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In the course of our screening for inhibitors of sphingosine kinase, we found a series of
active compounds in a culture broth of a novel marine bacterium, SANK71896. The structures
of the compounds, named B-5354a, b and c, were elucidated by a combination of spectroscopic
analyses to be new esters of 4-amino-3-hydroxybenzoic acid with long-chain unsaturated
alcohols. B-5354a, b and c inhibit sphingosine kinase activity with IC50 values of21, 58 and 38
[/M, respectively.

Sphingosine-1-phosphate (SPP) was initially described

as an intermediate in the metabolic pathway of long-chain
sphigoid bases1}. However, it is now widely accepted to be a
unique bioactive lipid messenger2'3). SPP has been shown to
be involved in a variety of cellular functions, including
mediation of Fc£RI receptor signaling in mast cells4),

nerve growth factor-mediated neuronal survival and
differentiation5^ regulation of cell motility6'7), platelet

activation8), activation of muscarinic K+ currents9), neurite
retraction10) and cell proliferation, especially in signal
transduction pathways of platelet-derived growth factor
(PDGF)ll 12).

Sphingosine kinase, which catalyzes phosphorylation of
sphingosine (SPH) on its primary hydroxyl group, is a key
enzyme that regulates the cellular SPP Ievel13'14). Inter-

vention of SPH kinase activity with specific inhibitors may
give us insight on the regulation mechanism of SPHkinase
and the roles of SPP Moreover, these inhibitors may have
clinical value, since SPP generation might be implicated
in pathogenic states such as arteriosclerosis6'11}, throm-

bosis8'15), and inflammation4).
SPH analogs, such as D,L-£/zra9-dihydroSPH and N,N-

dimethylSPH (DMS), have been used as SPH kinase
inhibitors4'11>15). However, probably on account of their

structural similarity to SPH, they are also reported to have

several physiological functions16 18) which may not be

responsible for SPH kinase inhibition. Thus, specific

inhibitors for SPH kinase are desired.
Under these circumstances, we have screened for

inhibitors of SPH kinase, and have previously isolated a
novel SPH kinase inhibitor, named F-12509A, from a
culture broth of a discomycete, Trichopezizella barbata
SANK 2539519). Continuing efforts to screen new SPH

kinase inhibitors led a discovery of new compounds, named
B-5354a, b and c, in a culture broth of a novel marine
bacterium, SANK71896. Here we report on the taxonomy
of the producing organism as well as the fermentation,
isolation, physico-chemical properties and structure
determination of the newcompounds.

Results and Discussion

Taxonomy

The producing strain, SANK71896 is a kind of Gram-
negative bacteria isolated from seawater collected in 1996
at Ibaraki Prefecture, Japan. The strain could be called a

marine bacterium since it absolutely required seawater for
its growth. The bootstrapped 16S rDNA sequence-based

neighbor-joining phylogeny of SANK71 896 suggested that
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the strain is a new species in the genus Ruegeria.
The details of taxonomic studies will be reported in
elsewthere20).

Fermentation

A mature slant culture of SANK71896 was inoculated
into 500ml-Erlenmyer flasks containing 80ml of the

medium composed of glucose 1.0%, Bactopeptone 1.0%,
yeast extract 0.1%, NaNO3 0.1%, (NH4)2SO4 0.1%,

Mg2SO4 0.1%, FeCl2 2X1O~7%, MnSO4 2X1O"7%,

2X 1O~5% of anti-foaming agent, CB-442 and artificial sea
water (Jamarin S: Jamarin Labs.). The flasks were shaken
under aerobic conditions for 3 days at 23°C, 200 r.p.m.

Isolation

The isolation procedure for B-5354a, b and c is
summarized in Fig. 1. The cultured broth (2liters) of
SANK 71896 was extracted with equivalent volume of

acetone. After centrifugation, the extract was concentrated
in vacuo to removethe acetone, and the resulting aqueous
solution was extracted twice with 2 liters of ethyl acetate at
pH 3.0. The ethyl acetate extract was washed with brine,
dried over Na2SO4 and concentrated in vacuo to give 415
mg of yellow oil. The yellow oil was applied onto a silica
gel column equilibrated with hexane - ethyl acetate (4 : 1).
The column was eluted with the same solvent, and the
fractions showing SPH kinase inhibitory activity were
combined. Further purification was accomplished by HPLC
(column: Senshu Pak, PEGASIL 20 i.d.X60mm, flow rate:
6ml/minute, mobile phase: 80%aqueous acetonitrile,
detection: UV absorption at 210nm) to give B-5354a (12.2
mg), B-5354b (5.8mg) and B-5354c (320mg). The

retention times of these congeners were 10minutes, 13

minutes and 1 5 minutes, respectively.

Physico-chemical Properties
The physico-chemical properties of the B-5354c are

summarized in Table 1. The B-5354s are colorless powders,
which have characteristic UV absorption bands at 203, 229,
281 and 309nm. The compounds were positive in the

ninhydrin spot tests in which unusual blue-green colors
appeared. The IR spectra showed the absorption band at
1680 cm"1, which could be assigned to arylic ester carbonyl
group. The molecular formulae of the B-5354s were

determined mainly by high resolution FAB-MSanalyses.
*H and 13C NMRspectral data of B-5354s are summarized
in the experimental section.

Structure Determination
The physico-chemical data suggested that each of the B-
5354s are closely related compounds and the structural
studies were first carried out on B-5354c, the major
component of the fermentation broth by interpreting the

Fig. 1. Isolationprocedure forthe B-5354s.

Table 1. Physico-chemical properties ofB-5354c.

B-5354C

Appearance

Molecular formula

HRFAB-MS (m/z) Found

Calcd.

UVXmaxnm (e) in MeOH
IR vmax cm-1 (KBr)White powder

C21H33NO3
347.2436 (M+>)

347.2460
203 (16300), 229 (9700), 281 (8500), 309 (11800)

3400, 3350, 2920, 2850, 1680, 1615, 1450, 1310,

1290, 1230, 1120, 765
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NMR spectra taken in DMSO-i6. In lH NMR, the

resonance arising from three aromatic protons were
observed, and analysis of spin-spin couplings of these
signals suggested the existence of a 1,2,4-trisubstituted
benzene ring. The substituents were deduced to be an

amino group, a carbonyl group and a hydroxyl group. The
substituting pattern of the three functional groups were

determined mainly based on the HMBCanalysis of B-
5354c TV-acetate obtained by the treatment with acetic
anhydride in pyridine. As shown in Fig. 2, long-range

correlations of the amide proton (9.33 ppm) with one of the
aromatic methine carbons (120.4 ppm) and with two
aromatic quaternary carbons (131.3, 146.6 ppm) were
observed. While long-range correlations of two aromatic
protons (7.38, 7.46 ppm) with the ester carbonyl carbon
(165.4 ppm) were observed. Therefore, the substituting

pattern on the benzene ring of B-5354c was determined as
shown in Fig. 4.
The molecular formula and DEPTspectrum indicated
that the remaining portion of the compound was an
aliphatic chain consisting of a methyl group, two oleflnic
methine groups, ten methylene groups and an

oxymethylene group. Therefore, B-5354c was deduced to
be an ester of 4-amino-3-hydroxybenzoic acid with a long

Fig. 2. Partial structure ofB-5354c-7V-acetate.

chain alcohol. Because of the signal overlapping, the
position and geometry of the double bond could not be
determined by interpreting the NMR spectra. Thus, we
made use of the charge-remote fragmentation2lj22) in the

mass spectral analysis of B-5354c. As shown in Fig. 3, a
series of ions (m/z 330, 316, 302, 288, 275, 274, 220, 206)
were observed in the negative ion collisionally activated
dissociation spectrum, and the existence of a 7-tetradecen-

1-oxyl group was proved.
The geometry of the double bond could be determined
by the comparison of the spectral data with that of the
synthetically obtained Z isomer. Dehydration of 4-amino-3-
hydroxybenzoic acid with czs-7-tetradecen-l-ol in the

presence of DCC/DMAPgave the Z isomer. The spectral
data of the natural compound and the synthetic product
were identical, and thus, the structure of B-5354c was

determined as shown in Fig. 4.
*H and 13C NMRspectral data ofB-5354a and b (see the
experimental section) are similar to those of B-5354c,

showing that each of them contains the same chromophore.
In the case of B-5354a, the molecular formula and DEPT
spectrum indicated the presence of a dodecen-1-oxyl group.
The location of the double bond was readily determined to
be at C-5 of the alkoxyl group by interpretation of DQF-

Fig. 3. Charge-remote fragmentation ofB-5354c.

Fig. 4. Structures of the B-5354s.
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COSYspectrum while the geometry was remained to be
solved. In the case of B-5354b, the molecular formula and
DEPTspectrum indicated the presence of a tetradecadien-
1-oxyl group. DQF-COSYspectrum showed that one of the
double bonds was located at C-2 of the alkoxyl group,

whose geometry was determined to be E based on the large
coupling constant (15Hz) between the olefinic proton

signals. The location of the remaining double bond was
at C-7 based on the analysis of the charge-remote
fragmentation in the mass spectrum.

Inhibitory Potency of the B-5354s on SPH Kinase
We evaluated effects of the B-5354s on rat liver SPH

kinase activity in a cell-free system. B-5354a, b and c
inhibited the SPH kinase in a dose-dependent manner,
with IC50 values of 21, 58 and 38/iM, respectively. The

synthetically obtained B-5354c showed the same IC50 value
with the natural compound. On the other hand, B-5354c N-
acetate did not inhibit the SPH kinase even at 500 /iM.The
kinetic studies and preliminary structure-activity relation-
ships of these compounds are described in a subsequent
paper23).

Experimental

Materials
Unless otherwise specified, all reagents were obtained

from Sigma. [3-3E]D-erythw-Sm (20Ci/mmol) was

purchased from Du Pont-New England Nuclear. SPH and
SPP were from Matreya. DMSwas from Galbiochem. The
4-amino-34iydroxybenzoic acid and di-ferz'-butyl dicar-

bonate were from Tokyo Chemical Industry.

General Experimental Procedures
Spectral and physico-chemical data were obtained using

the following instruments: Uy Shimadzu UV-265FW; IR,
JASCO FT/IR-8300; NMR, Bruker AMX 360 and HREI-
MS, JASCO VMS-HX1 10.

SPH Kinase Assay in a Cell-free System
As the source of SPHkinase, we used rat liver cytosol

as previously described150. For the assay of SPH kinase
activity in a cell-free system, we used the method of Louie
et al.24) with some modifications as previously described19).

B-5354a

White powder. Molecular formula: C19H29NO3 (HR-

EIMS (M+ ), m/z 319.2122, Z\-2.5mmu). UV spectrum:

AUG. 2000

^max nm in MeOH (e) 205 (16100), 229 (10200), 281
(9200), 309 (12700). ]H NMR (360MHz, CD3OD): S 136
(1H, dd, 7=8, 2Hz), 7.33 (1H, d, 7=2Hz), 6.67 (1H, d,

7=8Hz), 5.43-5.33 (2H, m), 4.22 (2H, t, 7=6.5Hz), 2.12
(2H, m), 2.04 (2H, m), 1.75 (2H, m), 1.51 (2H, m), 1.38-
1.21 (8H, m), 0.88 (3H, t, 7=6.7Hz). 13C NMR (90MHz,
CD3OD): 5 166.7 (s), 142.6 (s), 141.0 (s), 129.1 (d), 128.0
(d), 12.1.8 (d), 117.4 (s), 113.7 (d), 112.3 (d), 63.0 (t), 30.6

(t), 28.5 (t), 27.7 (t), 27.2 (t), 25.9 (t), 25.4 (t), 25.0 (t), 21.4

(t), 12.1 (q).

B-5354b

White powder. Molecular formula: C21H31NO3 (HR-

EIMS (M+ ), m/z 345.2284, 4-2.0mmu). UV spectrum:

Amax nm in MeOH (e) 203 (16600), 229 (10000), 283
(8800), 309 (12200). *H NMR (360MHz, CD3OD): 8 7.37
(1H, dd,7=8, 2Hz), 7.33 (1H, d,7=2Hz), 6.67 (1H, d,7=

8Hz), 5.84 (lH, m), 5.67 (1H, m), 5.40-5.30 (2H, m), 4.66
(2H, dd, 7=6, 0.9Hz), 2.14-1.97 (6H, m), 1.47 (2H, m),

1.36-1.21 (8H, m), 0.88 (3H, t, 7=7.2Hz). 13C NMR (90
MHz, CD3OD): 8 166.4 (s), 142.6 (s), 14.1.0 (s), 134.3 (d),
129.0 (d), 128.0 (d), 123.7 (d), 121.9 (d), 117.3 (s), 113.8

(d), 112.2 (d), 63.7 (t), 30.6 (t), 30.4 (t), 28.5 (t), 27.8 (t),

27.7 (t), 25.9 (t), 25.2 (t), 21.4 (t), 12.1 (q).

B-5354c

*H NMR (360MHz, DMSO-d6): <5 9.37 (1H, s), 7.26
(1H, d,7=1.5Hz), 7.25 (1H, dd,7=8, 1.5Hz), 6.59 (1H, d,

7=8Hz), 5.40-5.30 (2H, m), 4.14 (2H, t, 7=6.5Hz), 2.0

(4H, m), 1.65 (2H, m), 1.44-1.21 (14H, m), 0.86 (3H, t,

7=7Hz). 13C NMR (90MHz, DMSO-d6): 8 166.0 (s),
142.8 (s), 142.3 (s), 129.7 (d), 129.6 (d), 122.4 (d), 116.6

(s), 114.5 (d), 112.5 (d), 63.5 (t), 31.1 (t), 29.1 (t), 29.0 (t),

28.4 (t), 28.3 (t), 28.3 (t), 26.6 (t), 26.5 (t), 25.4 (t), 22.1 (t),
13.9 (q)

Synthesis of B-5354c
To a solution of 4-amino-3-hydroxybenzoic acid (1 g)

in 50ml of CH2C12 was added 3.7ml of di-tert-butyl

dicarbonate and 5 ml of pyridine. The reaction mixture was
stirred for 1 hour at room temperature. After aqueous
workup and extraction, 1.5 g of ALBoc-4-amino-3-hydroxy-
benzoic acid was obtained. Hydrolysis of c/s-7-tetradecen-

1-yl acetate (1g) under basic conditions (In NaOHin
MeOH)gave czs-7-tetradecen-l-ol. To a solution of Af-Boc-
4-amino-3-hydroxybenzoic acid (25 mg), cfs-7-tetradecen-
l-ol (40mg) and DMAP (8mg) in 1ml ofCH2C12? 20mg
of DCC dissolved in 1ml of CH2C12 was added. The
reaction mixture was stirred for 2hours at room

temperature, then 2 ml of H2Owas added. After removing



VOL.53 NO.8 THE JOURNAL OF ANTIBIOTICS

CH2C12 in vacuo, the resulting aqueous solution was

extracted with ethyl acetate and washed with brine followed
by drying over Na2SO4. The condensation product was

purified on a preparative TLCplate eluted with #-hexane -
EtOAc 4 : 1. The major product (Rf 0.6) was re-extracted
and deprotected by TFA at 0°C. After purification by HPLC
as the natural compound was done, then 7mg of the

synthetic Z isomer ofB-5354c was obtained.

N-Acetylation of B-5354c
To a solution of B-5354c (10mg) in 1.5ml ofpyridine

was added 1.2 equivalent of acetic anhydride. The
mixture was stirred at room temperature for 1hour.
After concentration in vacuo and purification by HPLC
(column: Senshu Pak, PEGASIL 20 i.d.X60mm, flow rate:

6ml/minute, mobile phase: 80% aqueous acetonitrile,
detection: UV absorption at 210nm, retention time:
18minutes), 8mg of B-5354c-7V-acetate was obtained.
B-5354c-7V-acetate: white powder. Molecular formula:
C23H35NO4 (HR-EIMS (M+ ), m/z 389.2557, 4-0.9mmu).
UV spectrum: Amax nm in MeOH (e) 203 (16700),

219 (12800), 268 (11300), 305 (7800). IR spectrum:

vmax cm"1 3410, 3300, 3110, 2925, 2855, 1710, 1680,
1670, 1600, 1520, 1425, 1335, 1230, 770. !H NMR

(360MHz, DMSO-J6): S 10.28 (1H, br s), 9.33 (1H, s),

8.07 (1H, d,.7=8Hz), 7.46 (1H, d, 7=1.3Hz), 7.38 (1H,

dd, 7=8, 1.3Hz), 5.32 (2H, m), 4.20 (2H, t, J=6.5Hz),
2.13 (3H, s) 2.02-1.93 (4H, m), 1.67 (2H, m), 1.43-

1.16 (14H, m), 0.83 (3H, t, J=7Rz). 13C NMR (90MHz,
DMSO-J6): 8 169.2 (s), 165.4 (s), 146.6 (s), 131.3 (s),

129.7 (d), 129.5 (d), 124.8 (s), 120.5 (d), 120.4 (d),
115.4 (d), 64.3 (t), 31.1 (t), 29.1 (t), 29.0 (t), 28.3 (t), 28.3

(t), 28.2 (t), 26.6 (t), 26.5 (t), 25.3 (t), 24.0 (q), 22.1 (t),

13.9 (q).
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