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Side chains’ repulsion between AAS and AAS in the cyclic
decapeptide (FR-1) is important for binding to the fibrinogen
receptor on the platelet surface. [Phe3]-FR-1 exhibited higher
activity as a platelet aggregation inhibitor than FR-1.

The Arg-Gly-Asp (RGD) sequence is an active site in the cell
binding domain of fibronectin (FN), cell adhesion protein, and is
predicted to be an important sequence for binding to the
receptor.1 We had found that Pro-Ala-Ser-Ser (PASS), located
adjacent to the RGDS toward the C-terminal in FN, participated
in cell binding and cell migration.2 Our interest is focused on the
secondary structure of the RGDSPASS sequence of FN. We had
designed and synthesized RGDSPASS-containing cystine
peptide, FR-1 which exhibited high activity as a platelet
aggregation inhibitor.3a3b

I 1
H-Cys'-Arg?-Gly>Asp*-Ser>-Pro®-Ala’-Ser®-Ser’-Cys' -OH
FR-1

In order to investigate the relationship between the structure
and the biological activity of FR-1, we designed four analogs of
FR-1: [D-Serd]-FR-1, [Gly3]-FR-1, [D-Pro®]-FR-1, and
[Gly©]-FR-1.

Peptides 1, 2, 3, and 4 were prepared by the solution method
in the same manner as FR-1.3b The formation of intramolecular
disulfide bond was achieved by I» oxidation in MeOH (room
temperature, 10 min.) in the high dilution (1)'110'3 M) (Scheme
1). The yields of peptides 5, 6, 7, and 8 were 87, 72, 85, and
76%, respectively. Protected cyclic peptides 5, 6, 7, and 8 were

treated with liq. HF for deprotection in the presence of anisole
(Scheme 1). The final products# were purified by HPLC.

RGD-containing peptides are known to inhibit platelet
aggregation.d Using human platelet rich plasma, the IC5( of FR-
1, [D-Ser3)-FR-1, [Gly3]-FR-1, [D-Pro6]-FR-1, and [Gly0]-
FR-1 were found to be 7.6, 257, 118, 251, and 162 uM,
respectively. Platelet aggregation was induced by adenosine
diphosphate.

NMR measurements were performed with a FT-NMR
spectrometer, JEOL JNM GSX 400 (lH, 400 MHz), in the same
manner as FR-1.3¢ Two conformers (major:minor = 6:1 - 4:1) of
each cyclic peptide were confirmed by NMR; in this study we
discuss the major conformer. Chemical shift assignments were
made by the combined use of COSY and NOESY (mixing time:
150, 250, and 400 ms) experiments.

The sequential NOEs between oH(i) and NH(i+1) were
observed in all residues except for the Pro residues in four cyclic
peptides. The NOEs indicate that these cyclic peptides take a
sheet structure. Non-sequential (spatial) and NH(1)-NH(i+1)
NOEs were observed as shown in Fig. 1. NMR results support
that Asp-D-Ser-Pro-Ala in [D-Ser3]-FR-1, Asp-Gly-Pro-Ala in
[Gly5]—FR—1, Asp-Ser-D-Pro-Ala in [D—Proﬁ]—FR—l, and Asp-
Ser-Gly-Alain [Gly6]-FR—l form a turn, respectively.

In FR-1, spatial NOE was not observed3¢ but in [Gly3]-FR-
1, [D-Pro%]-FR-1 and [Gly6]-FR-1, spatial NOEs between NH
of the side chain of Arg? and NH of Ser? were observed,
respectively (Figs. | and 2). These NOEs indicate that the side
chain of Arg? faces Ser? in each analog. We predicted that the
decline in inhibitory activity was due to the direction of the side
chain of the Arg residue. [D-Ser3]-FR-1 also exhibited weak
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Fig. 2. Turn structures and NOEs of FR-1 and [D-Pro%-FR-1. Arrows indicate

the protons giving NOEs by NOESY.

inhibitory activity. This result suggests that the L-configuration
of AAS is essential for binding to the receptor.
From the NMR and biological results, we suppose that the side

chains’ repulsion between AAS and AA6 provides outside the side
chain of the Arg residue for binding to the fibrinorgen receptor; in
addition, L-Pro (AA®) has also an important role in fixing the turn
structure and takes a part in the repulsion with L-AAS in the turn.
As a demonstration of this hypothesis, we synthesized [Phe5]-FR-
1 substituted with Phe having a bulky side chain.0 The IC5¢ of
[PheS]—FR-l was found to be 2.5 uM which was about 3 times
higher than that of FR-1.
We thank Dr. Noriyoshi Inukai of Yamanouchi Pharmaceu-

tical Co., Ltd. for the biological assay.
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