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Abstract |

More than 100 soil samples were collected from many forests in Korea during 2013. We found 43
strains from more than 2,000 isolates, which showed antimicrobial activity against Paenibacillus
larvae as an agent of American Foulbrood (AFB) as well as common microbial human pathogens
such as Bacillus subtilis, Staphylococcus aureus, Escherichia coli, Candida albicans and Aspergillus
niger. On the basis of 16S rRNA gene sequence analysis, they belong to 12 genera (mostly
actinobacteria): Streptomyces (28), Kitasospora (4), Bacillus (2), Streptacidiphilus, Amycolatopsis,
Paenibacillus, Promicromonospora, Rhodococcus, Pseudomonas, Burkholderia, Undibacterium and
Actinomadura. Among them, Streptomyces species are dominant (28/43 strains, 65.12%).
Burkholderia and Undibacterium spp. were reported first as antimicrobial agents, especially against
Gram-positive bacteria. In the future, they may be useful to develop some drugs against human
pathogens by using their metabolites.
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same species that shares 99.6~100% similarity of 16S
rRNA sequence (Tamehiro ef al., 2002; Nachtigall et al.,

INTRODUCTION

Microorganisms participate in almost all metabolic
processes of life and make up 60% of the earth'sbiomass
(Singh et al., 2009). Among them, many ones can produce
lots of useful metabolic products such as antibiotics.
Penicillin, discovered by Alexander Fleming in 1928,
paved the way for a golden era of natural antibiotics in the
1940~1950s. However, any substrates to replace these
antibiotics have not been found until now. The number of
newly discovered antibiotics had decreased in the later
years, but recently, advances in technology and screening
methods enable the detection of previously unidentified
compounds (Kurtboke, 2012). For example, some novel
antibiotics were identified from different strains of the
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2011) and from new species or new genus (Clardy et al.,
2006; Lewis, 2013; Ling et al., 2015).

Paenibacillus larvae (P. larvae) is an agent of American
Foulbrood disease (AFB) and a spore-forming Gram-
positive bacterium. Adult bees can be resistant to this
bacterial disease, but bee larvae are very susceptible to
infection (Wilson, 1971; Hitchcock et al., 1979). Because
spores of P. larvae endure against heating, some antibiotics
and other chemical agents (Genersch, 2010), the spores can
survive for long time in environments or regional bee-
keeping hives (up to 35 years) (Heyndrickx et al., 1996;
Dobbelaere et al.,2001).

This study extended to screen our isolates with some
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microbial pathogens causing popular diseases such as
Bacillus subtilis, Escherichia coli, Staphylococcus aureus,
Aspergillus niger, and Candida albicans. B. subtilis is well
known as an agent of endocarditis, bacteraemia, pneumo-
nia, septicaemia (Pennington et al., 1976), and carcinoma
of the breast (Ihde and Armstrong, 1973). Furthermore, B.
subtilis spores seems to survive against heat treatment and
amylase activity (Pepe ef al., 2003) and to present with
high amounts in some foods (10° c.fu/g) (Gilbert et al.,
1981). Like B. subtilis, A. niger can produce the spores that
can exist for a long period, and is known as a cause of pne-
umonia's desease (Person et al., 2010). C. albicans is the
main agent of fungal pathogens in humans, especially for
immunocompromised patients (Tsai et al., 2013). Rece-
ntly, there is an evidence that C. albicans may be a danger-
ous agent for cancer patients since they promote division
and differentiation of cancer cells (Ramirez-Garcia et al.,
2014). Unlike pathogenic microorganisms mentioned
above, Escherichia coli species are "useful" intestinal
bacteria because they participate in digesting foods.
However, there are three types of desease caused by them,
which are enteric/diarrhoeal diseases, urinary tract
infections and sepsis/meningitis (Kaper et al., 2004). S.
aureus is a common type of bacteria that lives on the skin
and mucous membranes of humans, causing various
human's skin diseases. The cells have the capsid that
protects them from destruction of phagocytes and supports
in attachment to various host tissues (Dunman and Projan,
2002).

Since antibiotics were used in the world war II for
effective treatment of infectious diseases, many researchers
have reported from the beginning of the 1950’s that some
pathogens were resistant to antibiotics known (Madigan et
al., 2009). For example, they were methicillin-resistant
Staphylococcus aureus, vancomycin-resistant Enterococc-
us, and vancomycin-resistant Staphylococcus aureus
(Klevens et al., 2006; Moran et al., 2006). Further more,
Candida albicans was resistant to all known antimicrobial
drugs (Madigan et al., 2009). Therefore, researchers need
to discover novel antibiotics against the resistant microbial
pathogens (Donadio et al.,2010).

Actinobacteria is Gram-positive bacteria with high DNA
G+C contents (60~78 mol%), can produce a wide variety

and the most important secondary metabolites that can be
applied in industrial medicine and therapeutic diseases
(Baltz, 2005; Rokem et al., 2007). Those are antibacterial,
anticancer, antitumor, antiinfective, antiinflammatory and
antifungal agents (Shiomi and Omura, 2004; Caffrey et al.,
2008; Baltz, 2008; Graziani, 2009; Olano et al., 2009).
Actinobacteria can be found in terrestrial, freshwater and
marine ecosystems, but more abundant in soil (Gremion et
al.,2003; Janssen, 2006). The genus Streptomyces was first
described by Waksman & Henrici (1943), widely dis-
tributed in nature. In soil, Strepfomyces species were iso-
lated with abundant nummbers, containing 1~20% (10* ~
107 c.f.u/g) of the total number of colonies that can be
counted on petri disk (Korn-Wendisch and Kutzner, 1992).
Streptomyces account for over 74% of the antibiotics
produced by the order actinomycetales, and approximately
34% of all known antibiotics (Bérdy, 2005). Streptomyces
species were described as the richest in the prokaryotic
including over 668 species with valid names (http://www.
bacterio.net/streptomycesa.html). Hence the number of
Streptomyces species in this study was dominant.
However, according to Pham and Kim (2012), the
majority of microorganisms (more than 99%) can not grow
in laboratory conditions and so their phenotypic charac-
teristics have not been detected. Therefore, we applied
three methods including a new method using transwell
plates for isolation of new actinobacteria and other bacteria
including not-yet-cultured strains in this study, and then
screened all the isolates to find the strains to have anti-

micribioal activity against P. lavae and human pathogens.

MATERIALS AND METHODS

Isolation of actinobacteria

We used three methods for isolation of soil actinobac-
teria and other bacteria as described previously (Nguyen et
al., 2013). Method 1 was developed by Pham and Kim
(2014) to isolate a variety of soil bacteria which may be
unculturable or hardly cultivated. Some samples were
treated at 40°C for 16 h to isolate common actinobacteria
(Method 2: Williams and Wellington, 1982) and to isolate
rare actinobacteria 30 min at 120°C (Method 3: Nonomura
and Ohara, 1971).
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Table 1. List of actinobacterial and other bacterial strains that showed antibacterial and antifungal activities against human pathogens by
using anti-P. larve isolates. 1: Paenibacillus larvae KACC 14031; 2: Bacillus subtilis KEMB 51201-001; 3: Staphylococcus
aureus KEMB 4659; 4: Escherichia coli KEMB 212-234; 5: Candida albicans KACC 30003; 6: Aspergillus niger KACC

40280
Pairwise Activity against pathogens
Strain Closest cultivated. species/ similarity (Inhibition zone: mm)
(Genbank accession no.)
(%) 1 2 3 4 5 6
T31 Bacillus aryabhattai BSW22" (EF114313) 9945 24 - 13 - - -
To4 Streptomyces sporoverrucosus NBRC 15458 (AB184684) 99.86 9 16 4 - 5 15
T60 Streptomyces lannensis TA4-8" (AB562508) 99.38 22 9 3 - - -
T82 Streptomyces mauvecolor LMG 20100 (AJ781358) 98.9 6 10 5 1 3 8
T519 Streptomyces ferralitis SFOp68T (AY262826) 99.02 20 10 10 - 11 15
T509 Streptomyces yogyakartensis NBRC 1007797 (AB249942) 99.86 15 - - - 3 -
T511 Pseudomonas xanthomarina KMM14477 (AB176954) 98.9 5 - - - 10 -
T512 Streptomyces xanthocidicus NBRC 13469" (AB184427) 99.65 21 3 14 - 13 3
T502 Kitasatos poraviridis 52108a" (AY613990) 9943 10 - - 2 - -
T505 Paenibacillus peoriae DSM 83207 (AT320494) 99.18 4 4 2 5 - -
T515 Bacillus panaciterrae Gsoil1517" (AB245380) 96.72 22 15 20 - - -
T520 Streptacidiphilus anmyonensis AM-11" (DQ904546) 99.86 15 - 8 - - -
T528 Promicromonospora umidemergens 09-Be-007" (FN293378) 99.17 5 3 9 - - -
T524 Actinomadura maheshkhaliensis 13-12-50" (AB331731) 99.52 10 3 8 - - -
T525 Streptomyces blastmyceticus NRRL B-5480" (AY999802) 99.18 25 20 20 - - 15
T523 Streptomyces scopuliridis RB72" (EF657884) 98.75 16 - - - - 5
T811 Streptomyces griseorubiginosus LMG 199417 (AJ781339) 100 9 5 5 3 - -
T801 Streptomyces spororaveus LMG 20313 (AJ781370) 99.86 12 - - 3 - 9
T804 Streptomyces racemochromogenes NRRL B-5430" (DQ026656) 100 26 - - 30 - 10
T826 Streptomyces cirratus NRRL B-3250" (AY999794) 99.86 9 - - 2 - -
T827 Streptomyces cyaneofuscatus JCM 4364T (AY999770) 100 17 - - 3 3 -
T806 Streptomyces polychromogenes NBRC 130727 (AB184292) 100 26 2 - 30 - 12
T822 Streptomyces cinnamonensis NBRC 15873 (AB184707) 99.38 8 2 - 2 5 -
T810 Streptomyces narbonensis NBRC 128017 (AB184157) 99.79 8 14 12 - - -
T818 Streptomyces cacaoi subsp.asoensis NRRL B-16592" (DQ026644) 99.93 12 2 5 - - -
T812 Streptomyces filamentosus NBRC 12767" (AB184130) 99.24 14 - 2 - - -
T815 Streptomyces drozdowiczii NBRC 101007 (AB249957) 99.58 7 - 3 - - -
T825 Streptomyces anulatus NRRL B-2000" (DQ026637) 99.93 7 - 3 - - -
T805 Streptomyces melanogenesNBRC 12890" (AB184222) 98.9 10 - - - - 3
T1006 Rhodococcus phenolicus DSM 448127 (AM933579) 98.89 8 - - 5 - -
T913 Undibacterium pigrum CCUG 49009" (AM397630) 98.05 8 2 - 5 - -
T1421 Burkholderia dabaoshanensis GIMN1.004" (FJ210816) 99.44 12 10 5 - - -
T912 Streptomyces griseoplanus AS 4.1868" (AY999894) 100 18 - 4 - - -
T1301 Kitasatospora kifunensis TFO 15206" (AB022874) 99.86 9 2 10 - - -
T1303 Kitasatospora atroaurantiaca NRRL B-24282" (DQ026645) 99.1 13 - - - 2 -
T1304 Kitasatospora nipponensis HKI1 03157 (AY442263) 98.99 18 - - - 20 3
T1300 Streptomyces violascens NBRC 12920 (AB184246) 99.1 18 - - - - 2
T1505 Streptomyces antibioticus NBRC 12838 (AB184184) 100 20 15 - - - -
T1506 Streptomyces turgidiscabies ATCC 700248T (AB026221) 99.1 13 8 - - - -
A43 Streptomyces anandii NRRL B-3590" (AY999803) 99.79 11 4 5 - 6 12
A33 Amycolatopsis halotolerans N4-6" (DQ000196) 98.9 10 - - - -
A64 Streptomyces resistomycificus NBRC 128147 (AB184166) 99.1 10 - - - 2

Al19 Streptomyces niveus NRRL2466" (DQ442532) 99.31 15 1 10 - - -
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Test microorganisms

Microbial pathogens were obtained from the Korean
Agricultural Culture Collection (KACC) and the Korea
National Environmental Microorganisms Bank (KEMB).
These bacteria included Paenibacillus larvae KACC
14031, Bacillus subtilis KEMB 51201-001, Staphy-
lococcus aureus KEMB 4659, Escherichia coli KEMB
212-234, Candida albicans KACC 30003 and Asperg-
illusniger KACC 40280.

Assay of antibacterial and antifungal activities

For preparing microbial pathogens, the bacteria in
glycerol stock were refreshed in 20mL of LB medium
(except P. larvae with R2A) at optimal temperature
overnight and then streaked on agar plates. Single
colonies were picked and adjusted to 10* c.f.u/mL with
R2A broth. Spores of A. niger were prepared at 10*
spores/mL, and spores were taken from Sabaroud de-
xtrose agar. C. albicans was grown on YM medium
(ATCC medium 200) at 10* c.f.u/mL. The absorbance
of the suspensions was measured at 550 nm for fungal
spores and 600 nm for bacterial cells. Then, 100uL of
bacterial suspension or spore suspension was spread on
R2A agar plates (petri dish size, 90 X 15mm). Pure
colonies of isolates were picked off and spotted on the
plates on which the human pathogens were spread in
advance. These agar plates were incubated at 28°C and
then the diameter of inhibition zone was measured after

incubation for 3~4 days.

Identification and phylogenetic anlaysis by
16S rRNA gene sequence comparison

The almost-complete 16S rRNA gene sequences of our
strain were identified by using the EzTaxon-e server
(http://www ezbiocloud net/eztaxon). The 16S rRNA gene
sequences of related taxa were obtained from GenBank
and edited using the BioEdit program (Hall, 1999).
Multiple alignments were performed with the CLUST-
AL_X program (Thompson et al., 1997). Evolutionary
distances were calculated using the Kimura two parameter
model (Kimura, 1983). Phylogenetic trees were constru-

cted using the neighbour-joining method with the

MEGAS5.03 program (Tamura et al., 2011); bootstrap

values were based on 1,000 replicates (Felsenstein, 1985).

RESULTS AND DISCUSSION

In this study, we found 43 strains that inhibited the
growth of Paenibacillus larvae. Those strains were
obtained through screening more than 2,000 isolates which
were isolated from 100 different soil samples collected
from all around South Korea. The number of highly active
strains (the diameter of inhibition zone = 20mm) were 9
(20.93%) (Table 1). Especially, Bacillus sp. T515 (96.72%
similarity) proven to be a new species (Nguyen and Kim,
2015) can be a strong candidate to discover new antibi-
otics. Although others have the values between 99.18 to
100% in similarity levels of 16S rRNA gene sequences
with the closest species (except strain Bacillus sp. T515),
they were still potential candidates for discovering new
antibiotics as mentioned before. Besides, there were two
other strains that may be new species [Streptomyces sp.
T523 (98.75% similarity) and Undibacterium sp. T913
(98.05% similarity)] which can be candidates to discover

new antibiotics, in spite of less active strains (12 and 8 mm

B Paenibacillus larvae KACC 14031
W Bacillus subtilis KEMB 51201-001
W Staphylococcus aureus KEMB 4659
W Escherichia coli KEMB 212-234
B Candida albicans KACC 30003
W Aspergillus niger KACC 40280
Fig. 1. Distribution (number among total 43 strains) of the

strains showing activities against microbial pathogens,
isolated from soil samples collected in South Korea.
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Fig. 2. Relative distribution of the active strains in the level
of bacterial genus, showing antimicrobial and antifu-
gal activities against microbial pathogens.

in inhibition zone, respectively).

Among the effective 43 strains against P. larvae, 23
strains (53.49%) showed inhibitory activity against
Staphylococcus aureus, 22 strains (51.16%) against
Bacillus subtilis, 15 strains (34.88%), against Aspergillus
niger, 12 strains (27.91%) against Escherichia coli, and 12
strains against Candida albicans (Fig. 1). The number of
strains showing high activity (= 20mm in inhibition zone)
against at least one of human pathogens was 5 among 43
(11.63%). They are Bacillus sp. TS515 against S. aureus,
Streptomyces sp. T525 against B. subtilis and S. aureus,
Streptomyces sp. T804 against E. coli, Streptomyces sp.
T806 against E. coli, and Kitasatospora sp. T1305 against
C. albicans (Table 1). It is considered to be potential strains
for producing useful compounds as effective antibiotics
than any other strains. Althogh many other strains showed
low activity, they may be increased in acitivity by better
expression of their functional genes through optimal
culture conditions. For example, during the screening
process, Bacillus sp. T515 was effective on only P. larvae,
B. subtilis and S. aureus (all Gram-positive), but the
spectrum of control was extended further by choosing an
optimal medium. Its crude extractant could kill both Gram-
negative bacteria (Escherichia coli and Pseudomonas

aeruginosa) and Gram-positive bacteria (Bacillus subtilis,

Staphylococcus aureus, Staphylococcus epidermidis,
Paenibacillus larvae) (Nguyen and Kim, 2015).

However, it seems to be very hard to find bacterial
strains to control a broad spectrum of infectious human
pathogens including prokaryotic Gram-negative and Gram-
positive bacteria and eukaryotic fungi. Only three strains
among 43 can control three different groups (G*-bacteria,
G -bacteria and fungi) such as Streptomyces spp. T82,
T806 and T822. In particular, strain T82 showed inhibitory
effect on all the tested pathogens (Table 1).

On the basis of 16S rRNA sequence analysis, the 43
strains belong to 12 genera: 7 genera in actinobacteria
(Streptomyces, Kitasospora, Streptacidiphilus, Amyco-
latopsis, Promicromonospora, Rhodococcus and Actinom-
adura) and 5 genera in other bacteria (Bacillus, Pseudo-
monas, Burkholderia, Undibacterium and Paenibacillus)
(Fig. 2). Among 43 strains, 28 (65.12%) were identified as
the genus Streptomyces, a most well-known antibiotic-
producing genus (Bérdy, 2005). Although they were prov-
en to have a little possibility of new species (98.75~100%
similarity to type species, most of which were discovered
in the 1950s), they are still potential candiates to produce
new secondary active metabolites because they were not
discovered during that period mentioned above. Among
the rest 11 genera, Kitasospora and Bacillus had 4 and 2
strains, respectively, and other genera had 1 each. Non-
actinobacterial genera can be divided into two groups,
Gram-positive (Bacillus and Paenibacillus) and Gram-
negative (Pseudomonas, Burkholderia and Undibacter-
ium). Phylogenetic analysis of our strains were constructed
to establish their relationship. Based on the analysis of 16S
rRNA gene sequences, they were divided into three groups
in the level of phylum such as actinobacteria (major),
fermicutes and proteobacteria (Fig. 3). Actinobacteria and
fermicutes can be bound in Gram-positive bacteria,
separating from Gram-negative proteobacter.

In conclusion, natural balances are always in a state of
activity, and so effect of climate change and others factors
increase the evolution of microorganisms. Since antibiotics
had discovered and used up to today, lots of microbial
pathogens have developed their resistancy to various

antibiotics. Hence we have conducted to find new candid-
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Fig. 3. A phylogenetic tree of selected antimicrobial strains isolated from various soil samples based on 16S rRNA gene sequence

analysis.

ates that may be the sources to control antibiotic-resistant
P. larvae and human pathogens in this study. As a result,
we have recruited a number of species including Gram-
positive and Gram-negative bacteria, which are the

candidates for a research of novel antibiotics/secondary

metabolites. A continuous study will be performed for
isolation and purification of new compounds, and exa-
mination of their activity against antibiotic-resistant

pathogens.
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