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Abstract: Some endophytic actinomycetes (120) were isolated from the roots of Alpinia galanga. Identification
of these endophytes was based on their morphology and amino acid composition of the whole-cell extract.
Most 1solates were classified as Streptomyces sp. (82), with the remainder belonging to Nocardia sp. (11),
Microbispora sp. (3) and Micromonospora sp. (2). Eight isolates were unclassified and 14 were lost during
subculture. The strain identified as endophytic Streptomyces sp. Tc052 strongly inhibited test microorganisms.
This endophyte was cultured, the agar was extracted with organic solvent and the extract was purified on a
column of silica gel to give a major compoenent, which was identified to be kaempferol, soscutellarin,
umbelliferone and cichoriin on the basis of spectroscopic data. These compounds together with the extract were
tested for their antimicrobial activity against bacteria and yeast using micro-dilution methods for the
determination of Minimum Inhibitory Concentrations (MIC) and Mimmum Microbicidal Concentration (MMC).
The MIC values obtained with the crude extract varied from 64-128 pg mL ™ against tested microorgamsms. All
the isolated compounds showed various activities.
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INTRODUCTION

Most plants are host to one or more endophytic
microorganisms. By definition, these organisms live
between the living cells of their respective host and cause
no overt tissue damage. Usually, fungi are the most
commonly isolated endophytic microorganisms, but
recently the endophytic actinomycetes were 1solated
from the tissues of healthy plants (Shimizu et al., 2000;
Castillo et al, 2002). Some endophytes produced
antimicrobial agents that may be
symbiotic association with a host plant (Ezra ef al., 2002,
Castillo et al., 2003). We have recently isolated
endophytic  actinomycetes from 36 plant species.
The most prevalent group of isolates
Streptomycetes sp. occurring 1n 6.4% of the tissue
samples of Zingiber officinale. Some of the isolates
showed strong antifungal activity (Taechowisan et al.,
2003). In a separate study 59 endophytic actinomycetes

mmvolved 1n a

were the

were 1solated from the roots of Z. gfficirale and
Alpinia  galanga  and  tested  against  some
phytopathogenic  fungi. The strain identified as

Streptomyces aureofaciens CMUAc130 showed the most
effective antifungal activity (Taechowisan and Lumyong,
2003). The major active ingredients from the culture
filrate  were 1dentified as  5,7-dimethoxy-4-p-
methoxyphenylcoumarin and 5,7-dimethoxy-4-
phenylcoumanin (Taechowisan et al., 2005). We report
here the active constituent isolation from the roots of
Alpinia galanga Swartz (Zingiberaceae) of another
Streptomyces sp. Tc052. Extraction of the culture medium
of Streptomyces sp. Tc052 afforded kaempferol,
1soscutellarin, umbelliferone and cichorin  which
displayed very strong antifungal and antibacterial
activities.

MATERIALS AND METHODS

Isolation of endophytic actinomycetes: Five hundred
samples of the root tissues of Alpinia galanga were
collected from the environs of Nakorn Pathom, Thailand,
during the period April 2005-March 2006. Most of them
were healthy roots. The samples were washed in running
tap water and cut into small pieces of ca. 4x4 mm®. Tissue
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pieces were rinsed in 0.1% Tween 20 for 30 sec, then in
1% sodium hypochlorite for 5 min and then washed in
sterile distilled water for 3 min. Next the tissue pieces were
surface sterilized m 70% ethanol for 5 min and air-dried in
a laminar flow chamber. Finally the pieces were transferred
to dishes of humic acid-vitamin (HV') agar (Otoguro et af.,
2001) containing 100 pg mL.~" nystatin and cycloeximide
and mmcubated at 30°C for 1 month. The colomes were
inoculated onto International Streptomyces Project-2
(ISP-2) medium (Shirling and Gottlieb, 1966) for
purification and stock cultures.

Antifungal activity of the actinomycetes isolates against
fungi, yeast and bacteria: The fungal pathogen
Colletotrichum  musae, the causative agents of
anthracnose of banana (the representative of hyphal fung:
of plant pathogen), was used for screening antifungal
activity. This fungal pathogen was obtained from
Dr. Wipornpan Photita, Department of Plant Pathology,
Faculty of Agriculture, Chiang Mai Umversity, Chiang
Mai, Thailand. Tt was grown on Potato Dextrose Agar
(PDA). Mycelial disks of 8 mm diameter were cut from the
pathogen colonies and transferred to the TSP-2 plates and
positioned 6 cm away from each pre-grown actinomycete
colony. For antagonistic action to Candida albicans
ATCC90028 (the representative of budding yeast of
human pathogen), the yeast was cultured in TSP-2 broth at
30°C for 24 h; the cells were diluted to 10’ cells mL " in
soft agar and then were overlayed on pre-grown
actinomycete colomes on ISP-2 plates. For antibacterial
activity, we used the solid media bioassay test against
Staphylococcus aureus ATCC25932, Escherichia coli
ATCC10536, Pseudomonas aeruginosa ATCC27853 and
Bacillus subtilis ATCC6633. After incubation of the
selected actinomycete strains for 7 days at 30°C on ISP-2
plates, an agar disk was recuperated and placed on
nmutrient agar plates covered by 3 ml of top agar
containing 10° cells mL™" of bacteria test stains. The
plates were incubated at 30°C for 5-7 days (for C. musae)
and for 24 h (for C. albicans and bacteria). The width of
inhibition zones between the pathogen and the
actinomycete solates was measured.

Identification of endophytic actinomycetes: Isolated
actinomycetes were observed for their morphological and
biochemical  characteristics. For  morphological
characteristics, presence of aerial mycelium, spore mass
colour, distinctive reverse colony colowr, diffusible
pigment, sporophore and sporechain morphology were
recorded after 10 days mcubation on ISP-2 medium.
Diaminopimelic acid isomers and sugars from whole-cell
extract were analysed for chemotaxonomic studies
(Becker et al., 1964; Boone and Pine, 196%).
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Extraction and purification of active compounds: Among
the 120 1solates of endophytic actinomycetes, the 1solate
Tc052 was found to be the best producer of antimicrobial
substances. This isolate was selected for extraction and
purification of the secondary metabolites. Spores of
Streptomyces sp. Tc052 were used to inoculate 250 plates
of TSP-2 and incubated for 14 days at 28°C. The culture
medium was then cut mto small pieces that were extracted
with ethyl acetate (3x300 mL.). This organic solvent was
pooled and then taken to dryness wunder rotary
evaporation to give a dark brown solid (5305 mg). The
solid was separated by column chromatography using
silica gel 60 (Merck, 0.040-0.063 mm) and CHC1; MeOH
(20:1, 20:2, 20:3, 20:4 and 20:5) as the eluent to give active
fractions, A-4 and A-5.

Antimicrobial screening: Quanlitative antimicrobial
screening was carried out using the disk diffusion assay
as described in the protocols of the US National
Comumittee for Climcal Laboratory Standards (1997). A
single colony of C. albicans and bacteria was cultured
overmight in 10 mL Sabouraud broth (SB, for yeast) and
nutrient broth (NB, for bacteria) at 37°C; after 12 h
mcubation, 0.5 mL of the culture suspension was added
to 4.5 mL pre-warmed SB and the solution was incubated
at 37°C to obtain cultures in the exponential phase of
growth. The crude extract and purified compounds to be
tested was dissolved in methanol (1 mg mL™") and 50 pL
was applied to sterile (6 mm diameter) paper disks
(Advantec, Toyo Roshi Kaisha, Ltd., Japan), dried and
then placed on Sabouraud agar plate spreading with
C. albicans or placed on nutrient agar plate spreading
with test bacteria or placed on PDA plate, each plate was
then incubated with an agar block (8 mm diameter)
containing mycelial mats of the fungi in the center of the
plate (the paper discs were 2.2 cm from the fungi).
Incubation condition was 37°C for 24 h for bacteria and
veast and 30°C for 72 h for fungi Results of the
qualitative screening were recorded as the average
diameter of the intubition zone surrounding the paper
disks containing the test substances and were reported.
Each treatment consisted of three replicates. The
experiment was repeated twice.

Minimum Inhibitory Concentrations (MICs): MICs of
crude extract and purified compounds were determined by
NCCLS microbroth dilution methods (National Committee
for Climical Laboratory Standards, 1997). The crude extract
and pwrified compounds were dissolved in DMSO. A
dilution suspension of bacteria and yeast was mnoculated
into each well of a 96-well microplate, each containing a
different concentration of the test agents. We performed
doubling dilutions of the test agents. The range of sample
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dilutions was 256 to 0.50 pg mlL~' in nutrient broth
supplemented with 10% glucose (NBG) (for bacteria) or
Sabouraud glucose broth (for yeast) and a final
concentration of 1x10° ¢fu mL ™" of test bacteria or yeast
was added to each dilution. The plates were incubated at
37°C for 48 h. MIC was defined as
concentration of test agent that inhibited bacterial or
veast growth, as indicated by the absence of turbidity.
Test agent-free broth containing 5% DMSO was
incubated as growth control. Minimum Microbicidal
Concentration (MMC) was determined by inoculating
onto nutrient agar plates (for bacteria) or Sabouraud agar
plates (for yeast) a 10 mL of medium from each of the well
from the MIC test which showed no turbidity. MMCs
were defined as the lowest concentration of test agent

the lowest

where was no microbial growth on the plates.

The fungal pathogen C. musae was tested for its
response to the crude extract and purified compounds
using a Potato Dextrose Agar (PDA) dilution techmique.
The purified compound (5.12 mg) was dissolved in DMSO
(I mL), then serially diluted two-fold to obtain final
concentration ranges of 0.50-256 pg mL™" in PDA. The
medium (5 mL) was added to a 5 cm diameter Petri dish.
An 8 mm diameter plug of the fungi, removed from the
margin of a 4-day-old colony on PDA, was placed 1.5 cm
from the edge of the plate. Linear growth of the fungi at
30°C was recorded 2 days after treatment. Each treatment
consisted of three replicates. The experiment was repeated
twice.

RESULTS AND DISCUSSION

After 3-4 weeks incubation, the surface of some root
tissue  samples showed hyphal growth which
subsequently grew out onto the surface of the HV agar
(Fig. 1). Growth of bacteria and fung: from the root tissues
was almost completely inhibited by the antibiotics
included in HV agar leaving the actinomycetes clearly
visible. The low level of bacterial contamination observed
was due to Bacillus sp. This contamination may have
arisen from spores on the surface of these tissues that
were resistant to chemical surface sterilization or may be
due to an endophytic Bacillus sp. (Bai ef al, 2002).
Incubation of surface-sterilized plant parts m a moist
chamber and plating of plant tissues on agar media are
techniques usually emploved in plant pathology and not
often used m microbial ecology. However, they may be
extremely useful in the isolation of microorganisms from
unusual habitats. Using these techniques, we were able to
confirm the presence of endophytic actinomycetes in
plant tissues, especially roots, where a large number
of these orgamsms are most probably found. The
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Fig. 1: Growth of actinomycete colonies from sterilized
blocks of plant tissue on HV agar. This plate was
photographed after 3 weeks of incubation

Table 1: Antirnicrobial activity of endophiytic actinomy cetes isolates against
tested microorganisims
No. of endophytic actinomycetes isolates (%) against

Potential tested microorganisms

antimicrobial

activity S.a® Ec. P.a. B.s. C.a. C.m.
44+ 5 7 5 6 3 4
3+ 12 9 7 8 6 8
2+ 18 11 12 9 15 16
1+ 10 21 17 20 15 19
Not active 61 58 65 63 67 59

The potential of antimicrobial activity was evaluated by the zone of growth
inhibition on ISP-2 medium after incubation at 37°C for 24 h for bacteria
and yeast and at 30°C for 5-7 days for C. musae. Fourteen isolates were lost
during subculture, *S.a.: Staphyvlococcus aureus, E.c.. Escherichia coli,
P.a.: Pseudomonas aeruginosa, B.s.. Bacillus subtilis, C.a.. Candida
aibicans, C.m., Colletotrichum musae, *4-+: Width of growth inhibition
zone = 20 mm, 3+: 10-20 mm, 2+: 1-10 mum, 1+: <1 mm

actinomycete isolates took at least 3 weeks to grow out
from the tissues. If the tissue sterilization procedure used
in this study was not sufficient to kill surface microbes,
they would be expected to grow from specimens within a
few days.

Five hundred samples of the root tissues of
Alpinia  galanga vyielded at least 120 endophytic
microorgamsms. In total 120 1solates were recovered,
the majority of which were Strepromyces sp. (82), with
the remainder identified as Nocardia sp. (11),
Microbispora sp. (3), Micromonospora sp. (2). Eight
1solates did not develop sporing structures, although
meso-diaminopimelic acid was detected in whole cell
extracts, confirming an actinomycete status and 14 were
lost during subculture. The antimicrobial activity of
endophytic actinomycete iselates i3 shown in Table 1.
The majority of the 1solates (>50) appeared not to produce
secondary metabolites which displayed antimicrobial
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NMR (&, CDC1, +CD,0D): 163.0 (C-2), 114.1 (C-3),144.9
(C-4),141.3 (C-4a), 113.3 (C-5), 148.9 (C-6), 149.8 (C-7),
104.7 (C-8),149.99 (C-8a), 102.4 (C-17),76.0(C-2"), 77.8 (C-
37),74.0(C-47), 78.0(C-5"), 61.7 (C-6").

Compounds 1, 2, 3 and 4 were identified as kaempferol
(Markham et al., 1978), isoscutellarin (Jay and Gonnet,
1973), umbelliferone (Yamoguchi, 1970) and cichoriin
(Abdel-Salam et al., 1986), respectively by comparing their
spectral data with those previously published (Fig. 3).

Results of the antimicrobial screening indicated that,
the crude extract showed a wide range of activity, bemg
effective agamst bacteria, yeast and fungi. Kaempferol
and isoscutellarin showed strong activity against Gram
positive bacteria (S. aureus and B. subtilis), while
umbelliferone and cichoriin showed moderate activity.
Kaempferol and isoscutellarin  extubited moderate
activity against Gram negative bacteria (. coli and
P. aeruginosa), while umbelliferone and cichoriin showed
weak activity.  Kaempferol,
umbelliferone showed strong activity against C. albicans
and moderate activity against C. musae, while cichoriin

soscutellarm and

showed no activity against C. albicans and C. nuisae
(Table 2). The antibacterial and antifungal activities of the
crude extract and purified compounds were evaluated and
the results are shown in Table 3. In general, there were
differences in growth inhibition between compounds on
various microbial cultures. The crude extract and purified
compounds showed both antibacterial and anticandidal
activities at tested MIC and MMC limit of 256 pg mL™
(Table 3). The MIC values obtained with the crude extract
varied from 64-128 pg mL™' to tested microorganisms.

m
\* [}
3:R=H, R=H
4;R=0H,R,=Glec.

1:R=H, R,=OH
2R=0HR =H

Fig. 3: Chemical structures of kaempferol (1),
soscutellarin (2), umbelliferone (3) and cichorii (4)

For compounds isolated from the crude extract, the MIC
values lower or equal to 128 pg mL.~" were obtained with
compounds 1, 2 and 3 on all tested microbial species
(100%), compound 4 on 1 (16.66%) of the tested microbial
species. Regarding the degree of activity of compounds
isolated from the crude extract, the lowest MIC value
(16 pg mL™") was noted with compound 1 on S. aureus
and C. albicans, compound 2 on C. albicans. The results
of the MMC determinations indicated that the MMC
values lower or equal to 256 ug mL ™" were observed with
crude extracts on S. awureus and C. albicans (40%). Within
this tested interval (0.50-256 pg mL™"), the MMC values
were obtained with compound 1 (100%), 2 (80%) and 3
(40%) of the tested microorganisms. The results of the
MMC determinations mdicated that cidal effect of many
of the tested sample could be expected. However, a keen
look of the results of MIC and MMC, showed that the
MIC values obtained are two-three times lesser than
MMCs on corresponding microorganisms, confirming the

microbicidal effects of the concerned samples
(Carbonnelle et al., 1987).
Previous reports indicated that kaempferol,

soscutellarin,  umbelliferone and  cichoriin were

produced by numerous species of plants, including

Combretum erythrophyllum (Martini et al, 2004),
Eguisetums  spp.  (Milovanovic et al., 2007),
Scutellaria  lateriflora (Gafner et al.,  2003),
Teucridium parvifolium, Tripora  divaricata

(Grayer et al., 2002), Arracacia tolucensis (Figueroa et al.,
2007) and Lomatia hirsute (Erazo et al., 1997). The flowers
of Impatients balsamina contain kaempferol which are

Table 2: Antimicrobial activity of crude extract and purified compounds
from Streptomyees sp. Tc052

Test substances S.a® E.c. P.a. B.s. C.a C.m.
Crude extract 4+4F 2+ 3+ 2+ 3+ 2+
Compound 1 4+ 3+ 3+ 4+ 4+ 3+
Compound 2 4+ 3+ 3+ 4+ 4+ 3+
Compound 3 3+ 1+ 2+ 2+ 4+ 3+
Compound 4 3+ 1+ 1+ 3+ 0 0

8., Staphylococcus aureus, E.c.: Escherichia coli, P.a.. Pseudomonas
aeruginosa, B.s., Baciflus subtilis, C.a., Candida dbicans, C.m.,
Colletotrichum musae, *0: No activity; 1+ (weak activity), 5-10 mm halo
diameter; 2+ (weak activity), 10.1-15 mm halo diameter; 3+ (moderate
activity), 15.1-20 mm halo diameter; 4+ (strong activity), =20 mm halo
diameter

Table 3: Minimum Inhibitory Concentration (MIC) and Minimum Microbicidal Concentration (MMC) of crude extract and purified compounds

MIC (ug mL™") MMC (ug mL™)
Test substances S.a.t E.c. P.a. B.s. C.a. C.m. S.a. E.c. P.a. B.s. C.a.
Crude extract iz} 128 64 128 &1 128 128 =256 =256 =256 256
Compound 1 16 32 32 32 16 ot o4 128 64 64 &
Compound 2 32 &1 32 &1 16 &1 128 256 =256 256 o4
Compound 3 & ot o4 ot 32 ot 256 >256 >256 =256 256
Compound 4 128 256 256 256 =256 =256 =256 =256 =256 =256 =256

*: 8.a.: Staphylococcus anreus, E.c.: Escherichia coli, P.a.. Pseudomonas aeruginosa, B.s., Bacillus subtilis, C.a.. Candida albicans, C.m.: Colletotrichum

TSR
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known to possess antifungal, anticancer and antioxidant
activities (Yang et al, 2001; Wang et al, 2006).
Kaempferol was a markedly active mlubitor of
transcriptional activation of COX-2 (Liang ef al., 1999)
and have mhibitory activity against melanin synthesis
(Lim et al., 2006) and antibacterial activity against an
acne-inducing agent (Propionibacterium acnes) with
MIC values inthe range <32-64 pg mL ™" (Lim et ai., 2007)
and against Vibrio cholerae and Enterococcus faecalis,
with MIC values in the range of 25-50 pg mL™'
(Martim et al., 2004). While umbelliferone was weakly
active  against  Mycobacterium  fortuitum  and
Mycobacterium tuberculosis (Figueroa et al., 2007).
Present study the first in which kaempferol,
1soscutellarin, umbelliferone and cichorin from culture of
an endophytic Streptomyces species was isolated from
the root tissue of Alpinia galanga and we confirm their
antimicrobial activity against Staphylococeus aurets
ATCC25932, Escherichia coli ATCC10536,
Pseudomonas aeruginosa ATCC27853 Bacillus subtilis
ATCC6633  Candida albicans ATCC90028 and
Colletotrichum nuisae.

As stated in several reports, Streptomyces activity in
plants not only protects agamst pathogens, but the
metabolic products of Streptomyces also influence plant
growth and physiology (Katznelson and Cole, 1965,
Mishra et al, 1987). As kaempferol, i1soscutellarin,
umbelliferone and cichoriin has been isolated from
endophytic  Streptomyces sp.  Tc052 and  their
antimicrobial activity was observed. These results
indicated that some endophytic actinomycetes were
potent for protection their host from phytopathogenic
MicCroorgamsms.

is
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