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The Arg-Gly-Asp (RGD) sequence is an active site in
the cell-binding domain of fibronectin. Ala-analogs of
RGDSPASS containing cystine peptide (FR-1) were synthesized
to investigate the relationship between the functional

group and the biological activity of FR-1.

The Arg-Gly-Asp (RGD) sequence exists in some bioactive proteins and
is predicted to be an important sequence for biological activity.l)
Previously, we had found that Pro-Ala-Ser-Ser (PASS) sequence
participated in cell binding and cell migration.Z) We were interested in
the secondary structure of the RGDSPASS sequence in fibronectin (FN), the
cell adhesion protein, and we have already synthesized RGDSPASS containing
cyclic peptides.3) We reported that both RGDS and PASS had an
antiparallel location in cyclic peptide, FR-1, which exhibited high
activity as a platelet-aggregation inhibitor.4) This result suggests that
this secondary structure of RGDSPASS in FR-1 is appropriate for binding to
the fibrinogen receptor on the platelet surface and the structure

corresponds to that of the active site of FN.
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In order to investigate the relationship between the functional group

and the biological activity of FR-1, we synthesized three Ala-analogs,
[A1a2]~FR—1, [Ala4]—FR—1, and [Ala8’9]—FR—1. The peptides were
synthesized by the solution method.

) and tetrapeptides (Boc-Ala-X-

5) method. Peptides 1,

Hexapeptides (Boc—Cys(Acm)—x—Pro—OTce)5
Cys(Acm)—Ole)s) were synthesized by the DCC-HOBt
2, and 3 were synthesized from the corresponding peptides, Boc-Cys(Acm)-X-
Pro-OH and H-Ala-X-Cys(Acm)-0Bzl by the fragment condensation with EDC-
HOBt.>) Peptides 1, 2, and 3 were confirmed by FABMS (MH' 1581, MNa® 1716,
and MHY 1608, respectively) and 1H—NMR. The formation of intramolecular
disulfide bond was achieved by 12 oxidation (r.t., 10 min.) in high
dilution (1x10—3M)(Scheme 1). The yields of the peptides 4, 5, and 6 were
77%, 77%, and 78%, respectively. These cyclic peptideds were confirmed
by FABMS (4, MNa+ 1459; 5, MH+ 1550; 6, MH+ 1464) and were treated with
lig. HF (0°C, 1 h) for deprotection (Scheme 1). The final productss) were
purified by HPLC (Biofine RPC-SC18 column, 10 x 250mm, JASCO Co.).

Boc-Cys (Acm) -Ala-Gly-Asp (OcHex)-Ser (Bzl) -Pro-Ala-Ser (Bzl) -

Ser(Bzl)-Cys(Acm)-0Bzl 1
Boc-Cys (Acm) -Arg(Tos)-Gly-Ala-Ser (Bzl)-Pro-Ala-Ser(Bzl) -
Ser(Bzl)-Cys(Acm)-0Bzl 2
Boc-Cys (Acm) -Arg (Tos) -Gly-Asp (OcHex)-Ser (Bzl)-Pro-Ala-Ala-

Ala-Cys (Acm)-0Bzl 3

[ 1
Boc—Cys—Ala—Gly—Asp(OcHex)—Se:(le)—Pro—Ala—Ser(le)—Ser(le)-Cys—Ole 4

I -1

Boc-Cys-Arg (Tos)-Gly-Ala-Ser(Bzl)-Pro-Ala-Ser(Bzl)-Ser(Bzl)-Cys-0Bzl 5
I |
Boc-Cys-Arg (Tos)-Gly-Asp(OcHex) -Ser (Bzl)-Pro-Ala-Ala-Ala-Cys-0Bzl 6
1) I.,/MeOH
2 2 4 8,9
1,2,3 > [Ala“]-FR-1, [Ala ]-FR-1, [Ala ' ]-FR-1
2) HF-anisole (54%) (48%) (69%)

Scheme 1.

NMR measurements were performed with a FT-NMR spectrometer, JEOL-JNM
GSX 400 (1H, 400MHz), in the same manner as FR~1.4) Chemical shift
assignments were obtained by the combined use of COSY and NOESY experiments
and the data for amide protons are shown in Table 1. [Alazl—FR-l,
(ala*1-FrR-1, and (a1a®'°
NOEs, but each H-D exchange rate of amide protons of [Alaa'gl—FR—l was
similar to that of FR-1. Both [Alazl—FR—l and [Ala4]—FR—1 did not show

]1-FR-1 did not show any non-sequential (spatial)
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any difference between the H-D exchange rates of each amide proton. The
slow H-D exchange rate indicates that the amide proton is shielded from the
solvent. In [A1a8’9]—FR—1, 4-Asp(NH) and 7-Ala(NH) were shielded from the
solvent and may be involved in intramolecular hydrogen bonding.
RGD peptides are known to inhibit FN binding to the platelet
7 8) FR-1
The IC
of FR-1 was 32 uM. Under the same condition, inhibitory activity of
[Alazl—FR—l(lmM) and [A1a4]—FR—1(1mM) were less than 10% of the platelet

8'9]—FR—1 was 320 UM which was 10 times

and FN is also known to inhibit platelet aggregation.
3)

surface

exhibited high activity as a platelet aggregation inhibitor. 50

aggregation. The IC50 of [Ala

lower than that of FR-1.

Table 1. Chemical shift and H-D exchange rate of amide proton, and coupling

constant @

FR-1 [Ala®9]-FR-1 [Ala?]-FR-1 [Ala*]-FR-1

NH D/H Jyg.cy NH D/H Jygcy NH DH Jyg.cw NH D/H Jyy.cn
1
2 874 f 8.0 873 f 8.1 871 f 7.3 881 f 8.1
3 835 s A 829 s B 835 f B 831 f B
4 823 s A 836 s A 822 f 84 811 f 77
5 758 m 73 7.60 s 7.7 748 7.7 791 f 7.3
6
7 788 s 7.0 776 s 7.7 796 f 6.6 777 f 7.7
8 763 m 70 759 m 7.0 7.64 f 7.3 752 f 7.7
9 775 m 7.7 784 f 70 771 f 1.7 788 f 8.1
10 816 f 8.1 821 f 8.1 8.12 f 8.4 824 f 8.1

a) Measurements were carried out by 'H 400 MHz NMR spectrometer in
[2H6] DMSO at 300 K; NH chemical shift (5); H-D exchange rate (D/H):

f = fast, m = medium, s =slow; Jyy.cy coupling constant (Hz), A:overlapped
with other peak, B:broad.

The NMR data suggest that the turn structure of [A1a8'9]— FR-1 is
similar to that of FR-1,%) but (Ala?]-FR-1 and [Ala®]-FR-1 have flexible
structures. The biological results indicate that the Arg and the Asp in
FR-1 are essential for the activity and that the Ser-Ser in FR-1 is also
necessary for the hydroxy groups binding to the receptor. The present
results also support that the PASS sequence is a novel interaction site in
FN.
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