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WSS2220, a novel cyclic tetrapeptide with a new sulfonoamino acid,
exhibits potent and selective inhibitory activity against GlyT1
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Abstract

In the course of our screening program for novel glycine transporter inhibitors, we obtained a novel cyclic tetrapeptide (WSS2220)
from the culture broth of Nonomuraea sp. The structure of WSS2220 was elucidated based on physicochemical data. WSS2220 contained
a novel amino acid (4-oxo-30-sulfoisoleucine), the absolute stereochemistry of which was determined by chemical modifications and the
modified Mosher’s method. WSS2220 selectively inhibited glycine transporter type1 with an IC50 of 20 nM.
� 2008 Elsevier Ltd. All rights reserved.
N-Methyl-D-aspartate (NMDA) receptor blockers, such
as phencyclidine (PCP), are known to induce schizo-
phrenic-like symptoms (both positive and negative symp-
toms) in humans. Thus, a dysfunction in glutamatergic
transmission may play an important role in the pathophys-
iology of schizophrenia (hypoglutamatergic hypothesis).
Glycine is known to act as a requisite co-agonist of gluta-
mate for the activation of NMDA receptors, and its levels
at synaptic clefts are controlled by glycine transporter
type1 (GlyT1) on glial cells. Therefore, the blockers of
GlyT1 are expected to function as antipsychotics. Several
GlyT1 inhibitors have been reported, and some of these
agents are now being investigated in clinical trials.1

To identify new inhibitors of GlyT1 from natural
origins, we tested the inhibitory activities of thousands of
fermentation extracts on [3H]-glycine uptake in glial cells.
During this screening program, we obtained a novel cyclic
tetrapeptide, named WSS2220 (1), from a fermentation
broth of Nonomuraea sp. strain TA-0426.2 Compound 1
inhibited [3H]-glycine uptake in a human glial cell line
0040-4039/$ - see front matter � 2008 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2008.03.054

* Corresponding author. Tel.: +81 48 669 3107; fax: +81 48 652 7254.
E-mail address: yuichi.terui@po.rd.taisho.co.jp (Y. Terui).
(T98G) with an IC50 of 12.5 nM. In this Letter, we report
the isolation, structure determination, and biological
activity of 1 (Fig. 1).

The WSS2220-producing organism, TA-0426, was iso-
lated from a soil sample collected in Henan Province,
China. The strain was taxonomically identified as genus
Nonomuraea sp. To produce 1, TA-0426 was cultured in
a seed medium for 3 days at 28 �C on a rotary shaker at
200 rpm.3 This seed medium was then inoculated into the
production medium and cultured for 7 days at 28 �C on
a rotary shaker at 200 rpm.4 The culture broth (10 L) was
extracted with n-BuOH and concentrated in vacuo to give
an oily residue (14.9 g). This n-BuOH extract was sus-
pended in distilled water (1 L) and extracted with EtOAc.
Fig. 1. Structure of WSS2220 (1).
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The resulting aqueous layer was passed through a column
of Diaion HP-20. After being washed with 20% aqueous
acetone (1 L), the materials containing 1 were eluted with
40% and 60% acetone. These fractions were combined
and concentrated in vacuo. The resulting residue was then
purified by silica gel column chromatography, eluting with
CHCl3–MeOH 9:1 to give WSS2220 (1, 363.9 mg) as a
colorless powder.

HRTOF-MS of 1 showed a quasi-molecular ion peak at
625.2302 [M+2Na]+, corresponding to the quasi-molecular
formula C27H39N4O8SNa2 (calcd for C27H39N4O8SNa2:
625.2284). IR absorptions at 1693 and 1533 cm�1 sug-
gested the presence of amide functions. Absorptions at
1221, 1172, and 1044 cm�1, together with the high water-
solubility of 1, suggested the presence of a sulfonate group.
The 13C and 1H NMR spectral data of 1 are shown in
Table 1. In the 13C NMR spectrum of 1, the signals of four
carbonyl carbons (d 169.7, 171.0, 171.5, and 172.0) and
four methines (d 56.1, 57.0, 60.5, and 60.5) were observed.
These data suggested that 1 was a tetrapeptide compound.
Another carbonyl signal at d 207.0 was assigned as a
ketone. Signals of sp2 carbon [d 126.6 (d), 128.4 (d) (2C),
128.8 (d) (2C), and 136.8 (s)] and a methylene carbon (d
35.8) suggested the presence of a phenylalanine residue
Table 1
1H NMR (500 MHz) and 13C NMR (125 MHz) data for 1 in DMSO-d6

Position 13C 1H

Ile-1 1 171.5
2 60.5 3.82 (dd, J = 11.0, 11.0)
3 33.3 2.14 (m)
4 24.9 1.46 (m), 1.08 (m)
5 9.8 0.79a

6 15.3 0.79a

2-NH 7.05 (br)

Ile-2 10 172.0
20 60.5 3.82 (dd, J = 11.0, 11.0)
30 34.0 1.75 (m)
40 25.4 1.46 (m), 1.08 (m)
50 10.0 0.86 (d, J = 6.7 Hz)
60 15.4 0.79a

20-NH 7.72 (br)

Osi 100 169.7
200 56.1 4.18 (dd, J = 11.6, 11.6 Hz)
300 49.0 3.50 (m)
400 207.0
500 30.6 1.82 (s)
600 51.1 2.96 (m), 2.81 (br)
200-NH 7.80 (br)

Phe 1000 171.0
2000 57.0 4.35 (m)
3000 35.8 3.11 (dd, J = 7.3, 14.0)

2.99 (dd, J = 10.4, 14.0)
4000 136.8
5000, 9000 128.4 7.20–7.32a

6000, 8000 128.8 7.20–7.32a

7000 126.6 7.16 (t, J = 7.3 Hz)
2000-NH 7.92 (br)

a Not assigned precisely because of signal overlapping.
(Phe), and five pairs of signals at 60.5 and 60.5 ppm (d),
33.3 and 34.0 ppm (d), 24.9 and 25.4 ppm (t), 15.3 and
15.4 ppm (q), and 9.8 and 10.0 ppm (q) suggested the pres-
ence of two isoleucine residues (Ile). The presence of these
amino acid residues was also supported by a detailed anal-
ysis of 2D NMR data (Fig. 2) and the advanced Marfey’s
method (vide infra). The structure of the remaining amino
acid residue was also determined by an analysis of the 2D
NMR data. Analysis of the COSY spectrum indicated con-
nectivity between the NH on C-200 to CH2-600. The HMBC
correlation between H-200 and C-100 indicated the connec-
tion of C-100/C-200. The HMBC correlations observed from
H-500 [d 1.82 (3H, s)] to C-300 and C-400 (d 207.0) allowed the
connection of an acetyl group at the C-300 position. The 13C
chemical shift value of the methylene carbon at position 600

(d 51.1) suggested that a sulfonate group was attached at
this position. Thus, this amino acid residue was confirmed
to be 4-oxo-30-sulfoisoleucine (Osi), which is a novel amino
acid.

Based on the degree of unsaturation, 1 was deduced to
be a cyclic tetrapeptide. The HMBC correlation observed
from the Phe a-proton (H-2000) to the Osi carbonyl carbon
(C-100) established the two amino acid-sequence of 1, as
shown in Figure 2. The HMBC correlations of NH-2/
C-1000, NH-20/C-1, NH-200/C-10, and NH-2000/C-100 and the
NOESY correlations of NH-2/H-3000, NH-20/H-3, NH-200/
H-30, and NH-2000/H-300 established all of the amino acid
sequences of 1. The configurations of Phe and Ile were
determined to be L-Phe and L-Ile by acid hydrolysis and
application of the advanced Marfey’s method using stan-
dard amino acids with known configurations.5 Since the
FDLA (1-fluoro-2,4-dinitrophenyl-5-leucineamide) deriva-
tive of Osi was not retained on an ODS column, its
absolute configuration at the a-position could not be deter-
mined by this method.

To determine the stereochemistry of Osi, 1 was chemi-
cally degraded as shown in Scheme 1. Compound 1 was
reduced by NaBH4 to give 2 as a diastereomeric mixture
(3:1). Acid hydrolysis of 2 yielded L-Phe, L-Ile, and cyclo-
4-hydroxy-30-sulfoisoleucine (3). Compound 3 was purified
using a strong cation exchange (SCX) resin. Compound 3

was a single isomer, and its diastereomer was not obtained.
The relative stereochemistry of 3 was determined by
analyzing the 1H NMR spectrum in detail.6 The coupling
constants between 2-H/3-H and 3-H/4-H were 11.0 Hz
Fig. 2. 2D NMR analysis of 1.



Scheme 1. Reagents and conditions: (a) NaBH4, MeOH, rt, 24 h; (b) 6 M
HCl, 110 �C, 12 h; (c) (R)-(�)- or (S)-(+)-MTPACl, CH2Cl2, pyridine, rt,
4 h; (d) LiBH4, THF, rt, 6 h.

Table 2
GlyT-inhibitory activities of 1 (nM)

Compound T98G rGlyT1 rGlyT2

1 12.5 20.4 2261
ALX5407 4.8 3.0 NT
ALX1393 NT NT 21.1

ALX5407 (Tocris): selective inhibitor of GlyT1.
ALX1393 (Sigma–Aldrich): selective inhibitor of GlyT2.
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and 9.6 Hz, respectively, which reflected an anti/anti-con-
figuration of 2-H/3-H/4-H. Thus, the relative configuration
of 3 was determined to be 2S*, 3S*, and 4R*. This configu-
ration was also supported by a comparison of the 1H NMR
data between 3 and (2S,3S,4R)-cyclo-4-hydroxyisoleucine
(8), which is contained in funebrine (9) isolated from Qua-

raribea funebris.7 The coupling constants between 2-H/3-H
and 3-H/4-H of 8 were reported to be 11.6 Hz and 9.6 Hz,
respectively, which agrees well with those of 3.

To elucidate the absolute stereochemistry of 3, 3 was
converted to (S)- and (R)-MTPA amides (4, 5).8 The modi-
fied Mosher’s method was applied to 4 and 5, but no sys-
tematic Dd shift values (d4 � d5) were observed. The
MTPA groups seemed to assume a conformation different
from the ideal one. Therefore, 4 and 5 were converted to
linear alcohols 6 and 7 by reduction with LiBH4. After
reduction, the Dd shift values (d6 � d7) indicated a 2S con-
figuration (Fig. 3). Thus, the absolute configuration of Osi
was established to be 2S, 3S, as shown in Figure 1.

To measure the inhibitory activity toward glycine
uptake, T98G cells were cultured in Dulbecco’s Modified
Fig. 3. Dd shift values (ppm, 500 MHz, CD3OD) obtained for (S)- and
(R)-MTPA amides (6, 7).
Eagle Medium with 10% fetal bovine serum. 2 � 104

cells/well were plated in a 96-well plate and incubated at
37 �C in a humidified incubator (95% air, 5% CO2). After
24 h, the cells were washed and incubated at room temper-
ature with 250 nM [3H]-glycine and 1 in an assay buffer.9

After 15 min, the assay buffer was removed, and the cells
were washed twice with the assay buffer. The cells were
then lysed with 0.5 M NaOH, a scintillation cocktail was
added, and the cell lysates were counted using a scintilla-
tion counter. Compound 1 inhibited glycine uptake in
T98G with an IC50 of 12.5 nM. ALX5407, a selective inhi-
bitor of GlyT1, showed inhibitory activity in this assay
system with an IC50 of 4.8 nM.10

Next, we evaluated the selectivity of 1 against GlyT1
and GlyT2 subtypes. The selectivity of GlyT inhibitory
activity was determined by the ability of 1 to inhibit the
uptake of [3H]-glycine in COS7 cells that had been trans-
fected with rat GlyT1 or GlyT2. Compound 1 inhibited
glycine uptake in these cells with IC50 of 20.4 nM and
2261 nM, respectively. ALX1393, a selective inhibitor of
GlyT2, showed inhibitory activity in this assay system with
an IC50 of 21.1 nM.11 These data revealed that 1 was a
selective inhibitor of GlyT1 (Table 2).

In summary, we have isolated a novel cyclic tetrapeptide
with selective GlyT1-inhibitory activity. Compound 1 con-
tained a novel amino acid, 4-oxo-30-sulfoisoleucine (Osi).
While alkyl sulfonate groups have been found in some
natural products,12 a highly functionalized sulfonoamino
acid such as Osi has not been reported previously.
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