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1. Introduction

Cyclolinopeptide (CLP) is a homodetic cyclic
nonapeptide accurring in linseed [1], and has the
structure 1. Its structural homology (i.e., the
Phe—Phe—Pro—Pro sequence) with the ionophore
antamanide (structure II) has generated some interest
[2,3] in its physicochemical and complexing proper-
ties. A synthetic sample of CLP [4] has been studied
earlier for its conformational properties [3,5,6], but
no comparative study of CLP with antamanide has
been reported. Antamanide has been studied in some
detail recently [7,8]. With this comparison in view,
we have studied the conformational and complexing
properties of CLP and have found that (i) it has
considerable conformational flexibility in solution,
(ii) it possesses little ion-complexing ability, and (iii)
despite its homology with antamanide it possesses no
ionophoric character.

Lxlzu—-[le —Ile —Leu\

Val
Phe —Phe—Pro—Pro
() CLP

* To whom enquiries should be addressed.

** Prasent address: Department of Biochemistry, University
of California, Berkeley, Cal. 94720, USA.

**% Contribution No. 440 from CIBA-GEIGY Research Centre.

North-Holland Publishing Company — Amsterdam

Phe—Phe—Pro—Pro—Phe
| |
Ala—Pro—Pro—Val—Phe

(I1) Antamanide

Our studies were conducted with a sample of CLP
isolated from linseed cake (by Soxhlet extraction from
acetone and recrystallized form acetone—ether,

m.p. 243°C), and we observed that the spectroscopic
properties of the synthetic sample and ours agree
satisfactorily.

The conformational study on CLP was done in
solution using infrared (IR) and circular dichroism
(CD) spectroscopy. Special attention was given to the
possibility of aggregation of CLP in solution, and also
the determination of intramolecular hydrogen bonds
in the peptide. IR spectral and CD spectral runs
showed the band intensities to vary linearly with
concentration in the range 107 to 107 M, so that
the possibility of association of CLP in this region may
be neglected. Peptide hydrogen—deuterium
exchange studies (involving the rate of disappearance
of the peptide NH vibrational bands upon the addi-
tion of D, O to a solution of CLP in dioxan)
revealed that all the CONH hydrogens in the peptide
exchanged for deuterium within 10 min, suggesting
the absence of any strong intramolecular hydrogen
bonds in CLP. This result offers support to Tonelli’s
prediction [6] that CLP lacks interpeptide hydrogen
honds.

The CD spectral details of CLP in a variety of sol-
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vents are listed in table 1, and illustrated in fig.1.
Firstly, we note only minar differences in the

aromatic region (250—280 nm) Cotton effects of

CLP in these media, thereby suggesting that the
stereochemistry of the Phe residues is essentially
unaltered in these solvents. Next we notice that the CD
profiles fall into several families. In dioxan, acetonitrile,
and alcohols one sees the peptide n — 7* band near
218 nm with an intensity of about —70 000 to —90 000,
and the Jonger component of the exciton-split 7 — #*
band pair at 206 nm with an ellipticity of —80 000 to
—100 000. The positive member of the split 7 — 7*
occurs below 200 nm. A second family of CD curves

is discernible in trifluaroethanol (TFE), and in
TFE—~H, O mixtures with the following features:

Apr 214 nm ([©] = =78 X 10%), % 205 nm

([®] = —80 X 10%), and the positive 7 — #* band
further blue-shifted. The main feature of this is the
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Fig.1. Circular dichroism spectra of CLP in various solvents.
{ }In TFE-H,0 (9:1 v/v). (—.. — . =) In TFE.
{(—..—..=)}Inmethanol. (————) In dioxane. Inset: the
aromatic absorption region.
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consistent blue-shifting of all the CD bands compared
to those in the dioxane family. This is not explainable
in terms of a simple solvent effect on the peptide
n — m* and 7 — 7* bands (since the solvent effects on
these two bands are opposite of each other). In the
absence of aggregation effects, one is led to infer that
the conformation of CLP in TFE and in TFE—-H, 0
(called conformation A) is different from that in
dioxane, CH;3CN, alcohols and in trimethy! phosphate
{conformation B). In the solvent hexafluoroisopropanol
(HFIP), the CD spectrum shows a mere shoulder at
215 nm ( - 40 000) and a negative band at 200 nm
(—80 000) with the positive band lying further down.
In HFIP then, CLP takes on yet another different
conformation (C). Tonelli [6] has predicted, based on
potential energy calculations, that CLP may adopt
several different conformations of approximately the
same energy at room temperature, and that in none of
these is the molecule intramolecularly hydrogen-bonded.
Our spectral results on naturally occurring CLP seem
to bear out these predictions. CLP thus appears to
possess sufficient conformational flexibility in solution.
The partial homology between CLP and antamanide
prompted us to study the ion-binding properties of CLP.
Solvent extraction experiments (in which the uptake
of alkali metal picrate salt from water to an organic
layer containing the peptide [7] was monitored)
revealed no preference by CLP to bind group IA or
ITA metal cations. **C N.m.r. spectra of CLP in the
presence of several salts produced shifts in the carbo-
nyl C resonances of CLP by no more than a maximum
of 0.1 ppm, far lower than those seen with iono-
phores such as antamanide [§]. lon transport experi-
ments wherein the transport of alkali picrate between
two limbs of a U-tube via a central organic layer
containing the peptide [9] was monitored, showed
negative results with CLP while antamanide does indeed
transport Na' ions. Thus CLP has little affinity for
any of the group [A of [IA metal ions. Again, the
effects of several saits on the CD spectra of CLP are
minimal, quite contrary to what has been seen with
antamanide [7]. The maximal effect is seen with Ca?",
as shown in table 1 and fig.2, but the results seem to
suggest that the effect is not one of ionophore-binding
but rather that in the presence of Ca%*, CLP undergoes
a conformational shift from the form B fo conformation
A, perhaps due to a medium effect since the complexing
ability of CLP has been shown above to be weak.
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Fig.2. Circular dichroism spectta of CLP in the presence of
several salts, ( ) In methanol (no added salt).

(-—..—..-)In methanol + 0.1 M LiCl. (————— ) In methanol
+0.1 MNaClO,.{(—.~-.-)In methanol + 0.1 M CaCl,.
{(———)In TFE-H, O (9:1 v/v), no added salt.

Thus, while the structural homology of CLP and
antamanide suggests the possibility of their behaviour
being similar, our studies indicate that the structural
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differences between the two peptides are more signi-
ficant in determining their properties than the homo-

logy. [10]
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