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Cystacyclin, a novel microbial metabolite with NGF
mimetic activity
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Nerve growth factor (NGF) is known to have
key roles in neural protection and repair of
central and peripheral neurons.1 NGF
was reported to ameliorate several neuronal
dysfunction and injury in animal models,2,3

and has been applied to clinical trial.4

Because of its protein property, NGF is
thought unsuitable for oral administration
and insufficient for blood–brain barrier pene-
tration. So far low-molecular-weight com-
pounds having NGF mimetic activity have
been screened and neurite-inducing com-
pounds such as lactacystin5 and K-252a6

were isolated from microbial resources. A
chemically synthesized compound of AIT-
012 was reported to enhance NGF-induced
neurite outgrowth and has been applied to
clinical trail.7 In this report we describe
isolation of a novel NGF mimetic
compound and show its physico-chemical
properties and biological activities of the
compound named as cystacyclin.
Rat pheochromocytoma cell line of PC12

was known to form neurite in response to
NGF. For screening PC12 cells were inocu-
lated into 96-well microplate and microbial
cultured broths were applied. After 2 days
incubation, neurite formation of the cells was
observed visually with microscope. From
about 30 000 microbial cultured broths, 40
positive samples were selected. Human
leukemia cell line of TF-1 was known to
proliferate dependently on the factors such as
NGF, granulocyte macrophage colony-stimu-
lating factor or interlukin-3 in the medium.8

TF-1 cells were washed three times with the
factor-deficient medium and inoculated into
96-well microplate with the same medium.
The 40 samples selected in the PC12
cell assay were applied to the TF-1 cells
and cellular proliferation was monitored
with 3H-thymidine uptake activity. As a
result, one positive sample that elicited the
uptake activity was selected and a producing

microbial strain was assigned to Streptomyces
endus.
Active compound was purified from cul-

tured filtrate with carbon adsorption, silica
gel and Sephadex LH-20 column chromato-
graphy. The partially purified material was
applied to Dowex50 (Hþ ) at pH¼ 3 and
neutralized with cyclohexylamine. Active
compound as cyclohexylamine salt was crys-
tallized in H2O-acetone solvent and finally
converted to sodium salt. From 50 liters of
the culture broth 1.0 g of active compound
was obtained in a form of colorless powder.
The active compound was soluble in H2O

but insoluble in hexane, CHCl3 and EtOAc. It
gave positive color in ninhydrin, tolidine-
chlorine and phosphomolybdic acid/sulfuric
acid reaction. On silica gel TLC (Merck, Art.
no. 5715) developed with BtOH-AcOH-H2O
(4:1:2) the compound gave single spot at
RF¼ 0.50. UVmax (MeOH) was detected at
200 nm and IR absorptions (KBr, cm�1)
were detected at 3400, 2950, 1735, 1600,
1400, 1300, 1145 and 1040. 1H-NMR
(200MHz, D2O) signals were detected at
4.30 (1H, dd, J¼ 4.5, 7.8Hz), 2.97 (1H, dd,
J¼ 4.4, 13.6Hz), 2.92–2.62 (5H, m), 2.50–
2.10 (3H, m), 2.00 (3H, s) and 1.81 (1H, m).
13C-NMR (200MHz, D2O) signals were
detected at 226.9 (s), 185.2 (s), 179.9 (s),
176.6 (s), 57.5 (d), 56.0 (d), 52.6 (d), 40.8 (t),
37.9 (t), 33.6 (t), 28.0 (t) and 24.8 (q).
Molecular formula was established as
C12H15NO6SNa2 (347) based on HRFAB-
MS ([MþH]þ , 348.044) and 13C-NMR
spectra. The structure of the compound

was determined as shown in Figure 1.
Absolute structural elucidation and total
synthesis will be described elsewhere. The
compound composes of N-acetyl-L-cysteine
and 2-methylidene-3-oxo-1-cyclopentanecar-
boxylic acid and is designated as cystacyclin
on the basis of the two moieties of the
cysteine and the cyclopentanecarboxilic acid.
The partial structure of cystacyclin is similar
to sarkomycin, 2-methylene-3-oxocyclopen-
tanecarboxylic acid isolated from microbial
resources.9,10

Cystacyclin induced multiple-neurite for-
mation of PC12 cell in a range of 2
to 20mgml�1. The morphological features
of the neurite were similar to those induced
by NGF. Cystacyclin enabled TF-1 cells
to proliferate in the factor deficient medium.
Between 3.2 and 25.0mgml�1 cystacyclin
elicited 3H-thymidine uptake activity in
a dose-dependent manner. The uptake activ-
ity increased time-dependently and concomi-
tant increase of the cellular number was
confirmed by microscopic observation. Cysta-
cyclin at 5mgml�1 supported long-term TF-1
cell proliferation in the factor-deficient med-
ium and maintained more than 10 passages
without losing factor dependency. Similar to
NGF cystacyclin supported survival and neur-
ite outgrowth of rat sympathetic neurons.
Bioavailability of cystacyclin in oral

administration was roughly between 15
and 20% with mice, rats and dogs. Oral or
i.p. administration to mice at 500mg kg�1

did not cause toxicity in behavior,
body weight change, survival and autopsy

Figure 1 The structure of cystacyclin.
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observation. Daily oral administration for
about 4 months at 100mg kg�1 did not
cause toxicity with mice. LD50 value of
i.v. administration to mice was estimated
over 4.1 g kg�1. Effects on rodent models of
cisplatin-induced neuropathy and diabetic
neuropathy with db/db mutant mice will
be reported elsewhere. A novel low-mole-
cular-weight compound of cystacyclin is
thought to be potential to treat neuronal
dysfunction and injury.
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