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case of alamethicin, the length of the helix is such as to allow
complete spanning of the membrane bilayer, and channels are
believed to formvia the aggregation of several peptide
monomers. For membrane activity, the shortest peptaibols
require the presence of a long acyl chain at the N-terminus
(hence, the term lipopeptide’s). These helices, in particular
those of trichogin, are able to span only half the bilayer, and
consequently, membrane activity requires the alignment of two
channels on the two lipids leaflets. The hydrocarbon moiety
may allow binding of the peptide to the membrane with the
correct geometry and alignment of the channels.

On these premises, we speculated that connecting two (or
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A correct folding into a well-defined 3-D structure represents
the fundamental prerequisite for any protein to accomplish its

biological function. Stabilization of such a structure occuies

hydrogen bond formation, hydrophobic and electrostatic interac-

tions, or coordination to metal iods.From the design ofle

novo proteins, we may expect to get insight into the process o
their tertiary structure organization or to control the onset of
specific function€. Synthetic proteins have been obtained by
connecting relatively small peptides of known secondary

structure to a platform, as has been done by Mdttéore

recently, Ghadifihas introduced a new strategy by assembling

the peptide chains into thde nao protein via metal ion

coordination. Modulation of the dynamics of designed proteins

by metal ion coordination has been also repofte@ecently,

these synthetic proteins have attracted considerable interest fo

the realization of artificial ion channefs®
The peptaibol family of antibioti®sconstitutes a class of

molecules that are thought to act through channel formation in
cell membranes, leading to leakage of the cytoplasmic material
and eventually to cell death. They are linear peptides containing

a large portion ofi-aminoisobutyric acid (Aib) residues, which

strongly promote helix formation. Sequences of these peptides

range from 19 amino acids (alamethiéth}o as low as 10
(trichogin)t! or even six amino acids (trichodecenif).In the
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consecutive peptide chains) to folded (a bundle of two or more
peptide chains) could allow the control of permeability of a
liposomal membrane. In the extended conformation, the length
of this protein would be very similar to that of alamethicin,
thus allowing complete spanning of the bilayer. By contrast,
in the folded conformation, a cluster of short helical peptides
would form which, lacking the hydrocarbon chain, should be
unable to align to ensure formation of the active channel.
With this in mind, we connected to tris(2-aminoethyl)amine

f (TREN) three copies of the decapeptitid-Gly-Leu-Aib-Gly-

Gly-Leu-Aib-Gly-lle-Leu-OMe (GLUGGLUGIL) (U= Aib) via

a 4-carboxy-1-methylbenzene spacer to obtain the tris-decapep-
tide TREN derivativel.'®> The spacer was introduced to avoid
the involvement of the peptide in metal ion coordination with
concomitant modification of its secondary structure. The
decapeptide sequence is analogous to that of trichogin A IV.
With respect to the natural lipopeptide sequence, there are two
differences: (i) the Aib residue at the N-terminus has been
omitted to simplify formation of the amide bond to the benzoyl

Yerivative spacer and (ii) the C-termingtamino alcohol

leucinol (Lol) has been replaced with tleeamino ester Leu-
OMe. Both modifications are known to be uninfluential on the
helical structure of the peptidé%141® Furthermore, the Leu-
OMe analogue of trichogin A IV3) was shown to be as active
as native trichogin A IV in affecting permeability of liposomal
membrane$’ For comparison, the tris-tripeptide derivative of
TREN, 2,15was also synthesized. It is known that coordination
of N-functionalized TREN to Zn(ll) involves, typically, forma-
tion of pentacoordinate complexes whose geometry is a trigonal
bipyramid with the four amino groups and an extra ligand
involved in the coordinatio®® Previous work from our
laboratory® has shown that, upon binding of a Zn(ll) ion, a
benzyl-functionalized TREN derivative assumes a basket-like
structure, with the three phenyl groups pointing in the same
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direction. On the other hand, the uncomplexed ligand has no 100F
conformational constraints and, hence, has a quite flexible
structure.
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CH3C—Aib-Gly-Leu-Aib-Gly-Gly-Leu-Aib-Gly-lle-Lew-OMe Figure 1. Relative amount of released CF after 20 min as a function
4 of the concentration of added peptide. Conditions: [lipid}t x 105
M, pH = 7.4 (0.01 M HEPES buffer), [NaCHK 0.1 M; temperature,
0 25°C.0O, 1; @, 1-Zn(ll); O, 2; a, 4; 4, 5. Inset: Time course of the
,E\ ) ) increase of fluorescence upon addition of 5807 M 1-Zn(ll); the
@ 07" Gly-Leu-Aib-Gly-Gly-Leu-Aib-Gly-Tie-Leu-OMe arrow indicates when excess EDTA (1x510°5 M) was added to one
5 of the two cuvettes while the other was left unchanged (control).
together three peptide chains offsets the adverse effect induced
. , ] by the absence of the hydrocarbon chain (as in the cad@of
n-C7H15C—Aib-Gly-Leu-Aib-Gly-Gly- Leu-Aib-Gly-lle-Lol 5).24 The presence of Zn(ll) controls the rate of the leakage in
Trichogin A TV a reversible process. This is clearly shown in an experiment
started by adding thel-Zn(ll) complex to the CF-loaded
Mod|f|cat|on of membrane permeablhty by compoumnd VeSiCIeS: the rate Of releﬁ@f CF can be increased by addltlon

2 was tested by monitoring trapped carboxyfluorescein (CF) Of a 25-fold excess of EDTA, which removes the metal ion
leakagé32° from small unilamellar vesicl@s composed of a ~ from the complex (Figure 1, inset), transforming it into the more
70:30 blend of fresh eggra-phosphatidylcholine (Sigma) and ~ €fficient polypeptidel. The EDTA complex is too hydrophilic

cholesterol. The percent of fluorescence increase was deter{0 interact with the bilayer membrane and does not affect its

mined after 20 min of incubation at 2% and pH= 7.4 of permeability. _ _ _
CF-loaded vesicles in the presence of increasing concentrations N conclusion, we succeeded in the synthesis of a polypeptide
of added peptide. The results are reported in Figure 1. able to affect permeability of a model membrane and showed

The tris-decapeptide derivative is quite effective in promoting that the observed effect can be controlled by addition (or
CF leakage from the vesicles. However, when this molecule removal) of Zn(ll) ions. Likely, this is due to a conformational
is added as the Zn(ll) complex, the effect is greatly reduced. change of the polypeptide in the membrane controlled by the
At a 4 x 107 M concentration, the uncomplexed polypeptide formation of the metal complex. Molecular models indicate
is almost 10 times more effective than the Zn(Il) complex. Under that the polypeptide is potentially able to span the bilayer (38
identical conditions, very little leakage was induceddyand  A) in its fully stretched conformatiom{43 A), while the folded

no effect was observed with the acetyl homologue & Also, Zn(Il) complex is too short¢24 A). Work is in progress aimed
very little modification of permeability was observed wih at defining the minimal peptide length required to affect
the Ne-carbobenzyloxylated peptide precursor in the synthesis Permeability and the mechanism operative in this system.
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