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Aerugine, an Antibiotic from Streptomyces fradiae Strain SU-1

Busaya Apichaisataienchote,?* Vichai Korpraditskul?,
Serge Fotso® and Hartmut L aatsch®

ABSTRACT

The antibiotic aerugine (4-hydroxymethyl-2-(2-hyxlyphenyl)-2-thiazoline) was isolated from
the culture filtrate o8treptomyces fradiae strain SU-1 and purified by Sephadex LH-20 and silica gel
column chromatography. The structure was determined by detailed interpretdtihAa3af NMR and
mass spectra. The minimum inhibitory concentrations (MIC) of aerugine werealfilSletermined
against botliColletotrichum gloeosporioi desandPhytophthora parasitica. It completely inhibited conidial
germination ofC. gloeosporioides and inhibited encysted zoospore germinatioR. pérasitica.
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INTRODUCTION (Hewitt, 1998; Steven, 2002). Streptomycetes are
among the richest sources for antibiotics. Several
Fungal pathogens are important diseasé&treptomyces antibiotics are used in human and
causal agents found in a variety of plants. Theseterinary medicine, agriculture, and fishery
control of fungal diseases in modern agricultureindustry. Many antibiotic substances were reported
is mainly achieved by an intensive use of chemicalo be isolated fron&reptomyces fradiae such as
fungicides. However, concern about thefradicin (Hickey and Hidy, 1951), fradicin-mycelin
environmental influences such as toxic soil andyroup substances (Igarashal., 1955), neomycin
water contaminations, pesticide residues in plantéWaksmanet al., 1957), mycelin, mukherjee,
and the high costs of chemicals is increasing. Ifrenolicin (Waksman and Lechevalier, 1962),
encourages farmers and researchers to look fgghosphonomycin (Stapleyal., 1969), dekamycin
bio-control agents and resistant cultivars. NumbergTruonget al., 1977), tylosin (Baltzt al., 1981),
of fungi and bacteria have been successfullyurdamycins (Drautet al., 1986), actinomycin Z
developed as bio-control products such agBossiet al., 1958), and actinomycin Z complex
Streptomycesgriseoviridisstrain K61 (Mycostop), (Lackneret al., 2000). The aim of this study was
and Streptomyces lydicus (Actino-Iron and to purify and characterize an antifungal agent from
Actinovate Plus/M) to controRhizoctonia,  Streptomycesfradiae SU-1, a selected strain from
Pythium, Botrytis, Fusariumand root rot diseases Thailand. The characterization was focused on the
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effects of a purified substance on fungal growthBiological assay

MIC values and conidial germination of Minimum inhibitory concentrations
Colletotrichum gloeosporioides as well as (MIC) of aerugine were determined in sterile, flat
encysted zoospore germinationRifytophthora  -bottomed 96-well microtitre plates (Nuclé®n

parasitica. Denmark). Spore and zoospore suspensions~ 10
spores/ml) oC. gloeosporioidesandP. parasitica
MATERIALSAND METHODS were used. 1@l of the spore suspensions were

added to each well containing 1 ml of malt extract
Production, extraction and purification of  broth supplemented with @l of aerugine at the
antibiotics concentrations of 12.5, 25, 50, 75 and fg0ml.

S. fradiae strain SU-1 (Apichai- The lowest concentrations of aerugine that
sataienchote, 2005) was cultured in a 10 litreescalcompletely inhibited hyphae formation were
of YMG liquid medium on a rotary shaker with considered as MICs (Handelsmenal., 1991).

95 rpm at 28°C for four days. The antifungal Conidia and zoospore germination were also
activity agains€C. gloeosporioideswas extractable recorded 12 and 24 h after inoculation using
with ethyl acetate (EtOAc) and found to be presenstereomicroscopy and light microscopy.
both in the culture broth and in the mycelia. ACommercial antifungal and antioomycetal
sequence of chromatographic steps starting wittompounds such as chlorothalonil and metalaxyl
Sephadex LH-20 (Pharmacia) and followed bywere used as references at the concentrations of
silica gel column chromatography yielded 0.44 mg12.5 to 15Qug/ml(Kim et al., 2000).

of aerugine. A fraction of the crude extract was

used for primary bioassays against plant RESULTSAND DISCUSSION

pathogenic fungi, namelyolletotrichum

gloeosporioides, Fusarium moniliforme, Ethyl acetate extract showed antifungal

Phytophthora parasitica, andPythium sp. by the  activity agains€. gloeosporioides, F. moniliforme,

paper disk-agar diffusion method. P. parasitica, and Pythium sp. by using the agar
diffusion method. The extract inhibited radial

Instrumental analysis growth of C. gloeosporioides and P. parasitica.

1H and!3C NMR spectra were measured Active fractions from Sephadex LH-20 and silica
on a Varian Unity 300 Spectrometer (300.145gel afforded a yellow oil that showed strong UV
MHz). ESI mass spectra were recorded on absorption at 254 nm and a blue fluorescence under
Quattro Triple Quadrupol Mass Spectrometer,UV light at 366 nm on TLC. It exhibited no colour
Finnigan TSQ 7000 with nano-ESI API ion source.reaction with anisaldehyde/sulphuric acid reagent
EIMS was performed on a Finnigan MAT95 (70 (1 ml anisaldehyde was added to a solution of 85
eV) and perfluorokerosene was used as refereneal methanol, 14 ml acetic acid and 1 ml sulphuric
substance in EI HRMS. Flash chromatography wascid.). However, it gave a weakly brown spot with
carried out on silica gel 60: 0.05-0.2 mm, 70-270aqueous PdG|indicating a sulphur content. The
mesh (Macherey-Nagel & Co., Dirren). Thin layerproton NMR spectrum (Figure 1) displayed four
chromatography (TLC) was performed onaromatic protons as twaseudotriplets atd 7.34
Polygram SIL G/UVs4(Macherey-Nagel & Co.). (4-H) and 6.90 (5-H), one doublet of doublet at
Rr values were measured on Polygram SIL G/ 7.41 (6-H) and a broad doubletdaf.00 (3-H),
UV.s54 (Macherey-Nagel & Co.). Size exclusion indicating arortho-disubstituted benzene ring. The
chromatography was done on Sephadex LH-2@liphatic region exhibited a methine proton as a
(Pharmacia). multiplet atd 4.88 (4-H), and two methylene
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groups in the range df 3.30-4.00. The carbon in AntiBase (Laatsch, 2003) with all these

NMR spectrum indicated the presence of 10information (Figure 1 and 2) led to the

signals, assigned as four aromatic methines, twaentification of the purified constituent as

methylene signals, one methine group, and threaerugine (Figure 3).

quaternary carbon signals. The sulphur-containing aerugine (4-
The El and ESI mass spectra (Figure 2hydroxymethyl-2-(2-hydroxyphenyl)-2-

delivered the molecular weight’z 209. A search thiazoline) was previously reported to be obtained
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Figurel 1H NMR spectrum (300 MHz) of aerugine in CRQCChemical shifts aé values from 0
(right) to 8 ppm (left).
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Figure2 EI Mass spectrum (70 eV) of aerugine.
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5 from other microorganisms. This is the first report
of aerugine isolated from the culture of
Sreptomyces fradiae strain SU-1.

— 4 .
\>_/ Bioassay
OH S The minimum inhibitory concentration

of aerugine against. gloeosporioides and P.
parasitica was 12.5ug/ml. A bioassay with the
commercial antifungal and antioomycete agents
from Pseudomonas aeruginosa strain 590 chlorothalonil and metalaxyl as standards
(Zunnundzhanoet al., 1987). Leeet al. (2003) was carried out for comparison. Aerugine
isolated aerugine frofRseudomonas fluorescens  completely inhibited conidia germination of
strain MM-B16 and found activities against C. gloeosporioides, causing chili anthracnose, after
Colletotrichum orbiculare and Phytophthora 12 h of incubation and inhibited of encysted 100%
capsici. Thiazoline compounds have demonstratedzoospore germination d?. parasitica, causing

a wide range of pharmacological activities andbuckeye rot of tomato and root rot of tangerine,
flavour properties (Fernandetzal., 2000). Further  after 24 h of incubation (Table 1).

thiazoline derivatives were isolated from Due to the strong antifungal and
cyanobacteria, bacteria and other streptomyceteantioomycete activity, aerugine isolated from the
eg. curacin D fronbyngbya majuscula (Marquez  culture ofS. fradiae SU-1 would be feasible for
et al., 1998), thiangazole frorRolyangium sp.  agricultural use. Then vivo control of
(Kunze et al., 1993), desferrithiocin from C. gleosporioides on chilli andP. parasitica on
Sreptomycesantibioticus (Mulqueeretal., 1993), tomato and tangerine by aerugine should,
bleomycin from Streptomyces verticillus therefore, be further tested in the greenhouse and
ATCC15003 (Liangchenget al., 2000) inthe field. In addition, a formulation &ffradiae
watasemycins A and B frorBtreptomyces sp.  as a biological control agent would be developed.
TPA0O597 (Sasakkt al., 2002). However, The feasibility of using a microbial biological
production of aerugine from the genuscontrolagent (BCA) inthe greenhouse or the field
Sreptomyces has not been reported. In addition, was determined largely by its formulation, shelf
there is little information on the isolation and life, and delivery technologies. However, the
biological properties of aerugine and its analoguesesearch on the formulation of actinomycetous

Figure3 Chemical structure of aerugine.

Table1 Inhibition effect of aerugine on conidia germination (%¥ofletotrichum gloeosporioides
and encysted zoospore germinatiofPbftophthora parasitica.

Concentration Inhibition of conidial * Inhibition of encysted zoospore
of aerugine germination (%) germination (%o)*
(ppm) 12h 24h 12h 24h
0 35.0 0 55.0 0
12.5 100.0 100.0 81.8 100.0
25.0 100.0 100.0 92.7 100.0
50.0 100.0 100.0 94.5 100.0
100.0 100.0 100.0 94.5 100.0

* inhibition of conidia and encysted zoospore gemation (%) = mean average from 2 fields of micogsc view at magnification
of 400x
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bacteria as commercial biofungicides orUniversity, Kamphaeng Sean, Nakhon Pathom,
bioinsecticides is limited. So far only Thailand for laboratory facilities and
Streptomyces griseoviridis, Mycostop (Kemira photomicrographic instruments. This work was
Agro Oy, Helsinki, Finland), has been supported by the German Academic Exchange
commercially available in Europe and North Service (DAAD, grant no. 331404009) and the
America as a wettable powder for protection ofMinistry of Education, Thailand.

greenhouse ornamental and vegetable crops
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