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Abstract: Combinatorial technologies with the use of a solid-phase pentapeptide
library and the magnetic beads covalently bound with the target nonapeptide (1) were
applied to search for recognition peptides toward the target sequence (1) which
constitutes an extracelluar part of the dopamine D2 receptor. Several pentapeptides
have been identified to exhibit high binding affinities toward the target peptide (1) in
an aqueous solution.

Selective interactions between small peptide fragments have attracted much attention from the viewpoint of
several aspects such as the determining factors of protein conformation and the origin of specific interactions
between proteins or receptor-ligands, efc. We anticipate that small peptides which can recognize particular
parts of proteins will be useful to discriminate a target protein from diverse subtypes, and that such
recognition molecules will be developed based on selective interactions between the small peptides. Since a
rational design of the recognition molecules based on a peptide sequence or even on 3D structures seems to be
difficult because of the complex nature of the recognition modes of peptides," ? it is desirable to develop a
convenient method to search for small peptides selective toward the target sequence.” Here, we wish to
report, in our attempts to find recognition molecules for the dopamine D2 receptors, that we have determined
selective peptides toward the target peptide sequence by a random search with combinatorial technologies
using the "one-sequence-per-one-bead” pentapeptide library” and the magnetic beads covalently bound with
the target peptide. Although peptide libraries have been extensively utilized to identify peptide ligands to
receptors, this study has demonstrated the first example where small peptides have been identified as
recognition molecules to the target smail peptide.

In our search for the recognition molecules for the CNS dopamine D2 receptors, the extracellular
nonapeptide sequence (residues 7-15: Ser-Trp-Tyr-Asp-Asp-Asp-Leu-Glu-Arg (1)) was chosen as the target

Target Nonapeptide Sequence (1) H-Ser-Trp-Tyr-Asp-Asp-Asp-Leu-Glu-Arg-OH

Library Beads (2) H-Pentapeptide-NH(CH2)sCONH(CH2)sCO0~g) PSDVB
linker Beads
Magnetic Beads (3) @~~NHCO(CHyp)gCO-Ser-Trp-Tyr-Asp-Asp-Asp-Leu-Glu-Arg-OH
LCA-MPG Beads linker Target Sequence

Fig. 1. The target peptide (1), pentapeptide library (2) and magnetic beads (3).
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peptide, because this region is known (o characterize the receptor subtype.® The pentapeptide library (2)
was constructed using N-Fmoc derivatives of 20 natural L-amino acids onto polystyrene-divinyl benzene
beads® according to the "one-sequence-per-one-bead” concept reported by K. S. Lam et a;* thus, the library
contains 20° peptide sequences.” For easy detection of the interaction between library beads and the target
peptide, the target nonapeptide (1) was covalently introduced onto the magnetic beads (3).”® As magnetic
beads have been used to isolate selective ligands for the molecule that is introduced onto the beads,” we
applied this method to select library beads bound with the magnetic beads. Peptides were introduced onto
each bead with a long linker to avoid nonspecific bead-bead interaction (Fig. 1).

The library (2) and the magnetic beads (3)'” were mixed in an aqueous PBS buffer at pH 6.8'" in a test
tube, and gently shaken for two hours. Then, the test tube was allowed to stand in contact with an outer
magnet until there was no further sedimentation. The library-magnetic bead complexes adhered to the glass
surface where the magnet was attached outside, and were collected as the selective beads. These bead-bead
complexes were formed apparently based on peptide-peptide interactions, because magnetic beads without
the target nonapeptide did not form complexes with the library beads. Bead-bead complexes which were
bound by strong ionic interaction were removed by the same selective method in an aqueous buffer at pH
7.9. Finally, six sequences were determined (4-9) from millions of the library beads. To estimate
interactions between the selected (4-9) and the target peptide (1), standard titration experiments were
monitored by both UV and 'H-NMR spectroscopy in an aqueous buifer at pH 6.8."” When a solution of the
pentapeptide'® was added to a solution of the nonapeptide (1), the Amax of 1, the amide absorption band,
was shifted to a longer wavelength (Fig. 2). A solution containing solely the nonapeptide (1) or
pentapeptides produced small and linear changes in Axmax of UV spectra with increasing concentrations
(e.g., the dotted line for 7 in Fig. 3), indicating that the peptides do not form highly-ordered aggregation in
an aqueous solution at the titration concentrations. As both the target sequence and the pentapeptides have a
similar Amax, the titration data were corrected for the concentration-dependent shifts of the added peptides
(Fig. 3). The constitution of the complex between 1 and 4 was determined by Job plot to be the 1:1
complex.'” Thus, the titration data were obtained at the low concentrations of the pentapeptides where
concentration-dependent shifts of Amax are negligible, and were analyzed as 1:1 complexes to produce Kg
values (Table 1)."” High affinities of all the selected pentapeptides (4-9) toward the target nonapeptide (1)
have been demonstrated by Kd values as high as 107 M in an aqueous buffer solution.
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Fig. 2. UV Titration by the addition of 7. Thge titration data were corrected for the
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of 1 in PBS buffer (pH 6.8) at 25 °C . peptides such as shown by dotted line for 7.
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This UV ttration method might not give accurate K4 values, because small changes of Amax were
monitored at the overlapping amide absorption region. However, it was also found that 1 showed changes
in the 'H-NMR in a PBS buffer at pH 6.8 containing 10% D,O by the addition of 4 in a manner consistent
with the formation of a complex, that is, four amide NH signals of 1 exhibited downfield shifts (Fig. 4).'*
Changes in both the NMR and UV spectra have consistently indicated that the amide groups were included in
the complexation. NMR titration data were analyzed as 1:1 complexation to give Kg5.6x10° M
(Admax=0.142 ppm)."¥ From observation of the precipitation at higher concentrations, it is apparent that the
target peptide (1) assembles at the concentration for the NMR measurement. Such self-assembly of 1 should
interfere with the complexation with the guest peptide, and then probably lead to an underestimation of the Kq
value as compared to that by UV titration.
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Fig. 4. "H-NMR Titration of 1 by the addition of 4 The downfield shifts of one of the three aspartyl
amide NH signals were plotted. The theoretical curve was drawn using Kd and Admax values in Table 1.

Table 1.Calculated Kd and dAmax (or Admax) values for the complexation between the host (1, 12)
and the guest peptides (4-1 n”

Entry Guest Peptides Host Peptides  Kd (107 M) 4xmax (nm)
1 Glu-Leu-Phe-Lys-Ala (4) 1 6 0.6
2 Glu-Leu-Phe-Lys-Ala (4) 1 560 0.14 (Admax: ppm)
3 Glu-Leu-Phe-Lys-Ala (4) 12 80 18
4 Tyr-Met-Glu-Gln-His (5) 1 7 16
5 Asp-Arg-Glu-Asp-lle (6) 1 3 10
6 Phe-Ser-Asn-Ile-Thr (7) 1 1 1.6
7 Phe-Ser-Asn-Ile-Thr (7) 12 1 13
8 Ala-Ser-lle-Phe-Glu (8) 33 14
9 Ala-Val-Thr-Glu-Asp (9) 16 1.0

1

1
10 Glu-Leu-Phe-Ala (10) 1 no complexation 0
Il Gly-Glu-Leu-Phe-Lys-Ala (11) | 25 24

All utrations were monitored by UV spectroscopy using 6-7 pM of 1 except for run 2, in which H.
NMR measurements were done using a 0.6 mM solution of 1 in PBS buffer (pH 6.8) containing
10% of DO at 30 °C . The sequence of 12 is H-Ser-Trp-Tyr-Asp-Asp-Asp-Leu-Arg-OH.

Unfortunately, we could not determtne the precise complex structures based on 'H-NMR spectra, but
some structural alteration of the guest peptides provided the foliowing additional information. The
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tetrapeptide (10) which lacks the lysyl residue of 4 did not cause any shifts of the Amax of 1 (Table 1, entry
10), clearly showing that the lysyl residue plays a crucial role in producing the strong interaction between 1
and 4. In contrast, recognition of the N-terminal of 4 was shown to be flexible from the fact that the
additional glycyl residue to 4 at the N-terminal (1 1) altered the binding affinity slightly (entry 1 vs 11). The
octapeptide (1 2) in which the glutamy] residue is lacking compared to 1 did not affect the binding with 7 but
decreased the affinity toward 4 (entry 3 vs 7). It may be speculated from these results that ionic interaction
between polar groups produce the strong interaction in combination with the hydrogen bondings of the amide
NH groups, although interaction modes are dependent on both the host and the guest peptides.

In conclusion, we have identified recognition peptides for the target peptide (1) by combinatorial
technologies using a solid-phase pentapeptide library and the magnetic beads covalently bound with the target
sequence. Both detection and selection of the interacting beads could be performed easily by the use of
magnetic beads. We will further apply the pentapeptides selected in this study to the recognition of the
extracellular region of the dopamine D2 receptor.
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