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ABSTRACT

In this study. 424 acunomycete strums isolated from soul and lister samples on Catba island (1 Taiphong,
Vietnam) were subjected to the screemng for the inbibitory activities against microorganisms, nchuding
bactena (Micrococcus lutews, and Escherichia coliy and cukana (Candide albwcans and Fusarnm oxysporium)
Through (wo screening steps. 17 sirains were selected for their high inhibitory activity against onc or nore
target microorganisms  Crude exicacts 10 cthyl acetate from culturing meda of the selected strains were
analyzed via lhm luyu chmlnalogmphy (TLC) and gh perfonmance hiquid chromatography (HPLC), in which

L er and raw cxtract of amlwacychine were used as standards. The
obmmd results <I|owed that anubiotic substances produced by the sclected strains could not be put in any
group of the analyzed standards. except the strmn A396 which appeared to produce a chloramphenicol-like
annbiotic Taxonomical studics based on the morphology and 16S rDNA sequencing indicated that the
collection of acunomycetes isolated from Cuiba island contained nainly Streptomyces specics (about 70%) and
the group of rare acinoniycetes (non-Streptomyces) which made of 30% of the collection was donnated by
Micromonospora, Nonomureae and Nocardia genera. Of the 17 selected strains with highest anumicrobial
activity, ten strains were affibated to the genus Streptomyces (as based on the morphology) and seven strains,
belonged to the genus Nonomuraea (as based on 165 rDNA sequence analyses) The strains sclected in this

study could serve as sources {or discovering new antibiohic substances in Vietnam,

KReywords: annbuorics, actmomycetes. Streptomyces, Nonomuraca, TLC, HPLC

INTRODUCTION

In the context of alarming increase of antibiotic
resistance among pathogens, search for new
antimicrobial agents with different mechanisms of
action is becoming utmost important (Habie-Gabr,
2002; Tenover, 2006). The history of new drug
discovery shows that novel skelctons, in th~ majority
of cases, come from natural sources such as
microbial ~ and  plant extracts. Among
microorganisms, actinomyceles present onc of the
most artractive sources of antibiotics and other
biologically active substances of highly commercial
value. Currently about 16,500 antibiotics have been
discovered from microorganisms, two-thirds of
which was produced by actinomycetes (Hopwood,

immunoregulators  and
(Thomson, Bialphos, 1995).

antiparasiic  agents

Actinomycetes are Gram posilive bacteria
having high G+C coptent (>55%) in their DNA. The
majority of actinomycetes has free [living,
saprophytic lfe form and is widcly distributed in
soil, water and plant litter. Actinomycetes play an
ecologically important role in material recycling in
nature, they decompose and utilize difficult-to-
degrade organic matters such as humic acid in the
soil. At the presence, actinomycetes arc defined as
the order Actinomycetales which is consisted of 13
suborders, 42 families and about 200 genera
(Ashutosh, 2008; Duong, Ando, 2010).

This study aimed to investigatng biodiversity
and to screening actinomycele strains exhibiting high
antimicrobial activity among a collection of
actinomycetes isolated from Catba 1siand, a national
park with rich biodiversity in Vietnam. The selected
slralns were then subjected to further studies on the
produced as well as their

2007). Various antibiotic  substances  from
nc(mcmyccles have been chﬂrﬂc(enzcd, including

p f-lactams,
macrolides, nucleosidcs, pepndcs polyencs,
polyester, polyketides, (Goodfeliow ef al., 1988).
These substances have been fully used as
herbicides, anticancer agents, drugs,

phylogenetic affiliation.
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MATERIALS AND METHODS

Actinomycele strains and culture conditions

Fhe 424 actinomycete strains used in this study
were isolated from sotl and leaf litier samples from
Catba island. Vicumy Al of them were maintained
as stock cultures frozen at —R0°C in 20% glycerol
solution at Vietnam Type Culire Collection (VTCC).
Before use in screemng experniments, the strains were
reactivated on YS agar medium (glucose 1%, yeast
et 02 agar 3 7%, pH 7.0) and incubated ot
30°C for 3 10 4 days (Duong. Ando, 2010).

For the tesis of antibiotic activity, these strains
were culivated i soybean meal hquid medium
(soluble starch 2%, glucose |7, soybean meal 1.5%,
peptone 0.5%. CaC’04 0.3%, pH 7) and incubated at
30°C by shakmg at 100 rpm for 3 10 4 duys. The
centrifuged  culture  broths  were  then used  in
antibiotic  screening  experiments as well as in
chromatography analyses

Target microorg and culture ¢

Four microorgamisims used as targets for the tests
of antibiotic activity were Micrococcus Iuteus (a
Gram positive bacterium), Escherichia coli (a Gram
ncgative bacterium), Candida albicans (a yeast) and
Fusarium oxysporium (a filamentous fungus). The
target strains were cultivated in particular nutrient
media, 1.e. Mueller-Hinton medium (MHA; meat
extract 0.3%, hydrolysis casein 1.75%, starch 0.15%.
pH 7.4) for E. coli and M. luteus. yeast/malt extraci
medium (YM: glucosc 1%, peptone 0.5%. yeast
extract 0.3%, malt extract 0.3%) for C. albicans and
F. oxysporum. The cultures were incubated under
shaking condition at 37°C for E. coli and M.luteus or
30°C for C. albicans and F. oxysporum

Screening for antibiotic producing actinimycetes
Agar disc method

Agar discs (5 mm in diameter) taken from plaics
of well grown actinomycete cultures were placed onto
surface of agar plates previously seeded with one of
the target microorganisms and incubated at proper
conditions for 2 days. The inhibitory effect was
assessed on the basis of the formation of clear zones
around the agar discs and the activity was measured
by the diameter of thesc zones (Ichikawa er al.. 1971).

Culture broth diffusion method
Small wells were aseptically created (by using
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hole-borer instrument) on  solidificd agar plates
previously  sceded  with  one  of  the  target
microorganisms. Approximalely 25 ul of centrifuged
culture broths of the isolales werc added into the
wells and incubaied for 2 days at proper conditon
for the target microorganism. Antibiotic aclivity was
assessed through the inhibitory zoncs formed around
the wells. The experiments were performed in
duplicates for all cases, distilled water was used as a
negative control (Alex, Hai, 2006).

Chromatography analyses of antibiotics
Ethyl-acetate extraction

Culture broths of the actinomycetes grown on
soybean mcal ligwd medium were centrifuged al
8000 rpm for 15 min at room temperature (RT) and
the supernatants were collected for the solvent
extraction. To extract the antibiolic substances, equal
volume of cthyl-acetatc was added 10 the supernatant
and the mixtures were shacked vigorously for | b.
The solvent was collected by using  separation
funncls, aRerward sodium sulfate was added al 1%
(vol/vol). The eliminalion of solvent was performed
n rolary evaporator and thc obtaned precipilales
were dissolved in 1 ml of chloroform (Duong, Ando,
2010). Prior to chromatography, the solutions of
crude cxtracts in chloroform were tested again for
the antibiotic activity (with chloroform as the
negative conirol).

Thin Layer Chromatography (TLC)

TLC analyses were performed on Silica Gel G
plalcs (20 x 10 cm) using solvent system
hanol  {90:10).  Chl, phenicol
kitasamycin, ¢rythromycin and raw  extract of
anthracycline were employed as standards. Spots
were visualized by UV irradiation (254 and 366 nm)
or by spraying with 10% sulfuric acid (H>SO,) and
fixing al 120°C for 5-10 min (Mokbel, Hashinaga,
2005: Choma, 2010).

hlorolt
chlorolorm:

High-Performance
(HPLC)

Analysis was performed by Agilent 1100 series
HPLC (USA). cquipped with C18 Synchropak RP-4
column (250 mm x 4.6 mm, 1D 11704457 Agilent,
USA) and a UV detector. Stock solutions of standard
compounds were prepared in methano! at the
concentration of 1 mg.ml™ and stored at 4°C in the
dark. The solution of 25% acetonitril was used as
mobile phase at the flow ratc of | mlmin™, the
column temperature was 30°C. The injection volume

Liguid ~ Chromatography
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of each sample was 10 ul (Koup ef al.. 1978; Stubbs
et al., 1985; Masakaza et al., 1996; Nollet, 2000;
Maudens, 2009).

DNA extraction

The genomic DNA of actinomycete strains was
extracled using the method described by Marmur
(1961) and Saito (1963) with some difi

1.8 (Thompson e al,, 1997} A phylogenctic tree was
constructed by the neighbor-joining method (Saitou,
Nei, 1987). Topography of the constructed tree was
evaluated by bootstrap analysis with 1000 replicates
(Felsenstein, 1985)

Morphological characterization

Morphological characleristics of achinomycetes

Briefly, cultures of actinomycetes were grown in YG
liguid medium for 3 days at 30°C and cclls were
harvested by centrifugation at 3000 rpm for 5 mum.
The cells were then homogenized by sterile plastic
sticks, washed with 2 ml 1 XTE bufler for 2 - 3
times and resuspended in 0.5 ml of 5 mM EDTA (pH
8). Removal of actinomycele cell wall was achieved
by treatment with lysozyme (S0 ul of 40 mg.ml™) at
37°C overnight, then in the presence of SDS (50 pl
of 20%) and proteinase K (50 pl of 4 mg.ml™') at
55°C for 1 h. The extraction was performed by
adding an equal volume of
phenol:chloroform:isoamine alcohol =
mixing and centrifugation at 15000 rpm for 15 min
al 4°C The extraction step was repcated 3 tmes
Chr | DNA was pr d by addition of’
2 volumes of cold 2-propanol, then rinsed with 70%
ethanol, dried up at RT and dissolved in 100 pl of
distilled water.

PCR amplification, sequencing, and phylogenetic
analysis

The 16S rDNA was amplified using primers 27F
(AGAGTTTGATCCTGG CTCAG) and 1492R
(GGTTACCTTGTTACGACTT).  The  rcaction
mixture (SO pl) contained 5 W of reaction buffer (0.2
M Tris-HCI pH 8.3, 0.25 M KClI, 20 mM MgCly), 20
nmol of each deoxynucleotide, 50 pmol of cach
primer, 2. 5 U of Tag DNA polymerase, and 1 pul of
template DNA. Thermocyles for the PCR included S
min heat shock at 95°C, followed by 30 cycles of
95°C for 30 second, 52°C for 30 second, and 72°C
for 1 min, and a final extension at 72°C for 7 min.
The PCR products were then analyzed by
electrophoresis on agarose gel, purified with
QlAquick gel extraction kit (Qiagen), and sequenced
on ABI 3110 Avant Applied Biosystems sequencer
(ABI, USA).

The 16S rDNA scquences were compared with
sequences avaifable on the GenBank/EMBL/DDBI)
databases by using the BLAST Search tool. The

with  cor di scquences  was
pa‘forrned by using CLUSTAL X program, version

25:24:1 (PCI).

were observed afler 2 week incubation at standard
conditions. Microscopic characteristics such as
frapmentation  pattern of  substrate  myeclhia,
morphology of aerial mycclia, structure of sporce
chains and (he spore forms were observed under
phasc contrast microscope (Zeiss) connccted with a
camera and image controlling soflware The Atlas—
Morphology of actinomycetes (Gernot, 1997) and
Identification Manual of Actinomyccles (Miyadoh et
al, 2001) were used as references for the
taxonomical determination of the isolated strains

RESULTS AND DISCUSSION

Antibiotic properties of the actinomycele isolates

Among 424 actinomyccte isolates, only 115
strains showed noticeable inhibitory activity against
at least one of the target microorganisms as shown in
the preliminary screening step by using agar disc
method. The second step of screening using culture
broth diffusion method (Fig. 1), which is more
precise, resulted in 17 swains possessing high
inhibitory activity against two or more targct
microorganisms (Table 1). It could be assumed that
antibiotic substances produced by these selected
strains had broad spectra of activity.

Among the 17 selected actinomycele strains, 14
strains showed inhibitory acnvity against Gram-
negative bacteria (. coli), 14 strains inhibited Gram-
positive bacteria (M. luteusy and 11 strains had
activity against both groups. In the relationship to
eukaryotic cells, including fungi (F. oxysporium) and
yeasts (C albicans), 12 strains possessed antifungal
activity and only 5 strains could inhibit yeast cells
(Tabble 1).

The obtained results indicated that 9 of the 17
selected strains showed strong activity against
both bacterial and fungal groups (diameter of the
inhibitory zones > 10 mm). Of special interest
were strains A1073 and A1393 which could
inhibit all four target microorganisms used in the
study (Table 1).
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A B

C D

Figure 1. activity of the

30iBt@s. i g results by using cuiura

broth diffusion melhod A E coli, B. F oxysporium; C. M.luteuss andD C alblcans

Table 1. Antimicrobial activily of the 17 selected actinomycele siraing.

Strain name Inhibltory affect against the target microorganisms
(diameter of inhibitory zones in mm)
E. coll M. luteus F. oxysporium C. aibicans

Ads 10 ] 6 0
A149 8 6 [ [}
A154 8 0 0
A160 0 6 [ 10
A232 6 7 0 12
A3%0 10 10 18 o
A396 8 12 0 0
A410 24 [} 10 0
A427 16 [ 12 0
Add4 0 7 8 0
A1018 0 40 10 16
A1022 16 30 10 [
A1041 22 28 6 0
A1043 8 32 6 0
A1073 21 30 10 10
A1393 14 18 14 6
A1470 15 28 12 0

Analysis of crude extracts from supernatants of
the selected actinomycetes :

The 17 selected su'ams were subjected to
ly of the ibi b in their crude
extracts via TLC (Fig. 2).

It was found that most of crude extracts
contained several bands in TLC analyscs, suggesting
that the antibiotic substances produced by the
selected strains consisted of two or more components,
the activity of which had not yet been identified.
Only exception was strains 396 which had band
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pattern similar to that of chloramphenicol (Fig. 2 A,
B and D).

In the HPLC analyses, the antibiotics used as
standards in this study appeared on the
chromatogram  scquentially as erythromycio (at
retention time Rt of 3.117 min), chloramphenicol (at
Rt of 5.498 min) and kitasamycin (at Rt of 8.597
min). The exception was anthracyclin raw extract
which showed several peaks on the chromatogram.

Crude extracts of the 17 sclected strains were
analyzed on the HPLC under the same conditions. It
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e

appeared that by these
strains could not be put into any group of the analyzed
standards, cxcept the strain A396 which yielded a

CAP 410

W W 1e 1en

pc_ak (at Rt of 5.476 min) similar to that of
chloramphenicol (Fig. 3). This result was also
confirmed by the above TLC analysis (Fig, 2).

232 1043 1073 4

Wi a7 w22 Ale

Figure 2. Analyses of crude extracts of the selecled actinomycete strains via thin layer chmmalography (TLC) AB&C-

of the CAP-

observauon of TLC plates under UV Jight. D -

Kita-K Ery
dwgnaled as numbers on the figures

T study of the ycete isolates
Some actinomycetes such as the genus
Streptomyces  possess  specific  morphological

characteristics that can be used as basis for
taxonomucal identification (Miyadoh er al., 2001). In
this study, the 424 isolates were first subjected 1o the
worphological classification, allowing to put them

in; and

ychn, raw exiract A16; Actinomycele strains were

into  Smrepromyces and  non-Strepromyces  (rare

actinomycetes) groups (Table 2).

The morphological characteristics such as color
and aerial mycelium structures (Fig. 4), the form of
spore bearing hyphae and spore chains (Fig. 5) were
used as the basis for Strepromyces identificalion
(Gemot, 1997, Miyadoh er al., 2001). Of the 1otal
424 isolates, 296 strans (making about 70%) were
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classified as Streptomyees. Ten of the 17 sclected
isolates. including A390. A410. A427, AI0IS,
A1022, A1041, A1043, A1073, A1393, and A1470
were classified as Strepronnices on the basis of their
morphological characicristics.

Non-Sireptonmyees aetinomycetes included the
isolates not having  Sweptomyees  morphological
characteristics. To identify taxonomical affiliation of
these isolates, partal sequences of the 165 rRNA
gene (about 900 bp) were used. It was shown (hat
Micromonospora, Nonomureae and Nocardia were
the major non-Sneptomnees  gencra in the
actinomycete collection obtuined from Catba island
(Table 2). Specics of these three genera were also

Lé Phuong Chung ef al.

(Duong, Ando, 2010).

Of the 17 selected isolates showing the highest
antimicrobial activity, 7 strains were classified into
non-Streptomycere actinomycetes, Sequencing and
comparison of the 16S rDNA from these showed
that, all 7 strains were affiliated 1o the genus
Nonomuraea and could make five different genetic
groups within this genus (Fig. 6).

Thus, the actinomycete collection from Catba
island had relatively high taxonomical diversity,
however the sclected sirains exhibiting the bighest
antimicrobial activity werc affiliated to only two
genera Streptomyces and Nonomuraea. Many strains
of these Iwo genera have been known for antibiotic

frequently 1solated from other places in Victnam  producing  properties  (Watve er  al,  2001).
- S
1 : :
¥
=
;2 Eo1
— . - E
S . B . ' . 1 . .
Retention time (min) Retenlion time (min)
A B
Figure 3. HPLC analysis of crude extract from actinomycetes. A - strain A396. B - chloramphenicol standard
Table 2. Taxonomical grouping of the actinomycete isolates
No Str N Number of Isolates %
1 Streptomyces 296 6981
2 Micromonospora 27 636
3 Nonomuraea 17 400
4 Nocardia 12 283
5 Kwneosporia 8 19
6 Microbispora 7 1.65
7 Actinomadura 7 165
8 Pssudonocerdia 6 1.42
9 Nocardiopsis [} 142
10 Micrococcus 5 1.18
1 Streptosporangum 5 1.18
12 Others (each less than 1%) 28 6.6
Sum 424 100.00

>
2
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of the

4 D

Figure 4. Colony

efe strains.A. A1018: B A390: C A1073 and D. A1043

D

Figure 5. Spore-bearing aerial hyphae of the representative Streptomyces strains. A A1018; B. A390; C. A1073 and D.

A1043.

More interestingly, besides the four strains of
microorganisms used w this study as targets for
antibiotic screening, scveral human cancer cell lines
bave also been used for testing the inhibitory effects.
The preliminary results showed that 3 of the 17
selected strains (A1018, A1022 and A1073) had
inhibitory effect on the tested cancer cell lines. In the

tests against microorganisms, these strains showed
high activity against eukaryotic cells (Le. F.
oxysporium and C. albicans) that might indicate the
correlation between antimicrobial activity (especially
against cukaryotes) and activity against human cells.
Such kind of correlation however has not yet been
elucidated in previous studies.
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0.05
—_— N bangladeshensis AB274966
[Normmumea coxensis ABS05224
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A0396
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Nononuraaa roseoiolacea AB039961

A0232
J—Normmuraaa makeshkhaluensis AB290014

1000

WNonomuraea kuasters AYT16362
rosaola U48980

Microbispora porva U48985

Figure 6. Neighbor-joining tree of 165 rDNA parhal sequences showing phylogenetc positions of the 7 acinomyceéte strains
in the relationship to typa strains of the genus Nonomuraea. Bootstrap values of more than 500 are gwen al branching

pownts. Bar = 0.05 gt

inthe DNA

CONCLUSION

Screening a rclatively high number of
actinomycetes 1solated from Catba island yiclded
high proportion of antibiotic producing strains (115
of 424, about 27%), among those, 17 strains were
selected according to their significant inhibitory
aclivity against at least one of four (arget
microorganisms (including £. coli, M. luteus, F
oxysporium, C. albicans). TLC and HPLC analyses
revealed that antibiotic substances produced by the
selected sirains were diverse in chemical nature,
therefore could serve as potental sources for
scarching new bolites for drug devel

Taxonomically, about 70% of the actinomyceles
strains isolated from Catba istand belonged 10 the
genus  Streptomyces, the rest belonged to non-
Strcptom)ces gmup which was dominated by
Mic and  Nocardia
genera, Thc 17 :clecled strains having the highest
antimicrobial activity were affiliated exclusively to
Streptomyces and Nonomurea genera. The positive
effects against human cancer cell lines observed n
three strains (A1018, A1022 and A1073) among the
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parve was chosen as oulgroup

17 selected strains would also be quite promising for
discovering antitumor substances.
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TINH KHANG KHUAN VA PA DANG SINH HQC CUA XA KHUAN PHAN LAP TU PAO

CAT BA, VIET NAM

L& Phuong Chung', Nguyén Quynh Uyén?, Nguyén Huynh Minh Quyén’, Nguyén Thij Vian’, Dinh Thiy

Hing*
'D.:n hoc Nha Trang

Vién Vi sinh vt va Cong nghé sinh hoc. Bai hoc Qud’c gia Ha Ngi

TOM TAT

Téng s6 424 ching xa khuan phan lap tir mdu dét va 14 myc thu thip & dao Cat B4 (Hai Phong, Vigt Nam)
duge sir dung dé sang loc hoat tinh khing doi vén ca vi khuan (Micrococcus luteus va Esclmndu_a coliy vaw
sinh vit nhan thyce (Candida albicans va Fusarium oxysporum). Qua hai buGe sing loc, 17 chflng di duge
chon loc dya trén hoat tinh e ché ddi véi mot hodic nhiéu vi sinh vit ki¢m dinh Chiét xuat thé wrong cthyl

* Author for correspondence: Tel: +84-972523466; E-mail: hangdinh chhn@vahoo.com
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acctate e ede chang lun chon duge phin tlel hf&u;: sic k¢ bin mong va sic ky 16ng hiéu ning cao, trong do
chloramphentcol, kitasamycin, erythromycin v chict xuflt thé cia ching vi sinh viit sinh anthracychin duoc sir
dung lim chit chudn. K&t qud thu duge cho thity ciic chiit khing sinh do che ching lua chon 120 ra khong nim
trong nhom cita cde chdt khang sinh su dyng m chilt chuin. Truong hop ngogi 1§ duy phét 1 chung A396 1o
chat khing sinl cang nhons vai chlormphenicol. Nghién el phin logi dya (rén che dic diém hinh thr va
trinh te 168 rONA Cho thiay xo khudn phin [Gp tir Ct B twong doi da dang, trong dé nhom Strepromyces
chidm da 8G (700 v nhém xg khuidn hiém (non-Streptomyces) chidin 30%, gom céc chi chinh la
Micramenopora, Nommurcas v Nocardia, Ngoir ro, 10 1rong s6 17 ching lya chon ¢b hoat tinh khing
Khuan cao duae xép viw chi Strepramvees (dya vio che dic didm hinh thai), 7 ching con T duge xép vio chi
Nonemurave (dua trén so stoh irlnh e 168 rNA), Cée chung lua chon tr nghién cuu ndy c6 thé su dyng lam
dén wegmyg dE nghnén cinu phist hign cde chbt khing sinh més & Vigt Nam,

Tir khda: Chiit khing sinh, a khnase, St eptomeces, Nonomraea, TLC, 11PLC





