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ABSTRACT: Colicin N kills sensitiveEscherichia colicells by first binding to its trimeric receptor (OmpF)
via its receptor binding domain. It then uses OmpF to translocate across the outer membrane and in the
process it also needs domains II and III of the protein TolA. Recent studies have demonstrated sodium
dodecyl sulfate- (SDS) dependent complex formation between trimeric porins and TolA-II. Here we
demonstrate that colicin N forms similar complexes with the same trimeric porins and that this association
is unexpectedly solely dependent upon the pore-forming domain (P-domain). No binding was seen with
the monomeric porin OmpA. In mixtures of P-domain and TolA with OmpF porin, only binary and no
ternary complexes were observed, suggesting that binding of these proteins to the porin is mutually
exclusive. Pull-down assays in solution show that porin-P-domain complexes also form in the presence
of outer membrane lipopolysaccharide. This indicates that an additional colicin-porin interaction may
occur within the outer membrane, one that involves the colicin pore domain rather than the receptor-
binding domain. This may help to explain the role of porins and TolA-II in the later stages of colicin
translocation.

Colicins are protein bacteriocins produced byEscherichia
coli to kill competing bacteria (1). The pore-forming colicins
kill sensitiveE. coli cells by creating ion channels in their
inner membranes (2). The other major group of colicins kill
by inserting a nuclease domain into the cytoplasm of the
target cell, and in both groups the toxic activity is found in
the C-terminal of three domains (3). The remaining two
domains are required for outer membrane receptor binding
(R domain) and translocation (T) across the outer membrane.
There are eight known pore-forming colicins that show
significant sequence and structural homology in theP domain
but poor homology beyond this region (4). The T and R
domains thus appear to be the result of recruitment and
divergent evolution, and this is understandable since the pore-
forming colicins enter cells via many different surface
receptors and at least two different translocation routes; the
Tol- (5) (group A colicins;6) and Ton-dependent pathways
(7) (group B;8). Colicin N, used here, binds to TolA domain
III (TolA-III) via its T-domain (9) and also needs TolA-II
for full activity (10).

The mechanism by which these large proteins (42-70
kDa) can traverse the outer membrane is not understood.

However for colicins A and N, is it clear that the outer
membrane porin protein OmpF acts as both a cell surface
receptor that binds theR-domainanda translocation pathway
for theP-domain (11-13). It is also clear that this pathway
is not through the pore lumen (14). Interestingly, there is
very good evidence that colicin A spans theE. coli periplasm
at contact sites enriched in TolA (15).

There have been reports in recent years that two Tol
proteins, A (16) and B (17), from the colicin translocation
pathway bind to porins in the presence of SDS. This
interaction has been proposed as important in the OmpF
maturation pathway, being reminiscent of the SDS-induced
binding of porin to the periplasmic chaperone Skp (18). In
this paper we show that pore-forming domains of colicins
bind porins under conditions identical to those published for
TolA and B (16, 17). The Tol proteins also appear to bind
at the same site as the colicins. Furthermore, we show that
this interaction can be measured in solution where SDS can
be replaced by a natural outer membrane component,
lipopolysaccharide.

MATERIALS AND METHODS

Protein Purification. Colicin N and was purified fromE.
coli BZB1019 (hsdR) carrying pChap4 as previously de-
scribed (19). The production of the 6-His-taggedR andTR
of colicin N in E. coli JM103 by use of a modified pET8c
vector has been previously described (19). The R-chymo-
tryptic (RP) and thermolytic (PN) fragments of colicin N were
purified as described previously (19). His-tagged TolR-II was
prepared as published from a plasmid supplied by Lutz
Riechmann (20). OmpF and PhoE were purified as previously
described fromE. coli BE 3000 andE. coli CE1197,
respectively (13). OmpA, LamB, and PB were gifts from F.

† We thank the Wellcome Trust (L.G.D. and L.J.A.E.) and BBSRC
(S.L.F. and G.B.) for financial support. E.M.R. was funded by a
University of Newcastle, Faculty of Medicine Luccock Research
Studentship.

* Corresponding author: e-mail: J.H.Lakey@ncl.ac.uk; tel (0191)
222-8865; fax (0191) 222-7424.

‡ Present addresses: Department of Microbiological, Immunological
and Virological Sciences, University of Newcastle upon Tyne.

§ Present address: Pfizer Central Research, Ramsgate Road, Sand-
wich, Kent CT13 9NJ, U.K.

| Present address: Dairy Products Research Centre, Teagasc,
Moorepark, Fermoy, Cork, Ireland.

8632 Biochemistry2000,39, 8632-8637

10.1021/bi000160n CCC: $19.00 © 2000 American Chemical Society
Published on Web 06/24/2000



Pattus, and TolA-II-III ( 5) was prepared as previously
described. Colicin E9 (3) was a gift from K. Kleanthous and
R. James. All protein concentrations were determined by UV
absorption at 280 nm. Molecular mass (in kilodaltons) and
molar extinction coefficients (ε;ion liters per mole per
centimeter) are as follows: colicin N (42, 49 500), PN (22,
23 470), PB (22, 23 470), T (10, 12 660), R (15; 13 370),
TR (22; 26 030), RP (35; 36 840), LamB (47; 136 390),
OmpF (37, 48 500), OmpC (38, 59 880), PhoE (37; 45 230),
OmpA (35, 50 330), TolA-II-III (38, 6520), TolB (44,
56 470), and colicin E9 with its immunity protein (62, 47 510
+ 10, 9590).

Antibodies. The polyclonal antiserum used to detect OmpF
has been described previously (14). The polyclonal antiserum
used to detect PN was raised in rabbits against denatured
whole colicin N. The polyclonal antiserum used to detect
TolA-II -III was raised in rabbits against TolA-III and was
a kind gift from Roland Lloube`s (16).

UV Circular Dichroism Spectra of PN. The near UV-CD
spectra of PN at 13 µM in 0.0625 M Tris-HCl and 0.3 M
NaCl, pH 6.8, with and without 1% SDS, were recorded
between 250 and 320 nm at 20°C on a Jobin Yvon CD6
spectrometer with a 1 cm path length cuvette. Baseline
spectra for the buffer with and without SDS were subtracted
from the appropriate experimental spectra. For measuring
far UV-CD spectra (194-250 nm) a 0.2 mm path length
cuvette was used.

Complex Formation in the Presence of SDS. The proteins
were mixed in SDS-PAGE sample buffer (containing 2%
SDS, giving a final SDS concentration of 1% and without
â-mercaptoethanol) and adjusted to a final NaCl concentra-
tion of 0.5 M to prevent porin aggregation. Incubations were
initially carried out for 1 h at 37°C but were found to be
complete after 2 min at ambient temperature. Unless stated
otherwise, samples were not boiled and were run on SDS-
12% polyacrylamide gels immediately. Protein bands were
visualized with Coomassie Brilliant Blue R-250. For Western
analysis proteins were transferred to nitrocellulose (0.45 mm
pore size) by standard semidry techniques. The blots were
incubated with a suitable dilution of the relevant antiserum.
Bands were visualized by use of an anti-rabbit IgG (whole
molecule)-horseradish peroxidase conjugate (Sigma).

Pull-down Assays. Pull-down experiments used the meth-
ods of ref16. All samples contained PN buffer [100µL of
100 mM NaCl and 50 mM Tris, pH 8.0, supplemented with
1% (w/v) SDS, octyl-POE, or LPS], 5µL of suspended
NTA-agarose beads (Qiagen), and 10µg of OmpF. 6-His-
tagged colicin N P-domain or TolR-II (“Bead”) (5 µg) and
10µg of TolAII-III or colicin A (“Soln”) were added where
indicated. Samples were incubated in 500µL reaction tubes
for 45 min at room temperature before being washed three
times in PN buffer. (PN wash buffer for the LPS experiment
contained 0.25% LPS) Finally, the proteins attached to the
pelleted beads were boiled in SDS-PAGE sample buffer,
separated by SDS-PAGE, and stained with Coomassie blue.
Octyl-POE is Octyl poly(oxyethylene) (Bachem, Switzer-
land) and LPS is lipopolysaccharide fromE. coli O55:B5
(Sigma, Poole, U.K. L2880).

RESULTS

Pore-Forming Colicins Form Stable Complexes with
Trimeric Porins in SDS. The methods used were essentially

as previously published (16). When the porins and colicin
N fragments were mixed together in the presence of 1% SDS
and separated on SDS-PAGE, domain-specific interactions
were observed (Figure 1A). The migration of OmpF and
PhoE through the gel was retarded upon mixing with colicin
N, RP, or PN in SDS, suggesting the formation of a complex
betweenP and both porins. With theTRdomain a very faint
higher molecular weight band was seen with most of the
porin remaining free, indicating the formation of a weakly
associated complex. TheR domain, however, showed no
complex formation at all.

FIGURE 1: Complexes formed by domains of colicins N and B
with various porins. (A) Various colicin domains were incubated
with porins in sample buffer for 1 h. Unboiled samples were
analyzed by SDS-PAGE. Complex formation is indicated by the
retarded bands in lanes+N (Mr ) 42 kDa),+RP (Mr ) 35 kDa),
and+P (Mr ) 22 kDa). (a) OmpF complexes; (b) PhoE complexes;
(c) LamB complexes. Lane 1, molecular size standards; lane 2, free
porin trimer; lane 3, porin+ colicin N; lane 4, porin+ RP; lane 5,
porin + TR; lane 6, porin+ R; lane 7, porin+ PN; lane 8, porin+
PB. OmpC formed complexes as OmpF in panel a. To resolve the
complexes that vary by only 10-30 kDa over 120 kDa, the PAGE
gels require extended separation times, which cause the smearing
of the unbound porin trimer bands. The smearing is reduced in the
complexes, suggesting more compact structures. (B)+lbLPS-OmpF
(40 pmol) was incubated with 240 pmol PN for 2 min at ambient
temperature before separation by SDS-PAGE and immunoblotting.
Panel a was probed with a rabbit polyclonal serum raised against
whole denatured colicin N; panel b was probed with a rabbit
polyclonal serum raised against an OmpF peptide. P denotes PN
only; F, OmpF only; and PF, OmpF+ PN. Colicin N antiserum
revealed a species with intermediate mobility between the complex
and free PN that was not detected unless the two proteins were
mixed. This is possibly a minor fraction of a monomeric OmpF
capable of binding PN that was not detected with the OmpF
antiserum as a consequence of its being raised against a peptide,
thereby limiting the number of potential epitopes per mole of
antigen compared to that of the colicin N serum. (C) PN (400 pmol)
was mixed with 40 pmol of OmpA and held at ambient temperature
for 2 min before analysis by SDS-PAGE on 12% gels. Lane a, PN
only; lane b, OmpA; and lane c, OmpA+ PN. OmpA is only slightly
retarded.
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We also incubated the P-domain of colicin B (PB) with
PhoE and OmpF (Figure 1Aa,b). PB has >50% sequence
identity to PN (21), but colicin B uses FepA [Fe(III)-
enterobactin receptor] as its receptor and is Ton-dependent
(22). PB also formed complexes with both porins, although
free porin can also be seen, possibly indicating a weaker
interaction than occurs with PN. P-dependent complexes
formed with maltoporin, an 18-strandedâ-barrel trimer (23),
suggesting that this colicin-porin interaction takes place
between any P and any trimeric porin. This behavior is
identical to the observed TolA-II-OmpF binding (16).
Western blots of OmpF and PN complexes (Figure 1B)
confirmed the presence of PN in a high molecular weight
complex with OmpF.

Pore-Forming Domain Does Not Bind to the Monomeric
Porin OmpA. When mixed with PN in 1% SDS, OmpA
showed slightly reduced migration (Figure 1C) but analysis
by Western blotting did not reveal comigration of PN with
OmpA (not shown). Thus only trimeric porins form stable
complexes with PN under these conditions. The studies thus
far were all carried out with-lbLPS-porins (i.e., without
loosely bound LPS). In all of the following investigations
the use of+lbLPS-porins demonstrates that these complexes
can be formed with both porin isoforms.

Detergent-Induced Tertiary Structure Alteration of PN. The
near UV-CD spectrum of native PN has strong positive
peaks indicative of aromatic residues constrained by a rigid
tertiary structure (Figure 2, inset) (24). In 1% SDS these
peaks were lost and replaced with a broad, featureless, and
negative signal indicating a loss of tertiary structure (25).
Far UV-CD spectra (Figure 2) showed comparatively little
change in the spectrum of this predominantlyR-helical
domain on the introduction of the detergent. The changes
are similar to those observed upon molten globule formation
and membrane insertion in colicin A (25). Similar data were
obtained in 1% octyl-POE (data not shown).

TolA-II-III Can Displace PN from Its Complex. The
colicin translocator TolA consists of three domains; the first-
TolA-I, is a cytoplasmic membrane-spanning domain and
hence experiments were carried out with TolA-II-III ( 5).

TolA-II -III and PN formed complexes with native OmpF
in SDS that were easily distinguishable by electrophoresis,
since TolA-II-III causes significantly greater retardation than
PN (16). Porin denatured by boiling in SDS for 5 min did
not form a complex (Figure 3A). TolA-II-III and PN showed
no mobility shifts when incubated together in SDS in the
absence of OmpF (not shown).When either TolAII-III or
PN was incubated with OmpF alone followed 2 min later by
the other protein, two separate complexes were detected on
SDS-PAGE that migrated identically to the TolA-II-III/
OmpF and PN/OmpF complexes, respectively (Figure 3A).

For each complex, conditions were found that resulted in
complete retardation of the OmpF, showing saturation of the
binding. To confirm that the two distinct complexes con-
tained a single ligand species, we prepared samples in which
the PN/OmpF complex was formed, followed by addition of
an equimolar (cf. PN) amount of TolA-II-III. After SDS-
PAGE, the resulting Western blot was split and the identical
parts were probed with either TolA-III or colicin N-specific
antisera (Figure 3B). The blot demonstrated that each
antiserum reacted with only one of the two distinct high
molecular weight bands, confirming that these were indeed
distinct TolA-II-III/OmpF and PN/OmpF complexes. This

FIGURE 2: Circular dichroism analysis of PN. The near (inset; 250-
320 nm) and far (194-250 nm) UV-CD spectra of PN in 0.0625
M Tris-HCl and 0.5 M NaCl, pH 6.8, with (dashed line) and without
(solid line) 1% SDS were recorded at 20°C in 1 cm (near) and 0.2
mm (far) path length cuvettes, respectively, at a protein concentra-
tion of 13 µM.

FIGURE 3: Interactions of PN and TolA-II-III with native and
denatured+lbLPS-OmpF. (A) In each case loadings for the various
ligands were (a) OmpF, 0.6 nmol; (b) TolA-II-III, 6 nmol; and
(c) PN, 6 nmol. OmpF was denatured by heating at 95°C for 5
min, where necessary, before mixing with ligands. All incubations
were for 2 min at ambient temperature. Key: D denotes denatured
OmpF; N, native OmpF;+, ligand addition;-, absence of ligand;
1, first addition; 2, second addition. (B) OmpF trimers (10 pmol)
were mixed with PN at a molar ratio of 10:1 (PN:OmpF) in 1%
SDS and 0.5 M NaCl at ambient temperature. After 2 min, TolA-
II-III was also added the molar ratio of 10:1. Single ligand mixes
with OmpF were also run to discount immunochemical cross-
reactions. The left-hand panel was probed with anti-colicin N and
the right with anti-TolA-III. PF denotes OmpF+ PN; TF, OmpF
+ TolA-II -III; PFT, OmpF+ PN + TolA-II -III. The lower band
only seen with anti-TolA-III in PFT is presumably the breakdown
product of TolA-II-III, which is visible in Coomassie Blue-stained
gels (A). In TF it migrates with OmpF but is displaced in PFT.
P/OmpF** and P/OmpF* denote bands that may correspond to the
complexes of PN with minor fractions of monomeric and dimeric
porin.
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is clear evidence against the formation of a ternary complex.
Bands were seen on the blot that may correspond to the PN

bound to monomers and dimers of OmpF. These bands were
never visible on Coomassie blue stained SDS-PAGE.
Following complex formation between OmpF and either
TolA-II -III and PN under saturating conditions, increasing
concentrations of the other ligand were introduced (Figure
4). In each case, both complexes formed and as the
concentration of the second ligand increased, its complex
with OmpF became increasingly prominent. These observa-
tions are consistent with a dynamic system in which TolA-
II-III and PN bind OmpF in an exchangeable manner. TolA-
II-III appeared to be slightly more efficient in displacing
PN than vice versa.

Titration of the OmpF/TolB complex reported by ref17
was reproduced in 1% SDS and the addition of an equimolar
(cf. TolB) amount of PN resulted in complete conversion of
the porin to an OmpF/PN complex (not shown). When
equimolar TolB (cf. PN) was added to OmpF/PN, no
displacement of the colicin domain from its porin complex

was detected. Therefore binding of PN by OmpF is unaffected
by the presence of TolB and again the behavior of PN closely
resembles that of TolA-II (17).

Colicin E9 C-Terminal Domain Does Not Form an SDS-
Inducible Complex with OmpF. To test whether SDS-
inducible binding of trimeric porins is unique to pore-forming
colicins we analyzed the OmpF-binding of a group A
nuclease colicin (E9 ) C-terminal domain (3) in 1% SDS (data
not shown). There was no shift in the migration of either
protein and therefore no evidence that this unrelated but
largely helical domain formed any complex with OmpF. Thus
the interaction with porins is clearly a property of the pore-
forming domains rather than all colicin toxic domains.

Lipopolysaccharide Causes Colicin-Porin Complex For-
mation. To test the colicin-porin interaction in solution we
used His(6)-tagged PN (His-PN) attached to NTA-agarose
beads to “pull down” OmpF (Figure 5) (17). This occurred
both when SDS was used and also when 1% LPS replaced
the SDS. This reveals that complex formation can be
promoted by a natural outer membrane component and is
not peculiar to SDS treatment. To test the specificity of the
interaction we used NTA-agarose without His-PN, with His-
TolRII (20), and with soluble TolA-II-III and His-PN. In
each case no binding was observed, showing that the
interaction is identical to that observed on SDS-PAGE
including the inhibition by TolA. As reported previously (16),
only nonspecific binding was observed in octyl-POE. Char-
acterization of the SDS-induced complex by gel-filtration
chromatography was not possible as the P-domain in SDS
migrates atMr ) 60 000, which does not allow sufficient
separation from the OmpF trimer. SDS-induced oligomer-
ization has been observed in hydrodynamic studies of colicin
A (26) but it is not seen in SDS-PAGE (our unpublished
data).

DISCUSSION

The data presented here provide significant additional
information about the SDS-dependent porin-containing com-

FIGURE 4: Concentration-dependent porin ligand exchange. (A)
Exclusion of PN from its porin complex by increasing concentrations
of TolA-II -III. OmpF trimers (110 pmol) were mixed with PN at
a molar ratio of 10:1 (PN:OmpF) in 1% SDS and 0.5M NaCl at
ambient temperature. After 2 min, TolA-II-III was added to the
molar ratios shown above each lane. (B) Exclusion of TolA-II-III
from its porin complex by increasing concentrations of PN. OmpF
trimers were (110 pmol) mixed with TolA-II-III at a molar ratio
of 10:1 (TolA-II-III:OmpF) in 1% SDS and 0.5 M NaCl at ambient
temperature. After 2 min, PN was added to the molar ratios shown
above each lane. In both cases the reaction mixes were loaded onto
SDS-PAGE 12% gels and electrophoresed immediately.

FIGURE 5: SDS and LPS cause porin-colicin N complexes in pull-
down assays. Pull-down experiments used the methods of ref16.
All samples contained PN buffer [supplemented with 1% (w/v)
SDS, octyl-POE, or LPS], 5µL of suspended NTA-agarose beads
(Qiagen), and 10µg of OmpF. 6His-tagged PN or TolRII (5 µg)
(“Bead”) and 10µg of TolAII-III (“Soln”) were added where
indicated (see text). The bands on the gels show whether OmpF
bound to the beads in each sample. Nonspecific binding was
observed in octyl-POE and to a lesser extent in LPS. OmpF clearly
binds to PN in SDS and LPS, and this interaction is prevented by
soluble TolA-II-III. The reason for the doublet band in the SDS
samples is not known.
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plexes that have been reported in recent years. The first
example was that of the periplasmic chaperone Skp, which
was reported to bind porins in a column affinity assay in
SDS (18). Second, the periplasmic domain of TolA (TolA-
II) was shown to bind all trimeric porins in the presence of
SDS (16). Finally, it was shown that TolB shows similar
behavior although with a lower affinity (17). Here we show
that the P domains and the Tol proteins show clear competi-
tion in their binding to porins. This may mean either that
they compete for an overlapping binding site or that long-
range allosteric effects prevent simultaneous binding. The
P-domain is shown to bind to several trimeric porins whereas
the remaining domains of colicin N, and those of colicin
E9, do not bind under these conditions. We also show that
the outer membrane component LPS, which is necessary for
porin maturation (27), can substitute for SDS, thus increasing
the physiological relevance of the observed interactions. It
is of relevance here that the Tol system’s only clear function
is the translocation of colicins across the outer membrane
and periplasm, a process in which porins play a major role
as well.

Our data and previous experiments have shown that in
neutral detergent the pore-forming domains of colicins do
not bind porins (13, 19). Hence, anionic surfactants such as
LPS and SDS are essential for the formation of the tight
complex and currently it is impossible to determine whether
this is due to the observed alteration of the tertiary structure
of PN or an as-yet unseen change in the porin trimer.

Neither porins nor Tol proteins have been implicated in
colicin B activity so it was surprising that complexes were
seen when the pore-forming domain of colicin B (PB) was
used in place of PN. The pore-forming domains of colicins
N (28), A (21), E1 (29), and Ia (30) have similar folds, so
PB is likely to be very similar. Thus one common element
of P-domains is the buried very hydrophobic helix pair
surrounded by eight amphipathic helices. The 3D structures
of OmpF, PhoE (31), and maltoporin (23) are known and
the binding of PN to the latter was most unexpected since it
shows no homology to OmpF-type porins. All, however, are
trimeric amphipathicâ-barrels exposing only hydrophobic
residues to the membrane phase.

Under saturating conditions, complexes of OmpF with PN

and with TolA-II-III were easily distinguishable on SDS-
PAGE. The displacement of the porin-bound PN from its
complex by TolA-II-III and vice versa suggests a direct
competition between PN and TolA-II-III for OmpF binding,
which allows us to be more confident of a functional
significance for these data. Together with the observation
of TolB displacement from porins by TolA (17), the data
indicate a specific interaction by three types of protein for a
single or interacting sites onE. coli porins. Interestingly,
E1, the only group A colicin that does not require OmpF
for translocation, is also the only one not to require a
complete TolA-II domain for its activity (10).

RN-OmpF binding concentrates the colicin at the bacterial
surface (11-13) via an aqueous phase protein-protein
interaction that is inhibited by detergents (19, 32). Hence
the role of detergent/LPS-induced porin binding by PN is
not clear. Our best guess is that we may be viewing a trapped
intermediate in the translocation pathway. In this state the
colicin domain is interacting with the porin as it would during
passage through the outer membrane. This agrees with

previous data that peripheral regions of the OmpF trimer
barrel are crucial for translocation (33) and that colicin N
does not translocate through the center of the OmpF pore
(14). If the complexes seen here are translocation intermedi-
ates, their displacement by TolA-II may offer a clue as to
why this domain is important for toxicity of most group A
colicins. The repetitive sequence of the TolA-II sequence
which is responsible for the porin binding consists of 10
tandem repeats of [ED]-K(1,2)-A(2,4) with a coiled-coil pro-
pensity, e.g., (217-EKAKAEAEKKAAAEKAAA-234). In
the pore-forming regions of the colicins tested, the closest
match is in the N-terminal region, which links to the receptor-
binding domain (colicin N 184-RKEEKEKNEKEALLKA-
199). This section of the P-domain is not required for pore
formation (34) and in several published models of pore-
forming colicin translocation it is shown adjacent to the porin
(28, 35).

SDS-PAGE Artifact or Useful Biological Data?Porins
are fully active in SDS and the data here and elsewhere (36)
indicate that, under the same conditions, colicins are
converted into the membrane insertion-competent state.
Hence the SDS experiments are not carried out under
denaturing conditions for either protein. However, boiling
the samples does prevent the interactions.

The pull-down assays show that the polyacrylamide gel
is not required to form the complex and that SDS can be
replaced by a physiologically relevant, negatively charged
amphiphile, LPS. This solution-state binding is also inhibited
by TolA-II-III in the same way as the SDS-PAGE effect.
In ViVo, the interaction of the P-domain with porins will take
place in the presence of LPS so this experiment comes close
to reproducing the natural state. Hence, from this and the
previously published data (16, 17) we believe that the binding
occurs under conditions that make it a serious candidate for
one of the porin-colicin interactions necessary for trans-
location.

Comparison of P-Domains with the Bcl Family. The link
between these two families has been evident since the Bcl-
xL structure was solved and the helical bundle with a buried
hydrophobic helical hairpin, first seen in colicin A, was found
in the Bcl-2 family (37). The proteins also share several
characteristics such as pore formation. It was recently shown
that “pore domain like” Bcl and Bax proteins show competi-
tive binding to the mitochondrial “porin” VDAC (38). It is
therefore interesting that this protein motif might to show a
general affinity forâ-barrel membrane proteins.
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