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Sequence-selective recognition of peptides is expected to be arj
essential process for the site-specific recognition of protein surfaces,
which leads to the control of protein functions and to the
understanding of biological events at protein surfaces such as
protein—protein or proteir-oligopeptide interactionsAlthough a
few groups have reported artificial receptors for sequence-selective
peptide recognition, the highly designed receptors are in their early
stages. They are constructed by simply linking small recognition
sites such as cyclodextrifgrown etherd,or amide group8which
all bind only a single amino acid residue. Here, we report that the
single binding pocket of self-assembled coordination ctgean
accommodate oligopeptides in a highly sequence-selective fashion|
Having a large hydrophobic cavity, cagéinds as many as three
amino acid residues. NMR and X-ray analyses reveal that the
sequence-selective recognition is ascribed to cooperative multiple
interactions between the residues and the cavity.
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Figure 1. Crystal structure ofl-2. Peptide2 in the cavity is represented
by (a) space-filling and (b) cylindrical model. The-x interactions ofl
with indole rings of (c) W1 and (d) W2. (e) The CHr interaction between
1 and methyl group of A3.
>\©N Table 1. Association Constants of 1 with Peptides in Water
2 >pd
7 Peptides K (M)
> Ac-Trp-Trp-Ala-nH, (2) >10°
NN Ac-Trp-Ala-Trp-NH, (8) 25x10°
x - = Ac-Ala-Trp-Trp-NH, (4) 21x10*
N/ \\N & Ac-Trp-Trp-Gly-n, (5) 74x10*
= EN‘Pd/ \/ Ac-Trp-Tyr-Ala-nH, (6) 53 x 10*
ERNYA Pd 12:NOg” Ac-Gly-Gly-Ala-NH, (7) no binding
7N\ 1 Ac-Trp-His-Ala-nH, (8) no binding
Ac-Tyr-Tyr-Ala-NH, (9) 47 x 10°
In a first series, the sequence-selective recognition of tripeptides, Ae-Ala-Trp-Trp-Ala-N, (10) >10:
Ac-X1-X2-X3-NH, (X3 = amino acid residues), was examirfed. Ac-Ser-Gly-Ala-Trp-Trp-Ala-n, (11)  >10

We found that cagé& bound Ac-Trp-Trp-Ala-NH (2) very strongly
(Ka >10° M~H.8 The 1-2 complex was easily prepared by
suspending powdere2i (1 mol equiv) in a RO solution of1 (10 ) ) ]
mM) at room temperature for 0.5 h. Strong binding was specific SU99est that the two indole rings and the Ala methyl grou@ in
to the Trp-Trp-Ala sequence because the binding of tripeptides should cooperatively interact with the cage in th& complex.
possessing those same residues in different sequences, such as Ac- In fact, the multiple interactions of the methyl and indole groups
Trp-Ala-Trp-NH; (3) and Ac-Ala-Trp-Trp-NH (4), was much less ~ With the cage were revealed by X-ray crystallographic anabysis.
effective K, = 2.5 x 10F and 2.1x 10* M1, respectively). Even Single crystals were obtained after an aqueous solutiof-»f
singly mutated tripeptides, such as Ac-Trp-Trp-Gly-N¢3) and complex stood at room temperature for 4 d. The diffraction data
Ac-Trp-Tyr-Ala-NH; (6), showed poorer affinity, = 7.4 x 10* were collected by synchrotron X-ray irradiation. The crystal-
and 5.3x 10* M1, respectively) although they have very similar lographic analysis showed that tripeptiiés fully encapsulated in
aromatic-aromatic-aliphatic sequences (Table 1). These results the cavity of 1 (Figure la,b). As predicted, all residues interact
very efficiently with cagel. Namely, two indole rings are stacked

" The University of Tokyo, CREST, Japan Science and Technology Agency on the triazine ligand byr— interaction (3.4-3.5 A), while the

JST). ; ) .
gDepat’[ment of Chemistry and Materials Science, Tokyo Institute of Technology. Ala methyl group interacts with another ligand by €H contact

a2 Measured by UV-vis titration at 20°C.
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Figure 2. *H NMR of 1:2 in D;O (500 MHz, 10 mM, 27°C, TMS as
external standard).
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Figure 3. UV —vis spectra of free cageand complex.-2 (H20, 0.2 mM,
rt).

(2.5 A) (Figure 1e-e). Despite the enclathration within the restricted
cavity, the peptide backbone is fixed in an extended conformation.
The inclusion geometry shown by the X-ray analysis is in good
agreement with the NMR observations. In thé NMR, the Ala
methyl signal av —2.0 and the indole aromatic protons around
6.0—2.5 are considerably upfield shifted due to the shielding effect
of the cage (Figure 2). A clear NOE correlation between the Ala
methyl group (signaf in Figure 2) and one indole ring (signe)
was observed, which was explained by the tight contact of these
proton pairs (2.6 A) as revealed by X-ray analysis. Similarly, two
indole rings (signalg andn) are correlated by NOE and shown to
be in close contact (2.8 A). In thi 10.0-8.0 region, the pyridyl
protons of the cage were observed in a very complex pattern
indicating the desymmetrization of the cage. The motior2 i
restricted by enclathration, and therefore all pyridine protons of

the cage become inequivalent. We note that the clear desymme-

trization of the cage in NMR is only observed farlt seems that
the motions of other tripeptides in the cavity are not strictly
restricted, and therefore, thél NMR cage signals are simply
broadened.

The efficientz—x stacking observed by X-ray and NMR is
ascribed to charge transfer from the indole rings to the electron-
deficient triazine ligand® The color of the solution turned yellow
upon formation of thé-2 complex. In the UV-vis spectrum, broad
absorption around 356650 nm was observed (Figure 3).

The sequence selectivity changes significantly when electroni-
cally and sterically different tripeptides are used. For instance, Ac-
Gly-Gly-Ala-NH; (7) that possesses no aromatic residue was not
bound at all. Ac-Trp-His-Ala-NH (8) that involves a cationic
residue (His) did not show any interactions with the cage due
probably to cationic repulsion with the cage. Ac-Tyr-Tyr-Ala-NH
(9) was bound>1(? times more weakly thar2, indicating the
importance of electron donation from electron-rich indole rings to
the electron-deficient ligariél(Table 1).

Accordingly, cagel recognizes specifically the Trp-Trp-Ala

sequence in oligopeptides consisting of more than three amino acid

residues. For example, tetrapeptiti@and hexapepetidél, both
possessing the Trp-Trp-Ala sequence, were strongly bourid to
(Ka>10° M1, respectively$. This specificity is confirmed by NMR
where only the Trp-Trp-Ala part of these oligopeptides was
dramatically upfield shifted*

In summary, we have shown the sequence-selective recognition
of peptides by the single binding pocket of cabeAs organic
modification of the cage is easy and related large, hollow structures
with different shapes and sizes have been previously prepared,
the design of single-pocket receptors for specific sequences of
oligopeptides is our next challenge. Ultimately, the pinpoint
recognition of protein surfaces by these self-assembled hollow
receptors is the main goal of the present study.
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