, Austria 
Chapters 1, 2, 5, 6 



CONTRIBUTORS 

Eva-Maria Egelseer 
Center for Ultrastructure Research 

and Ludwig Boltzmann Institute for Molecular Nanotechnology 
Universitiit fiir Bodenkultur 

Vienna, Austria 
Chapter 5 

Beatrix Kuen 
Institute for Microbiology and Genetics 

Universitiit Wien 
Vienna, Austria 

Chapter 4 

Seta Kiipcii 
Center for Ultrastructure Research and 

Ludwig Boltzmann Institute for Molecular Nanotechnology 
Universitlit fiir Bodenkultur 

Vienna, Austria 
Chapter 6 

Werner Lubitz 
Institute for Microbiology and Genetics 

Universit~it Wien 
Vienna, Austria 

Chapter 4 

Frank M. Unger 
Center for Ultrastructure Research and 

Ludwig Boltzmann Institute for Molecular Nanotechnology 
Universitlit fiir Bodenkultur 

Vienna, Austria 
Chapter 7 



This Page Intentionally Left Blank



PREFACE 

M ost prokaryotic cells possess layered assemblies of homo- and heteropolymers 
external to the cytoplasmic membrane which function as important inter- 

face between the environment and the cell. As such, the supramolecular architec- 
ture of envelopes represents very specific evolutionary adaptations of unicellular 
life forms to different environmental conditions and selection criteria. Although 
bacterial cell envelope structures are one of the most intensively studied major 
structures of microbial cells it took relatively long until it became evident that 
monomolecular arrays of protein or glycoprotein subunits (S-layers) are one of 
the most common surface structures found in prokaryotic organisms. The aim of 
this book is to assemble our present day understanding of the occurrence, 
structure, chemistry, genetics, assembly, function and application potential of 
S-layers. Each chapter is designed in a way that it stands as a self-contained unit. 
We hope that this book will help to stimulate further development in basic and 
applied S-layer research. 

Uwe B. Sleytr 
Paul Messner 
Dietmar Pum 

Margit S~ira 
October 1995 
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