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Novel heparanase inhibitors, A-72363 A-1, A-2, and C, were isolated from the culture filtrate
of Streptomyces nobilis SANK 60192 by column chromatography on various resinous adsorbents,
followed by preparative anion exchange HPLC. Spectroscopic studies revealed that they are
diastereomers of siastatin B, a neuraminidase inhibitor.

It is recognized that heparanase plays a key role both
in tumor cell breakdown of basement membranes during
metastasis®*? and in angiogenesis.® Although inhibi-
tion of the enzyme by heparin, heparin derivatives,
and suramin obstructs pulmonary metastasis of B16

melanoma cells,*~®

they are substances of either
high-molecular weight nature or multi-functional prop-
erties. As such, the discovery of specific low-molecular
weight heparanase inhibitors will be invaluable towards
the studies of tumor angiogenesis and metastasis from
both basic and clinical standpoints. In the course of
screening for heparanase inhibitors, the complex A-72363
was found in the culture filtrate of Streptomyces nobilis
SANK 60192.

In this paper, we describe the taxonomy of the
producing organism, as well -as the fermentation,
isolation, and structure elucidation of A-72363 compo-
nents. Their biological properties will be reported in a

subsequent paper.”

Materials and Methods

Taxonomic Studies

The producing organism, strain SANK 60192, was
isolated from a soil sample collected in Okinawa Pre-
fecture, Japan, 1989. Methods described by WAKSMAN®
and the International Streptomyces Project (ISP)* were
used for studies of the morphological and cultural
characterization, carbohydrate utilization, and other

taxonomic identification. The procedure of HASEGAWA
et al.*® was used for chromatographic detection of the
isomers of diaminopimelic acid and of major whole-cell
sugars.

Chemical Studies

Analytical HPLC was performed with a Shimadzu
LC6A system. Preparative HPLC was done by a Senshu
Scientific Liquid Chromatograph 6300 system. IR spectra
were recorded on a Jasco TRA-302 spectrometer em-
ploying KBr pellet samples. UV spectra were recorded
using water as solvent with a Hitachi 124 spectrophoto-
meter. Optical rotations were measured in water with a
Perkin-Elmer 241 polarimeter. 'H (360 MHz) and !3C
(90 MHz) NMR spectra in 1§ ND,OD were obtained
on a Bruker AMX 360 spectrometer. Chemical shifts
were calibrated with an internal HDO signal taken as ¢
4.75 in 'H NMR, and with a 1,4-dioxane signal taken
as § 67.4in 13C NMR. FAB-mass spectra were measured
on a Jeol IMS-HX100 mass spectrometer.

Results and Discussion

Taxonomy of The Producing Strain

The strain formed primary or secondary verticils of short
flexible spore chains (Fig. 1). Observation with a scanning
electron microscope revealed the spores to be elliptical
with a smooth surface (Fig. 2). No special morphological
organs, such as sclerotia, sporangia, or fragmentation of
hypha, were observed on the media employed. The
culture characteristics on various agar media at 28°C for
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Fig. 2. Scanning electron micrograph of strain SANK 60192
on potato extract - carrot extract agar at 28°C for 7 days.

Fig. 1. Light micrograph of strain SANK 60192 on potato
extract - carrot extract agar at 28°C for 7 days.

Table 1. Cultural characteristics of strains SANK 60192 and Streptomyces nobilis ATCC

19251.
SANK 60192 ATCC 19251
Yeast extract- G : Abundant, raised, Good, raised, light brown
malt extract light reddish orange
agar AM: Moderate, velvety, white Moderate, velvety, pale orange
(ISP 2) R : Dull reddish orange Dark brown
SP : None None
Oatmeal agar G : Abundant, flat, reddish orange Good, flat, reddish orange
(ISP 3) AM : Moderate, velvety, pale orange Moderate, velvety, white
R : Yellowish red Pale red
SP : None None
Inorganic salts- G : Abundant, flat, reddish orange Abundant, flat, dull red
starch agar AM: Good, floccose, pale orange Good, floccose, pinkish white
(ISP 4) R : Yellowish red Dull red
SP : None None
Glycerol- G : Moderate, flat, orange Moderate, flat,
asparagine agar light yellowish orange
(ISP 5) AM: Poor, white Poor, white
R : Dull orange Orange
SP : None None
Peptone-yeast G : Good, raised, Moderate, raised,
extract-iron agar pale yellowish brown light brownish gray
(ISP 6) AM: Poor, white None
R : Yellowish brown Pale yellowish brown
SP : YeHowish brown Grayish yellow brown
Tyrosine agar G : Good, flat, orange Moderate, flat, yellowish orange
ase7) AM: Poor, white Poor, white
R : Orange Orange to dark brown
SP : None None
Sucrose-nitrate G : Good, flat, light reddish orange Good, flat, light brown
agar AM: Moderate, velvety, white Good, floccose, white
R : Lightreddish orange Dull reddish orange
SP : None None
Glucose- G : Good, flat, reddish orange Good, flat, red
asparagine agar AM: Good, floccose, pink Moderate, velvety white
R : Light yellowish red Pale red to red
SP : None None
Nutrient agar G :-Abundant, raised, Good, raised,
(Difco) pale yellowish brown dull yellowish orange
AM: Moderate, velvety, white Poor, white
R : Light brown Dull yellowish orange
SP : None None
Potato extract- G : Moderate, flat, pale yellow Moderate, flat, light orange
carrot extract AM: Poor, white Poor, white
agar R : Pale yellow Light orange
SP : None None
Water agar G : Moderate, flat, Poor, flat, pale brown
pale yellowish orange
AM: Poor, white Poor, white
R @ Pale yellowish orange Dull orange
SP : None None

G: Growh, AM: aerial mycelium, R: reverse, SP: soluble pigment.



56 THE JOURNAL OF ANTIBIOTICS

14 days are shown in Table 1. Strain SANK 60192 grew
relatively well on both organic and synthetic media. The
substrate mycelium was well developed and became pale
yellow and turned orange to reddish orange in color.
Aerial mycelium was well formed on ISP medium 4 and
glucose-asparagine agar, but it often showed moderate
growth on other media, and varied in mass color from
white to pale orange. A pale yellowish brown soluble
pigment was produced on ISP medium 6. The physio-
logical properties of strain SANK 60192 are shown in
Table 2. Nitrate reduction and xanthine decomposition
were negative. Utilization of carbon sources is shown in
Table 3. The whole-cell analysis of the strain showed the
presence of LL-diaminopimelic acid and the absence of
characteristic sugars, and it was classified as chemotype
I/NC.

Based on the taxonomic properties described above,
the strain SANK 60192 is considered to be a member
of the genus Streptomyces. By comparison of the
characteristics of strain SANK 60192 with the de-
scriptions of various streptomycete species, especially
the members of such a whorl-form group, Streptomyces
nobilis was selected as the most closely related species,
from its branching manner and aerial mass color. A direct
comparison of strain SANK 60192 and the type strain
ATCC 19251 of S. nobilis showed that they were very
closely related. Although a few culture characteristics of
the strain SANK 60192 differed from the type strain, in
terms of nitrate reduction, melanoid pigment production

Table 2. Physiological properties of strains SANK 60192
and Streptomyces nobilis ATCC 19251.

SANK 60192 ATCC 19251
Hydrolysis of starch Positive Positive
Liquefaction of gelatin Positive Positive
Reduction of nitrate Negative Positive
Coagulation of milk Positive Positive
Peptonization of milk Positive Positive
Temperature range for growth 12~35C 12~39°C
(Medium 1)
Optimum temperature for growth 23~30°C 23~32°C
(Medium 1)
Sodium chloride resistance 10% 7%
(Medium 1)
Decomposition of:
‘Casein Positive Positive
Tyrosine Positive Positive
Xanthine Negative Negative
Production of melanoid pigment on:
(Medium 2) Negative Negative
(Medium 3) Positive Positive
(Medium 4) Negative Positive

Medium 1: Yeast extract - malt extract agar (ISP 2).
Medium 2: Tryptone-yeast extract broth (ISP 1).
Medium 3: Peptone- yeast extract - iron agar (ISP 6).
Medium 4: Tyrosine agar (ISP 7).
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in ISP medium 7, and L-arabinose utilization, as shown
in Tables 1, 2, and 3, these differences were not significant
enough to conclude that these two strains were different
species. Therefore, the strain SANK 60192 was identified
as Streptomyces nobilis SANK 60192.

The strain SANK 60192 has been deposited in the
National Institute of Bioscience and Human Technology,
Agency of Industrial Science and Technology, Ibaraki
Prefecture, Japan, with the accession number of FERM
BP-4000.

Fermentation

One loopful of the growth of strain SANK 60192 was
introduced into 500-ml Erlenmeyer flasks containing
100 ml of a medium composed of glucose 6.0%, soybean
meal 1.2%, Nisshoku gluten meal 1.2%, Mikunipeptone
0.5%, Oriental yeast extract 0.5%, MgSO, - 7H,0 0.2%,
KH,PO, 0.05%, CaCO; 0.3%, and Nissan Disfoam CB
442 0.02%. The pH of the medium was adjusted to 7.3
before sterilization. The flasks were cultivated on a rotary
shaker at 28°C for 72 hours. After inoculation of 1.5
liters of the seed culture into a 30-liter jar-fermentor
containing 15 liters of the medium described above,
fermentation was carried out for 168 hours at 28°C under
an aeration rate of 15 liters/minute at an inner pressure
of 0.5kg/cm?. The progresses of the fermentation and
isolation were monitored by heparanase inhibitory
activity, measured by the method described in the

11)

preceding paper.

Isolation
The purification procedure of the complex, A-72363
is outlined in the flow diagram as shown in Fig. 3.
The filtrate (57 liters) from the cultured broth was
adjusted to pH 7.1 with conc HCI and applied on a
Diaion PK 216 (H*) column (Mitsubishi Chemical Ind.

Table 3. Carbohydrate utilization of strains SANK
60192 and Streptomyces nobilis ATCC 19251.

SANK 60192 ATCC 19251
D-Glucose + +
L-Arabinose - +
D-Xylose + +
Inositol + + + +
D-Mannitol + + + +
D-Fructose + +
L-Rhamnose - -
Sucrose - -
Raffinose + +
Control = -

+ +: Strongly positive utilization.
+: Positive utilization.
+: Utilization doubtful.
—: Negative utilization.
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Fig. 3. Isolation procedure for the A-72363 complex.

Culture filtrate (57 liters)

adjusted to pH 7.1 with conc HCI and adsorbed on a Diaion PK 216 (H") strong cation exchange column (18 liters)

washed with deionized water (54 liters)

1N NH,OH eluate (54 liters)

concd. in vacuo 1o remove ammonia

Concentrate (22 liters})

adjusted to pH 7.1 with conc HCI and passed through an activated charcoal column (6 liters)

washed with deionized water (32 liters)

Flow-through and wash fraction (54 liters)

concd.

Concentrate (800 ml)

charged on a DE53 weak anion exchange column (H,PO,) (3 liters)

developed with 1 mM phosphate buffer at pH 6.5

[ 1

Fraction 1 (810 mi) Fraction 2 (8.4 liters)
desalted with a Diaion PK216 (H") column (100 mi) desalted with a Diaion PK216 (H") column {1 liter)
washed with distilled water (300 ml) washed with distilled water (3 liters)

1NNH,OH eluate (400 ml) 1NNH,OH eluate (4 liters)
concd. in vacuo and lyophilized concd. /n vacuo and lyophilized

Crude powder (15.7 g) Crude powder (12.0 g)
applied on an activated charcoal column (600 ml) applied on an activated charcoal column (600 mi)
developed with distilled water developed with distilled water

I ] ! I ]

A-1 and C component A-2 and C component A-1, B and C component C component A-2 and C component
concd. in vacuo coned. in vacuo concd. in vacuo concd. in vacuo concd. in vacuo
and lyophilized and lyophilized and lyophilized and lyophlized and lyophilized

Preparation 1 (1.5 g) Preparation 2 (1.5 g} Preparation 3 (537 mg) Pjeparation 4(1.319) Preparation 5 (844 mg)

separated with a Shodex Asahipak ES-502N 2C weak anion exchange HPLC column
developed with 1mM phosphate buffer (pH 6.5)

desalted with a AG 50W-X8 (H*) column [10% (v/v) of the charge]

washed with distilled water (3 bed volumes) and eluted with INNH,OH (3 bed volumes)

concd. in vacuo and lyophilized

A-72363 A-1 (29 mg) A-72363 A-2 (208 mg)

Ltd., Japan). After washing the column with deionized
water, the active substance was cluted with 1 N~ NH,OH.
To remove ammonia, the eluate was concentrated in
vacuo and adjusted to pH 7.1 with conc HCI; then it was
rapidly chilled to 4°C. Since the active compound was
very unstable at room temperature, especially under
acidic circumstances, all of the purification thereafter
was performed at 4°C, except for HPLC. The concen-
trate was passed through a column of activated charcoal
(Wako Pure Chemical Ind., Ltd., Japan, chromato-
graphic grade), and the column was washed with
deionized water. The flow-through and wash fractions
were combined and concentrated, and then the con-
centrate was equilibrated with a 1 mM phosphate buffer
system at pH 6.5. The preparation was chromatographed
on a DE 53 column (Whatman Paper Ltd., England) with
1 mM phosphate buffer at pH 6.5 to resolve two fractions
based on the separation from impurities. Both fractions
were desalted with a Diaion PK 216 (H™) column in the
same manner as the first step. Succeeding evaporation
in vacuo and lyophilization afforded 15.7g and 12.0 g of
crude powder, respectively. These preparations were
applied on columns of activated charcoal, and the

T l

A-72363 B (47 mg) A-72363 C (173 mg)

columns were developed with deionized water. Since
HPLC detection of the components was practicable after
the charcoal column, the performance of the chromato-
graphic processes thereafter was monitored by an
analytical HPLC system with a weak anion exchange
column, Shodex Asahipak ES-502N 7C (Showa Denko
K. K., 7.6 x 100 mm), equilibrated with 1 mmM phosphate
buffer at pH 6.5 and eluted at a flow rate of 1 ml/minute.
The components, designated as A-72363 A-1, A-2, B,
and C, in the order of their elution on the HPLC system,
were detected by UV -absorption at 210 nm. Five fractions
obtained from the activated charcoal columns were
finally charged repetitiously on a preparative HPLC
column (Shodex Asahipak ES-502N 2C, 21.5 x 100 mm,
Showa Denko K. K.), equilibrated with 1 mm phosphate
buffer at pH 6.5 and developed at a flow rate of
5 ml/minute. The combined four pure preparations were
desalted with AG 50W-X8 (H*) Resin (Bio-Rad
Laboratories, 200 ~ 400 mesh). Evaporation in vacuo and
lyophilization of these solutions yielded 29 mg of A-72363
A-1, 208 mg of A-2, 47mg of B, and 173 mg of the C
component as is in pure form.
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Physicochemical Properties and
Structure Elucidations
A-72363 A-1, A-2, B, and C are all water-soluble,
amphoteric white powders, and they exhibit end-ab-
sorption in the UV spectra. The molecular formulae of
all the components were revealed to be the same:

Table 4. 'H and !3C NMR assignments for A-72363 A-1,
A-2, B (siastatin B), and C.

A-1 . A2
No. 5, 3, 3, 3,
2 419t 293 dd (64, 13.5)° 454t 257t (1L.6)
2.98 dd (4.7, 13.5)° 3.11dd (3.4, 11.6)°
3 49.1d 2.62ddd (4.7, 6.4, 7.3) 48.1d 2.49 ddd (3.4, 11.1, 11.6)
4 70.0d 4.22dd (3.1,7.3) 72.1d 3.87dd (3.0, 1L.1)
5 69.8d 3.73dd (3.1, 6.1) 69.8d 3.86br.t(~2)
6 63.9d 4.74d(6.1) 643d 4.51d(1.6)
3-Carboxyl
180.8 s 1813's
6-N Acetyl
229q 203s 228q 2.08s
175.0 s 1742 s
B C
No. 3. 3, 3. 3,
2 415t 3.00¢(12.5)° 380t 3.06dd (9.9, 13.0
2.90 dd (4.7, 12.5)° 2.76 dd (4.4, 13.00
3 49.1d 249 ddd (2.3, 4.7, 12.5) 483d 2.55dt(4.4,99)
4 723d 438 br. t (~2.5) 70.6d 4.27 br. t (~4)
5 70.8d 3.49 dd (3.0,9.7) 689d 3.79t(4.1)
6 624d 4.60dO.7 629d 4.80d 4.1
3-Carboxyl
180.1 s 180.6 s
6-N Acetyl
229q 203s 232q 205s
175.6 s 1752 s

a: Axial proton, b: equatorial proton.

Fig. 4. Structures of A-72363 A-1, A-2, B (siastatin B), C,
and nagstatin.

a: Relative configuration, b: absolute configuration.
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CgH,,N,O; (MW 218), based on their quasi-molecular
ions in positive and negative high-resolution FAB-mass
spectra. The signals in the 'H NMR spectra and '3C
NMR spectra of these compounds accounted for the
existence of 9 protons and 8 carbons, respectively (see
Table 4). Assignments of the signals were carried out by
DEPT and HETCOR. In the !3C NMR spectra, two
resonances around dc 175 and 180 were assigned to an
amide and a carboxyl group, which is consistent with IR
absorption bands at 1590 and 1673cm™' and with
interaction of the compounds with DE53. These data
suggested that A-72363 A-1, A-2, B, and C were stereo-
isomers of each other.

Comparison of 'H and *C NMR spectra with those
of siastatin B revealed that component B was identical
with siastatin B, a potent neuraminidase inhibitor.'?
Thus, further studies for the structure elucidation were
performed on the A-72363 A-1, A-2, and C components.

The structures of these compounds, shown in Fig. 4,
were mainly elucidated using 'H-'H COSY, correlation
spectroscopy via long-range coupling (COLOC),'?
long-range selective proton decoupling (LSPD), and
NOESY experiments. In each compound, connectivity
from C-2 to C-6 was straightforwardly revealed by a
'H-'H COSY experiment. C-H long-range couplings
from H-2a and H-2b to C-6 proved the presence of a
six-membered ring. The presence of an acetyl group at
C-6 and of a carboxyl group at C-3 were also confirmed
by their C-H long-range couplings, as shown in Fig. 5.

Fig. 5. Informative C-H long-range couplings.

Hyp a9 OH
A-72363 A-2

Hoss
A-72363 C
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The *H and **C chemical shifts of position 2 (53~ 2.9
and 6-~42) and 6 (o ~4.8 and d.~ 63) suggested that
these carbons should be connected via a nitrogen atom,
and thus the position 6 was characterized as an anomeric
center with two adjacent nitrogen atoms. Therefore, the
six-membered ring was characterized as piperidine, and
the acetyl group attached to C-6 was ascribed as an
N-acetyl. The relative configurations of these compounds
were determined by the observations of NOEs (Fig. 6)
and the values of the 'H-'H coupling constants (Table
4).

Accordingly, as shown in Fig. 4, the structures of
A-72363 A-1, A-2, and C were elucidated to be 5-
episiastatin B, 4,5-diepisiastatin B, and 6-episiastatin
B, respectively. Considering the coupling constants of
H-2a to H-3 (6.4 Hz) and H-2b to H-3 (4.7 Hz) for A-1
component, it may be possible to say that the con-
formation of piperidine in this case is not a typical
chair form. UMEZAWA et al. had reported siastatin A as
another neuraminidase inhibitor,!? but A-72363 A-1,
A-2, and C are clearly distinct from it due to their lack
of neuraminidase inhibitory activity as described in the
subsequent paper.” Although 3-episiastatin B and 3,4-
diepisiastatin B had been synthesized by NISHIMURA e?
al. as influenza virus neuraminidase inhibitors,'®
A-72363 A-1, A-2, and C possess different optical
rotations: [a]3® +29.0° (¢ 1.0, H,0), [«]g* —31.0° (¢
1.0, H,0), and [«]3” —359° (¢ 0.66, H,0), respectively,
and their configurations established by exact NMR

Fig. 6. Observed NOEs.

H

HfH\H
\/
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HO’
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studies were distinct from those of 3-episiastatin B and
3, 4-diepisiastatin B. Therefore, A-72363 A-1, A-2, and
C were demonstrated to be novel compounds.

During another purification trial, nagstatin (Fig. 4),
which is known to be a potent N-acetyl-f-D-glucosamini-
dase inhibitor,!%1® was isolated from the culture filtrate
and identified (data not shown). It is interesting to note
that the A-72363 producing strain, which was designated
as a different species from the siastatin B or nagstatin
producers, produces a variety of glycosidase inhibitors
in the same culture.
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