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ABSTRACT

In order to obtain much more un-known actinomycetes for discovering new drug lead, one hundred soil samples were
collected from five national natural protection areas of tropical rain forests, Mengla, Menglun, Mandian, Xiaomeng-
yang and Guanping, in Xishuangbanna, Yunnan, China. 1652 purified cultures of actinobacteria were isolated from
these samples by using 5 media. The 16S rRNA gene sequences of 388 selected strains were analyzed, and the phy-
logenetic analysis was carried out. 35 genera which belong to 8 orders and 14 families of the Class actinobacteria were
identified. It is showed from research results that actinomycete diversity in tropical rain forest of Xishuangbanna is the
highest comparing with all areas studied in our laboratories before. Selective isolation methods for un-known actino-

mycetes from soil samples, including medium and inhibitors are discussed in this paper.
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1. Introduction

Actinomycetes (Actinobacteria) have been paid a great
attention owing to their production of various natural
drugs and other bioactive metabolites including antibiot-
ics, enzyme inhibitors and enzymes. Over 22,000 bioac-
tive secondary metabolites (including antibiotics) were
published on the scientific and patent literature, and
about a half of them were produced by actinomycetes.
About 150 antibiotics have being applied in human ther-
apy and agriculture now, 100 - 120 of them were pro-
duced by actinomycetes [1]. Actinomycete is still an im-
portant source for new natural drugs development. So
Baltz showed a proposition of “Renaissance in antibacte-
rial discovery from actinomycetes” [2]. However, to de-
velop new drugs from actinomycetes is more and more
difficult [3]. In order to overcome these challenges, some
new concepts based on genome was described, that is
“new habitats, new methods, new species, new gene
cluster, new products and new use” [3-6]. In other words,
novel microbial kind should contain new gene cluster
synthesizing new secondary metabolites, so far as getting
new kind is an important premise for obtaining new
compounds [3]. Many companies and laboratories fo-
cused on new actinomycete resources from new habitats,
such as oceans, extreme environment and plants, for de-
velopment of new drugs. In our view, making the uncul-
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tured to pure cultured actinomycetes is one new hope for
getting new drug leads.

Mekong River (Ménam Khong, or Khong, or Mae
Nam) is an international river. It originates from Yushu,
Qinghai Province, China. It flows over Laos, Burma,
Thailand, Cambodia and Vietnam, and flows into South
China Sea. Total length of it is 4880 km, and it is the
sixth river in length in the world.

The tropical rain forests are distributed widely on the
river line of Mekong River, and one area of highest bio-
diversity in the world. Xishuangbanna is located at mid-
dle reaches of Mekong River. One hundred soil samples
were collected from five national natural protection areas
of tropical rain forests in Xishuangbanna. Diversity of
cultivable actinomycetes was studied. Some results are
reported in this paper.

Xishuangbanna is included in the Indo-Burma biodi-
versity hotspots and contains over 5000 species of vas-
cular plants, comprising 16 percent of China’s total plant
diversity [7-9]. The forests of Xishuangbanna biodiver-
sity that is important both globally and nationally. Typi-
cal vegetation is mainly consisted of Family Sapindaceae,
Annonaceae, Meliaceae, Euphobiaceaea, Moraceae,
Lauracear, Datiscaceae, Rubiaceae, Binnoniaceae, and
Orichdaceae etc. Despite Xishuangbanna’s high biodi-
versity, general ecological information about the tropical
rain forests of the region has rarely been published for an
international audience. The fauna of Xishuangbanna are
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no less diverse, as 36.2%, 21.7%, and 14.6% of China’s
birds, mammals, and reptiles and amphibians occur in
this region, respectively [10-13]. Five sampling areas,
Mengla, Menglun, Mandian, Xiaomengyang and Guan-
ping are located within a radius of N 21° and E 101°,
covering about 100 km?, altitude 450 to 900 m. Mean an-
nual temperature is 21°C, and accumulated temperature
over 18°C is more than 200 days. Annual precipitation is
about 1500 mm. Annual sunshine is about 2000 hours.
Soil belongs to brick-red soil, and pH 5.3 template,
created in MS Word 2003 and saved as “Word 97-2003
& 6.0/95-RTF” for the PC, provides authors with most of
the formatting specifications needed for preparing elec-
tronic versions of their papers. All standard paper
components have been specified for three reasons: 1)
ease of use when formatting individual papers, 2) auto-
matic compliance to electronic requirements that faci-
litate the concurrent or later production of electronic
products, and 3) conformity of style throughout a journal
paper. Margins, column widths, line spacing, and type
styles are built-in; examples of the type styles are
provided throughout this document and are identified in
italic type, within parentheses, following the example.
Some components, such as multi-leveled equations, gra-
phics, and tables are not prescribed, although the vari-
ous table text styles are provided. The formatter will
need to create these components, incorporating the ap-
plicable criteria that follow.

2. Materials and Methods
2.1. Collection and Preparation of Soil Samples

One hundred soil samples were collected from five na-
tional natural protection areas of tropical rain forests,
Menngla, menglun, Mandian, Xiaomengyang and Gu-
anping, in Xishuangbanna, Yunnan, China. 20 samples
were collected in each area. The five protection areas
cover about total 100 km® range. Each sample was mi-
xed by soil collected from 5 to 10 sampling holes and 5
to 20 cm depth. The samples were put in sterile glass
dish immediately, and dried for 10 days at 28°C. 2 g of
each dried sample were pre-treated at 80°C or 120°C for
1 hour, and respectively put in 18 ml sterile water with
0.1% NasP,Os and shaken for 60 min at 220 rpm/min.
The suspension was diluted from 10~ to 107,

2.2. Isolation Medium of Actinobacteria

Following media were used for isolating actinobacteria in
soil samples:

YIM 7 = HV medium [14].

YIM171 = Improvement Glycerol-Asparagine me-
dium: 10 g Glycerol, 1 g asparagine, 1 g K,HPO,4-H,0,
0.5 g MgSO,4-7H,0, 0.3 g CaCOs, 3.7 mg Vit mixture of
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HV medium, 15 g agar, 1000 ml water, pH 7.2.

Y1M212 = Mycose-Proline medium: 5 g Mycose, 1 g
proline, 1 g (NH4),SO4, 1 g NaCl, 2 g CaCl,, 1 g
K,HPO4-H,0, 1 g MgS0O,-7H,0, 3.7 mg Vit mixture of
HV medium, 15 g agar, 1000 ml water, pH 7.2.

YIM213 = Raffinose-Histidine medium: 5 g Raffi-
nose, 1 g histidine, 1 g K;HPO,4-H,0, 0.5 g MgSO,-7H,0,
15g agar, 1000 ml water, pH 7.2 - 7.4.

Improvement HVG: 1 g Humic acid, 0.5 g Keratin,
0.3 g CaCl,, 10 mM MOPS, 0.1ml Trace salts, 7 g Gellan
Gum, 1000 ml water, pH 7.2 - 7.4.

All of media were supplemented with filter sterilized
mixture solution consisted of 50 or 100 mg cyclo-
heximide, 50 or 100 mg nystatin and 20 or 40 mg
nalidixic acid, or K,Cr,O; 50 or 75 mg for 1000 ml me-
dium, as inhibitors against fungi and Gram negative bac-
teria.

Plate dilution method was used for selective isolating
actinobacteria from the sample suspension. 0.2 ml of
suspensions of each sample were spread on the medium
plates, and cultivated for 7 to 35 days at 28°C, then take
count of colonies, and pick up actinobacteria to slant of
the same isolation medium.

2.3. ldentification of Pure Cultivated
Actinobacteria

Total 1652 pure strains were isolated from the 100 soil
samples, 388 strains of them were selected after throw-
ing out many duplicates strains based on morpholo-
gical and cultural characteristics. The DNA of pure
strains was extracted for 16S rDNA analysis [15]. PCR
amplifycation of the 16S rDNA, purification and se-
quence of the PCR products were done as described [16].
The forward primer F8 (8 + 27), 5’-GAGAGTTT-
GATCCTGGCT-CAG-3’ and the reverse primer (1510 £+
1492), 5>-GGTTACCTTGTTACGACTT-3" were used.
The resultant sequences were manually aligned with
available sequences from public databases. Phylogenetic
trees (Not shown) were inferred by using the neigh-
bour-joining [17] and maximum-likelihood methods [18].
All of pure cultivated strains were identified at a genus
level.

3. Results and Discussion

3.1. Effects of Isolating Actinomycetes with Five
Media

100 soil samples from Xishuangbanna were isolated by
using five media. It is showed from Table 1 and Figure
1 that total 1652 pure cultural actinomyces strains were
isolated, and 238 (60%) of the 1652 strains were rare
actinomycetes with YIM 212 medium; 220 strain were
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Table 1. Comparison of five media for isolating actinomy-
cetes (amount of pure cultivated strains).

Medium YIM 171 YIM 212 YIM213 YIM7 HVG Total

Sampe S R S R S R S R S R

1 68 34 51 85 21 25 24 27 48 40 423
2 57 42 30 25 20 22 19 31 33 30 309
3 38 28 23 40 15 18 14 15 36 28 255
4 46 33 30 45 20 28 19 26 40 26 313
5 61 52 25 43 17 19 20 25 48 42 352
Total 270 189 159 238 93 112 96 124 205 166 1652

% 55 45 39 61 45 55 44 56 56 44

S = Streptomyces; R = rare actinomycetes; YIM 171 = Improvement Glyc-
erol-Asparagine medium; YIM YIM 212 = Mycose-Proline medium; YIM
213 = Raffinose-Histidine medium; 7 = HV medium; HVG = Improvement
HVG.
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200
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Y71M171 YIM 212 YIM213 YIM 7 HVG

Figure 1. Amount of pure strains isolated with five media.

isolated, 124 (56%) of them were rare actinomycetes
with YIM 7 (HV); 205 strains were isolated, and 112
(55%) were rare actinomycetes with YIM 213. 459 pure
strains were isolated, and 270 strains (55%) of them were
Streptomycetes with YIM 171; 371 pure strains were
isolated, and 205 strains (56%) of them were Streptomy-
cetes with HVG. Therefore we propose that the former
three media can use to selection isolation of rare action-
mycetes, and the last two media use to isolate strepto-
mycetes from forest soil samples.

Kind and concentration of inhibitors for isolating ac-
tinobacteria from forest soil were tested many times in
our laboratories, the optimum composition was 50 mg/L
K,Cr,05, or 100 mg/L mixture solution of nystatin, 50
mg/L cycloheximide and 20 mg/L nalidixic acid, most
part of Gram negative bacteria were inhibited, and no
fungi grown on all five medium plates.

3.2. Composition of Actinobacetria

16S rDNA sequences of 388 selected pure strains were
determined. The phylogenetic analysis was carried out.
Strains were identified at a genus level. Total 35 genera
of actinobacteria were isolated and identified. These
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genera belong to 8 orders and 14 families (Table 2) [19].
Strepptomyces, Micromonospora, Pseudonocardia and
Nocadia were widely distributed and the most in number
in all of soil samples. But Actinomycetospora, Actinopo-
lymorpha, Curtobacterium, Isoptericola, Kineicoccus,
Lentzea, Planosporangium, Polymorphospora and Spha-
erisporangium which are very rare in nature, were iso-
lated from soil samples in Xishuangbanna.

Based on general regularization in taxonomic world,
the similarity of 16S rRNA gene sequence of a strain
with the closest valid species is below 98.5%, the strain
should be possible novel species [12]. Table 3 is a phy-
logenetic analysis based on the 16S rRNA gene sequence
of a part of actinomycete strains. Therefore 19 strains
were possible new species, it took 6% of 588 sequencing
strains.

Two new genera, Planosporangium [6] and Actino-
mycetospora [3], and five new species, Planosporangium
flavigriseum [6], Planosporangium mesophilum [20],
Actinomycetospora chiangmaiensis [3], Actinopolymor-
pha alba [21] and Agromyces aurantiacus [22] were iso-
lated and identified in soil samples collected from the
river line of Mekong river. All of them were valid pub-
lished before.

In our previous studies of pure cultivable actinobacte-
ria, 17 genera were isolated in 60 soil samples collected
from primeval forest in Grand Shangri-La, southwest
China [23]. 13 genera in 50 soil samples from primeval
subtropical every green forest in Gulin, Sichuan Province,
China [24]. Only five genera, Mycobacterium, Nocardia,
Promocromonopora, Dactylosporangium and Strepto-
myces were isolated and identified in 100 soil samples
collected from secondary forest, which located in Emei
and Qingcheng Mountains, Sichuan [24]. 35 genera were
isolated in soil samples from Xishuangbanna. Therefore
actinomycete diversity in tropical rain forest of Xis-
huangbanna is the highest comparing with all areas stud-
ied in our laboratories before.

Recent 20 years, un-cultivable microorganisms in
various habitats, soil, ocean, extreme environments, ani-
mal and plant were analyzed with DGGE, TGGE and
454 sequencing in many laboratories [25-31]. But in our
view, in order to develop new drug and other industry
products, only knowing the existence of un-cultivable
microbes is not enough completely, we should make the
un-cultivable to pure cultured actinomycetes by using
every means. This is an important presupposition and
new hope for development and utilization of actinomy-
cete resources.

3.3. Key of Selective Isolating Actinobacteria
from Soil Samples

Selective isolation methods for actinobacteria, especially
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Table 2. Composition of actinobacteria in tropical rain forest in Xishuangbanna.

Order Family Genus
Propionibacteriales Propionibacteriaceae Friedmanniella
Nocardioidaceae Actinopolymorpha, Kribbella, Nocardioides
Micrococcales Micrococcaceae Arthrobacter, Citricoccus
Cellulosmonadaceae Oerskovia, Cellulomonas, Cellulosimicrobium

Agrococcus, Agromyces, Curtobacterium,

Microbacteriaceae - .
Microbacterium
Promicromonosporaceae Isoptericola, Promicromonospora
Corynebacteriales Mycobacteriaceae Mycobacterium
Nocardiaceae Nocardia, Rhodococcus
. . Actinomycetospora, Lentzea, Pseudonocardia.
Psudonocardiales Psudonocardiaceae Y pora, g ’
Saccharomonospora, Saccharopolyspora
Streptomycetales Streptomycetaceae Streptomyces, Kitasatospora
Streptosporangiales Streptosporangaceae Nonomurae, Sphaerisporangium, Streptosporangium
Thermomonosporaceae Actinomadura
. . Actinoplanes, Dactylosporangium, Micromonospora.
Micromonosporales Micromonosporaceae P ? YI0Sp g, pora,
Planosporangium, Polymorphospora
Kineosporiales Kineosporiaceae Kineicoccus

Table 3. A phylogenetic analysis based on the 16S rRNA gene sequence of a part of actinomycete strains.

Strain No. Nearest phylogenetic neighbor in public 16S rRNA gene sequence databases Similar %
48,846 Actinomadura aurantiaca 97.68
48,847 Sphaerisporangium rubeus 98.45
48,848 Actinopolymorpha rutilus 97.14
48,849 Actinopolymorpha singaporensis 98.48
48,850 Lentzea kentuckyensis 98.51
48,856 Streptomyces bungoensis 98.59
48,857 Streptomyces caniferus 98.56
48,864 Sphaerisporangium rubeus 98.08
48,865 Mycobacterium aubagnense 98.02
48,866 Promicromonospora sukumoe 98.45
48,868 Actinopolymorpha singaporensis 96.65
48,872 Pseudonocardia zijingensis 97.96
48,873 Planosporangium flavigriseum 95.80
48,875 Planosporangium flavigriseum 95.75
121,005 Nocardia iowensis 97.86
121,016 Agromyces aurantiacus 97.84
121,022 Kineococcus gynurae 97.27
121,052 Micromonospora peucetia 97.78
121,054 Nocardia brasiliensis 98.25

Copyright © 2013 SciRes. 0JSS
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un-known actinomycetes, are very important, and itself
as a research project should be studied, improved and
replaced constantly. A large number of Gram negative
bacteria, fungi and even known actinomycetes in soil
samples is a main problem for selective isolation of
un-known actinobacteria. In order to eliminate the ap-
pearance of the former, and obtain much more un-known
actinobacteria for discovering novel drug leader and
other products, sampling and isolation methods should be
put as the key point.

Based on many test results for a long term in our labo-
ratory, first, it is best to collect test samples from prime-
val habitats which have never been disturbed by action of
human, such as primeval forests and extreme environ-
ments; second, soil samples have to been dried at 25°C -
28°C for 7 to 10 days; third, pre-treatment of dried sam-
ples at 80°C to 100°C for 60 min has to be carried out
before isolation; fourth, potassium bichromate 50 mg, or
mixture solution of nystatin 100 mg, cycloheximide 50
mg and nalidixic acid 20 mg for 1000 ml medium, as
inhibitors, have to be added in the isolation medium for
inhibiting fungi and Gram negative bacteria; fifth, im-
provement Glycerol-Asparagine medium, Mycose-Pro-
line medium and HV medium were better for isolation of
actinobacteria from soil samples.
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