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Reading and transmission of information in peptides relies
exclusively on interactions with the different amino acid side
chains, in contrast to the mechanism in nucleic acids where
hydrogen bonds provide the corresponding codes. Recognition
of amino acid sequences, in particular by synthetic receptors, is
furthermore hampered by the lack of conformational order, again
in contrast to that in the conformationally more stable nucleic
acids. A truly biomimetic peptide recognition system should
provide for the directional alignment of a peptide chain, with
differentiation of the N and C terminus and between different
side chains, allowing, for instance, the differentiation of a Phe-

Gly from a Gly-Phe sequence. We describe here a strategy which

also allows the evaluation in water of the energetic contributions
of side-chain substituents, which should help our understanding
of protein folding and of ligand binding mechanisms. It may
also provide a basis for the development of artificial peptidases
and of enzyme inhibitors.

Only a few synthetic receptors for peptide recognition in water
have been described until todawhich either rely on binding of
lipophilic side chain® or on polar interactions with acidic amino
acid side chain¥& The sequence-selective complexation in water
described by Still et al. occurs on polymers, on which éyes
lipophilic macrocycles are immobilized for peptide recognition.
A larger variety of mostly macrocyclic host compounds for
peptides work only in hydrophobic mediumThe associations
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Scheme 1.Design and Structure of Water-Soluble Peptide
Receptors
]_ +

e

~

(o] S+
(— ‘J'!,No'-—CHR—CONH—CH-CONH—CHR—C

Co b/

Spacer

z
a
M

Qitnnn

2
\
\
o]

0\_J
(o™ S
o o] R CH,
Lo/ ’

1:R=H
2mosor ()
e,

carboxylic or amino ends as salt-bridge elements. However, it
is well-known that the construction eveniafra molecular turns
showing such complementary hydrogen bonds usually requires
special anchors. Oligopeptides, including also those with
phenylalanines, show no evidence for any association in water,
likely because of insufficient match between the ionic terminal
sites or the aromatic residues. With longer or more lipophilic
peptides, which would allow stronger interactions between their
side chains, water-insoluble material is observed even at very low
concentrations.

An ideal synthetic receptor for peptides should exert primary
binding at the terminal ionic groups, with secondary interactions
along the peptide chain providing for amino acid and sequence
selectivity. A zwitterionic host with charges at sites comple-
mentary to the peptide analyte would serve this purpose but has

with these systems rely essentially on hydrogen bonds and areth® Severe disadvantage of competing self-association. On the
restricted to chloroform as solvent. Furthermore, almost all Pasis of these considerations, we designed host compounds with

known synthetic peptide recognition systems have been described®"€ binding site A for the peptide N-terminus, and another site

for protected peptides only. We were looking for host compounds
which can recognize any natural peptide in water with length and
sequence selectivity and align the peptide in space while we
simultaneously measure interactions with the amino acid side
chains.
The textbook picture of peptidé-sheets would suggest that

one could design receptors on the basis of complementary
hydrogen bonds between the amino acids and use the terminal
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B for the C-terminus. The structure should ensure that A and B
will not interact with each other in order to avoid self-association.
The choice was a 18-crown-6 ether for site A, which is well-
known to complex protonated nitrogen groups; for site B a
peralkylammonium group was introduced, which has been
checked for the absence of any measurable interactions with crown
ethers®

| A suitable ligandl (Scheme 1) containing terminal crown ether
and ammonium units was prepared in an overall yield of 45% by
reaction of 4-formyl-benzo-18-crown-@ith 4-(dimethylamino)-
aniline, reduction of the imine with sodium borohydride, and
selective permethylation at one of the anilino groups. The new
host compound is well soluble in water and to a lesser but
sufficient degree also in methanol. For extraction and transport
experiments it easily can be made lipophilic by the introduction
of longer alkyl instead of methyl groups at the terminal nitrogen
atom. Computer-aided molecular modeling using energy mini-
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Figure 1. Force-field optimized stuctures of the complexes of receptor 200 7
lawith triglycin (a), and of receptotb with Gly-Phe-Gly (b). Hydrogen o

atoms are omitted for clarity. In each case the N-terminus of the peptide

is anchored within the crown moiety by hydrogen bonding; the corre-

sponding C terminus forms an ion pair permethylated ammonium group. _. . o L .

The additional aromatiearomatic interactions of the side chains is 9uré 2. Fluorimetric fitration curves of recept@with tripeptides (GFG

observed in the case of the complex shown in (b). = Gly-Phe-Gly, GGG= Gly-Gly-Gly), (GGF = Gly-Gly-Phe), (GWG
= Gly-Trp-Gly). Excitaion wavelengthimax = 320 nm.

[peptide], 10" x mol

Table 1. Binding Constants ol with Peptide3

Table 2. Binding Constants o2 with Tripeptides in Water

i —1c — d
entlry G Glpegltlde sc\)/l\\//eht K/MZOO fSGl entry guest K/M~1a —AGH Imaxfl0,°
2 Gh-Gh-Phe W 170 127 1 Gly-Gly-Gly 210 132 35
3 Gly-Phe-Gly w 180 12.9 2 Gly-Gly-Gly 190 13.0 c
4 Phe-Gly-Gly w 135 12.1 3 Gly-Gly-Phe 215 13.3 32
5 Leu-Leu-Leu w 155 125 4 Phe-Gly-Gly 220 136 2.8
6 Gly-Gly w 50 95 5 Gly-Phe-Gly 1700 18.4 1.8
7 Gly-Leu w 45 9.4 6 Gly-Phe-Gly 1620 18.3 c
8 Leu-Gly w 40 9.1 7 Trp-Gly-Gly 260 13.8 3.0
9 Gly-Phe wW 40 9.1 8 Gly-Gly-Trp 310 14.3 2.8
10 Gly-Gly-Gly-Gly W 45 9.4 9 Gly-Trp-Gly 2150 19.0 2.3
11 Gly-Gly-GlyOMeH w 30 8.2 10 Gly-Leu-Gly 850 16.7 34
12 Gly-Gly-Gly M 13 000 235 11 Leu-Leu-Leu 700 16.3 3.3
13 Gly-Gly-Phe M 8500  22.4 12 Gly-Ala-Gly 540 156 31
14 Gly-Phe-Gly M 10 500 23.0 13 Val-Val-Gly 720 16.3 3.3
aMeasured by NMR titration of with peptides at 25C; [peptide} 2 Mseasured by fluorescent titration of peptides watht 25°C, [2]o
=10 mM (in D,O), or 1.0 mM (in CROD); titrations were performed =10 le{‘Lmaxz' 320 nm; peptide concentration from>410~° M to
with eight measurements under neutral conditions .0 & 0.2), 2.5 x 107* M. Titrations with usually 10 to 12 measurements; pH
error limit in K < £5%, in AG < +0.5 [kJ moty. bW, water; M, 7.0+ 0.2, error limit inK < £5%, in AG < +0.5 [kJ mol]. P lo is
methanol ¢ Values were obtained from the average of two to four initial fluorescence intensitynax is maximum (intrinsic) intensity at
different NMR signals of peptide§.AG in [kJ moleT]. 100% complexation calculated from nonlinear least-squareShMiea-

sured by NMR titrationd AG in [kJ mol].

mization with the CHARMm force fieltlestablished with this . R .
host and a tripeptide an essentially strain-free fit between crown the obvious fluorometric differences between the different pep-
and *NH at one end, and between théiMe; and the COO tides. The data in Table 2 d_emonstrate that these interactions
t the other en’d with retention of the most stable extendedenl’lance the _peptlde associations by a power of magnltude with
ggzﬁgfrﬁation of the pebtide (Figure 1). a ph_enyl or |n_dole side substituent. _Flgure 1b illustrates the
NMR titrations with several peptides were performed as p055|_b le st acl_<|ng bereen the aromatic parts of host and guest.
described earlietnonlinear least-squares fitting of the observed An qllphaﬂc side chain such as th? one in valine also leads to an
shift changes with several independent NMR signals showed gl;gmtgti'g%rjssﬁtsgmgar?géocg%%'gi’ v?/i%tg irl)isc?f?é g(:,é;"ze;e;lg%n
iggiﬁgﬁg%ﬁg&g \iv;tf;?elé%/:r?sicr)]cba\ll'g?grn;%(l(e/L:T?goc?\lﬂngjlated and its position in the peptide is characterized not only by
wherever geometric fit is to be expected. TKeariations shdw dlﬁer_engeg in the association constants bUt. also by changes in
a moderate selectivity for the amino acid nature and for the the intrinsic_fluorescence emission |nten5|t|e§a>llolof the .
sequence (cf. entries 1 and 4 in Table 1) and demonstrate thecomple_xe'_s (Table_2), andtoa smfellle_r degree evenin changes in
desiredlengthselectivity (cf. entries 1 and 10 in Table 1). The the emission maxima wavelength; this can be of interest for the

low association constant observed in the case of the trigchylesterdevempmem of corresponding sensors.
(entry 11) confirms the bidentate binding mechanism. In The results hold promise for the development of ligands, which

: L in any environment can differentiate peptides without prior
methzagol one observes much higher binding constants, arqunolmodification according to length, amino acid composition,
108 M7, and significantly larger selectivities (Table 1). This is sequence, and, after introduction of chiral elements, configuration.
lthedresult oftrl]ghter blndlnglat k_)o_th gndslofthe pieptldes_ and ShOUIOIThe synthesis of suitable receptors is straightforward and in
ead to much stronger selectivity in a less polar environment. . o N .

Introduction of a dansyl substituent into hdstielded receptor Eirgl%reiizi agic\)/ri(te I;Ft)?gwgf C%ig\é?]tt';/;isogén show considerable
2 which not only provides for the convenient analysis by 9 y '
fluorescence-instead of NMR-spectroscopy but also allows for Acknowledgment. M.A.H. thanks the Alexander von Humboldt
the first time the evaluation of lipophilic interactions of specific  foundation for a postdoctoral fellowship. Our work is supported by the
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