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Streptomyces sp. WK-6326, a soil isolate, was found to produce an inhibitor of interleukin
(IL)-4 signal transduction. Two structurally related compounds, a novel one designated

deacetylravidomycin Mand the known deacetylravidomycin, were isolated from the culture
broth by solvent extraction, silica gel column chromatography and HPLC.Deacetylravidomycin
M inhibited IL-4-induced CD23expression in U937 cells without any cytotoxic effect, whereas
deacetylravidomycin showed no inhibitory activity.

Interleukin (IL)-4 is known to be a cytokine which plays
a central role in the regulation of immune responsell

Binding of IL-4 to its receptor on B cells leads to
the activation of the janus kinase (JAK)-signal transducer
and activator transcription 6 (STAT6) pathway2). In

this pathway, the receptor associated JAK1 and 3
phosphorylates tyrosine residue of STAT6. Then STAT6

forms dimers, translocates to the nucleus, binds the specific
elements in the promoters of target genes, and

transcriptionally activates these genes. As a results, B cells
raise expression of CD23 and class switching to IgE.

Production of IgE causes the release of various chemical
mediators such as histamine, leukotriene, prostaglandin and
so on3). Therefore, inhibitors of IL-4 signal transduction are
expected to prevent allergic diseases.

During the course of our screening program for
inhibitors of IL-4 signal transduction, we discovered and
isolated a new ravidomycin-related compound, termed

deacetylravidomycin M4), along with a known compound
deacetylravidomycin5) in the culture broth of Streptomyces
sp. WK-6326(Fig. 1). In this paper, the taxonomy of the
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producing strain, fermentation, isolation and biological

properties of the deacetylravidomycins are described.

Fig. 1. Structure ofdeacetylravidomycins.
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Strain WK-6326 was isolated from a soil sample

collected at Utah, USA, by using established method6)
and was used for production of deacetylravidomycins.
Silica gel 60 (230-400mesh, Merck) was used for

column chromatography. HPLCwas carried out using a
GULLIVER system (JASCO). For determination of the
amounts of deacetylravidomycins in culture broths, the

samples (ethyl acetate extracts) dissolved in methanol were
analyzed by HPLC as follows: column, CAPCELLPAK
C18 4.6X250mm (Shiseido); solvent, 25% acetonitrile
containing 0.05% phosphoric acid; flow rate, 1.0

ml/minute; UV at 246nm. Deacetylravidomycin M and
deacetylravidomycin were eluted as a peak with a retention
time of 17 and 28 minutes, respectively.

Taxonomic Studies
The International Streptomyces Project (ISP) media

recommended by Shirling and Gottlieb7) and media

recommended by Waksman8) were used to investigate the
cultural and physiological characteristics of the strain WK-
6326. Cultures were routinely observed after the incubation
for twoweeksat 27°C.Colornamesand huenumberswere
determined according to the Color Harmony Manual9). The
utilization of carbon sources was tested by growth on
Pridham and Gottlieb's mediumcontaining 1%carbon at
27°C10). The morphological properties were observed with
a scanning electron microscope (model JSM-5600, JEOL).
The type of diaminopimelic acid (DAP) isomers was deter-
mined by the method of Becker et al.n\ Menaquinones
were extracted and purified by the method of Collins et
al n\ then analyzed by HPLC equipped with a CAPCELL
PAK C18 column (4.6X250mm, Shiseido)13).

Assay for IL-4-induced CD23 Expression in U937 Cells
Assay for IL-4-induced CD23 expression in U937 cells

was carried out according to the method described
previously14). In brief, U937 cells (2X105cells) were

treated with lOng/ml of IL-4 in the presence or absence of
deacetylravidomycins for 72 hours at 37°C. Then, the cells
were washed with PBS and mixed with FITC conjugated
anti CD23 antibody (PharMingen) at the recommended

dilution as instructed in the manual on ice for 30minutes.
The CD23 of cell surface was determined by immuno-
fluorescence analysis using flow cytometry (COULTER).
Effect of drugs on CD23 expression was evaluated by
calculation as follows: CD23 expression (%)=100Xcell

number from C to D/cell number from B to D (Fig. 6).

Cytotoxicity of deacetylravidomycins to U937 cells
under the same conditions of CD23 expression was
measured using 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-
tetrazolium bromide (MTT, Sigma) by the established

method15). A drug concentration causing 50% inhibition of
the growth ofU937 cells (IC50) was defined as an index of
cytotoxi c ity.

Other Biological Assays
Antimicrobial activity was tested by the microtiter broth

dilution assay16\ Mycobacterium smegmatis (ATCC607)

was grown on Waksmanmedium (glucose 1.0%, peptone
0.5%, meat extract 0.5%, NaCl 0.3%, pH 7.0), and other
bacteria were grown on Nutrient medium(pepton 0.5%,
meat extract 0.5%, pH 7.0), for 24hours at 37°C. Fungi and
yeasts were grown on GYmedium (glucose 1.0%, yeast
extract 0.5%, pH 6.0), for 24hours at 27°C. The growth of
microorganisms was measured as OD values at 660nm
with ELx 808 (BIO-TEK Instruments) The minimum
inhibitory concentration (MIC) value was defined as the

lowest inhibitor concentration, which prevented increasing
absorbance at 660 nm.

Results

Taxonomy of the Producing Strain WK-6326

The vegetative mycelia grewabundantly on yeast extract -
malt extract agar, inorganic salts - starch agar and other agar
media, and did not show fragmentation into coccoid forms
or bacillary elements. The aerial mycelia grew abundantly
on yeast extract-malt extract agar, oatmeal agar, inorganic
salts-starch agar, glycerol-asparagine agar and tyrosine
agar. The spore chains were straight or flexible and each
had more than 20 spores per chain. The spores were

cylindrical in shape, 1.0X0.6^urn in size and had a smooth
surface (Fig. 2). Whirls, sclerotic granules, sporangia and

flagellate spores were not observed.
The isomer of DAP in whole-cell hydrolysates of

strain WK-6326 was determined to be LL-form. Major
menaquinones were MK-9(H6) and MK-9(H8).

The cultural characteristics, the physiological properties
and the utilization of carbon sources are shown in Tables 1,
2 and 3. The color of vegetative mycelia showed yellow to
brown. The aerial mass color showed gray series on various
media. Melanoid pigment was produced.

Based on the taxonomic properties described above,

strain WK-6326is considered to belong to the genus
Streptomyces l l\
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Fig. 2. Scanning electron micrograph of spore
chains of Streptomyces sp. WK-6326grown on

inorganic salt- starch agar for 14 days at 27 °C.

The strain was deposited in the National Institute of

Bioscience and Human-Technology, Agency of Industrial
Science and Technology, Japan, under the name

Streptomyces sp. WK-6326and the accession No. is FERM
P-17592.

Fermentatio n
A slant culture of the strain WK-6326 grown on

Waksmanagar was used to inoculate a 500-ml Erlenmeyer
flask containing 100ml of the seed medium (starch 2.4%,
glucose 0.1%, peptone 0.3%, meat extract 0.3%, yeast

extract 0.5%, CaCO3 0.5%, pH 7.0). The flask was shaken
on a rotary shaker at 27°C for 3 days. One-ml portion of the
seed culture was inoculated into a 500-ml Erlenmeyer flask
containing 100 ml of the production medium (soluble starch
4.0%, solvent extracted toasted soy bean meal 2.0%, 0.1 m
Na2S2O3 32 ^I/liter, FeSO4-7H2O 0.05%, K2HPO4 0.05%,
KC10.03%, pH 6.5). The -flasks were shaken under the
samecondition of seed culture for 6days. A typical

Table 1. Cultural characteristics of strain WK-6326.

Medium Cultural characteristics Medium Cultural characteristics

Yeast extract-malt G: Good, bamboo (2gc) Tyrosine agara G: Good, honey gold (2ic)
extract agara R: Light amber (3ic) R: Light mustard tan (2ie)

AM: Abundant, beige (3ge) AM: Abundant, rose taupe (5ig)SP: Trace, topaz (3ne) SP: None

Oatmeal agar a G: Good, camel (3ie) Sucrose-nitrate G: Moderate, pearl pink(3ca)
R: Bisque (3ec) to light beige (3pl) agarb R: Pearl pink(3ca)

AM: Abundant, rosewood (5ge) AM: Poor, ivory (2db)SP: None SP: None

Inorganic salts- G: Good, light wheat (2ea) Glucose-nitrate G: None
starch agara R: Light ivory (2ca) to adobebrown (31g) agarb R: None

AM: Abundant, rosewood (5ge) AM: NoneSP: None SP: None

Glycerol-asparagine G: Good, light wheat (2ea) Glycerol-calcium G: Good, ivory (2db)
agara R: Bamboo (2gc) malate agarb R: Ivory (2db)

AM:Abundant, ashes of rose (6ge) A^: Poor, white (a)SP: None SP: None

Glucose-asparagine G: Poor, ivory (2db) Glucose-peptone G: Poor, bamboo (2gc)
agar R: Ivory (2db) agar b R: Bamboo (2gc)AM: None AM: None

SP: None SP: None

Peptone-yeast G: Moderate, light mustard tan (2ie) Nutrient agar b G: Moderate, bamboo (2gc)
extract-iron agara R: Light mustard tan (2ie) R: Bambo° (2gc)

AM: None AM: Poor, white (a)
SP: Covert brown (2nl) SP: None

a Mediumrecommendedby ISP.
b Medium recommended by S. A. Waksman.
Abbreviations: G, growth of vegetative mycelium; R, reverse side color;
AM,aerial mycelium; SP, soluble pigment.
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Table 2. Physiological properties of Streptomyces
sp. WK-6326.

Melanin formation
Tyrosine agar -

Peptone-yeast extract-iron agar +
Tryptone-yeast extract broth +
Reduction of nitrate -

Liquefaction of gelatin (21^23°C) -
Hydrolysis of starch +
Coagulation of milk (27°C) -
Peptonization of milk (27°C) +
Decomposition of cellulose -
Temperature range for growth 5~32°C

+: Positive,- : Negative

Table 3. Utilization of carbon sources by strain
WK-6326.

Utilized: D-Glucose

Weakly utilized: D-Fructose
Not utilized: L-Arabinose, /-Inositol, D-Mannitol, Melibiose,

Raffinose, L-Rhamnose, Sucrose, D-Xylose

time course of the fermentation is shown in Fig. 3.
Deacetylravidomycin M and deacetylravidomycin were

detected in the culture broth at day 3 after inoculation, and
their concentrations reached levels of 20 and 15 mg/liter,
respectively, at day 5.

Isolation

The 6-day old culture broth (5 liters) was centrifuged to
separate myceliumand supernatant. The myceliumwas
extracted with 5 liters of acetone. After the acetone extracts
were filtered and concentrated, the resulting aqueous

solution was extracted with 10 liters of ethyl acetate. The
supernatant was extracted with 10 liters of ethyl acetate.
Both extracts of ethyl acetate were combined, dried over
Na2SO4and concentrated in vacuo to dryness to yield 560
mgof oily material. The material was dissolved in a small
volume of CHC13 and subjected to an open silica gel
column (30g). The principles were eluted stepwise with
CHCl3-MeOH solvent system (100:0, 100: 10, 100:30,

100:50, 100:70 and 0: 100, 10mix20 fractions for each
solvent mixture), and the inhibitory activity was observed

Fig. 3. A typical time course of deacetyl-
ravidomycins production by Streptomyces sp.

WK-6326.

DRM,deacetylravidomycin M; DR, deacetyl-
ravidomycin; PCV, packed cell volume (ml) from 10 ml

of the whole culture broth.

in the fractions from solvent ratio 100 : 30-fraction 10 to
solvent ratio 100 : 50-fraction 18 (112mg). Furthermore,
the active principles from open silica gel column were
purified by HPLC (Shiseido CAPCELL PAK C18, 4.6X250
mm; 25% acetonitrile containing 0.05% phosphoric acid;
flow rate 1.0ml/minute; UVat 246nm). Under the condi-
tions, deacetylravidomycin M and deacetylravidomycin
were eluted with a retention time of 17 and 28 minutes,
respectively (Fig. 4). Each peak was collected and

concentrated to yield deacetylravidomycin M (18 mg) and
deacetylravidomycin (26 mg) as pale yellow powder.

Biological Properties
Cytotoxicity of Deacetylravidomycins to U937 Cell
Under the condition of IL-4-induced CD23expression,
cytotoxic effect of deacetylravidomycins on U937cells was
evaluated by the MTTassay. As shown in Fig. 5, deacetyl-
ravidomycin M and deacetylravidomycin showed no
cytotoxic effect up to lOOng/ml and lOng/ml, and gave

IC50 values of 1.0 /ig/ml and lOO ng/ml, respectively. Thus,
deacetylravidomycin M was found to give ten times lower
cytotoxic effect on U937 cells than deacetylravidomycin.
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Fig. 4. A chromatographic profile of deacetyl-

ravidomycins by HPLC.

Sample, 5.0 jug of active materials (obtained through
Silica gel column chromatography) dissolved in 50 /il

acetonitrile. Deacetylravidomycin M and deacetyl-
ravidomycin were eluted with a retention time of 17
and 28 minutes, respectively.

Effect of Deacetylravidomycins on IL-4-induced CD23
Expression in U937 Cells
When U937 cells were treated with IL-4 for 72hours,
about 45%of the cells were shifted to higher fluorescent
region (Fig. 6A-a vs.- -b), indicating that CD23 was induced
on the cell surface. In the presence of deacetylravidomycin
M (0.05 ng/ml) (Fig. 6A-c), the distribution of the cells was
essentially the same as that of Fig. 6A-a, showing that the
drug completely inhibits IL-4-induced expression of CD23.
However, deacetylravidomycin showed no effect on the

expression at concentrations ranging from 0.005 ng/ml to
5.0ng/ml, and a stimulative effect was observed at 5.0
ng/ml (Fig. 6A-d and B).

Antimicrobial Activity of Deacetylravidomycins
The antimicrobial activity of deacetylravidomycins is

summarized in Table 4. Deacetylravidomycin M inhibited
the growth of B. subtillis and M. luteus moderately, but

Fig. 5. Cytotoxicity of deacetylravidomycins to
U937 cells.

U937 cells (4X l04cells) were incubated under the
condition of CD23 expression in the presence of

indicated amounts of deacetylravidomycin M(å ) or
deacetylravidomycin (à"). After a 72-hour incubation,

cell viability was measured using method of MTTas
described in the "Materials and Methods".

showed almost no antimicrobial activity against the other

organisms. On the other hand, deacetylravidomycin showed
antimicrobial activity against Gram-positive bacteria
(B. subtillis, S. aureus, M. luteus and M. smegmatis), which
are comparable to those reported previously5'18).

Discussion

Deacetylravidomycin and deacetylravidomycin Mwere
isolated from the culture broth of Streptomyces sp. WK-
6326. Deacetylravidomycin, reported as an antitumor

antibiotic5^ with a vinyl residue at the R position (Fig. 1),
showed about ten times more potent cytotoxic effect (Fig.
5) and antimicrobial activity (Table 4) than deacetyl-

ravidomycin Mwith a methyl residue at the position (Fig.
1). On the contrary, deacetylravidomycin Minhibited IL-4-
induced signal transduction, while deacetylravidomycin

showed no effect (Fig. 6).
Many ravidomycin analogs, which incorporate the same
aromatic aglycon attached to different glycoside sub-
stituents, were produced by Streptomyces strains as
antitumor or/and antimicrobial antibiotics5'18~21). Among
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Fig. 6. Effect ofdeacetylravidomycins on IL-4-induced CD23 expression in U937 cells.

A. Distribution of U937 cells in the absence (a), in the presence of IL-4 alone (b), plus deacetylravidomycin M
(DRM, 0.05 ng/ml) (c) or plus deacetylravidomycin (DR, 5.0 ng/ml) (d) analysed by flow cytometry

B. CD23 expression (%) was calculated as described in the "Materials and Methods". Column 1, cells incubated
in the absence of drugs and IL-4. Column 2, in the presence of IL-4 without drugs; columns 3, 4 and 5 with DRM
(0.005, 0.05 and 0.5 ng/ml, respectively); columns 6, 7, 8 and 9 with DR (0.005, 0.05, 0.5 and 5.0ng/ml, respectively).

Table 4. Antimicrobial activities of deacetylravidomycins.

MICOLtg/ml)

Test organism Deacetylravidomycin M Deacetylravidomycin

Bacillus subtilis KB27 (ATCC6633) 25 3.0
Staphylococcus aureus KB210 (ATCC6538p) 125 5.0
Micrococcus luteus KB40 (ATCC9431) 25 3.0
Mycobacterium smegmatis KB42 (ATCC607) 125 3.0
Escherichia coli KB176 (IFO12734) >125 >125
Pseudomonas aeruginosa KB105 (IFO3080) >125 >125
Xanthomonas campestris KB88 125 25
Acholeplasma laidlawii KB174 >X25 >125
Pyricularia oryzae KB180 >125 25
Aspergillus niger KF103 (ATCC6275) > 125 >125

Mucor racemose KF223 (IFO4581) >125 >125

Candida albicans K¥l >125 >125
Saccharomyces cerevisiaes KF26 (ATCC9763) >125 >125
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Fig. 7. Structures of ravidomycin analogs, glivo-
carcins M and V, and chrysomycins Mand V

them, gilvocarcin V and chrysomycin V with a vinyl
residue at the corresponding Rj and R2 positions (Fig. 7)
were reported to show potent activities, while glivocarcin M
and chrysomycin Mwith a methyl residue (Fig. 7) showed
moderate activities22)23). Rakhit et al.24) reported that

reduction of the vinyl group of deacetylravidomycin
resulted in an appreciable loss of antitumor and anti-

microbial activities. The mechanism of action has been
studied extensively25~29). A covalent modification occurs on
DNAunder the light via [2+2]cycloaddition between the
vinyl residue of gilvocarcin V and thymine residues in
DNA30) to give strong cytotoxic effect. Interestingly, the

UVspectrum of the photoadduct derived from gilvocarcin
V showedthe presence of a chromophoresimilar to that of
gilvocarcin M. However, compounds having the methyl
residue at the position like gilvocarcin Mand chrysomycin
Mcannot cause such a reaction under the light, resulting in
low cytotoxicity. Therefore, the presence of the vinyl
residue at the R position in ravidomycin analogs is
important for eliciting potent antimicrobial and antitumor

activities. Accordingly, deacetylravidomycin M also having
a methyl residue at the position does not seem to react with
DNA.In this sense, the mechanism of inhibition of the IL-

4-induced signal transduction by deacetylravidomycin M is
different from that antimicrobial and antitumor activities by
ravidomycin analogs.

Further study of its effect on IgE secretion from B cells
and the target molecule in the JAK-STAT6pathway remains
to be investigated.
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