JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by ISTANBUL TEKNIK UNIV

Communication

Endohedral Peptide Lining of a Self-Assembled Molecular
Sphere To Generate Chirality-Confined Hollows
Kosuke Suzuki, Masaki Kawano, Sota Sato, and Makoto Fujita
J. Am. Chem. Soc., 2007, 129 (35), 10652-10653+ DOI: 10.1021/ja073629b « Publication Date (Web): 09 August 2007
Downloaded from http://pubs.acs.org on February 15, 2009

R: amino acid, peptide

Ae

2

Wavelength

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 19 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja073629b

JIAIC[S

COMMUNICATIONS

Published on Web 08/09/2007

Endohedral Peptide Lining of a Self-Assembled Molecular Sphere To
Generate Chirality-Confined Hollows

Kosuke Suzuki, Masaki Kawano, Sota Sato, and Makoto Fujita*

Department of Applied Chemistry, School of Engineering, Thedssity of Tokyo and CREST, Japan Science and
Technology Agency (JST), 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

Received May 21, 2007; E-mail: mfujita@appchem.t.u-tokyo.ac.jp

Enzyme pockets are chiral cavities surrounded by amino acid 0+,
residues, where highly elaborated molecular recognition and 1+ 8
chemical transformations take platélthough there are many
reports on the de novo design and control of peptide 3D-structres, 12+
the construction of chiral pockets fully surrounded by amino acid 6+
residues has been seldom achieved. In the present study, peptide
fragments are tethered to the interior of an,M, nanosized

7+

spherical compleX® to generate peptide-lined chiral cavities. The 13+ 5+
shell of the spherical complex self-assembles from 12 Pd(ll) ions . L bl Juul . L u.l_. L Mw
and 24 bent bridging ligands with dangling peptide fragments 1000 1400 1800 2200 2600 3000 mz

(Scheme 1). In this simple way, we succeeded in decorating the Figure 1. CSI-MS spectrum of comple®a (CHsCN, OTf" salt).
interior surface of the 4 nm shell with 206 amino acid residues. )

As the ligand synthesis is modular, we expect that the combinatorial (N = 5—13). For example, intense peaksratz 1860.6, 1637.2,
replacement of peptide residues enables the artificial evolution of a1 1458.7 were assigned 2ef-(OTf)g]°", [2a—(OTf")g|**, and

enzymelike pockets. [2a—(OTf7)10) 1%, respectively (Figure 1).
The structure of compleawas unambiguously determined by
Scheme 1 single-crystal X-ray diffractior.Single crystals suitable for X-ray

crystallographic analysis were obtained by the slow vapor diffusion
of 1,4-dioxane into an acetonitrile solution2d. Despite the severe
disorder of solvent molecules and some of the triflate counterions,

4 12 Pd?* (o) synchrotron X-ray irradiation with high flux and low divergence
—"'CH on provided high quality data, from which the structure of,\y4
3

spherical complex with a diameter of 4.6 nm was revealed (Figure
2). The locations of the-alanine moieties on the interior surface
were precisely determined. The positions of ti&oc protection
groups, however, could not be clearly observed because of disorder.
The accumulation of 24 asymmetrical amino acid moieties

1 o generates a chiral environment within the spherical shell. The
e Re MNJO_Q . R_"“”"\H\o—g intensity of the circular dichromism (CD) spectra of ligants
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We designed bent ligandsa—i with amino acids or peptides
attached at the benzene core. The ligands were synthesized in one
step by the condensation reactions of 2,6-bis(4-pyridylethynyl)-
phenol andN-protected amino acids or peptides usihgN'-
dicyclohexylcarbodiimide as a condensation agent. When a mixture
of L-alanine anchored liganta (5.0 umol) and Pd(CESGs), (2.5
umol) in CDsCN (1 mL) was stirred fo 4 h at 50 °C, the
quantitative formation of a single and highly symmetric product,
2a, was indicated byH NMR spectroscopic analysis. The large
downfield shift of the product signals as compared to ligdad
particularly for pyridyl a-hydrogen atomsAd = 0.33 ppm), is
attributed to the metalpyridine coordination. Cold-spray ionization Figure 2. Crystal structure of compleRa Counterions and solvent

mass spectrometry (CSI-MSjlearly confirmed the bl 24 stoi- molecules are omitted for clarity (Pd, yellow; C, blue; N, purple; O, red;
chiometry from a series of prominent peaks @& (OTf),]"" H, gray).
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Figure 4. CSI-MS spectrum of ML 24 spherical complex self-assembled

from the mixture of ligandla (Ala) and 1c (Phe). The ratio ofla/lc was
10:1 (CHCN, OTf salt).

binding pockets for asymmetric molecular recognition and reactions.
We also demonstrated the dynamic combinatorial libraries of
spherical cavities by combining two or more different ligands
400 bearing amino acids. Although the ratio of amino acids within the
complexes is statistical, we expect that the ratio and position of
10 (0-Ala, 24 M) and complex2ab (1 M) in CHsCN at 25°C with a 1 amino acid r_eS|dues can be control_led py temp_late molecules and
cm cell. The CD spectra afab were multiplied by a factor of 24 for external e_nwronment and that the |n_t_er_|or confined in the sphere
comparisonAe = molar circular dichroism. can be ultimately evolved toward artificial enzyme pockets.

Abs.
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Figure 3. (a) CD spectra and (b) UV spectra of ligahd (L-Ala, 24 uM),

(L-Ala) and1b (p-Ala) is very weak (Figure 3). After complexation, Acknowledgment. This research was partially supported by the
however, spherga shows distinct Cotton effects in the absorptive  Ministry of Education, Culture, Sports, Science and Technology
region of the complex framework. At equimolar concentration of of Japan. This work has been approved by the Photon Factory
alanine moieties ola and2a, the intensity of the Cotton effects  Program Advisory Committee (Proposal No. 2006G284).
of 2awas about thirty times higher than that bd. Mirror image
Cotton effects were exhibited f@aand2b, reflecting the absolute
configurations ofL.- and p-alanine moieties. We believe that the
Cotton effects stem from the chiral conformation of the ligand
frameworks? Namely, the chirality of 24-amino acids is transferred
to the backbone of the spherical complex, resulting in twisting of
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