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ABSTRACT
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[Host 1] = 1.0 x 10°°M, [dipeptide] = 1.5 x 10°°M, H,0/MeOH = 1/10.

Gly-Lys Lys-Ala

A receptor 1 with phenolphthalein and two crown ethers in the molecule develops brilliant purple color in the presence of dipeptides with a
specific amino acid-sequence containing a C-terminal lysine. This type of color development could be extended to the detection of oligopeptides
of a specific sequence at the N-terminal such as scyliorhinin | and APP77,(394-410).

The recognition and transmission of information in protein  invisible interaction into a visual form. Recently, we reported
protein interactions play an essential role in living systems. that receptorl selectively recognized the chain lengths of
The development of synthetic receptors for the sequence-a,w-diamines and linear triamines and revealed information
selective recognition of peptides is a challenging and through the use of colde" Receptorl is a hybrid molecule
potentially information-rich topic, as with further understand- consisting of phenolphthaleid), which is commonly used
ing of weak noncovalent interactions within a supramolecular as a pH indicator, and two crown ether moieties (Figure 1).
framework, insight into many vital biological functions could In methanol solution, hybrid moleculedeveloped striking
be gained. Recently, several synthetic receptors for peptidescolor changes that could be detected by the naked eye upon
have been reported which mostly used protected peptides ashe addition of 1,8-diaminooctane or 1,9-diaminononane.
guest molecules.Additionally, the visual recognition of  Receptorl has been proposed to develop this color variation
various attributes of guest molecules has also been regorted.by recognition of the distance between an N-terminal amino
In this paper, we report the sequence-selective visual recog-group and the basic functional group in the side chains of
nition of nonprotected dipeptides in a protic solvent system. dipeptides, with color changes occurring only if the distance
The synthetic receptors require at least three functions for between the two amino groups lies within an appropriate
visual recognition of the peptide sequence. They should berange. For instance, the dipeptide Giytlys (5) has eight
able (1) to detect the length of the peptide, (2) to discriminate atoms between the terminal amino groups, whijeys-Gly
the size of peptide side chains, and (3) to transform the (6) exhibits only five carbon atoms. Thus, color development
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Figure 1. Structures of hosts and dipeptides.

by 1 is expected to selectively occur in the presencé of
and not at all for6, in which the amino acid sequence is
reversed.

To estimate the importance of the ring size of the crown
ether groups, receptogsand3, with 15- and 21-membered

or 3 with guests and6 generated color developmeétithese
results indicated that the ring size of the crown ether plays
a crucial role in the color development process.
Interactions between the receptbrand commercially
available dipeptides containing lysine were studied, and
results are shown in Figure 3. Strong color development was
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Figure 3. Visible recognition of the sequence of dipeptides by
the hostl. The concentration df was 1.0x 103 M and those of
dipeptides were 1.5 1073 in the presence ofi-ethylpiperidine
(2.5 x 1072 M) in methanol/water= 10/1. 1; Hostl only, 2; Gly-
Gly, 3; Lys-Gly, 4; Lys-Ala, 5; Lys-Arg, 6; Lys-Met, 7; Lys-Lys,
8; Lys-Trp, 9; Lys-Glu, 10; Lys-Pro, 11; Lys-Val, 12; Lys-Tyr,
13; Gly-Lys, 14, Ala-Lys, 15; Arg-Lys, 16; Met-Lys, 17; Trp-Lys,
18; Glu-Lys, 19; Pro-Lys, 20; Val-Lys, 21; Tyr-Lys.

observed with several dipeptides having Lys as the C-
terminus (nos. 7 and 1315). Interestingly, the dipeptide with

the reverse sequence generated no color change (compare
no. 3 with 13, 4 with 14, and 5 with 15). These observations

crown rings, respectively, were synthesized by a procedureindicate that the amino group in the side chain of Lys plays

similar to that for1.29 The binding ability of the receptors
1-3 to dipeptides5 and 6 was analyzed by mixing the
receptor/dipeptide pairs in a methanol/watet0/1 solution
with a large excess ofN-ethylpiperidine. As expected,
dramatic color development was observed within the
presence ob (Figure 2). No other combination of hos?s

Figure 2. Color development by the hosts-3. The concentration
of hosts were 1.0< 1073 M and those of dipeptides were 15

1078 in the presence oN-ethylpiperidine (2.5x 1072 M) in
methanol/water= 10/1.

a crucial role in color development. We also found that the
guanidine group of Arg does not shift in this system due to
steric factors, though it is more basic than the primary amino
group (see no. 5). Furthermore, color development is
sensitive to the steric environment of the N-terminal amino
group. Thus receptdt has the ability to discriminate based
on the size of peptide side chain (see nos. 13, 14, and 20).

Figure 4. Image of the colored complex.
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Although receptof was sensitive to bulkiness in the vicinity  Lys, Arg-Lys, and Lys-Lys). The six dipeptides may be

of terminal amino groups of the guest molecule, we expectedclassified into three groups based on their side chain
that receptorl would exhibit vague recognition against compositions. The first group has small alkyl substituents
bulkiness extending from the inner carboxyl group of guest (Gly-Lys and Ala-Lys) and the second group has a hydroxy
dipeptide (Figure 4). On the basis of this model, we examined substituent (Ser-Lys and Thr-Lys), while the third group
the interaction between receptdr and 400 polymer-  exhibits a relatively large but remote functional group (Arg-

supported dipeptides. As shown in Scheme 1, the polymer-Lys and Lys-Lys). In the second group, a hydrogen bond
should be formed between the phenolate oxygen and the

_ hydroxy group of the side chain, which is expected to
Scheme 1. Preparation of the Polymer-Supported Amino stab|I|ze'the colored complé’b'(. . . .

Acids? UV—uvisible spectra of pertinent dipeptides are shown in

Figure 6. No color was found to develop using Gly-Orn.
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supported dipeptides were synthesized by the standard
parallel method. NHPEG-resin (Watanabe Chemical) and
Fmoc-amino acids were used as starting materials. Conden-
sation reactions were carried out under WSC/HOBT/DMF

conditions, and deprotection of Fmoc groups was undertaken 0 | | I
with 20% piperidine in DMF. It is noteworthy that removal 500 Wavelength (nm) 600
of the, protective gr_OUp on the S.Ide chain Was achleved by Figure 6. UV —vis spectra ofl with the dipeptides. The concentra-
Node’s odorless thiol method without special ventilatién. o of 1 was 1.0x 10-2 M and those of dipeptides were 1,5
The color changes generated by interactions between receptofo-23 in the presence dfi-ethylpiperidine (2.5« 10-2 M) at 25°C

1 and the 400 polymer-supported dipeptides are presentedn methanol/water= 10/1.

in Figure 5. Strong color development was observed for only
six of the 400 dipeptides (Gly-Lys, Ala-Lys, Ser-Lys, Thr-

From previous results withe,w-diamines?9 Gly-Orn was

_ expected to weakly develop color, as there are seven atoms
between the two amino groups. The seven atoms including

the amide bond, however, are slightly shorter and more rigid

N-terminal
e LRl Serhe G Ne e Fhe e Ain ool G Ao Ol Sre L L than in 1,7-diaminoheptane. This explains why color devel-
= _ opment was not observed with Gly-Orn and indicates that
g the strict 1,8-relationship between the two amino groups is
tle indispensable for the recognition of dipeptides. Among
;‘j possible combinations of essential amino acids, only dipep-
s tides with Lys at the C-terminus meet this requirement.
B et The apparent association constants and molar absorption
3E b coefficients were measured by WWisible titration in
S 1y methanol/water= 10/1 in the presence &-ethylpiperidine
Tp : (5.0 x 1072 M) by adding dipeptide stock solutions 6
Asn 4
o (3) No color development was observed between phenolphthalein and
gen L M guestss and 6 under the same conditions.
Glu ol &' el @ (4) (a) Nishide, K.; Ohsugi, S.; Shiraki, H.; Tamakita, H.; Node Oig.
Arg \ PR AP YRy R Lett. 2001,3, 3121—3124. (b) Node, M.; Kumar, K.; Nishide, K.; Ohsugi,
His ~ N e e Sy PRt T e S.; Miyamoto, T.Tetrahedron Lett2001,42, 9207—9210.
e T N (5) As for the side chain protected amino acids; Fmoc-Ser(Trt)-OH,
Lyp@ ® T ; £ @ Fmoc-Thr(Trt)-OH, Fmoc-Cyr(Trt)-OH, Fmoc-Trp(Boc)-OH, Fmoc-

Asp(OtBu)-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Arg(Mtr)-OH, Fmoc-His(Trt)-
Figure 5. Color development between hastand 400 polymer- ~ OH, Fmoc-Lys(Boc)-OH.

: . 3 . . : (6) Similar hydrogen bonding between phenolcrown hosts and ethanol-
supported dipeptides. Polymer-supported dipeptides were l"ns‘e‘jamine derivatives were reported. (a) Naemura, K.; Ueno, K.; Takeuchi, S.;

with a solution of hostl (1.0 x 10~ M) and N-ethylpiperidine Tobe, Y.; Kaneda, T.; Sakata Y. Am. Chem. Socl993 115 8475~
(2.5 x 1072 M) in methanol. 8476. (b) Hirose, K.; Ogasahara, K.; Nishioka, K.; Tobe, Y.; Naemura, K.
J. Chem. Soc., Perkin Trans.2D00, 1984—1993.
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Figure 7. Color development of pertinent oligopeptides by the
host1. The concentration df was 1.0x 1072 M in the presence
of N-ethylpiperidine (5x 102 M) in methanol/water= 5/1. (a)
APP at 25°C, (b) APP at 0°C, (c) scyliorhinin | at 25°C, (d)
scyliorhinin | at 0°C.

1073 M) into 5.0 x 10* M of receptorl at 25+ 0.1 °C.
Spectra were analyzed by the Roerago method,and the
following values were obtained: Lys-Ly&{,, = 1020+

(7) (@) Rose, N. J.; Drago, R. 8. Am. Chem. Sod 959,81, 6138—
6141. (b) Hirose, KJ. Inclusion Phenom. Macrocycl. Che2001, 39,
193—-209.
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20,e = 2120+ 20)8 Gly-Lys (Kapp= 930+ 30,¢ = 1780

+ 30)8 Ala-Lys (Kapp= 1100+ 30, ¢ = 1200+ 20) and
Arg-Lys (Kapp = 830+ 40, ¢ = 1230+ 30). In exploring
the analytical potential of this visualization, we applied this
system to proteins with a (Gly, Ala, Ser, Thr, Arg, or Lys)-
Lys sequence at their N-terminus. AmyloftlA4 protein
precursor, H-Ala-Lys-Glu-Arg-Leu-Glu-Ala-Lys-His-Arg-
Glu-Arg-Met-Ser-GIn-Val-Met-OH, (APR(394—410)), a
peptide with growth-promoting activit}/*° and scyliorhinin

I, H-Ala-Lys-Phe-Asp-Lys-Phe-Tyr-Gly-Leu-Met-NiH a
peptide of the tachykinin family, were investigated for color
development upon complexation with'®'! Clear color
development was observed with APP as well as scyliorhinin
I at a concentration of 3.3 1075 M at 25°C (Figure 7a,c).
Sensitivity increased as the temperature decreased® 0
(Figure 7b,d).

In conclusion, we have devised the clear sequence-
selective visual recognition of nonprotected dipeptides in a
protic solvent system with Lys at the C-terminus. This system
may be used for the visual recognition of proteins with a
(Gly, Ala, Ser, Thr, Arg, or Lys)-Lys sequence at their
N-terminus.
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