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Abstract: On the basis of previous data, we have designed a leucine-zipper peptide whose toldimg preferences wre controlled by the
oxidation state of a single methionine residue. The peptide Ac-Lys-Ala-Glu-lle-Glu-Ala-Leu-Lys-Ala-Glu-Met-Glu-Ala-Leu-Lys-
Ala-Glu-Ile-Glu-Ala-Leu-Lys- Ala-NH> self-associates in aqueous media (o form a paraitel coiled coil, but the dimerization function
of the peptide is abolished upon conversion of the methionine side chain 10 its sulfoxide fom.

The leucine-zipper coiled coil is an important strictural motf in gene regulation’ and a frequent molecular
scaffold in the de novo protein design.? Leucine-zipper polypeptides have a characieristic seven-residue repeat,
conventionally termed ashscsdeesf+g, with a preponderance of hydrophobic B-branched amino acids at the a
position and leucines at the d position.? We have recently shown by circulur dichroism that i hydrophobic core
mutation in the central region, but not at the N-terminus, of a wild-type leucine zipper has a dramatic effect on
the folding properties of the peptide. On the basis of this result and using a reported pepiide sequence.’ we
have designed a leucine zipper peptide (peptide 1) whose folding preferences are controlled by the oxidation
state of a single methionine residue.® Thus, the dimerization function of the leucing zipper peptide is abolished

upon conversion of methionine to its sulfoxide torm (peptide 2.

Ac-Lys-Ala-Glu-lle-Glu-Ala-Leu-Lys-Ala-Glu-Xxs-Glu-Alas Lea-Lyvs-Ada- Glu- He-Gilue Ada-feu-Lvs-Ala- NH2

{(Xxx= Met. peptide 1D Xxx= Mcet(O). peptide 20

N-1-pyrenebutyrolyl-Gly-Gly-Lys-Ala-Glu-lle-Glu-Aki-Leu-Lys-Ala-Gla-Met-Glu-Ada-Lew Lys Alu-Glu- He-
Glu-Ala-Leu-Lys-Ala-NHz (pepude 3)
(Xxx= Met, peptide 3: Xxx= Met(O), peptide 4)

Peptides 1 and 3 were svothesized on a Miiligen 9050 auwomated peptide syvathesizer continuous tlow).
employing the fluorenylmethoxyearbonyl (Fmoc) strategy.” The required Fmoc-amimo actds (3 equiv.: single
coupling) were incorporated using their 2,4.5-trichiorophenyt esters with mimmum reaction tmes ot 30 min.
Side chains were protected with the following groups: zere-butyl for glutamic acid: and rere-buyloxyvearbonyvi for
lysine. Incorporation of 1-pyrencbutyric acid was carried out as previously described S Atter comipletion of the
syntheses, the peptide resing were simultaneously cleaved/deprotected with  trifluoroacetic
acid/water/ethanedithiol (76:4:20, v/v/v) for 2 h at room temperature, and the crude compounds were puritied
by reversed-phase medium-pressure hgud chromuatography on w Cpg-column (0 1 %0 witluoroacetic acid-
acetonitrile gradient). Peptides 2 and 4 were obtained by oxadation ot peptides Tand 3 respectively, with 8 %
hydrogen peroxide (90 min at room wemperature). The purity of these peptides was veritied by

reversed-phase
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analytical HPLC,® and the identity of the final products assessed by correct amino acid and mass spectral
(matrix-assisted laser-desorption ionization time-of-flight mass spectrometry, MALDI-TOF) analyses. 10
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Figure 1. A) Circular dichroism of peptide 1 (c=150 pM; T= 20 °C). (A) 100 mM NaCl, 10 mM phosphate buffer, pH= 7.0. The
CD spectrum of peptide 2 is also shown (c= 150 pM; T= 20 °C). (B) 100 mM NaCl, 10 mM phosphate buffer, pH= 7.0. B) Effect
of peptide concentration on the mean residue ellipticity [©] at 222 nm for peptide 1 (O) and peptide 2 (®) in 100 mM NaCl, 10
mM phosphate buffer, pH= 7.0, T= 20 °C.

Although methionine is not a common residue in the hydrophobic a or d positions of wild-type leucine
zippers,!! we posited that this amino acid would be suitable at the a position of an engineered leucine-zipper
peptide. To test this idea, the isoleucine residue in the central position of a recently published leucine zipper
sequence> was replaced by methionine, which acts as a "switchable" amino acid.!2 The benignancy of this
replacement was studied by circular dichroism and fluorescence spectroscopy. The CD-spectrum of peptide 1 in
an aqueous buffer (100 mM NaCl, 10 mM phosphate buffer, pH= 7.0) shows the characteristic minima of an
a-helix at 208 nm and 222 nm (Figure 1A).13 The variation of the molar ellipticity minima at 222 nm with the
peptide concentration (Figure 1B) is attributcd‘t‘o the existence of an equilibrium between monomeric peptide
and multimeric species (Kq=4.8 £ 1.0 pM);Mé decrease in the peptide concentration shifts the equilibrium
toward the monomeric peptide, decreasing the ct-helical content (78 % at c=150 uM versus 51 % atc=4.7
uM).15 CD-studies on model coiled coil peptides have reported a [©]222/[@]208= 1.03 for coiled coil
conformations in benign medium!6 and a [©]222/[O]208= 0.86 for single-stranded a-helix polypeptides when
dissolved in different amounts of TFE.2¢.164.17 The value of [0]722/[@]208= 1.04 (c= 150 uM, 20 °C)
obtained for peptide 1 in aqueous buffer supports a coiled coil conformation, which is disrupted in 90 % TFE
([©1222/[O]208= 0.81; c= 150 UM, 20 °C; data not shown). The relative orientation of the polypeptide chains in
the coiled coil conformation was determined by fluorescence spectroscopy. Peptide 1 was appended at the V-
terminus with 1-pyrenebutyric acid, using a glycine-glycine dipeptide as a spacer (peptide 3). It has been
shown that a pyrene-labeled leucine zipper polypeptide displays excimer fluorescence (maximum at 480 nm)
when the polypeptide self-associates to form a parallel coiled coil and monomer fluorescence (maxima at 380,
400 nm) when the peptide adopts a single-stranded conformation.8 Representative fluorescence-emission
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spectra of peptide 3 are shown in Figure 2A. An excimer fluorescence band with maxima at 480 nm was
observed for this peptide in aqueous buffer, but not in 2,2,2-trifluoroethanol. These results, which are in
agreement with the solvent-dependent conformation determined by circular dichroism, confirmed that peptide 1

self-associates in benign medium to form a parallel coiled coil.
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Figure 2. A) Fluorescence emission spectra (hex = 308 nm) of peptide 3 (c= 5 uM; T= 20 °C). (A) 100 mM NaCl, 10 mM
phosphate buffer, pH= 7. (B) 2,2.2-Trifluoroethanol. The fluorescence emission spectra of peptide 4 1s also shown (¢= 5 pM; T= 20
°C). (C) 100 mM NaCl, 10 mM phosphate buffer, pH= 7.0. B) Time-line of the decrease in the excimer fluorescence at Aemp= 480
nm (Aex = 308 nm) upon addition of hydrogen peroxide (150 pl of 30 % H202) 1o a solution of peptide 3 (c= 5 uM; phosphate
buffer; T= 20 °C: V= 2.0 ml).

In accordance with our expectations, oxidation of the methionine side chain has a dramatc effect on the
conformation of the 23-mer peptide. Peptide 2 exhibits a circular dichroism spectrum with molar ellipticity
minima at 206 nm and 220 nm (Figure 1A). The CD spectrum profile is a population-weighted superimposition
of a-helix, B-sheet, and random coil reference CD spectra. The CD patern, the value of the ratio
[©1222/[O]208= 0.85, and the low a-helical content (41 %. ¢= 150 uM)13 provide evidence that peptide 2 is not
stabilized in a coiled coil conformation. The default folding autonomy of peptide 2 was also confirmed by
fluorescence spectroscopy. Thus, the pyrene-labeled peptide (peptide 4) shows a monomer fluorescence
emission spectrum in aqueous buffer (Figure 2A) identical to the fluorescence emission profile of peptide 3 in
2.2 2-trifluoroethanol, a known disrupter of the coiled-coil structure. Furthermore, a time-line decrease in the
excimer fluorescence maximum at 480 nm was observed by fluorescence monitoring of the oxidation reaction
of peptide 3 with hydrogen peroxide (Figure 2B). The lack of dimerization function of peptide 2 is ascribed to
the hydrophilic character of the methionine sulfoxide side chain. Its polar nature disrupts the otherwise
conserved hydrophobic dimerization interface. destabilizing the coiled coil and impeding the formation of a
cooperatively folded structure.

In this communication, it has been shown that a specifically designed leucine zipper peptide containing a
single methionine residue in an a position self-associates to form a puralle! coiled-coil. 13 Oxidation of this
amino acid abrogates the dimerization function of the peptide. The possibility of controlling the conformational
preferences of engineered leucine-zipper polypeptides by the above method adds un extra teature to the use of

coiled-coil motifs in the de noveo protein design and in protein-folding studies.
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