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Abstract: Trikoningin KB II, a ten-amino acid residue lipopeptaibol blocked at the N-terminus by the
n-octanoyl group and at the C-terminus by the 1,2-amino alcohol L-leucinol, and extracted from the fungus
Trichoderma koningii, exhibits membrane-modifying properties. We have synthesized by solution-phase
methods trikoningin KB II and several analogues with acyl chains of different length at the N- and
C-termini. Permeability measurements showed that an appropriate length of the linear acyl chain is a more
important characteristic for the onset of significant membrane-modifying activity than its position in the
peptide chain. Copyright © 1999 European Peptide Society and John Wiley & Sons, Ltd.
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INTRODUCTION

The peptaibol [1] family of antibiotics is a class of
molecules that are known to be active on cell mem-
branes, leading to leakage of the cytoplasmic mate-
rial and eventually to cell death [2]. They are linear
peptides containing a large fraction of Aib residues,
which strongly promote helix formation, and a C-
terminal 1,2-amino alcohol. Sequences of these
peptides range from 19 amino acids (alamethicin) to
as low as ten (trichogin GA IV [3-12] and
trikoningins KB I and KB II [13]) or even six amino

Abbreviations: CF, carboxyfluorescein; DMAP, 4-dimethylaminopy-
ridine; EDC, N-ethyl-N'-[3-(dimethylamino)propyllcarbodiimide;
HOAt, 1-hydroxy-7-azabenzotriazole; Iva, isovaline; Lol, leucinol;
nOct, n-octanoyl; PC, phosphatidylcholine; TOAC, 2,2,6,6-te-
tramethyl-piperidine-1-oxyl-4-amino-4-carboxylic acid; all chiral
protein amino acids and Lol have the L-configuration: on the
contrary, the configuration of Iva is D.
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acids (trichodecenins) [14-16]. In the case of alame-
thicin, the length of the helix is such as to allow
complete spanning of the membrane bilayer, and
channels are believed to form via self-aggregation of
several peptide monomers. Interestingly, for mem-
brane activity the shortest peptaibols require the
presence of a long acyl chain at the N-terminus
(hence, the term lipopeptaibols). If the mechanism
of channel formation would be operative also for the
lipopeptaibols, then trichogin and trikoningin he-
lices would be able to span only about half of the
bilayer. In that case membrane activity would re-
quire the alignment of two peptide molecules to
form a dimeric structural system and the hydrocar-
bon moiety would allow dimer formation and bind-
ing of the peptide to the membrane with the correct
geometry of the channels.

In connection with our ongoing study of the con-
formational properties and mechanism of mem-
brane activity of lipopeptaibols [4-12,16], we
describe here the total chemical synthesis and
membrane-modifying properties of trikoningin KB II



[13] and some decapeptide analogues with acyl
chains characterized by a different number of car-
bon atoms (2, 4 or 8) incorporated either at the N-
or at the C-terminus or at both termini. The amino
acid sequences of the natural, strictly related tri-
chogin GA IV and trikoningin KB I and KB II
molecules are presented below:

Trichogin GA IV: nOct-Aib!-Gly-Leu-Aib-Gly®>-
Gly-Leu-Aib-Gly-Ile'°-Lol
Trikoningin KB I: nOct-Aib!-Gly-Val-Aib-Gly®-
Gly-Val-Aib-Gly-Ile'°-Lol
Trikoningin KB II: nOct-p-Iva'-Gly-Val-Aib-Gly®>-
Gly-Val-Aib-Gly-Ile'°-Lol

MATERIALS AND METHODS

Peptide Synthesis

Melting points were determined using a Leitz (Wetz-
lar, Germany) model Laborlux 12 apparatus and are
not corrected. Optical rotations were measured us-
ing a Perkin-Elmer (Norwalk, CT) model 241 polar-
imeter equipped with a Haake (Karlsruhe, Germany)
model D thermostat. Thin-layer chromatography
was performed on Merck (Darmstadt, Germany)
Kieselgel 60-F,5, precoated plates using the follow-
ing solvent systems: (1) CHCI;/EtOH, 9:1; (II)
nBuOH/AcOH/H,O, 3:1:1; (III) toluene/EtOH, 7:1.
The chromatograms were developed by quenching
of UV fluorescence, chlorine-starch-potassium io-
dide or ninhydrin chromatic reaction as appropri-
ate. All the new compounds were obtained in a
chromatographically homogeneous state. The
amino acid analyses were performed on a Carlo
Erba (Rodano, Milan, Italy) model 3A 30-amino acid
analyzer. The Aib colour yield with ninhydrin is
about 20 times lower than those of protein amino
acids. Elution of Aib was observed immediately after
the Ala peak. HPLC was performed on a Pharmacia
(Uppsala, Sweden) model LKB-LCC 2252 liquid
chromatograph equipped with an UVICORD model
SD detector (226 nm) and a reversed-phase C,g
Vydac (Hesperia, CA) model 218 TP54 column.

Liposome Leakage Assay

Peptide-induced leakage from egg PC vesicles was
measured at 20°C using the CF-entrapped vesicle
technique [17]. CF-encapsulated small unilamellar
vesicles (egg PC/cholesterol, 7:3) were prepared by
sonication in Hepes buffer, pH 7.4. The phospho-
lipid concentration was kept constant (0.06 mwm),
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and increasing [peptide]/[lipid] molar ratios (R; 1)
were obtained by adding aliquots of MeOH solutions
of peptides, keeping the final MeOH concentration
below 5% by volume. After rapid and vigorous stir-
ring, the time course of fluorescence change corre-
sponding to CF escape was recorded at 520 nm (6
nm band pass) with /.. 488 nm (3 nm band pass).
The percentage of released CF at time t was deter-
mined as (F, — F,)/(Fr— Fy) x 100, with F, = fluores-
cence intensity of vesicles in the absence of peptide,
F, =fluorescence intensity at time t in the presence
of peptide, and F= total fluorescence intensity de-
termined by disrupting the vesicles by addition of
50 puL of a 10% Triton X-100 solution. The kinetics
were stopped at 20 min.

RESULTS

Peptide Synthesis

The total chemical syntheses of trikoningin KB II
and its analogues were carried out step-by-step in
solution, beginning from the C-terminal H-L-Leu-
OMe residue, via the mixed anhydride method with
isobutylchloroformate [18] to incorporate the
protein amino acids, the symmetrical anhydride
method to add the Aib residues [19,20], and the
EDC/HOAt method [21] for the insertion of the D-Iva
residues. Removal of the Z N*-protecting group was
achieved by catalytic hydrogenation. N*-Acetylation
was performed by using acetic anhydride, while
N”-acylation with the nBut and nOct groups was
obtained by the EDC/HOAt method. The ester group
of the N*-acylated, Leu-OMe'! undecapeptides was
reduced by using LiBH, [22] to afford the synthetic
trikoningin KB II and its analogues with different
acyl moieties at the N-terminus. Synthetic and nat-
ural [13] trikoningin KB II have identical chromato-
graphic and physical properties. In the last step the
alcoholic function of the N*-blocked, Lol'! decapep-
tides was acylated by treatment with EDC/HOAt
and DMAP as catalyst [23] (Scheme 1).

The chemical and optical purities of all intermedi-
ates and final synthetic products were assessed by
TLC in three different solvent systems, polarimetric
measurements, solid-state IR absorption data (data
listed in Table 1), analytical HPLC and 'H-NMR. A
satisfactory amino acid analysis (results not re-
ported) was obtained for the Z- and -OMe protected
undecapeptide, the key intermediate in the prepara-
tion of all N*-acylated and C-reduced compounds
described in this work.

J. Peptide Sci. 5: 96-102 (1999)
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Table 1 Physical and Analytical Properties for the Peptides Discussed in This Work and Their Synthetic Intermediates

Peptide Melting Recryst. [o]2° TLC IR

point Solvent

Q) )" Ry Ry Ry (cm~1)°
Z-L-Val-Aib-Gly-L-Ile-L-Leu-OMe 89-90 DE/PE —57.7 0.55 0.90 0.20 3308, 1740, 1652, 1533
Z-Gly-L-Val-Aib-Gly-L-Ile-L-Leu-OMe 91-93 DE/PE —-72.5 0.55 0.90 0.20 3299, 1738, 1647, 1538
Z-(Gly),-L-Val-Aib-Gly-L-lle-L-Leu-OMe 169-171 DE/PE —51.0 0.40 0.90 0.10 3315, 1737, 1703, 1655, 1533
Z-Aib-(Gly),-L-Val-Aib-Gly-L-Ile-L-Leu-OMe 104-105 DE/PE —58.7 0.30 0.90 0.851 3306, 1736, 1658, 1533
Z-L-Val-Aib-(Gly),-L-Val-Aib-Gly-L-Ile-L-Leu-OMe 125-127 DE/PE —-59.9 0.40 090 0.859 3315, 1737, 1657, 1534
Z-Gly-L-Val-Aib-(Gly),-L-Val-Aib-Gly-L-lle-L-Leu-OMe 158-160 DE/PE —70.1 0.40 0.90 0.854 3315, 1739, 1655, 1536
Z-p-Iva-Gly-L-Val-Aib-(Gly),-L-Val-Aib-Gly-L-Ile-L-Leu-OMe 132-134 DE/PE —36.8 0.10 0.95 0.904 3316, 1738, 1656, 1536
Ac-D-Iva-Gly-L-Val-Aib-(Gly),-L-Val-Aib-Gly-L-Ile-L-Leu-OMe 155-156 f —41.6 0.35 0.60 0.859 3320, 1741, 1657, 1538
nBut-p-Iva-Gly-L-Val-Aib-(Gly),-L-Val-Aib-Gly-L-Ile-L-Leu-OMe 136-138 f —36.9¢ 0.50 0.70 0.854 3320, 1741, 1652, 1539
nOct-p-Iva-Gly-L-Val-Aib-(Gly),-L-Val-Aib-Gly-L-Ile-L-Leu-OMe 140-142 f —36.4 0.10 0.75 0.901 3324, 1741, 1657, 1537
Ac-D-Iva-Gly-L-Val-Aib-(Gly),-L-Val-Aib-Gly-L-Ile-L-Lol 155-156 f —22.7 0.25 0.60 0.75¢ 3321, 1657, 1537
nBut-p-Iva-Gly-L-Val-Aib-(Gly),-L-Val-Aib-Gly-L-1le-L-Lol 158-160 f —13.5 0.45 0.65 0.804 3320, 1656, 1538
nOct-p-Iva-Gly-L-Val-Aib-(Gly),-L-Val-Aib-Gly-L-1le-L-Lol 147-149 f —22.3 0.45 0.70 0.80¢ 3321, 1657, 1537
Ac-Dp-Iva-Gly-L-Val-Aib-(Gly),-L-Val-Aib-Gly-L-Ile-L-Lol-nOct 127-128 f —-21.6 0.40 0.70 0.90¢ 3314, 1722, 1657, 1539
nBut-p-Iva-Gly-L-Val-Aib-(Gly),-L-Val-Aib-Gly-L-Ile-L-Lol-nBut 115-116 f —19.3 0.50 0.75 0.904 3326, 1716, 1655, 1539
nOct-p-Iva-Gly-L-Val-Aib-(Gly),-L-Val-Aib-Gly-L-Ile-L-Lol-nOct 105-106 f —26.1 0.55 0.80 0.909 3327, 1718, 1656, 1538

2DE, diethyl ether; PE, petroleum ether.
P¢c=0.5, MeOH.

°The IR absorption spectra were obtained in KBr pellets (only significant bands in the 3500-3200 and 1800-1520 cm~! regions are reported).

Ry = CHCL;/MeOH, 9:1.
°c=0.2, MeOH.
fLyophylized after HPLC purification.
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Scheme 1

Membrane Permeability Measurements

Lipopeptaibols bind to phospholipid bilayers and
are able to modify their permeability [3,5,6,10,14].
Therefore, the permeability properties of trikoningin
KB II [13] and its analogues with acyl chains of
different length at the N- and C-termini were inves-
tigated by following fluorimetrically the induced CF
leakage from small unilamellar vesicles (egg PC-
cholesterol 70:30) for different R; ' = [peptide]/
[lipid] molar ratios [17].

In Figure 1 the membrane modifying properties of
trikoningin KB II and its two analogues with a
shorter acyl chain at the N-terminus are compared

Copyright © 1999 European Peptide Society and John Wiley & Sons, Ltd.

to those of the parent lipopeptaibol trichogin GA IV.
An R; ! value of 80 x 10 ~3, allowing the leakage of
50% of the entrapped CF in 20 min, was obtained
for trikoningin KB II, whereas the [Ac-D-Iva']- and
[nBut-p-Iva'l]-analogues are unable to show any
membrane permeability effect. As already reported
by Bodo and coworkers [13], trichogin GAIV (R; ! =
20 x 10~ 3) is significantly more efficient in mem-
brane activity than trikoningin KB II.

Figure 2 compares the membrane permeability
results of trichogin GA IV and trikoningin KB II with
those of the three trikoningin KB II analogues acy-
lated at both N- and C-termini. It is noteworthy that
the bis-n-octanoylated trikoningin KB II analogue is

J. Peptide Sci. 5: 96-102 (1999)
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Figure 1 Peptide induced CF leakage at 20 min for differ-
ent ratios R; ! =[peptide]/[lipid] from egg PC/cholesterol
(70:30) unilamellar vesicles: @, trichogin GA IV; [,
trikoningin KB II; O, [Ac-D-Iva'[trikoningin KB II; A,
[nBut-p-Iva'ltrikoningin KB II.

much more active (R; ! = 17 x 10 ~3) than its parent
compound, and even slightly more active than tri-
chogin GA 1V itself. However, the N*-acetylated, C-
n-octanoylated analogue is less efficient
(R7'=120 x 10~3). Finally, a striking observation
is the lack of any activity exhibited by the bis-n-bu-
tanoylated analogue.

DISCUSSION

Previous detailed FT-IR absorption, NMR, CD and
X-ray diffraction conformational studies which em-
anated from Bodo’s and our laboratories [3-12]
unequivocally showed that trichogin GA IV is folded
in an amphiphilic, right-handed, mixed 3,,/x-helix

— —a

0 100 200 300 400 500
Ri-1 (x 103)

Figure 2 Peptide induced CF leakage at 20 min for differ-
ent ratios R; ! =[peptide]/[lipid] from egg PC/cholesterol
(70:30) unilamellar vesicles: @, trichogin GA 1V; [,
trikoningin KB II;HM, [nBut-pD-Iva!, Lol-nBut!!]trikoningin
KB II; ¢, [Ac-D-Iva', Lol-nOct!']trikoningin KB II; A,
[nOct-p-Ival, Lol-nOct!!|trikoningin KB II.

Copyright © 1999 European Peptide Society and John Wiley & Sons, Ltd.

[24] in structure-supporting organic solvents and in
membrane-mimetic environments. The very limited
differences in the amino acid sequences between
trichogin GA IV and the trikoningins are not ex-
pected to modify significantly the preferred confor-
mation of the latter lipopeptaibols [13].

Published membrane permeability measurements
on trichogin GA IV and its analogues, and on
trikoningins KB I and KB II [3-13] clearly indicated
that: (i) replacement of the C-terminal Lol moiety
with Leu-OMe does not affect at all the membrane
activity; (ii) at least six carbon atoms in the N*-
blocking fatty acyl moiety are essential for the onset
of significant membrane modifying properties.
Among the monomeric trichogin analogues the most
active is the C,, peptide. However, the head-to-head
succinoyl dimer is the most effficient trichogin ana-
logue synthesized to date; (iii) substitution of the
more hydrophobic Leu® and Leu’ residues (tri-
chogin GA V) by the less hydrophobic Val® and Val”
residues (trikoningins) induces a remarkable de-
crease in membrane activity; (iv) conversely, a sig-
nificant increase in membrane activity was
observed upon replacement of the four Gly?®6°
residues, forming the more polar face of the am-
phiphilic helical structure, with the more hy-
drophilic Ser residues; (v) replacement of the Aib
residue (positions 1, 4, and 8) with other members
of the family of the strongly helicogenic C*-tetrasub-
stituted «-amino acids (p-Iva, TOAC [25,26]) affects
only marginally the membrane activity; (vi) the
same observation holds true upon moving the long
acyl moiety from the N*-blocking group to the side-
chain of an N-terminal extra-residue.

In the present work we have described the first
total chemical synthesis of the naturally occurring
lipopeptaibol trikoningin KB II and a variety of ana-
logues with acyl chains of different length (C,, C,,
and Cg) at the N- and C-termini by using the step-
by-step solution approach.

From the membrane permeability measurements
on the trikoningins performed in this work in com-
parison with our synthetic trichogin GA IV, we were
able to confirm the results obtained by Bodo’s and
our groups [5,13] pointing to the strict requirement
for an N”-blocking acyl chain of more than four
carbon atoms for a significant membrane activity of
lipopeptaibols and to the beneficial effect of the
presence of two Leu residues (compared to two Val
residues) on the hydrophobic face of the am-
phiphilic helix.

New relevant information extracted from this work
may be summarized as follows: (i) in striking con-

J. Peptide Sci. 5: 96-102 (1999)



trast to the effect produced by one long (Cg) acyl
chain, two short (C,) acyl chains, each with half
number of carbon atoms, concomitantly linked at
the two termini of the peptide chain, are not able to
induce any appreciable membrane activity; (ii) the
position of the long acyl chain does have some
influence, albeit not dramatic, on membrane activ-
ity (it is higher when the Cg acyl chain is located at
the N-terminus of the peptide chain); (iii) the pres-
ence of two Cg acyl chains, concomitantly linked at
the two termini of the peptide chain, produces a
significant increase in membrane activity.

Despite recent significant advancements in our
understanding of the mechanism of action of these
lipopeptaibols in the membrane environment, at the
present stage of our research we are not yet in the
position of unambiguously discriminating between
the barrel-stave (channel formation) mechanism,
which implies that the peptide molecule would be
parallel to the normal to the bilayer, and the carpet-
like mechanism, which requires the helical peptide
floating on the bilayer with the hydrophobic face
buried into the membrane [27,28]. An investigation
is currently underway in our laboratory aiming at
unraveling the precise mechanism of action of these
lipopeptaibols in the membrane environment by ex-
ploiting a series of synthetic, monolabeled trichogin
GA IV analogues, designed to incorporate at se-
lected positions (1, 4, 8) of the peptide chain the
nitroxide-based amino acid TOAC [26], and the ESR
technique, which will provide us with the immer-
sion depth and orientation of the free radical moiety
with respect to the lipid bilayer [29,30].

Acknowledgements

Financial support from the C.N.R. Target Project on
Biotechnology (Italy) is gratefully acknowledged by
some of us (C.P., F.F., M.C., and C.T.).

REFERENCES

1. E. Benedetti, A. Bavoso, B. Di Blasio, V. Pavone, C.
Pedone, C. Toniolo and G.M. Bonora (1982). Peptaibol
antibiotics. A study on the helical structure of the 2-9
sequence of emerimicins III and IV. Proc. Natl. Acad.
Sci. USA 79, 7951-7954.

2. R. Nagaraj and P. Balaram (1981). Alamethicin, a
transmembrane channel. Acc. Chem. Res. 14, 356-
362.

10.

11.

12.

13.

Copyright © 1999 European Peptide Society and John Wiley & Sons, Ltd.

TRIKONINGIN KB II AND ANALOGUES 101

. C. Auvin-Guette, S. Rebuffat, Y. Prigent and B. Bodo
(1992). Trichogin A IV, an 11l-residue lipopeptaibol
from Trichoderma longibrachiatum. J. Am. Chem. Soc.
114, 2170-2174.

. C. Toniolo, C. Peggion, M. Crisma, F. Formaggio, X.
Shui and D.S. Eggleston (1994). Structure determina-
tion of racemic trichogin A IV using centrosymmetric
crystals. Nature: Struct. Biol. 1, 908-914.

. C. Toniolo, M. Crisma, F. Formaggio, C. Peggion, V.
Monaco, C. Goulard, S. Rebuffat and B. Bodo (1996).
Effect of N*-acyl chain length on the membrane-modi-
fying properties of synthetic analogs of the lipopeptai-
bol trichogin GA IV. J. Am. Chem. Soc. 118,
4952-4958.

. P. Scrimin, A. Veronese, P. Tecilla, U. Tonellato, V.
Monaco, F. Formaggio, M. Crisma and C. Toniolo
(1996). Metal ion modulation of membrane permeabil-
ity induced by a polypeptide template. J. Am. Chem.
Soc. 118, 2505-2506.

. X. Shui, D.S. Eggleston, V. Monaco, F. Formaggio, M.
Crisma and C. Toniolo. Amphipathic peptide helices.
Structure of a trichogin A IV analog containing serine,
Octanoyl-Aib-Ser-Leu-Aib-Ser-Ser-Leu-Aib-Ser-Ile-
Leu-OMe, in: Peptides: Chemistry, Structure and Biol-
ogy, P.T.P. Kaumaya and R.S. Hodges, Eds, p.
436-437, Mayflower Scientific, Kingswinford, UK,
1996.

. M. Crisma, V. Monaco, F. Formaggio, C. Toniolo, C.
George and J.L. Flippen-Anderson (1997). Crystallo-
graphic structure of a helical lipopeptaibol antibiotic
analogue. Lett. Peptide Sci. 4, 213-218.

. E. Locardi, S. Mammi, E. Peggion, V. Monaco, F. For-

maggio, M. Crisma, C. Toniolo and J. Kamphuis. Con-

formation of an analogue of the lipopeptaibol trichogin

A IV containing the (#Me)Aun residue, in: Peptides

1996, R. Ramage and R. Epton, Eds, p. 591-592,

Mayflower Scientific, Kingswinford, UK, 1998.

E. Locardi, S. Mammi, E. Peggion, V. Monaco, F. For-

maggio, M. Crisma, C. Toniolo, B. Bodo, S. Rebuffat, J.

Kamphuis and Q.B. Broxterman (1998). Conformation

and membrane activity of an analogue of the peptaibol

antibiotic trichogin GA IV with a lipophilic amino acid

at the N-terminus. J. Peptide Sci., 4, 389-399.

V. Monaco, E. Locardi, F. Formaggio, M. Crisma, S.

Mammi, E. Peggion, C. Toniolo, S. Rebuffat and B.

Bodo (1998). Solution conformational analysis of am-

phiphilic helical, synthetic analogs of the lipopeptaibol

trichogin GA 1IV. J. Peptide Res., in press.

V. Monaco, F. Formaggio, M. Crisma, C. Toniolo, P.

Hanson, G. Millhauser, C. George, J.R. Deschamps

and J.L. Flippen-Anderson (1998). Determining the

occurrence of a 3,,-helix and an «-helix in two differ-
ent segments of a lipopeptaibol antibiotic using TOAC,

a nitroxide spin labeled C*-tetrasubstituted «-amino

acid. Bioorg. Med. Chem., in press.

C. Auvin-Guette, S. Rebuffat, I. Vuidepot, M. Massias

and B. Bodo (1993). Structural elucidation of

J. Peptide Sci. 5: 96-102 (1999)



102 PIAZZA ET AL.

14.

15.

16.

17.

18.

19.

20.

trikoningins KA and KB, peptaibols from Trichoderma
Ioningii. J. Chem. Soc., Perkin Trans. 1, 249-255.

T. Fujita, S. Wada, A. Ilida, T. Nishimura, M. Kanai and
N. Toyama (1994). Fungal metabolites. XIII. Isolation
and structural elucidation of new peptaibols, tri-
chodecenins I and II, from Trichoderma viride. Chem.
Pharm. Bull. 42, 489-492.

R. Gurunath and P. Balaram (1995). A nonhelical,
multiple f-turn conformation in a glycine-rich hep-
tapeptide fragment of trichogin GA IV containing a
single central «-aminoisobutyric acid residue. Biopoly -
mers 35, 21-29.

V. Monaco, F. Formaggio, M. Crisma, C. Toniolo, X. Shui
and D.S. Eggleston (1996). Crystallographic structure of
amultiple f-turn containing, glycine-rich heptapeptide:
a synthetic precursor of the lipopeptaibol antibiotic
trichodecenin I. Biopolymers 39, 31-42.

M. El-Hajji, S. Rebuffat, T. Le Doan, G. Klein, M. Satre
and B. Bodo (1989). Interaction of trichorzianines A and
B with model membranes and with the amoeba Dic-
tyostalium. Biochim. Biophys. Acta 978, 97-104.

J.R. Vaughan, Jr. (1951). Acylalkylcarbonates as acy-
lating agents for the synthesis of peptides. J. Am. Chem.
Soc. 73, 35-47.

W.J. McGahren and M. Goodman (1967). Synthesis of
peptide oxazolones and related compounds. Tetrahe-
dron 23, 2017-2030.

G. Valle, F. Formaggio, M. Crisma, G.M. Bonora, C.
Toniolo, A. Bavoso, E. Benedetti, B. Di Blasio, V. Pavone
and C. Pedone (1986). Linear oligopeptides. Part 147.
Chemical and crystallographic study of the reaction
between benzyloxycarbonyl chloride and «-aminoiso-
butyric acid. J. Chem. Soc., Perkin Trans. 2, 1371-
1376.

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

Copyright © 1999 European Peptide Society and John Wiley & Sons, Ltd.

L.A. Carpino (1993). 1-Hydroxy-7-azabenzotriazole. An
efficient peptide coupling additive. J. Am. Chem. Soc.
115, 4397-4398.

H.C. Brown and S. Narasimhan (1982). New powerful
catalysts for the reduction of esters by lithium borohy-
dride. J. Org. Chem. 47, 1604-1606.

E.V. Scriven (1983). 4-Dialkylaminopyridines: super
acylation and alkylation catalysts. Chem. Soc. Rev. 12,
129-161.

. C. Toniolo and E. Benedetti (1991). The polypeptide

3.0-helix. Trends Biochem. Sci. 16, 350-353.

C. Toniolo, M. Crisma, F. Formaggio, G. Valle, G.
Cavicchioni, G. Précigoux, A. Aubry and J. Kamphuis
(1993). Structure of peptides from «-amino acids methy-
lated at the «-carbon. Biopolymers 33, 1061-1072.
C. Toniolo, M. Crisma and F. Formaggio (1998). TOAC,
a nitroxide spin-labeled, achiral C*-tetrasubstituted o-
amino acid, is an excellent tool in material science and
biochemistry. Biopolymers (Peptide Sci.) 47, 153-158.
M.S.P. Sansom (1991). The biophysics of peptide models
of ion channels. Progr. Biophys. Mol. Biol. 55, 139-235.
R.M. Epand, Y. Shai, J.P. Segrest and G.M. Ananthara-
maiah (1995). Mechanisms for the modulation of mem-
brane bilayer properties by amphipathic helical
peptides. Biopolymers (Peptide Sci.) 37, 319-338.

C. Altenbach, D.A. Greenhalgh, H.G. Khorana and W.L.
Hubbell (1994). A collision gradient method to deter-
mine the immersion depth of nitroxides in lipid bilayers.
Application to spin labeled mutants of bacteri-
orhodopsin. Proc. Natl. Acad. Sci. USA 91, 1667-1671.
M. Barranger-Mathys and D.S. Cafiso (1996). Mem-
brane structure of voltage-gated channel forming pep-
tides by site-directed spin labeling. Biochemistry 35,
498-505.

J. Peptide Sci. 5: 96-102 (1999)



