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Abstract

Streptomyces zerumbet W14, a novel species of the endophyte genus Strepto-
myces was isolated from the rhizome tissue of Zingiber zerumbet (L.) Smith.
Identification of strain W14 was based on its morphology, chemotaxonomy
and phylogenetic analysis using 16S rDNA sequence. It was classified as the
secondary meabolites of the culture extract were studied. The major active
ingredients from the crude extract were purified by silica gel column
chromatography and identified by spectroscopic data. The crude extract and
purified compounds were tested for their biological activities on antibacterial
and anti-inflammatory properties. The crude extract showed inhibition on
the growth of Gram-positive bacteria with the MIC and MBC values of 8 - 32
pg/ml and 32 - 128 pg/ml, respectively. The isolated compounds were identified
to be methyl 5-(hydroxymethyl)furan-2-carboxylate (1) and geldanamycin
(2). Bioassay studies showed that compound 1 had antibacterial activity
against Staphylococus aureus ATCC 25923 and Methicillin Resistant S.
aureus strain Sp6 (clinical isolate) with the MIC and MBC values of 1 pg/ml
and 16 - 64 pg/ml, respectively, and also showed activity against Bacillus
Calmette-Guérin (vaccine strain) with MIC and MBC values of 128.00 pg/ml
and 128.00 pg/ml, respectively. The compound 2 at the concentration of 1 - 5
pg/ml had in vitro anti-inflammatory activity on LPS-induced RAW 264.7
cells by inhibition of mRNA expression and production of inducible NO
synthase (iNOS), tumor necrosis factor-alpha (TNF-a), interleukin-14 (IL-1p),
and interleukin-6 (IL-6). These results suggest that compounds 1 and 2
produced by S. zerumbet W14 (an endophyte of Z. Zerumbet) have antibac-
terial and anti-inflammatory activities, respectively. Therefore, the future stu-
dies on these compounds could be useful for the management of bacterial in-
fections and inflammatory diseases.
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1. Introduction

Inside the tissue of nearly all the healthy plants, there are many endophytic mi-
croorganisms. Endophytes are synergistic to their host, some of them produced
secondary metabolites which exhibit plant growth promoters or prevent phyto-
pathogen attacking. During our investigations of the endophytes, we isolated an
endophytic actinomycete from the root tissues of Zingiber officinale Rosc. and it
was identified as Streptomyces aureofaciens CMUAc130; it showed the most ef-
fective antifungal activity [1]. The major active ingredients from the culture fil-
trate were identified as 5,7-dimethoxy-4-p-methoxyphenylcoumarin and

5,7-dimethoxy-4-phenylcoumarin which have antifungal activity [2]. We report
here the isolation from the rhizome of Zingiber zerumbet (L.) Smith of another
Streptomyces zerumbet W14, a novel species which was identified by morphology,
chemotaxonomy and phylogenetic analysis. Extraction of the culture medium this
strain afforded methyl 5-(hydroxymethyl)furan-2-carboxylate (1) and geldanamycin
(2), which displayed very strong antibacterial and anti-inflammatory activities,

respectively.

2. Materials and Methods
2.1. Cultivation, Determination, Extraction and Isolation

Leaf, stem, rhizome and root tissues of Zingiber zerumbet (L.) Smith were used
to isolate the endophytic actinomycetes by surface-sterilization technique and
validation of surface sterilization was performed as described in our previous
studies [3] [4]. Strain W14 was selected and identified using morphological, cul-
tural, physiological and biochemical characteristics, chemotaxonomy and 16S
rDNA sequencing [1]. This strain was grown on ISP-2 agar at 30°C for 14 days
and then the culture medium was cut into small pieces that were extracted with
ethyl acetate (3 x 500 ml). This organic solvent was pooled and then taken to
dryness under rotary evaporation to give a dark brown solid. The solid was sepa-
rated by column chromatography using silica gel 60 (Merck, 0.040 - 0.063 mm)
and 30%, 50%, 75% and 100% of ethyl acetate in hexane as the eluent to give 17
main fractions (F1-F17). Fraction F17 (8.0 mg) gave a very prominent single
spot of pure compound 1 on TLC and was undertaken to investigate on NMR
spectroscopy. Fractions 9 - 13 was pooled and fractionated again by column
chromatography using sephadex LH-20 (Sigma) and 50% of methanol in di-
chloromethane as the eluent to give 31 fractions. Fraction F13 (30.3 mg) gave a

very prominent single spot of pure compound 2 on TLC and was undertaken to
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investigate on NMR spectroscopy.

2.2. Antimicrobial Activity Assay

An in vitro plate technique was used to test the inhibitory effects of strain W14
on the tested bacteria. For screening of antibacterial activity, crude extract and
purified compounds were tested against S. aureus ATCC 25932, B. cereus ATCC
7064, B. subtilis ATCC 6633, Escherichia coli ATCC 10536, Salmonella Typhi
ATCC 19430, Pseudomonas aeruginosa ATCC 27853, Serratia marcescens
ATCC 8100, Methicillin Resistant S. aureus strain Sp6 (clinical isolate) and Ba-
cillus Calmette-Guérin (vaccine strain) using the paper disk method of National
Committee for Clinical Laboratory Standards [5]. Ampicillin (30 unit/disk) and
chloramphenicol (30 pg per disk) (Oxoid, UK) were used as references for anti-
microbial activity, as described in our previous study [4]. For bioautography assay,
the crude extract and purified compounds were separated by TLC in optimum
solvent system. The TLC strips were sterilized by exposing to UV for 30 min.
Tested bacteria were grown on nutrient broth at 37°C for 24 h. The bacteria cells
were diluted to be 10° cells/ml in melted soft agar and then were overlayed on
TLC strips placed on ISP-2 plates. The plates were incubated at 37°C for 24 h,

then the inhibition zone was observed.

2.3. Minimum Inhibitory Concentrations

The MICs of the crude extract and purified compounds were determined by
NCCLS microbroth dilution methods [6]. Ampicillin and chloramphenicol
were used as references for antibacterial activity. The test samples were first of
all dissolved in DMSO. The range of sample dilutions was 512 - 0.5 pg/ml in
nutrient broth supplemented with 10% glucose and 0.05% phenol red (NBGP).
100 pl of each concentration was added in each well (96-wells microplate)
containing 95 ul of NBGP and 5 ul of inoculum (standardised at 1.5 x 10°
CFU/ml by adjusting the optical density to 0.1 at 600 nm SHIMADZU
UV-120-01 spectrophotometer). The final concentration of DMSO in the well
was less than 1% (preliminary analyses with 1% (v/v) DMSO/NBGP affected
neither the growth of the test organisms nor the change of colour due to this
growth). The negative control well consisted of 195 pl of NBGP and 5 pl of the
standard inoculum. The plates were covered with a sterile plate sealer, then
agitated to mix the content of the wells using a plate shaker and incubated at
37°C for 24 h. The assay was repeated twice. Microbial growth was determined
by observing the change of colour in the wells (red when there is no growth
and yellow when there is growth). The lowest concentration showing no co-
lour change was considered as the MIC. For the determination of Minimum
bactericidal concentration (MBC), a portion of liquid (10 pl) from each well
that showed no change in colour was plated on nutrient agar and incubated at
37°C for 24 h. The lowest concentration that yielded no growth after this
sub-culturing was taken as the MBC.
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2.4. Cell Culture and Sample Treatment

HelLa cell line, 1929 murine fibroblast cell line, and RAW 264.7 murine macro-
phage cell line was obtained from the Korean Cell Line Bank (Seoul, Korea).
Human peripheral blood mononuclear cells (PBMCs) were isolated by density
centrifugation with Ficoll-Paque [7]. These cells were grown at 37°C in DMEM
medium supplement with 10% FBS, penicillin (100 units/ml), and streptomycein
sulfate (100 pg/ml) in a humidified atmosphere of 5% CO,.

2.5. MTT Assay for Cell Viability

Cytotoxicity studies were performed on a 96-well plate. The cells were mechani-
cally scraped and plated 2 x 10° per well containing 100 pl of DMEM medium
with 10% FBS and incubated overnight. The crude extact and purified com-
pounds 1 and 2 were dissolved in dimethylsulfoxide (DMSO) for stock solution.
Cells were incubated with crude extract and purified compounds 1 and 2 at in-
creasing concentrations and stimulated with LPS 1 pg/ml for 24 h. The DMSO
concentrations in all assays did not exceed 0.1%. Twenty-four h after seeding,
100 pl new media or test compound was added, and the plates were incubated
for 24 h. Cells were washed once before adding 50 ul FBS-free medium containing
5 mg/ml MTT. After 4 h of inoculation at 37°C, the medium was discarded and
the formazan blue, which formed in the cells, was dissolved in 50 ul DMSO. The
optical density was measured at 450 nm. The concentration required for reducing

the absorbance by 50% (IC,,) compared to the control cells was determined.

2.6. Nitrite Assay

Nitrite accumulation, an indicator of NO synthesis, was measured in the culture
medium by Griess reaction [8]. Briefly, 100 ul of cell culture medium was mixed
with 100 pl of Griess reagent [equal volumes of 1% (w/v) sulfanilamide in 5%
(v/v) phosphoric acid and 0.1% (w/v) naphthylethylenediamine-HCI} and incu-
bated at room temperature for 100 min] and then the absorbance at 550 nm was
measured in a microplate reader. Fresh culture medium was used as the blank in
all experiments. The amount of nitrite in the samples was calculated from a so-

dium nitrite standard curve freshly prepared in culture medium.

2.7. PGE,, TNF-q, IL-1p and IL-6 Assay

PGE,, TNF-q, IL-18 and IL-6 level in macrophage culture medium were quantified
by ELISA Kkits (eBioscience, CA, USA) according to the manufacturer’s instructions.

2.8. Western Blot Assay

Cellular proteins were extracted from control and test compound-treated RAW
264.7 cells as described in our previous study [9]. Protein concentration was de-
termined by BioRad protein assay reagent according to the manufacturer’s in-
structions, 40 - 50 ug of cellular proteins from treated and untreated cell extracts

were electroblotted onto nitrocellulose membrane followed by separation on
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10% SDS-polyacrylamide gel electrophoresis. The immunoblot was incubated
overnight with blocking solution (5% skim milk) at 4°C, followed by incubation
for 4 h with a 1:500 dilution of monoclonal anti-iNOS or COX-2 antibody (San-
tacruz, CA, USA). Blots were washed 2 times with PBS and incubated with a
1:1000 dilution of horseradish peroxidase-conjugated goat anti-mouse IgG sec-
ondary antibody (Santacruz, CA, USA) for 1 h at room temperature. Blots were
again washed three times in Tween 20-Tris-buffered saline and then developed
with the colorimetric substrate 3,3’,5,5’-tetramethylbenzidine (SurModics, MN,
USA). The signals were quantified using gel image-analysis software V1.7.8
(GelQuant.NET, BiochemLabSolutions.com, USA).

2.9. Inhibition of Pro-Inflammatory Mediator
and Cytokine Gene Expressions

The expression of pro-inflammatory mediator and cytokine genes was investi-
gated by reverse transcription—polymerase chain reaction (RT-PCR). RAW
264.7 cells were incubated with compounds 1 and 2 at different concentrations
(1, 2.5, 5 and 10 pg/ml) and stimulated with LPS 1 pg/ml at 37°C in FBS-free
medium for 24 h. RAW 264.7 cells at for 24 h. Total RNA was extracted from
RAW 264.7 cells after treatment with purified compounds, The cells were lysed
with Trizol” and centrifuged at 12,000 rpm for 15 min at 25°C, following the ad-
dition of chloroform. Isopropanol was added to the supernatant at a 1:1 ratio
and the RNA pellet was obtained following centrifugation. After washing with
ethanol, extracted RNA was solubilized in diethyl pyrocarbonate-treated RNase-free
water and quantified by measuring the absorbance at 260 nm. Equal amounts of
RNA (1 pg) were reverse transcribed in a master mix containing 1X reverse
transcriptase (RT) buffer, 1 mM dNTPs, 500 ng of oligo(dT),; primers, 140 U of
murine Moloney leukaemia virus reverse transcriptase and 40 U of RNase inhi-
bitor, for 45 min at 42°C. PCR was carried out in an automatic thermal cycler
(Perkin-Elmer Cetus) to amplify iNOS, TNF-q, IL-1p, IL-6 and B-actin mRNA.
Primer sequences used to amplify the desired cDNA were shown in Table 1. The
PCR products electrophoresed on 2% agarose gels and were visualized by ethi-
dium bromide staning and quantified using gel image-analysis software V1.7.8
(GelQuant.NET, BiochemLabSolutions.com, USA).

2.10. Data Analysis

Data are reported as mean + SEM values of three independent determinations.

Statistical analysis was performed by Student’s #test.

3. Results

3.1. Identification and Description of Selected
Actinomycete Isolate

Eighteen actinomycete isolates were obtained, 4 of which were isolated from

leaves, 5 isolates from rhizomes, 8 isolates from roots and only one isolate from
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Table 1. Primers used in reverse transcription-polymerase chain reaction analysis.

Gene* Primer sequences (5 - >3°) PCR product size (bp)

INOS 5-CCCTTCCGAAGTTTCTGGCAGCAGC-3’ (sense) 1496
5-GGCTGTCAGAGCCTCGTGGCTTTGG-3’ (antisense)

TNE 5-TTGACCTCAGCGCTGAGTTG-3’ (sense) 364
4 5.CCTGTAGCCCACGTCGTAGC-3 (antisense)

1L-18 5-CAGGATGAGGACATGAGCACC-3’ (sense) 447
5-CTCTGCAGACTCAAACTCCAC-3’ (antisense)

IL-6 5-GTACTCCAGAAGACCAGAGG-3’ (sense) 308
5-TGCTGGTGACAACCACGGCC-3’ (antisense)

Pactin 5-GTGGGCCGCCCTAGGCACCAG-3’ (sense) 603
5-GGAGGAAGAGGATGCGGCAGT-3’ (antisense)

4NOS, Inducible nitric oxide synthase; TNF-a, Tumor necrosis factor-a; IL-143, Interleukin-1/; IL-6, Inter-
leukin-6.

stems. The strain W14 showed promissing activities against S. aureus ATCC
25932, B. cereus ATCC 7064 and B. subtilis ATCC 6633. However the other iso-
lates had no potential of antibacterial activity to the tested bacteria. Therefore, all
subsequent experiments involved the use of the strain W14. Based on results in
the presence of LL-type diaminopimelic acid in the whole-cell extracts, the strain
W14 was identified as belonging to the genus Streptomyces. Direct sequencing
of the PCR-amplified 16S rDNA of the strain W14 was determined from posi-
tion 8 to position 1464 of the 16S rDNA gene sequence of E. coli numbering
system [10]. This sequence corresponded to an estimated 95.7% of the total
16SrDNA primary sequence. BLAST search results for strain W14 came from
non-redundant GenBank + EMBL + DDBJ; when reference sequences were
chosen, unidentified and unpublished sequences were excluded. The BLAST
search results and the phylogenetic tree (Figure 1) generated from representa-
tive strains of the related genera showed that strain W14 had high levels of se-
quence similarity to species of S. malaysiensis (accession number: AB249918).
16S rDNA analysis revealed that strain W14 is phylogenetically closely related to
S. malaysiensis (the sequence similarity levels were 99.65%). The nucleotide se-
quence data reported in this paper appeared in the Gen-Bank, EMBL and DDB]
databases with the accession number AB845431. As well as in morphological
observation of the 2 - 3 weeks old culture of the strain W14 grown on yeast ex-
tract-malt extract agar (ISP-2) revealed that both the aerial and vegetative hy-
phae were abundant, well developed and not fragmented. Mature spore chains
were extended spirals with rugose-surfaces (Figure 2). The strain W14 had an
aerial mass color in the white-grey series on ISP-2. The substrate mycelium of
W14 showed light grayish olive to moderate olive brown color. It also produced
soluble deep yellow to dark yellow soluble pigments on ISP-2, Tyrosine agar
(ISP-7) and Bennett’s agar. It showed antimicrobial activity against B. subtils, S.
aureus, Candida albicans, Aspergillus flavus and Aspergillus fumigatus, but no ac-
tivity against E. coli and Aspergillus niger. Strain W14 showed 3% - 5% tolerance
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S. demainii NRRL B-1478" (DQ334782)
S. vayuensis N2 (AY950450)
60| S. violaceusniger NBRC 13459" (AB184420)
S. yogyakartensis NBRC 100779" (AB249942)
S. roseogriseolus CH20-471 (EF371441)
S. albiflaviniger NRRL B-1356' (AJ391812)
S. javensis DSM 41764" (AJ391833)
S. griseiniger NRRL B-1865' (AJ391818)
S. hygroscopicus subsp. azalomyceticus NBRC 13868 (AB184823)
S. cangkringensis DSM 41769 (AJ391831)
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S. asiaticus NBRC 100774' (AB249947)
S. rhizosphaericus NBRC 100778 (AB249941)
S. indonesiensis DSM 41759" (DQ334783)

S. samsunensis M1463" (EUO077190)
04 |: Streptomyces sp. W14 (AB845431)
81 S. malaysiensis NBRC 16446' (AB249918)
S. geldanamycininus NRRL 3602" (DQ334781)

S. castelarensis subsp. enhygrus NRRL 3664 (DQ442510)
S. melanosporofaciens NRRL B-12234" (AJ271887)

43
28

7] S. sporoclivatus NBRC 100767" (AB249934)
31l s. antimycoticus NBRC 128397 (AB184185)

LS. yatensis NBRC 101000" (AB249962)

Kitasatospora setae DSM 43861" (U93332)

Streptacidiphilus albus DSM 41753 (AF074415)

Figure 1. Neighbour-joining phylogenetic tree of the strain W14, including representatives of the most
closely related type strains which were retrieved from GenBank, and accession numbers appear in paren-

theses. Boottstrap (1000 replicates) values are given in percentage. Bar, 0.005 substitutions per nucleotide.

Figure 2. Morphological characteristics of the strain W14. The colony appearance ((a),
surface; (b), reverse) on yeast extract-malt extract (ISP-2) agar plates after 2 weeks of in-
cubation at 30°C. (c), light micrograp; Bar = 10 pm, and (d), scanning electron micro-
graph on ISP-2 agar (21 days); Bar = 2 um.
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to salt and grew well at pH 5.6 to 11.0, at 37°C but was unable to grown on tem-
perature above 45°C. This strain utilized glucose, mannose, meso-inositol, su-
crose, galactose, fructose, lactose, maltose, mannitol, mannose, raffinose, arabi-
nose, sodium acetate and sodium citrate, but did not utilize xylose, sorbitol and
CM-cellulose. It showed moderate activities of catalase, gelatinase and caseinase,
hydrolysed casein, starch and tyrosine, but did not produce hydrogen sulphide.
However, it also resisted ampicillin and erythromycin. A comparative analysis of
the cultural and biochemical characteristics of strain W14 with respect to its
phylogenetic relatives was shown in Table 2 and Table 3.

Table 2. Phenotypic characteristics of strain W14 and related species of the genus Strep-
tomyces. Strains: W14, S, malaysiensis DSM 41697" and . samsunensis M1463".

Characteristics W14 DSM 416977 M1463T
Antimicrobial activity against:
Bacillus subtilis + + +

Escherichia coli - - _

Staphylococcus aureus + - +
Candida albicans + + +
Aspergillus flavus + No data -

Aspergillus fumigatus + No data No data
Aspergillus niger B No data +

Decomposition of:

Casein + + +
Starch + + +
L-Tyrosine + + -
Xanthine Not done - -
Growth at:
4°C - - -
37°C + + +
45°C - - -
pH 4.0 - - -
pH5.6 + + +
pH11.0 + - No data

Growth in the presence of:

Lysozyme (0.005%, w/v) + + No data
Sodium chloride (3%, w/v) + + No data
Sodium chloride (5%, w/v) + - No data

Resistance to antibiotics (ug):

Ampicillin (10) + + No data
Chloramphenicol (30) —(16.9)* —(15)* +
Erythromycin (15) + —(18)* No data
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Continued
Gentamicin sulphate (10) —(45.6)* —(28)* -
Kanamycin sulphate (30) —(33.0)* —(34)* No data
Neomycin sulphate (30) —(35.6)* —(30)* -
Novobiocin sulphate (30) Notdone —(40)* No data
Streptomycin sulphate (10) —(18.0)* —(35)* -
Tetracycline hydrochloride (30) —(36.3)* —(20)* No data
Ampicillin (10) + + No data
Chloramphenicol (30) —(16.9)* —(15)* +

Growth on sole carbon sources (1%, w/v)

L-Arabinose + + +
D-Fructose + + +
D-Galactose + + +
D-Glucose + + +
meso-Inositol + + _
D-Lactose + - +
D-Maltose + + +
D-Mannitol + + +
D-Mannose + + +
D-Raffinose + + _
a-L-Rhamnose Not done + +
D-Sorbitol - - —

Starch + + No data
D-Sucrose + - -
D-Xylose - + -

CM-cellulose (0.1%, w/v) - - No data
Sodium acetate (0.1%, w/v) + - _
Sodium citrate (0.1%, w/v) + - _
L-Arabinose + + +
D-Fructose + + +
D-Galactose + + +
D-Glucose + + +
meso-Inositol + + _
D-Lactose + - +
D-Maltose + + +

Production of:

Hydrogen sulphide - - No data

*Numbers in parentheses indicate the diameters of the inhibition zones (mm). °S. malaysiensis DSM 41697"
(data from Al-Tai et al [53]), S. samsunensis M1463" (data from Sazak et al [54]).
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Table 3. 16S rDNA similarity values between strain W14 and its relatives of the genus

Streptornyces.
. Similarity to . No. nucleotide
Streptomyces species strain W14 d1fferer‘1ces/ Total no.
nucleotides compared

S. malaysiensis NBRC 16446 99.65 5/1436
S. samsunensis M1463 99.64 5/1418
S. asiaticus NBRC 100774 98.54 21/1443
S. rhizosphaericus NBRC 100778 98.54 21/1443
S. hygroscopicus subsp. azalomyceticus NBRC 13868 98.54 21/1442
S. griseiniger NRRL B-1865 98.39 23/1436
S. cangkringensis DSM 41769 98.31 24/1422
S. sporoclivatus NBRC 100767 98.26 25/1442
S. yatensis NBRC 101000 98.19 26/1443
S. castelarensis subsp. enhygrus NRRL 3664 98.12 27/1443

Thus, based on results of the phenotypic and genotypic analysis, the strain
W14 represents a novel species of the genus Streptomyces, for which we propose

the name Streptomyces zerumbet sp. nov.

3.2. Isolation and Structure Elucidation of Bioactive Compounds

The partial components of crude extract were observed by TLC analysis in a sol-
vent system comprising of acetone: hexane (2:3). The analysis of the separated
compounds under UV light (254 and 365 nm) and upon derivatizing the TLC
with vanillin/sulfuric acid reagent, revealed at least seven major spots with Rf
values of 0.07, 0.20, 0.33, 0.46, 0.67, 0.77 and 0.91. In order to find out the corre-
lation of these spots with antimicrobial property, bioautography of the freshy
developed air-dried TLC strips containing separated components of the extract
was performed, using B. cereus, B. subtilis and S. aureus as tested microorgan-
isms. The results exhibited that the strain W14 produced at least one comound
with Rf values of 0.67 against tested bacteria (Figure 3).

Column chromatography on silica gel with acetone: hexane as the mobile
phase resulted in the separation of two major compounds. Identification of each
compound was carried out by 'H-NMR, “C-NMR as following.

Compound 1: The MS gave a [M + Na]" ion at m/z 179.0287 which corres-
ponded to the molecular formula C,H;O,, indicating three double bond equiva-
lents in the molecule. The 'H-NMR spectral data (CDCl;) of compound 1
showed methoxy proton at J, 3.88 (3H, s), oxygenated methine at J, 4.66 (2H,
s), two furan protons at d;, 6.42 (1H, d, /= 3.3 Hz) and 7.21 (1H, d, /= 3.3 Hz)
ppm. The "C-NMR spectrum exhibited 7 signals which were classified by the
HMQC spectra as methyoxy carbon at . 52.2, oxygenated methine at J. 57.7,
two furan carbons at J.109.0 (C-4) and J. 119.0 (C-3), two quarternary furan
carbons at . 144.3 (C-2) and J. 158 (C-5) and carbonyl ester at J. 159.4 ppm.
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The 'H-'H COSY spectrum revealed the connectivity in CDCl; from H-3
through H-4. The HMBC spectrum showed the following long-range correla-
tion; methoxy proton (J, 3.88) to ester carbonyl carbon C-1 (J 159.4); oxyge-
nated methine (J4.66) to quarternary furan carbon C-5 (J158.6) and furan car-
bon C-4 (4109.7); furan proton C-4 (6 6.42) to quarternary furan carbon C-5 (d
158.6), furan carbon C-3 (4'119.1) and quarternary furan carbon C-2 (J144.3) and
furan proton C-3 (67.12) to quarternary furan carbon C-2 (4 144.3), furan carbon
C-4 (8 109.7) and quarternary furan carbon C-5 (J 158.6). The spectral data re-
vealed the compound 1 to be methyl 5-(hydroxymethyl)furan-2-carboxylate
(Figure 4). Its 'H- and "C-NMR spectral data of which were in good agreement
with those of furanoid toxin (Table 4) from Curvularia lunata which previously
reported by Liu et al [11].

Compound 2: The IR spectrum displayed characteristic absorption bands of
NH and OH stretches at n 3478, 3440, 3336 and 3297 cm™, CH stretch in CH,
and CH, at n 2927 cm™', CH stretch in methyl ether at n 2853 cm™, C=0 stretch
in OCONH, at n 1729 cm™, C=0 stretch in a,b-unsaturated amide at n 1701
cm™' and C = O stretches in quinone at n 1675 and 1652 cm™'. The MS gave a
[M+Na]* ion at m/z 583.2571 which corresponded to the molecular formula
C,,H,N,O, for the compound indicating eleven double bond equivalents in the
molecule. The structure was fully elucidated by '"H NMR, "*C NMR spectrosopy,
DEPT-135, and 2D NMR spectral studies. The 'H-NMR spectral data
(DMSO-db) of compound 2 showed four methyl groups at &, 0.75 (3H] = 6.8
Hz), 0.97 (3H, brs), 1.6.2 (3H, s) and 1.93 (3H, s) three methoxy protons at
3.23 (3H, s), 3.24 (3H, s) and 3.96 (3H, s), five olefin protons at d;,5.50 (1H, d, /
= 8.5 Hz), 5.81 (1H, br), 6.58 (1H, t), 6.95 (1H, d) and 7.04 (1H, s), four oxyge-
nated methines at J, 3.09 (2H, br), 4.36 (1H, d, /= 7.6 Hz) and 4.88 (1H, br),
amine hydrogen at dH 9.18 (1H, br), two methanefriyl group at J; 1.93 (1H, s)

Figure 3. Bioautography technique for antibacterial activity of crude extract of the strain
W14 against Bacillus subtilis ATCC 6633 (a), B. cereus ATCC 7064 (b), and S. aureus
ATCC 25932 (c), on nutrient agar after 24 h of incubation at 37°C.

o
6
O,
2

Figure 4. Chemical structures of methyl 5-(hydroxymethyl)furan-2-carboxylate (1).
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and 2.56 (1H) and methanediyl groups at J, 1.45 (2H, br), 2.18 (1H, dd, /=
4.8 and 12.5 Hz) and 2.43 (1H, dd, /= 9.9 and 12.5 Hz) ppm. The *C-NMR
spectrum exhibited 39 signals which were classified by the DEPT-135 and
HMQC spectra as four methyl carbons at J. 12.8 (2-Me), 13.0 (8-Me), 13.4
(8-Me) and 23.9 (14-Me), three methoxy carbons at J. 56.5 (12-OMe), 57.1
(6-OMe), and 61.6 (17-OMe), five olefin carbons at J.111.3 (C-19), 126.3 (C-4),
128.7 (C-3), 132.4 (C-9) and 138.7 (C-5), five quarternary olefin carbons at J.
128.7 (C-16), 129.1 (C-8), 133.2 (C-2), 140.1 (C-20) and 156.9 (C-17), two me-
thanetriyl carbons at J,27.1 (C-14) and 32.6 (C-10), two methanediyl carbons at
J¢ 31.3 (C-13) and 32.2 (C-15), four oxygenated methines at J. 72.4 (C-11),
80.7 (C-12), 81.1 (C-7) and 82.3 (C-6), four carbonyl carbons at J. 156.6
(7-OCONH,), 169.7 (C-1), 183.6 (C-21) and 184.3 (C-18). The 'H-'H COSY
spectrum revealed the connectivity, in DMSO-d6 from H-3 through H-4; H-4
through H-3 and H-5; H-5 through H-4 and H-6; H-6 through H-5 and H-7;
H-7 through H-6; H-9 through H-10; H-12 through H-9 and 10-Me; 10-Me
through H-10; H-12 through H-13; H-13 through H-12 and H-14; H-14
through H-13, 14-Me and H-15; 14-Me through H-14 and H-15 through H-14.
The HMBC spectrum showed the following long-range correlations; 2-Me (Jy
1.93) to C-1 (6, 169.7), C-2 (&, 133.2) to C-3 (S, 128.7) and C-4 (S, 126.3); H-4
(6, 6.58) to C-2 (I 133.2) and C-6 (&, 82.3); H-6 (I}, 4.36) to C-4 (S 126.3),
6-OMe (J, 57.1); 6-OMe (J, 3.24) to C-6 (O, 82.3); H-7 (0, 4.88) to C-5 (I,
138.7), 7-OCONH, (8- 156.6), C-9 (I 132.4) and 8-Me (. 13.0); 8-Me (3, 1.62)
to C-7 (6.81.1) and C-9 (I, 132.4); H-9 (Jy 5.50) to C-7 (d-81.1),and 8-Me (I,
13.0); 10-Me (J,0.75) to C-9 (J5.132.4), C-10 (I, 32.6), and C-11 (I, 72.4); H-11
(8, 3.09) to 10-Me (&, 13.4); H-12 (J, 3.09) to 12-OMe (&, 56.5); 12-OMe (8,
3.23) to C-12 (J, 80.7); H-13 (J;, 1.45) to 14-Me (I 23.9); H-14 (5, 1.93) to
C-12 (6, 80.7) and C-16 (3, 128.7); 14-Me (3, 0.97) to C-14 (J,27.1) and C-15
(6-32.2); H-15 (5, 2.18, 2,43) to C-13 (I, 31.3), C-14 (6,27.1), C-16 (S5 128.7),
C-17 (8, 156.9) and C-21 (&, 183.6); 17-OMe (3}, 3.96) to C-17 (I, 156.9) and
NH (6,9.18) to C-1 (J,169.7), C-19 (5-111.3) and C-21 (I 183.6). The spectral
data revealed the compound 2 to be geldanamycin (Figure 5). Its 'H- and

CH; CH;

Figure 5. Chemical structures of and geldanamycin (2).
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PC-NMR spectral data of which were in good agreement with those of gelda-
namycin (Table 5) previously reported by Omura et al. [12] and Qin and Panek
[13].

3.3. Assessment of Cytotoxicity Activity of Crude Extract and
Purified Compounds

Crude extract and purified compounds from Streptomyces zerumbet strain W14
were tested for their cytotoxic activities by MTT-assay on 1929, RAW264.7,
HeLa cells and PBMC. The IC,, values erew exhibited in Table 6. In vitro
cytotoxicity assays revealed that crude extract exhibited cytotoxicity against
RAW264.7 cells and moderated cytotoxicity against L929 and PBMC. The activ-
ity of compounds 1 and 2 against RAW264.7 cells exhibited less toxicity with
IC;, > 512 pg/ml. However, compound 1 showed cytotoxic activity on HeLa cells
and moderate activity to L1929 cells, while compound 2 exhibited a cytotoxic ac-
tivity on PBMC.

3.4. Antibacterial Activity of Purified Compounds

Purified compounds from Streptomyces zerumbet strain W14 were tested for
their antibacterial activity by MIC and MBC mehthods. Results in Table 7
showed that compound 1 was the most active against tested bacterial strains. It
showed the highest activity against S. aureus with MIC and MBC values of 1 pg/ml
and 16 pg/ml, respectively, followed active against MRSA (clinical isolate) with
MIC and MBC values of 1 ug/ml and 64 pg/ml, respectively. Interestingly, com-
pound 1 was also active against Bacillus Calmette-Guérin (BCG), vaccine strain,
with MIC and MBC values of 128 pg/ml and 128 ug/ml, respectively, while
compound 2 showed low activity against tested bacterial strains with MIC and
MBC values greater than 512 pg/ml. Gentamicin 10.00 pg/ml and rifampicin (for
BCG) 8.00 pg/ml were used as positive control.

Table 4. Comparison of the spectral data of the compound 1 and CF.

No. Jdccompoundl  J,CF  Jycompound 1 e HMBC (H> C) COSY

1 159.4, C 160.3, C
2 144.3,C 142.8,C
3 119.1, CH 119.0,CH  7.12(d,33)  7.21(d,3.4) 2,4,5 4
4 109.7, CH 109.0,CH  6.42(d,33)  6.44(d,3.4) 2,3,5 3
5 158.6, C 1582, C
6 57.7, CH, 56.1, CH, 4.66 (s) 4.45 (d, 5.8) 4,5

1-OMe  52.2,CH, 51.9, CH, 3.88 (s) 3.77 (s) 1

6-OH - - - 5.80 (t, 5.8)

*CF, Curvularia lunata furanoid toxin (data from Liu et al, [11]). '"H and “"C-NMR assignments for com-
pound 1 ['H (300 MHz), *C-NMR (75 MHz), CDCl,, / = Hz]; Curvularia lunata furanoid toxin ['H (400
MHz), *C-NMR (400 MHz), DMSO-d6, /= Hz].
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Table 5. Comparison of the spectral data of the compound 2 and GDA®.

No. dccompound 2 dc GDA  Jy compound 2 0y GDA HMBC (H > C) COSY NOESY
1 169.7 C 169.1 - - - - -
2 133.2C 133.2 - - - - -
2-Me 12.8 CH; 12.2 1.93s 191s 1,2,3,4 - -
3 128.7 CH 128.4 6.95d 6.95d - 4 NH, 4,6,7
4 126.3 CH 125.7 6.58 t 6.56 t 2,6 3,5 3,5
5 138.7 CH 137.8 5.81 br 580t - 4,6 4,6
6 82.3 CH 81.6 4.36 d (7.6) 4.34d 4, 6-OMe 57 3,5,7
6-OMe 57.1 CH; 56.0 324s 3.22s 6 - -
7 81.1 CH 80.6 4.88 br 4.86 br 5,7-OCONH,, 9, 8-Me 6 3,6,9
7-OCONH, 156.6 C 156.0 - 6.45 br - - -
8 129.1C 132.6 - - - - -
8-Me 13.0 CH; 12,5 1.62s 1.61s 7,9 - 10
9 132.4 CH 131.9 5.50d (8.5) 5.51d 7, 8-Me 10 7
10 32.6 CH 32.1 2.56 3.6l m - 9, 10-Me 8-Me, 10-Me, 11, 12
10-Me 13.4 CH,; 233 0.75 d (6.8) 0.97d 9,10, 11 10 10, 11,12
11 72.4 CH 71.9 3.09 br 3.29s 10-Me - 10, 10-Me, 13, 14
11-OH - - - - - - -
12 80.7 CH 80.2 3.09 br 3.07m 12-OMe 13 10, 10-Me, 13, 14
12-OMe 56.5 CH;, 56.6 3.23s 3.23s 12 - -
13 31.3 CH, 31.0 1.45 br 1.45m 14-Me 12,14 11,12, 14
14 27.1 CH 26.6 1.93s 1.91 br 12,16 13, 14-Me, 15a, 15b 13
14-Me 23.9 CH; 13.0 0.97 br 0.76 d 14,15 14 -
15a 31.7 2.43 dd (12.5,9.9) 2.42 m 13,14, 16,17, 21 14, 15b -
322 CH,
15b 31.7 2.18 dd (12.5, 4.8) 13,14, 16,17, 21 14, 15a -
16 128.7C 128.1 - - - - -
17 156.9 C 156.4 - - - - -
17-OMe 61.6 CH; 61.0 3.96s 393s 17 - -
18 184.3C 183.6 - - - - -
19 111.3 CH 110.9 7.04s 7.02s - - -
20 140.1 C 139.6 - - - - -
21 183.6 C 183.1 - - - - -
NH - - 9.18 NH, br 9.14 NH, br 1,19,21 - 3

*GDA, geldanamycin (data from Omura er a/[12]). 'H and *C-NMR assignments for compound 2 ['H (400 MHz), "C-NMR (100 MHz), DMSO-db, J =
Hz]; Geldanamycin ['H, "C-NMR, DMSO-db, /= Hz].

DOI: 10.4236/aim.2019.93015

207

Advances in Microbiology


https://doi.org/10.4236/aim.2019.93015

T. Taechowisan et al.

Table 6. IC,, of the crude extract and purified compounds against diiference cell lines af-
ter 24 using the MTT assay.

ICsp* (ug/ml)
Test agents
L929° PBMC RAW 264.7 Hela
Crude extract 108.85 165.31 4.67 -¢
Compound 1 239.06 1097.07 >512.00 64.00
Compound 2 1372.23 52.23 >512.00 >512.00

*IC;, values represent the concentration causing 50% growth inhibition. They were determined by linear
regression analysis. 1,929, murine fibroblast cell line; PBMC, human peripheral blood mononuclear cells;
RAW 264.7, murine macrophage cell line; HeLa, human cervical carcinoma cell line. -, Not determine.

Table 7. Antibacterial activity of compound 1.

Concentration (pg/ml)

Bacteria
MIC MBC
Staphylococcus aureus ATCC 25923 1.00 16.00
MRSA 1.00 64.00
Bacillus Calmette-Guérin (BCG) 128.00 128.00

3.5. Effects of Purified Compounds on NO and PGE; Production in
LPS-Induced RAW 264.7 Cells

LSP caused a significant increase in NO and PGE, production when compared
with the blank control, only compound 2 caused a significant reduction in NO
and PGE, production when compared with LPS-induced control group (p <
0.05). In detail, the production of NO in LPS-induced RAW 264.7 incubated
with compound 2 at concentrations of 1, 2.5 and 5 pg/ml for 24 h were 48.72 +
7.43, 36.51 + 5.84 and 20.28 £ 4.66 uM, respectively, and the production of PGE,
were 40.74 + 6.05, 26.62 * 6.83 and 20.77 + 4.48 ng/ml, respectively, while the pro-
duction of NO and PGE, in the group treated with LPS only was 52.64 + 6.11 uM
and 51.75 £ 6.56 ng/ml, respectively. Therefore, the inhibitory levels of com-
pound 2 on NO and PGE, production also showed a dose-dependent pattern
(Figure 6 (NO) and Figure 7 (PGE,)), while compound 1 did not cause a sig-
nificant reduction in NO and PGE, production on LPS-induced RAW 264.7 cells
at the concentration of 1 to 5 pug/ml (data not shown). Since compound 2 has
inhibitory effect on NO and PGE, production in LPS-induced RAW 264.7. It was
considered on the test of inhibitory effects on iNOS and COX-2 production,
proinflammatory cytokine production and also up-regulation of gene expression
in LPS-induced RAW 264.7.

3.6. Effects of Compound 2 on iNOS and COX-2 Production in
LPS-Induced RAW 264.7 Cells

The effects of compound 2 on iNOS and COX-2 production in LPS-induced
RAW 264.7 cells were also carried out by Western blot analysis. Results of rela-
tive density ratio from Western blot analysis further indicated that iNOS and
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Figure 6. Evaluation of nitrite production by RAW 264.7 cells stimulated for 24 h with
LPS alone or in combination with increasing concentrations (1 - 5 pg/ml) of compound 2.
The values are the means of at least three determinations + SEM. Probability level (Stu-
dent’s ttest): *p < 0.05 vs. LPS-treated group.
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Figure 7. Effect of compound 2 on PGE, production in LPS-induced RAW 264.7 macro-
phage for 24 h. The values are the means of at least three determinations + SEM. Proba-
bility level (Student’s #test).

COX-2 production in LPS-induced RAW 264.7 cells were significantly reduced
when treated with purified compounds in different concentration (Figure 8). In
detail, the relative density ratio of iNOS production in LPS-induced RAW 264.7
incubated with compound 2 at concentrations of 1, 2.5 and 5 pg/ml for 24 h
were 84.67, 60.83 and 41.82, respectively, and the relative density ratio of COX-2
production in LPS-induced RAW 264.7 were 81.89, 56.86 and 34.79, respec-
tively. Therefore, the inhibitory levels of compound 2 on iNOS and COX-2 pro-
duction in LPS-induced RAW 264.7 cells also showed a dose-dependent pattern.

3.7. Effects of Compound 2 on Pro-Inflammatory Cytokine
Production in LPS-Induced RAW 264.7 Cells

In this study, data showed that compound 2 decreased production of pro-inflammatory
cytokines such as TNF-q, IL-18 and IL-6 in LPS-induced RAW 264.7 cells (p <
0.05) (Figures 9-11). Treatment with LPS alone in RAW 264.7 cells resulted in a

significant increase of pro-inflammatory cytokine productions compared with
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the blank control group. The detailed results of this assay are as follows: TNF-a
productions in LPS-induced RAW 264.7 cells incubated with compound 2 at
concentrations of 1, 2.5 and 5 pg/ml for 24 h were 36.56 * 5.51, 22.79 + 4.80 and

120 - LPS (1 ug/ml)
(a)
100 -
g 801
©
> 60 -
2
S 40 -
m - l
o Il , , ,
blank Ctrl 1 25 5
Compound 2 (ug/ml)
(b) 120 - LPS (1 uglml)
100
80
8
©
5 60 -
‘@
§ 40 -
20 -
0 '—. T T T T
blank Ctrl 1 25 5

Compound 2 (ug/ml)

Figure 8. Effect of compound 2 on iNOS protein production (a) and COX-2 protein ex-
pression (b) by LPS-induced RAW 264.7 macrophage for 24 h. Probability level (Stu-
dent’s ttest): *p < 0.05 vs. LPS-treated group.

LPS (1 ug/ml)
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Figure 9. Effect of compound 2 on LPS-induced TNF-a production by RAW 264.7 cells.
The values are the means of at least three determinations + SEM. Probability level (Stu-
dent’s t-test): *p < 0.05 vs. LPS-treated group.
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Figure 10. Effect of compound 2 on LPS-induced IL-1/ production by RAW 264.7 cells.
The values are the means of at least three determinations + SEM. Probability level (Stu-
dent’s t-test): *p < 0.05 vs. LPS-treated group.
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Figure 11. Effect of compound 2 on LPS-induced IL-6 production by RAW 264.7 cells.
The values are the means of at least three determinations + SEM. Probability level (Stu-
dent’s ttest): *p < 0.05 vs. LPS-treated group.

14.73 + 4.52 ng/ml, respectively, IL-1/ productions in LPS-induced RAW 264.7
cells incubated with compound 2 at different concentrations were 29.57 + 6.28,
15.64 £ 7.26 and 9.62 + 4.58 ng/ml, respectively, and IL-6 productions in
LPS-induced RAW 264.7 cells incubated with compound 2 at different concen-
trations were 25.37 £ 4.62, 17.45 + 3.67 and 9.46 £ 3.34 ng/ml, respectively.
Therefore, treatment with compound 2 (1 - 5 pg/ml) clearly inhibited the pro-
duction of TNF-q, IL-1f and IL-6 in a dose-dependent manner in LPS-induced
RAW 264.7 cells.

3.8. Effects of Compound 2 on Up-Regulation of iNOS and Proin-
flammatory Cytokine Transcriptions in LPS-Induced RAW 264.7
Cells

Since compound 2 inhibited the production of NO and proinflammatory cyto-
kines, the correlation between the concentration of compound 2 and the mRNA

expression of iNOS and proinflammatory cytokines was investigated. RAW
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264.7 cells were pretreated with different concentrations (1 - 10 pg/ml) of com-
pound 2 for 2 h and then incubated with or without 1 ug/ml of LPS for 6 h, total
mRNA was isolated, and the mRNA levels of iNOS and proinflammatory cyto-
kines were examined by RT-PCR. Treatment with LPS also significantly in-
creased the mRNA expression levels of iNOS and proinflammatory cytokines
(Figure 12). However, this induction of iNOS and proinflammatory cytokines
mRNA expression was significantly inhibited by 5 pg/ml of compound 2. In ad-
dition, pretreatment with 10 pg/ml of compound 2 significantly inhibited this
upregulation of iNOS and proinflammatory cytokines mRNA expression, par-
ticularly of IL-15and IL-6 mRNA expression.

4. Discussion

Strain W14 was isolated from the rhizome tissue of Zingiber zerumbet (L.)
Smith, a medicinal plant containing several compounds, for example, polyphe-
nols, alkaloids and terpenes [14]. This microbe produced secondary metabolites
after inoculation onto ISP-2 medium for 14 days. Based on morphological ob-
servation as well as on the presence of LL-type diaminopimelic acid in the
whole-cell extracts and 16S rDNA sequence, the strain W14 was identified as
belonging to the genus Streptomyces. Although, the level of 16S rDNA sequence
similarity between this isolate and the type strain (S. malaysiensis) of its closest
relatives in the genus Streptomyces was 99.65%, but the physiological characte-
rization clearly differentiated this isolate from its closest neighbours, implying
that this isolate was distinctive. It is therefore concluded that this isolate
represents a novel species of the genus Streptomyces, for which the name Strep-
tomyces zerumbet is proposed.

Two major compounds were isolated from the Streptomyces zerumbet W14 crude
extract, and were identified to be methyl 5-(hydroxymethyl)furan-2-carboxylate (1)
and geldanamycin (2). To the best of our knowledge, compound 1 is furanoid
toxin, which had been isolated from Curvularia lunata, the pathogen that causes
Curvularia leaf spot on maize [11]. This compound has been synthesized and

shown antibacterial activity with MIC value of 100 pg/ml against Streptococcus

Compound2 - - 1 25 5 10 10 (ng/ml)
LPS - + + + o+ + - (1 pg/ml)
iNOS 496 bp

TNF-a 364 bp

IL-1B 447 bp

IL-6 308 bp

B-Actin 603 bp

Figure 12. Effect of compound 2 on LPS-induced mRNA expression of inducible nitric
oxide synthase (iNOS) and proinflammatory cytokines in RAW 264.7 cells.
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pyogenes, Proteus vulgari, and E. coli [15]. In this study, compound 1 exhibited
better antibacterial activity especially towards S. aureus ATCC 25923 with MIC
and MBC values of 1.00 pg/ml and 16.00 pg/ml, respectively. It also exhibited
significant cytotoxicity against HeLa cells with ICy, value of 64 pg/ml. The re-
sults were in agreement with furan-2-carboxylic acid, 5-3-(hydroxymethyl)-4,5-
dimethoxyphenyl]-3-methylfuran-2-carboxylic acid isolated from the bark of
Cassia alata, which displayed cytotoxicity against NB4 (acute promyelocytic leu-
kemia cell line), A549 (adenocarcinomic alveolar basal epithelial cell line),
SHSY5Y (neuroblastoma cell line), PC3 (prostate cancer cell line) and MCF7
(breast adenocarcinoma cell line) cell lines with IC,, values of 2.5, 1.2, 2.2, 3.6
and 1.9 umol/l, respectively [16]. Compound 2 (geldanamycin) had been dis-
covered in the culture filtrates of Streptomyces hygroscopicus var. geldanus var.
nova. It was moderately active in vitro against protozoa, bacteria and fungi [17].
In this study, it exhibited low antibacterial activity with MIC and MBC values
greater than 512 pg/ml. It also exhibited significant cytotoxicity against PBMC,
but no cytotoxicity against L929, RAW 264.7 and HeLa cells which differed from
those reports of geldanamycin was extremely active against KB cells; an ubi-
quitous keratin-forming HeLa cell line (<0.001 pg/ml), L1210 cells; a mouse
lymphocytic leukemia cell line (<0.002 pg/ml) [17], SKBr3; a human breast can-
cer cell line (IC,, value of 37 nM) [18] and A431; human epidermoid carcinoma
cell line and BC; breast cancer cell line with IC;, value of 0.15 and 0.01 pg/ml,
respectively [19].

During our investigations of the anti-inflammatory compounds, biphenyls
were isolated from Streptomyces sp. BO-07 which had anti-inflammatory activi-
ties [20]. Geldanamycin has been reported as a potent anti-inflammatory com-
pound that target heat-shock protein 90 and glucose-related protein 96 [21] [22],
which act as intracellular chaperones that maintain the structural integrity of
cytoplasmic and endoplasmic reticulum-associated proteins, respectively. It
binds to, and inactivates the function of, an Hsp90-Hsp70 multichaperone ma-
chine [23]. This multisubunit complex maintains the conformation and activity
of regulatory kinases (e.g. c-src, cyclin-dependent protein kinase 4 [CDK4],
Raf-1, and p38) [24] [25] [26], and nitric oxide synthase (NOS) [27] in eukaryo-
tic cells. Because several Hsp90 substrates promote cellular activation and cell
growth by maintanining the structural integrity of kinases such as c-Src, Raf-1,
CDK4, extracellular signal-regulated kinase 1, JNK, p38 MAPK, lympho-
cyte-specific protein tyrosine kinase, protein kinase R [28] [29] [30] [31], and
transcription factors (e.g. NF-«B), steroid hormone receptors [32] [33] [34],
these proteins have potent antiproliferative effects both in vitro and in vivo [35].
Other Hsp90 substrates (e.g. NOS) promote inflammation. Because of this, gel-
danamycin has potent anti-inflammatory effects [36] [37] by binding to the
amino-terminal ATPase domain of Hsp90 and inactivates its function [21] [38].
Inhibition of the function of Hsp90 substrates with the use of geldanamycin has
antiproliferative and anti-inflammatory effects [22] [39] [40] [41] [42]. Thus, the

anti-inflammatory effects of geldanamycin are produced, in part, by inhibiting
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the production of pro-inflammatory cytokines such as TNF-a, IL-1 and IL-6,
and pro-inflammatory mediator such as NO and PGE,, and also iNOS and
COX-2 in LPS-induced RAW 264.7 cells were investigated.

Our results indicate that compound 2 inhibits the TNF-a, IL-14 and IL-6
mRNA transcription. The results were in agreement with geladanamycin inhi-
bits the production of TNF-a in taxol, LPS, or CpG DNA-activated RAW 264.7
cells [43] [44], indicating that compound 2 has more general anti-inflammatory
properties. This is consistent with a previous report showing that inhibition of
Hsp90 by radicicol (which its structure related to geldanamycin) repressed the
mRNA transcription TNF-q, IL-18 and IL-6 genes in LPS-stimulated THP-1
cells, a human macrophage-like cell line [45] and geldanamycin inhibited the
translation of TNF-a and IL-6 transcription in LPS-activated RAW 264.7 cells,
but did not appear to inhibit the translation of IL-1/ [46], which was difference
from this study. This is important because previous work by Wax et al [46]
showed that a low dose of geldanamycin (300 nM). In contrast, the higher does
of geldanamycin (5 pg/ml) used in this study inhibit the transciption and trans-
lation of the pro-inflammatory cytokines. Furthermore, compound 2 also sup-
pressed the expression of COX-2 and iNOS induced by LPS, implying that this
compound activation negatively regulates the expression of these pro-inflammatory
mediators. Our results indicate that Hsp90 is critical to the transcriptional con-
trol of these pro-inflammatory cytokines and mediators in LPS-activated ma-
crophages. It is thus possible that the function of Hsp90 is also critical to in-
flammatory cytokine and mediator production in autoimmune inflammatory
diseases and that inhibition of Hsp90 could be a useful target for future drug de-
velopment.

In addition, previous work by Igarashi et a/ [47] showed that zerumbone
(which its structure related to radicicol and geldanamycin) in Zingiber zerumbet
Smith, increased cellular protein aggregates and promoted nuclear translocation of
heat shock factor 1 (HSF1), which down-regulation attenuated the suppressive ef-
fects of zerumbone on mRNA and protein expressions of pro-inflammatory genes,
including inducible nitric oxide synthase and IL-1p. In this study, geldanamycin
isolated from Streptomyces zerumbet; an endophyte of Zingiber zerumbet, has
structure related to zerumbone from Zingiber zerumbet. Since, some endophyte
promoted the accumulation of secondary metabolites of host plants, which in-
fluenced the quantity and quality of compounds, or could produce diverse
classes of phytochemicals, secondary metabolites originally from plants, includ-
ing the structural analog compounds [48] [49] [50] [51] [52]. It was suggested
that compound relationship between endophyte and host plants should be fur-
ther studied in the future. This knowledge can be applied for the production of
better and new drugs from endophytes and their medicinal plants.

The results obtained here demonstrate that Streptomyces zerumbet, a novel
species isolated from Zingiber zerumbet (L.) Smith could produce methyl
5-(hydroxymethyl)furan-2-carboxylate (1) and geldanamycin (2). The compound
1 had antibacterial activity against Staphylococus aureus ATCC 25923 and
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Methicillin-resistant S. aureus with the MIC and MBC values of 1 pug/ml and 16 -
64 pg/ml, respectively, while the compound 2 at the concentration of 1 - 5 pg/ml
had in vitro anti-inflammatory activity on LPS-induced RAW 264.7 cells by
inhibition of mRNA expression and production of inducible NO synthase
(iNOS), nitric tumor necrosis factor-alpha (TNF-a), interleukin-14 (IL-1p), and
interleukin-6 (IL-6). These results indicate that the compounds 1 and 2 exhi-
bited promising antibacterial and anti-inflammatory activities, respectively. In
conclusion we suggest that the future studies on these compounds could be use-
ful for the management of bacterial infections and inflammatory diseases. And
the compound relationship between endophyte and host plants should be also

further studied in the future.
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