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Clostridium botulinum C2-toxin:

Clostridium botulinum C2-toxin belongs to the family of binary toxins of the A-B type. C2-toxin consists of 2 distinct components, a component A, which is the enzymatically active subunit C2I and a component B (C2II), which is involved in transport of the enzymatic component into the cytosol across the target cell membrane. There C2I exerts its catalytic activity (Considine et al, 1991; Aktories et al, 1992; Barth et al, 2002). Other members of the family of binary toxins are iota toxin of Clostridium perfringens (Simpson et al, 1987, Schering et al, 1988), ADP-ribosyltransferase of Clostridium difficile (Popoff et al, 1988; Perelle et al, 1997; Gülke et al, 2001), Clostridium spiroforme toxin (Popoff et al, 1988; Simpson et al, 1989), anthrax toxin of Bacillus anthracis (Mock et al, 2001; Collier et al, 2003) and the vegetative insecticidal proteins (VIPs) of Bacillus cereus and Bacillus thuringiensis (Han et al, 1999; Leuber et al, 2006). C2I and C2II are released separately into the extracellular media (Ohishi et al, 1980, Aktories et al, 1992). C2I ((50kDa), ADP-ribosylates monomeric G-actin but not oligomeric F-actin at position arginine 177, which inhibits polymerization of G-actin (Aktories et al, 1986; Vandekerckhove et al, 1988) and largely affects ATP-binding and ATPase activity (Geipel et al, 1989). Through the action of C2I the actin cytoskeleton breaks down, leading to cell rounding and cell death (Reuner et al, 1987; Wiegers et al, 1991). C2II ((80kDa), the B subunit, needs to be cleaved by trypsin to obtain its biological activity (Ohishi, 1987). This cleavage generates a (60kDa fragment, which forms a ring-shaped heptamer (Barth et al, 2000), and a (20kDa fragment, which dissociates from C2II. The heptamer binds to a N-linked complex carbohydrate on the surface of target cells (Eckhardt et al, 2000) and is also able to bind the enzymatic component C2I (Ohishi et al, 1992; Barth et al, 1998; Blöcker et al, 2003). The complex is endocytosed into the cell. Acidification of the endosome triggers C2I translocation into the cytosol (Simpson, 1989; Barth et al, 2000). Addition of activated C2II to artificial lipid bilayer membranes (Benz et al, 1978; Benz et al, 1979) results in formation of ion permeable channels that are formed by C2II heptamers (Schmid et al, 1994; Barth et al, 2000; Bachmeyer et al, 2001). These channels could serve as translocation pathways for C2I through the endosomal membrane (Barth et al, 2000). Evidence has been presented that the protective antigen (PA) of anthrax toxin homologous to C2II provides such a pathway to carry the anthrax enzymatic components (EF, LF) into the cytosol of the target cells (Zhang et al, 2004). The C2II channel is cation-selective and voltage-gated (Schmid et al, 1994). The C2II heptamer inserts oriented in the membrane when added to one side of the membrane (Bachmeyer et al, 2001). Chloroquine and other 4-aminoquinolones are able to block reconstituted C2II channels in vivo and in vitro (Bachmeyer et al, 2001). The half saturation constant, KS, of binding of chloroquine is in the micromolar range. The exact mechanism of intoxication as well as inhibition of channel function with 4-aminoquinolones is not well understood. To localize the binding site of chloroquine, which is presumably the same as for C2I sequence comparisons were performed of binding components C2II, PA, iota b, and VIP1 (Ac, Bacillus thuringiensis HD201; Aa, Bacillus cereus AB78) of the binary toxins C2, anthrax, iota and the vegetative insecticidal proteins, respectively. The sequences of these binding components are significantly homologous, but they differ in binding affinity for chloroquine and related compounds (Bachmeyer et al, 2001; Knapp et al, 2002, Orlik et al, 2005; Leuber et al, 2006). Chloroquine binds to the PA channel with much higher affinity than to C2II, but it has a low affinity for binding to iota b and does not bind to VIP1Ac. Because of the ionic-strength dependence of chloroquine binding to the C2II heptamer (Bachmeyer et al, 2001) and the fact that this drug has two positive charges at neutral pH, negatively charged amino acids, which are present in C2II or PA but not in iota b or VIP1Ac/Aa, could represent putative sites for binding. Possible candidates are E399 and D426. The C2II heptamer is not known in its membrane-spanning structure, which applies also to the structure of PA. However, in the case of the PA a water-soluble precursor (prepore) has been crystallized (Petosa et al, 1997). Using the structure of the PA prepore and the sequence comparisons mentioned above, we identified some negatively charged amino acids as putative candidates for the interaction with 4-aminoquinolones (E399, D426). These amino acids are presumably located in the lumen of the channel. Furthermore, residue F427 of PA (also known as Φ-clamp) plays a crucial role for translocation of EF or LF into the cytosol and influences also binding of quinacrine (Krantz et al, 2005). C2II has also a phenylalanine in a relevant position (F428). To check its role in the interaction of C2II with 4‑aminoquinolones F428A was mutated in several amino acids with different or similar properties (F428A, F428D, F428Y, F428W). Here we show that residues E399, D426 and F428 are important for binding of 4-aminoquinolones, which blocks the C2II channels. Mutation of these residues leads to altered channel properties such as single channel conductance, ion selectivity, voltage-dependence, and ionic-strength dependence of inhibitor binding. E399 and D426 are also relevant for assembly of the channel, membrane insertion and channel function.
Bacillus thuringiensis VIP-Toxin:
The Gram-positive bacterium Bacillus thuringiensis is a common soil microorganism that has been used as a biological pesticide for several decades. Its insecticidal activity is mainly contributed to parasporal crystalline δ-endotoxin inclusions, formed during sporulation (Schnepf et al, 1998), and to some extent to the vegetative insecticidal proteins, the VIP-Toxins (Warren, 1997; Han et al, 1999). The detailed molecular mechanisms mediating the insecticidal activity of Bacillus-produced δ-endotoxins have been described as a multistep process, which initiates upon ingestion of the protein crystals. The insecticidal δ-endotoxins are solubilized in the insect midgut and subsequently undergo site-specific proteolysis from their N- and C-terminus. These activated polypeptides bind to receptors in the midgut epithelium and form ion channels, inducing osmotic lysis of the epithelium cells and subsequent death of the larvae (Lorence et al, 1995). Beside these crystalline proteins B. thuringiensis produces two known classes of vegetative expressed insecticidal proteins. These include the binary toxins Vip1 and Vip2 with coleopteran specificity and Vip3 exhibiting lepidopteran specificity (Warren 1997; Estruch et al, 1997; Lee et al, 2003). Vip-toxins, so called because of their production during vegetative growth phase extent their insecticidal properties especially against the Western Corn Rootworm (Diabrotica virgifera virgifera LeConte) and the European Corn Borer (Ostrinia nubilalis), both widespread corn pests, less affected by the δ-Endotoxins (Warren, 1997). The binary Vip-toxin produced by B. thuringiensis HD201 belongs to the group of A-B toxins with an A moiety (Vip2Ac) for the enzymatic reaction, and the B moiety (Vip1Ac) responsible for the translocation of component A across the cell membrane (Barth et al, 2004). Both polypeptides function separately, with the membrane-binding 66 kDa Vip1Ac creating the pathway into the cytoplasm for the 45 kDa Vip2Ac, a NAD-dependent ADP-ribosyltransferase which likely targets Arginine 177 of monomeric G-actin, but not polymerized F-actin, hereby disrupting the integrity of the cytoskeleton, resulting in a rounding-up and death of the target cells (Han et al, 1999; Aktories and Wegner, 1992). Both δ-endotoxins and vegetative insecticidal proteins are currently used in different forms of commercially available biopesticides for agriculture and mosquito control (Warren et al, 2000).
Vip1Ac was obtained in its native form from a Bacillus culture supernatant as well as from heterologous expression in E. coli. Purified, native VIP1Ac forms well defined channels exhibiting two conductance states at higher salt concentration (Leuber et al, 2006). The addition of the protein extract to the aqueous phase (concentration about 10ng/ml) bathing a black lipid bilayer resulted in a very fast reconstitution of channels (Benz et al, 1978; Benz et al, 1979). Single channel analysis revealed two conductance states of about 350 pS and 700 pS in 1M KCl, 10mM MES, pH 5.5 (applied voltage 20mV). Interestingly, these two conductance states were only visible at high electrolyte concentration. At salt concentrations below 500 mM KCl only one conductance state was observed. The two states could be explained by the formation of two different types of oligomers. Alternatively it is also possible that at high ionic strength two channels were frequently formed at once because the higher conductance steps were exactly twice that of the smaller ones. The data also indicate that the single-channel conductance was approximately a linear function of the bulk aqueous KCl concentration (Leuber et al, 2006).

The selectivity of the Vip1Ac channel was determined in zero-current membrane potential measurements in the presence of salt gradients. After incorporation of a large number of channels in membranes bathed in 100 mM KCl, 5-fold salt gradients were established across the membranes by the addition of small amounts of concentrated KCl solution to one side of the membrane. In all cases, the more diluted side of the membrane became negative (on average -12.5 mV), which indicated preferential movement of anions through the Vip1Ac channel, i.e. it is anion-selective. This result is consistent with the single channel conductance data where anions had a somewhat stronger influence on the single channel conductance of Vip1Ac as compared to cations (Leuber et al, 2006). Analysis of the zero-current membrane potentials using the Goldman-Hodgkin-Katz equation showed that the permeability ratio Pcation over Panion was about 0.36. 

In single-channel recordings native Vip1Ac exhibited significant channel flickering at higher positive voltages applied to the cis-side (side of protein addition), meaning it showed rapid transitions between open and closed configuration. This could be caused by voltage-dependent closing of the channel, and therefore we increased in single- and multichannel experiments the applied trans-membrane voltage. Native Vip1Ac was added in a concentration of ~10 ng/ml to one side of a black diphytanoyl phosphatidylcholine/n-decane membrane (the cis-side), and the conductance increase was followed for about 25 min until stationary phase was reached. At this point, we applied different positive and negative potentials (with respect to the cis-side) to the membrane starting from 20 mV. Then we repeated the experiment with increasing potentials. After application of +90 mV to the cis-side of the membrane a stepwise decrease of the membrane current could be observed, indicating the complete closing of the channel at high positive potentials. For negative potentials at the cis-side, the current did not decrease even when the membrane potential was as high as 120 mV. This result indicated asymmetric insertion of Vip1Ac into the membranes (Leuber et al, 2006). The addition of protein to both sides of the membrane resulted in a symmetric response to the applied voltage. The results indicated full orientation of the Vip1Ac channel when the protein was added only to one side of the membrane. This result is in clear contrast to the observed voltage dependency of other related channel forming toxins like Iota-toxin (Ib), C2-toxin (C2-II) and Anthrax toxin (PA) where channel closure is observed at high negative voltages applied to the cis-side of the membrane (Bachmeyer et al, 2001; Knapp et al, 2002; Orlik et al, 2005). 
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