Preface

Confronring competitors is a very tough, but vital task for all living organisms.
An important part of the genome is devoted to encoding proteins employed in this compe-
tition. Such proteins include many offensive weapons, like toxins, meant to physically
eliminate the competitors. Not surprisingly, the cell membrane is often the firse rarget for
such weapons, In fact, integrity of the cell membrane is crucial for appropriate cell function
and, thereby, for life itsell. Similar weapons, collectively called cytolysins or membrane-
damaging taxins, form a large family of proteins and polypeptides of bacterial, animal and
plant origin which share the capability of alrering cell homeostasis. Among them, an
increasingly larpe number are those that have been found to act as pore formers. These mol-
ecules inflict a letchal blaw to the attacked cells simply by punching an aquecus channel,
usuzlly relatively large and poorly selective, through their membranes.

The pare concept was first elaborated to explain the lytic damage imposed by comple-
ment to bacteria and other non-self cells, but it was soon realised it could extend to a wider
tange of lyric agents, Early in 1979, classifications of cytolysins of different origin clearly
indicated thar many of these could form discrere lesions in the cellular membrane.
However, the first direct proof of a pore-farming action had to wait uneil a few years later
when studies were conducted on e-toxin fram Stephylococeus aureus and aeralysin from
Aeromonas hydrophila. Since then, pore formation has emerged as a major and widespread
mechanism for toxin-mediated cell attack in the plant, animal and microbial waorld, and a
nuher of hooks and symposia have been devored to this topic. So far, hundreds of natural
molecules, of rmpridv ar |:'|T:_'|ti_'i_]'| nature, have been described to work in this way.

Pore-forming roxins (PFT) are topics of interest not only for people studying their
functional role, like physicians or microbiclogists, but also for a variety of other scientists,
ranging from kiochemists to nanoscientists, as it will become clear in the following. PFT are
involved in important pathologies or envenomations. For example, large families of leuco-
toxing have been identified, aimed ar contrasting the immune response of the host. They
pertain either to Gram positive bacteria, like the chaolesterol binding roxins and the
w-toxin/hicomponent-toxins family of Staphylococcus spp. (reviewed in Chaprer 1), or to
Gram-nezative bacteria, like the RTX superfamily. RTX (for Repeat in ToXins) are charac-
terised by the presence of an octapeptyde repeat forming a variable number of Ca’ * hinding
lacps {reviewed in Chaprer 2). Virtually all pathogenic bacreria, whose genome have been
seguenced o dare, possess ar least one, but usually more, cytalysin of the PFT lind. Often,
these toxing, although the parent by the mechanism of action, are complerely unrelated by
the structure and do not form known families. This is the case, for example, of Pseidomonas
geruginosa cytoroxin (Chapter 3) or the vacuolating toxin of Helicobacter pylovi (Chapter 4),
two toxins invalved in serious human parhologies: the infection of airways of cystic fibrosis
pntients arl g:i.-i[ril.'. LI|L'.{!|'. I'Ub[!x:l::ti‘-'t'|'g.-'.
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PFT are not limited to the bacterial world. In fact, plants and animals have adopted
cimilar molecules as toals to contrast microbial infections or as part of their venoms. An
examnple is provided by the family of eytalyric toxins found in the rentacles of sea anemones
{ Actiniaria) described in Chaprer 8. Notwithstanding their origin, PFT have some peculiar
properties that make them ext raordinary rools and study systems. They exist, in fact, in two
possible stable structures, & water-soluble and a membrane-inserted form. The polypepride,
once seceeted by the producing organism, adopts a remporary water-soluble fold, suitable for
diffusion in the arganic fluids. When it reaches the target membrane, however, passing
through different intermediate states, it ulrimately inserts into the lipid and forms = stahle
pare, While, in most cases, the insertion of proteins in membranes is 4 complex process that
tequires the assistance of a number of prateins, besides the ane to be inserted, in the case of
PET, insertion is a completely spontaneous, or self-assisted, process. This is apparently
achieved through the interaction with specific lipids, but, more importancly, by an aggrega-
tion mechanism implying multiple copies of the same or related toxin components (see
Chapter 1). For these reasons PFT are unique models with which to study mechanisms,
whose importance certainly rranscends that of the toxins themselves, for example, the con-
formational transitions leading to aggregation {protein—protein interaction), those leading
o membrane insertion {pmtuin—hpid interaction}, and those leading to opening and clos-
ing of the pores (gating mechanisms).

Srrucrural studies are certainly paramount and the most informative technique has been,
also in this case, X-ray crystallography. Monomeric structures of PFT have recently become
vailable in an increasing number of cases. To derive the structure of pepride PFT and
come related smaller molecules however, NMR spectroscopy has proven at least as impar-
tant, with the additional advantage of operating in a sofrer. native-like condition. The
membrane-bound structure is often the most interesting, but certainly also the most elusive,
far the well-known problems posed by membrane proteins: the structure is ton disordered
for the X-ray technigue, but oo ordered for the NMR approach. S. aureus o-toxin is the
one exception, having been crystallised, and structurally solved, in the ageregated pore-
forming form, albeit in the presence of a derergent and not in a lipid membrane. For all
other membrane-hound protein PET, the rechniques used have lower resolurion, and are
those classically employed for intrinsic proteins, that is, electron and atomic force
micrascopy, as well as spectroscopic rechniques such as flulorescence, infrared, circular
dichroism and mass. With smaller peprides, additional structural data in the lipid environ-
ment could be obtained by low-angle X-ray and neutron scatrering, by NMR and by
theoretical calculations (e.g. molecular dynamics), as also described in Chaprer 9.

Comparing the results in the two environments should provide clues about haw, a nd
through which intermediate states, the change from water-soluble monomer o membrane-
inserted aggregare takes place. |nterestingly, at least within protein PFT, and especially in
the trapsmembrane region, the predominant secondary structure observed till now, is the
[B-sheet, resembling bacterial and mitochondrial porins. The existence of a common ances-
ror with porins was postulated. Nontheless, PET forming of predominantly o-helical struc-
cures do also exist (called o-FFT as opposed 1o the previous p-PET}. Examples of w-PFT are
colicins, lytic proteins used as lethal arms in the competition between different bacterial
strains living on the same host (see Chapter 7). Pore formation by ce-PFT implies the inser-
tion in the lipid film of a bundle of helices, which would otherwise remain hidden in
the hydrophobic core of the protein. The opening of the pore occurs together with the
cranslocation of a large portion of the protein through the membrane. As explained in
Chapter 7, this is in complete analogy with the mechanism of action of diphtheria toxin (DT).
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DT is a toxin of the A/B type which are characterised by the presence of 1wo
protomers: the B subunit (responsible for cell binding and membrane rranslocation) and
the A subunit {respensible for an enzymatic intracellular activiey), In the case of DT, the
A and B subunits belong ro the same polypeptide chain, Interestingly, even DT s able o
open ion channels inte cell and model membranes, thus reinforcing its analogy wich
colicing and PFT. Such translocarion mechanism can easily be used to import inside the
cell foreipn proteins that have been fused to the colicin, suggesting an important
biotechnological application, as a transfection teal, for these molecules.

Dhe to their peculiar self-assembling properties, PFT may also find other interesting
applications, They may he used as they are, in the wild form, for applicaticns with either a
commercial interest, like the insecticidal toxins of Bacillus thuringiensis and B sphaericus
widely used in agriculture (see Chapters 5 and 6), or with a basic science interest, for exan-
ple, the controlled poration of cells in studies of intracellular mechanisms, Pore-forming
peprides have also a strong potential as tools in dissecting cellular functicns, like the uses of
pardaxin described in Chaprer 10, or as new-concept antibiatics and anrifung
ple, the metahalites of P. syringae described in Chapters 12 and 13, Other applications
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invelve the enginecring of PFT ro produce new molecules with peculiar proper
Examples range from the production of antitumoral toxins 1o constituting the basic ele-
ments for the construction of sophisticated biosensors. In the case of smaller PFT, chimeric
molecules (as those presented in Chaprer 11) and even de nove designed and constructed
peptides are now comamon strategics.

Finally, a number of peptides deriving, as secondary products, from the spontancous and,
in some cases, musconducted degradation of endogenous proreins, assume the character of
pore-forming substances. These include the amyloid peptides characterising more than 10
human amyleid diseases, Ay loidosis {reviewed in Chapter 14) include pathologies that
are gssurming a grearer importance in developed countries, for the risks posed by the ageing
of the population {Alzheimer disease) and by the increasmgly industrialised food produc-
tion {Kreurzfeld-Jackob or priom disease).
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