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RES-701-2, a Novel and Selective Endothelin
Type B Receptor Antagonist Produced by
Streptomyces sp.

II. Determination of the Primary Structure
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Endothelins (ETs) are a family of potent vasoactive
peptides found in at least three distinct isoforms: ET-1,
ET-2, and ET-3Y. Two major subtypes of endothelin
receptors, termed ET, and ETg, have been identified in
various target cells?. It is well known that ETs act on
these G protein-coupled receptors and exert multiple
pharmacological effects®. As the development of potent
and selective endothelin receptor antagonists facilitates
the understanding of endothelin®, the function of ETg
receptors is yet to be fully elucidated.

In a preceding paper, we elucidated the isolation,
physico-chemical and biochemical properties, and
structural determination of RES-701-1, a novel en-
dothelin type B receptor antagonist>®. In the course of
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further screening programs for ET receptor antagonists
from culture broths of microorganisms, we discovered
other structural related peptides, RES-701-2, -3 and -4
in the culture broth of Streptomyces sp.”. This paper
describes the primary structure elucidation of RES-701-2
including pL-amino acid analysis.

FAB-mass spectrometry analysis revealed that the
molecular weight of RES-701-2 is 2059, which is 16 mass
higher than RES-701-19. The molecular formula of
RES-701-2 was confirmed as C,y3H;;5N,30,, by high
resolution-FAB-MS analysis (calcd: 2058.8503 for M + H,
found: 2058.8496) and amino acid analysis (found: Asx3,
Gly2, Hisl, Thrl, Alal, Prol, Tyr2, Phe2, Trp2 ). The”
amino acid configuration was found to be the L-form
by precolumn derivatization with chiral reagent, (+)-1-
(9-fluorenyl)ethyl-chloroformate and reversed phase
HPLC analysis. ‘

To examine the primary structure of RES-701-2,
N-terminal amino acid analysis was carried out with
Edman degradation. However, no phenylthiohydan-
toin(PTH)-amino acid was released, suggesting that
there is no free terminal amino group. Furthermore,
attempts to obtain specific fragments by enzymatic
digestion with thermolysin, chymotrypsin and proline
specific endopeptidase were unsuccessful. Partial hy-
drolysis was therfore carried out in order to get the struc-
tural information. Amino acid sequence analyses of the

FAB-MS/MS spectra of RES-701-1(a) and RES-701-2(b).
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resulting peptides reveal that the sequence from residue
1 to 15 is identical to that of RES-701-19 and that the
difference between RES-701-1 and RES-701-2 exists only
in C-terminus.

In the FAB-MS/MS analysis of RES-701-1 or
RES-701-2, each spectrum contains two prominent series
of N-terminal fragment ions ( a and b ions ) which
confirms the amino acid sequence in the C-terminus
(Fig.1). Comparing the fragment ions between the two
compounds, the spectrum patterns are almost the same
but for the parent ions. This result also suggests that
primary sequences except for the C-terminal amino acid
are identical, including the cyclic structure described in
Fig. 1.

Surprisingly, the C-terminal amino acid of RES-701-2
is different from any the other 20 natural amino acids
by an amino acid analysis after vapor phase hydrazinoly-
sis®). Despite its stability to proteolytic digestion, car-
boxypeptidase A (CPase A), with relatively high amount
(Enzyme/Substrate =1/20), is found to release the
C-terminal amino acid successfully. The released
C-terminal amino acid was purified by preparative
reversed phase HPLC and analyzed by 'H and '*C
NMR spectroscopy. Chemical shifts for the C-terminal
amino acid of RES-701-2 are shown in Table 1. Taking
the molecular weight of the amino acid (m/z=221) into
consideration, hydroxylation might be occurred at

Table 1. Chemical shifts for C-terminal amino acid of

RES-701-2.
Position 13Ce 1y
% 528 4.02 (1M, dd, J=7.2, 5.3Hz)
B 26.4 3.13 (1H, dd, J=7.2, 15.1 Hz),
3.22 (1H, dd, J=5.3, 15.1Hz)
I 10.8 (1H, d, /=2.4Hz)
2 124.1 7.11 (1H, d, J=2.4Hz)
3 107.3
4 109.2 7.02 (1H, d, J=7.9Hz)
5 119.3 6.79 (1H, dd, J=7.9, 7.5Hz)
6 1055  6.50 (1H, d. J=7.5Hz)
7 1436 9.53
8 126.3
9 128.9
CcO 170.7

Chemical shifts expressed in ppm relative to DMSO.
2 125MHz '3C NMR in DMSO.
* 500 MHz 'H NMR in DMSO.

Fig. 2. Primary structure of RES-701-2.

Cyclization was observed between w-amino group of
Gly! and p-carboxyl group of Asp®. 7-Htp: 7-hydroxy-
tryptophan
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position C7 of tryptophan. NOEs and C-H long-range
coupling data also support the above (data not shown).
On an optical rotatory power measurement of the
C-terminal amino acid in water, a negative value ([o«J3° =
—22.6°) was observed, indicating that the C-terminal
amino acid has the L-configuration like the other amino
acids found in RES-701-2.

The primary structure of RES-701-2 is shown in Fig. 2.
Cyclization is observed between the a-amino group of
Glyl and the p-carboxyl group of Asp9. It has been
reported that anantin, an atrial natriuretic peptide
receptor antagonist”, and PR71955, an anti-HIV
peptide’®, also have this novel cyclic form. The bio-
synthesis of such novel structures has never been reported
so far. It may involve unique enzymes that form a lactam
bridge between an amino group and a carboxyl group
within the molecules. Recently the peptide synthesis of
RES-701-1 has been reported by J. H. HE er alV.
Although the synthetic compound had the precise
primary structure, it showed less binding affinity for ET
receptor than natural RES-701-1. We had also synthe-
sized RES-701-1 using similar methods described in ref.
11), and found that the synthetic compound did not
coelute with the natural RES-701-1 on analytical HPLC
(data not shown), suggesting different tertiary structures
for the two compounds. Precise structural determination
by NMR analysis will be reported elsewhere.

Among hydroxylated forms of tryptophan, 5-hydoxy-
tryptophan has been well studied as a neurotransmitter
in the central nervous system, and its biosynthesis
including related enzymes has also been examined.
7-hydoxytryptophan, the C-terminal amino acid of
RES-701-2, has never been reported as a natural com-
pound so far, nor has its biosynthesis been elucidated.
We could not detect any differences in biological activities
between RES-701-1 and RES-701-2. It is noted that
synthetic 7-hydroxytryptamine is about eight times more
active as a vasocontrictor than tryptamine!?, although
their antagonistic activities against the ETy receptor are
equivalent”.

Experimental

RES-701-2 was isolated from the fermentation broth
of Streptomyces sp. described in a preceding paper”.

All mass spectra were acquired with a JEOL JMS HX/
HX-110A tandem four sector mass spectrometer, which
was operated at 10kV accelating potential.

Amino acid analysis, DL-amino acid analysis with
(+)-1-(9-fluorenyl)ethyl-chloroformate and vapor-phase
hydrazinolysis were carried out with the same procedures
described in ref. 6). N-terminal amino acid sequencing
was performed on a Model 470A/120A protein sequencer
(Applied Biosystems, U.S.A.).

Peptide fragments of RES-701-2 were obtained by
partial hydrolysis with 0.04~ or 0.5N HCI containing
20% methanol at 108°C for 2hours. The resulting
peptides were separated by reversed phase HPLC and
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analyzed by a Shimadzu PPSQ-10 amino acid sequencer
(Japan).

Carboxypeptidase A (Sigma C-9762) digestion was
carried out in 0.1 M Tris-HCI (pH 8.0) containing 10%
methanol at 37°C for 12hours. Released C-terminal
amino acid was purified on a reversed phase HPLC
equipped with a Nucleosit 5C18 column (25c¢m x 20 mm
i.d.) at a flow rate of 10 ml/minute.

The optical rotation of 7-hydroxytryptophan was
measured in water on a Jasco DIP-370 digital polarimeter
(Japan) at ambient temperature.

All NMR spectra of 7-hydroxytryptophan dissolved
in dimethyl sulfoxide were measured on a Bruker AM-
500 spectrometer.
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