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PREFACE

Formation of transmembrane pores is a very effective way of killing cells. It is 

thus not surprising that many bacterial and eukaryotic toxic agents are pore-forming 

proteins. Pore formation in a target membrane is a complex process composed of 

several steps; proteins need to attach to the lipid membrane, possibly aggregate in the 

plane of the membrane and finally form a pore by inserting part of the polypeptide 

chain across the lipid bilayer. Structural information about toxins at each stage is 

indispensible for the biochemical and molecular biological studies that aim to un-

derstand how pores are formed at the molecular level. There are currently only two 

����������
	��
�������������
	����
����	�
��Staphylococcus aureus and hemolysin 

E from Escherichia coli. Therefore, what we know about these proteins was obtained 

over many years of intense experimentation. We have nevertheless, in the last couple 

of years, witnessed a significant rise in structural information on the soluble forms 

of pore-forming proteins. Surprisingly, many unexpected similarities with other 

proteins were noted, despite extremely low or insignificant sequence similarity. It 

appears that lipid membrane binding and formation of transmembrane channels is 

achieved in many cases by a limited repertoire of structures. This book describes 

how several of the important pore forming toxin families achieve membrane bind-

ing and which structural elements are used for formation of transmembrane pores. 

Our contributors have thus provided the means for a comparative analysis of several 

unrelated families.

The introductory chapter by Mike Parker and colleagues gives a comprehensive 

overview of what we know about these proteins and highlights their general struc-

tural properties. The succeeding chapter by William Wimley sets up the stage upon 

which pore forming toxins act by describing the properties of the lipid membrane 

and the thermodynamics of membrane binding and insertion. Pore formation may be 

effectively achieved by simple structures, and the succeeding chapter by Burkhard 

Bechinger describes the structural requirements for efficient membrane binding 

and insertion of single alpha helices. The role of lipids was undervalued for a long 

time, especially in the process of protein insertion and the structural role they may 

play in the final pore. In recent years it became clear that their role is significant, 

and the next chapter from Jesús Salgado’s group discusses the role of the bilayer 
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lipids in the pore forming process. After these general chapters all of the important 

protein toxins families are discussed, specifically cholesterol dependant cytolysins 

from Gram positive bacteria (Robert Gilbert), the aerolysin protein family (José 

Miguel Mancheño et al), colicins from Escherichia coli and related proteins that act 

as apoptotic regulators (Ana J. García-Sáez et al), actinoporins from sea anemones, 

Hemolysin E and related toxins (Peter Artymuik and colleagues), Cry toxins from 

Bacillus thuringiensis (Alejandra Bravo and colleagues) and cardiotoxins from 

cobra venom (Wen-guey Wu and colleagues). The final chapter by Bruce Kagan 

and Jyothi Thundimadathil provides a comparison of the properties of membrane 

channels formed by amyloid proteins and pore forming toxins and discusses the role 

that amyloid channels may have in disease.

Although in recent years the focus of some studies on pore forming toxins may 

have changed from structure-function relationships to measuring their effects on cell 

biology, comparative structural biology still has a lot to teach us. As highlighted in 

this book, novel structures and biophysical studies upon these proteins define the 

common threads of how proteins interact with lipid membranes and thus inform us 

of the rules of the game. We hope that by assembling this book we have helped to 

define where we currently are and where the science may go in the future. Our work 

as editors was made fun and interesting by the excellent contributors who have made 

this volume an engaging and fresh insight to the subject, we thank them for their 

hard work and our families for their patience.

Gregor Anderluh, PhD
Department of Biology, University of Ljubljana

Ljubljana, Slovenia

Jeremy Lakey, PhD
Institute for Cell and Molecular Biosciences, The Medical School

University of Newcastle upon Tyne
Newcastle upon Tyne, UK
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Introduction
Susanne C. Feil, Galina Polekhina, Michael A. Gorman 
and Michael W. Parker*

Abstract

Pore-forming proteins (PFPs) possess the intriguing property that they can exist either in a 
stable water-soluble state or as an integral membrane pore. These molecules can undergo 
large conformational changes in converting between these two states. Much of what we know 

about how these proteins change their shape comes from work on bacterial toxins and increasingly, 
in more recent years, on toxins from other organisms. Surprisingly, a number of pore-forming 
proteins have recently been characterised that appear to have adopted similar stratagies to toxins 
for binding and inserting into biological membranes.

Introduction
Pore-forming peptides and proteins (PFPs) are produced by many, if not all, organisms. They 

are secreted as water-soluble proteins but once their target is reached can be transformed into 
membrane proteins for the purpose of inserting into or translocating across biological mem-
branes. Many of these proteins are toxins where they can aid the digestion of prey or can protect 
the producing organism by killing invaders. At least a third of the more then 300 protein toxins 
characterized to date act by disrupting membranes.1 Many pore-forming toxins (PFTs) appear to 
function simply by forming pores in cell membranes, disrupting the permeability barrier leading 
eventually to cell death. In recent years a number of proteins have been characterised that do 
not function as toxins but nevertheless bind and insert into biological membranes using similar 
strategies as seen for toxins.

The major steps involved in the generation of pores by PFPs are summarized in Figure 1. In the 
first step the PFP must be secreted from the host. Organisms have developed a number of ways 
of secreting PFPs from the less subtle (e.g., colicins are secreted with the help of lysis proteins that 
punch a hole in the outer membrane of the producing cell)2 to the more complex (e.g., proaerolysin 
appears to be secreted through a complex protein secretion system)3. In order to avoid premature 
conversion to its membrane-active state, some PFPs protect themselves by being produced as a 
proprotein and/or as oligomers (generally dimers). The PFPs are then targeted to the correct cells 
by means of parasitizing a host cell surface feature such as a protein or other substance (e.g., lipids, 
sugars) and using them as a receptor. Most often the result of concentration is the formation of 
oligomers on the cell surface although some PFPs may oligomerize in the membrane. Membrane 
insertion follows leading to formation of the pore that varies in size from less than 10 Å to more than 
150 Å in diameter. They tend to form nonspecific pores, not surprisingly since the role for many 
is to destroy target cells. The pores sometimes are voltage-gated with the channels opened under 
normal physiological conditions. In some cases the in vitro pore-forming activity observed is almost 
certainly not a biological activity but rather a reflection of their in vivo translocating capacity.


