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Taxonomic and ecological studies of actinomycetes
from Vietnam: isolation and genus-level diversity

Duong Van Hop1, Yayoi Sakiyama2, Chu Thi Thanh Binh1, Misa Otoguro2, Dinh Thuy Hang1,
Shinji Miyadoh2, Dao Thi Luong1 and Katsuhiko Ando2

Actinomycetes were isolated from 109 soil and 93 leaf-litter samples collected at five sites in Vietnam between 2005 and

2008 using the rehydration-centrifugation (RC) method, sodium dodecyl sulfate-yeast extract dilution method, dry-heating

method and oil-separation method in conjunction with humic acid-vitamin agar as an isolation medium. A total of 1882 strains

were identified as Vietnamese (VN)-actinomycetes including 1080 (57%) streptomycetes (the genus Streptomyces isolates) and

802 (43%) non-streptomycetes. The 16S ribosomal RNA gene sequences of the VN-actinomycetes were analyzed using BLAST

searches. The results showed that these isolates belonged to 53 genera distributed among 21 families. Approximately 90%

of these strains were members of three families: Streptomycetaceae (1087 strains, 58%); Micromonosporaceae (516 strains,

27%); and Streptosporangiaceae (89 strains, 5%). Motile actinomycetes of the genera Actinoplanes, Kineosporia and

Cryptosporangium, which have quite common morphological characteristics, were frequently isolated from leaf-litter samples

using the RC method. It is possible that these three genera acquired common properties during a process of convergent

evolution. By contrast, strains belonging to the suborder Streptosporangineae were exclusively isolated from soils.

A comparison of the sampling sites revealed no significant difference in taxonomic diversity between these sites. Among the

non-streptomycetes, 156 strains (19%) were considered as new taxa distributed into 21 genera belonging to 12 families.

Interestingly, the isolation of actinomycetes from leaf-litter samples using the RC method proved to be the most efficient

way to isolate new actinomycetes in Vietnam, especially the Micromonosporaceae species.
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INTRODUCTION

This is a study investigating the diversity and ecology of actinomycetes
in Vietnam, and part of a joint research project between Vietnam and
Japan. Vietnam is located in a tropical to subtropical region of South-
east Asia, from 8.3 to 22.31N latitude, with 1700 km of coastline (north
to south). The country has high geographical complexity ranging from
mountainous land (500–1000 m above sea level) to watery lowland
such as the Mekong Delta, hot springs and mangrove coasts. Climate
and other ecological factors such as the availability of water, pH and
organic contents of the soil affect the microbial flora. Additionally,
there are 56 ethnic groups of people who eat many kinds of traditional
fermented foods,1 thereby making the microbial gene pool more
attractive. The presence of diverse and novel unique microbial species
could be expected in the complex landscapes of Vietnam. Actinomy-
cetes isolated in Vietnam are thought to be a potential source for
screening for useful secondary metabolites.2,3 A total of 1882 strains of
actinomycetes isolated in Vietnam were included in a Vietnamese
(VN)-actinomycetes collection. Publications comparing actinomycetic
populations from different climates within Asia have been published.

Xu et al.4 studied the diversity of soil actinomycetes in Yunnan (China),
Wang et al.5 investigated the actinomycete diversity in the tropical
rainforests of Singapore, Muramatsu et al.6 compared Malaysian and
Japanese actinomycetes, and Ara and Kudo7–9 reported many novel
genera of rare actinomycetes isolated from soil samples collected from
Bangladeshi mangrove rhizospheres. Recently, Hayakawa et al.10 studied
the diversity of actinomycetes isolated from soils in cool-temperate
(Rishiri Island) and subtropical (Iriomote Island) areas of Japan.
Here, we present results obtained from a complex study on ecology
and taxonomy of actinomycetes isolated from soil and leaf-litter
samples collected at five different sampling sites in Vietnam. The
data on VN-actinomycetes is presented for the first time in this
study and serves to enrich knowledge of the diversity and distribution
of this microbial group in the region and the world.

MATERIALS AND METHODS

Sample collection
Between 2005 and 2008, 109 soil and 93 leaf-litter samples were collected from

Vietnam, which is located in the tropical to subtropical regions of Indochina.
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The five sampling sites are shown in Figure 1. The diverse natural environment

makes Vietnam an attractive country for a survey of novel microbial species

including actinomycetes.

Isolation of actinomycetes
Four methods were used for the isolation of actinomycetes. The rehydration-

centrifugation (RC) method11 was employed for isolating motile actinomycetes

from soil and leaf-litter samples. Sodium dodecyl sulfate-yeast extract dilution

method12 was used for general isolates from soil samples, while the dry-heating

method13 allowed isolation of heat resistant strains from both soil and leaf-

litter. The oil-separation (OS) method was used for lipophilic isolates from soil.

In conjunction with these methods, humic acid-vitamin agar14 supplemented

with nalidixic acid (20 mg l–1), cycloheximide (50 mg l–1) and kabicidin

(20 mg l–1) was used as an isolation medium. All plates were incubated at

28–30 1C from 4 days to 3 weeks. Actinomycete colonies were picked and

deposited on humic acid-vitamin agar, then purified by streaking onto yeast

extract-starch agar (1% starch, 0.2% yeast extract and 2% agar, pH7.0). During

these experiments, the biggest problem was the isolation of actinomycetes from

environmental samples heavily contaminated with not only fungi and bacteria

but also insects. Plates of isolates were sealed with parafilm and packaged into

a plastic bag during cultivation.

The RC method used, one of the most important in this study, was modified

to some degree from the original paper, with the method shown in Figure 2.

Soil extract for sample suspension was prepared by suspending 500 g soil in 1 l

of water, then autoclaved for 30 min and filtered. The OS method has been

developed for selective isolation of lipophilic actinomycetes as described below.

Approximately 0.5 g of dried soil samples were suspended in 5 ml of olive oil

and mixed for 2 min. A 5 ml volume of sterilized water was added to the olive

oil emulsion and mixed with a magnetic stirrer for 5 min, then centrifuged at

3000 r.p.m. (1500 g) for 10 min. The upper layer was diluted with fresh olive oil,

and 0.1 ml of diluted samples were inoculated onto humic acid-vitamin agar

and incubated at 28–30 1C for 1–3 weeks.

16S rRNA gene sequencing and phylogenetic analysis
Genomic DNA extraction was carried out using a Promega (Madison, WI, USA)

extraction kit according to the manufacturer’s protocol. The 16S ribosomal RNA

(rRNA) gene was amplified by PCR using TaKaRa Ex Taq (Takara Bio, Otsu

City, Shiga, Japan) with the primers, 9F (5¢-GAGTTTGATCCTGGCTCAG-3¢)
and 1541R (5¢-AAGGAGGTGATCCAGCC-3¢), or occasionally 1510R (5¢-GGC

TACCTTGTTACGA-3¢). Almost the entire sequence of the 16S rRNA gene

(1300–1400 bp) was amplified by PCR as reported by Tamura and Hatano15

and directly sequenced using an ABI Prism BigDye Terminator cycle sequencing

kit (Applied Biosystems, Foster City, CA, USA) and an ABI Model 3730 automatic

DNA sequencer. The 16S rRNA gene sequence was compared with other sequences

in the EMBL/GenBank/DDBJ database using BLAST searches and in the EzTaxon16

database, which includes only type strain sequences. The isolates demonstrating

o98% identity compared with known species were considered as a potential

novel species. Specifically, the 16S rRNA gene sequences obtained were aligned

with reference sequences of known species in a genus using the MEGA ver. 5.01

soft package.17 A phylogenetic tree was constructed using neighbor-joining tree

algorithms.18 The resultant neighbor-joining tree topology was evaluated by

bootstrap analysis based on 1000 replicates.19

RESULTS AND DISCUSSION

Isolation of actinomycetes from Vietnam
Between 2005 and 2008, 1882 strains were isolated in Vietnam,
and were preserved in a VN-actinomycetes collection at the Institute
of Microbiology and Biotechnology, Vietnam National University
and the National Institute of Technology and Evaluation, Japan.
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Figure 1 A map outlining the sampling sites in Vietnam. 1 Ba Be; 2 Bach

Ma; 3 Ho Chi Minh; 4 Cat Ba Island; and 5 Phong Nha.
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Figure 2 The rehydration-centrifugation (RC) method for actinomycetes isolation.
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These isolates were tentatively identified by analysis of the sequences
of the 16S rRNA genes. Agar disks of actinomycete cultures packaged
in a cryotube with 10% glycerol were kept at �80 1C for long-term
preservation.

As shown in Table 1, the VN-actinomycetes collection was
composed of 1080 streptomycetes (the genus Streptomyces strains)
(57%) and 802 non-streptomycetes (43%). Streptomycetes are widely
distributed throughout diverse natural environments. Since almost all
streptomycetes grow quickly under conventional culture conditions,
they are easily isolated. By contrast, non-streptomycetes, or rare
actinomycetes, are generally characterized by slow growth and small
colony formation. They are therefore difficult to isolate and to
cultivate, especially in liquid media, so special isolation methods
are required. The ratio of streptomycetes varies considerably each
year; for example, 69% (348 strains) in 2005 and 43% (212 strains) in
2008. These percentages depend on isolation sources and isolation
methods. In general, leaf-litter samples and the RC-method are
relatively suited for non-streptomycetes isolation. The ratio of strepto-
mycetes to non-streptomycetes is also influenced by unnatural factors
such as the isolator’s protocols. Therefore, we have mainly discussed
the non-streptomycetes isolated from Vietnam.

The numbers of strains isolated from diverse samples and using
various isolation methods are shown in Table 1. These isolates were
composed of 1259 strains (67%) from soil and 623 strains (33%) from
leaf-litter samples. Sampling was conducted by collecting the same
numbers of soil and leaf-litter samples, respectively, from each
sampling site. As the sodium dodecyl sulfate-yeast extract dilution
method and the OS method were applied only for soil samples, and
not with leaf-litter samples, the numbers of soil isolates were more
numerous. The collection of VN-actinomycetes contained 706 strains
(38%) using the RC method, 511 strains (27%) by the sodium dodecyl
sulfate-yeast extract dilution method, 426 strains (23%) by the dry-
heating method and 239 strains (13%) by the OS method. Owing to
a technical problem in 2006, only 63 strains were obtained using the
RC method (Table 1).

Taxonomic diversity of VN-actinomycetes
The generic identification of streptomycetes (1080 strains) was
performed by observing their colony appearance and microscopic
morphology, or by analysis of partial sequences of their 16S rRNA
gene (9F, about 500 bp). In the case of all non-streptomycetes (802
strains), nearly the full length of the 16S rRNA gene sequences was
determined and compared with known species in public databases,
and their taxonomic positions were confirmed by phylogenetic

analyses. As of December 2009, the term ‘Actinomycetes’ (order
Actinomycetales) consists of 13 suborders, 42 families and about 200
genera based on the 16S rRNA gene sequence.20,21 In this study,
among the non-streptomycetes, 95 strains that were initially identified
as members of the genera Actinoplanes, Catellatospora, Cellulomonas,
Couchioplanes, Isoptericola or Micromonospora through BLAST
searches of 16S rRNA gene sequence similarity were found to in fact
belong to other genera through detailed phylogenetic analyses.

Family-level diversity
As shown in Table 2, VN-actinomycetes (1882 strains) were found
to belong to 53 genera distributed among 21 families. At the family
level, 58% (1087 strains) of the strains belonged to the family
Streptomycetaceae. The most dominant group of non-streptomycetes
belonged to the family Micromonosporaceae, in which there were
516 strains (27% VN-actinomycetes, 64% non-streptomycetes). The
second dominant group (89 strains) of non-streptomycetes belonged to
the family Streptosporangiaceae. The three families, Streptomycetaceae,
Micromonosporaceae and Streptosporangiaceae, accounted for approxi-
mately 90% of strains isolated in the present study. Members of the
families Kineosporiaceae, Pseudonocardiaceae and Cryptosporangiaceae
were less frequently isolated.

Genus-level diversity
As mentioned already, sample types and isolation methods have
been found to be well correlated with the taxonomic diversity of
VN-actinomycetes (Table 2). As various actinomycetes belonging to
the genera Actinoplanes, Kineosporia22–24 and Cryptosporangium15,25

were frequently isolated from leaf-litter samples, as evidenced also by
other reports,26,27 it is conceivable that they may have an important
role in the degradation of fallen leaves. It should be noted that
these three genera belong to different families (Micromonosporaceae,
Kineosporiaceae and Cryptosporangiaceae, respectively), which in turn
belong to different suborders (Micromonosporineae, Kineosporiineae
and Frankineae, respectively). This indicates that the actinomycetes we
have isolated from leaf-litter samples are phylogenetically only remo-
tely related with each other. Nonetheless, they share their habitats and
show very similar characteristics such as possession of motility,
absence or rarity of hydrophobic aerial hyphae, and formation of
orange colonies, similar to the color of fallen leaves as shown in
Figure 3a. As the moisture within fallen leaf deposits increases at the
lower layers, motility and filamentous growth by substrate mycelium
are potentially advantageous for the proliferation of actinomycetes
within fallen leaf deposits. In our preliminary experiment, similar
actinomycetes could not be isolated from fresh leaves or fresh fallen
leaves, despite being frequently isolated from decomposed leaves.
Therefore, it seems quite likely that the common characteristics
possessed by the actinomycetes belonging to the three taxonomically
distant genera mentioned above may have been independently
acquired during the course of evolution.

It should also be noted that, with the actinomycetes isolated from
leaf-litter samples, particular species of bacteria were frequently
co-isolated, perhaps reflecting the formation of a symbiotic commu-
nity in their natural habitats. To separate these partners on decom-
posing organic matter and to obtain the rare actinomycetes in pure
culture, the membrane method28 using a 0.22mm pore size filter
proved to be an effective procedure. Further analysis including
molecular taxonomy of the bacteria thus separated may provide
detailed features of their relationships as well as additional evidence
for the apparent convergent evolution of the actinomycetes belonging
to three different genera.

Table 1 Numbers of actinomycetes isolated in Vietnam for each year

between 2005 and 2008

Identification Samples used Isolation methods

Year Streptomycetes a Non-streptomycetes Soil Litter RC SY DH OS

2005 348b (69%) 156 (31%) 348b 156 240b 108 156 —

2006 281 (66%) 143 (34%) 353 71 63 169 94 98

2007 239 (52%) 217 (48%) 300 156 176 115 81 84

2008 212 (43%) 286 (57%) 258 240 227 119 95 57

Total 1080 (57%) 802 (43%) 1259 623 706 511 426 239

1882b 1882 1882

Abbreviations: DH, dry-heating; OS, oil-separation; RC, rehydration-centrifugation; SY, sodium
dodecyl sulfate-yeast extract dilution.
aThe genus Streptomyces strains.
bNumbers of strains.
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Table 2 Taxonomic diversity of actinomycetes isolated from Vietnam (nos. of strains)

Samples Methods

Family Genus Soil Litter Total RC SY DH OS

Actinosynnemataceae Actinokineospora/Actinosynnema 2 2 2

Catenulisporaceae Catenulispora 2 2 1 1

Cellulomonadaceae Cellulomonas 1 1 1

Cryptosporangiaceae Cryptosporangium 3 22 25 25

Dermatophilaceae Dermatophilus 1 1 1

Geodermatophilaceae Blastococcus/Geodermatophilus 2 1 3 2 1

Glycomycetaceae Glycomyces 1 1 1

Intrasporangiaceae Janibacter 1 1 1

Kineosporiaceae Kineococcus 1 1 1

Kineosporia 2 39 41 41

Microbacteriaceae Agrococcus 1 1 1

New genus candidate (1) 1 1 1

Micrococcaceae Micrococcus 4 2 6 4 2

Micromonosporaceae (516 strains, 27%) Actinoplanes 71 255 326 320 3 3

Asanoa 5 5 2 3

Catellatospora 15 1 16 5 6 5

Catenuloplanes 4 15 19 19

Couchioplanes 5 5 5

Dactylosporangium 15 7 22 7 6 7 2

Hamadae 1 1 1

Krasilnikovia 1 1 2 2

Luedemannella 3 3 3

Micromonospora 80 21 101 34 38 9 20

Virgisporangium 1 1 1

Pseudosporangium 2 2 4 4

New genus candidate (2) 1 1 1

New genus candidate (3) 1 9 10 10

Mycobacteriaceae Mycobacterium 2 1 3 1 1 1

Nocardiaceae Nocardia 11 11 1 5 2 3

Gordonia/Rhodococcus 5 5 3 2

Nocardioidaceae Kribbella 5 5 1 2 2

Nocardioides 1 6 7 5 1 1

Nocardiopsaceae Nocardiopsis 7 7 1 4 2

Promicromonosporaceae Isoptericola 4 4 8 2 4 2

Myceligenerans 1 1 2 1 1

Promicromonospora 3 9 12 11 1

Pseudonocardiaceae Actinomycetospora 1 1 1

Amycolatopsis 1 1 2 1 1

Pseudonocardia 10 6 16 6 5 3 2

Saccharopolyspora 5 3 8 4 3 1

Streptomycetaceae (1087 strains, 58%) Kitasatospora 3 1 4 4

Streptacidiphilus 3 3 1 1 1

Streptomyces 877 203 1080 156 367 383 174

Streptosporangiaceae (89 strains, 5%) Acrocarpospora/Herbidospora 3 1 4 1 3

Microbispora 13 13 3 6 4

Microtetraspora 3 3 2 1

Nonomuraea 48 1 49 12 20 5 12

Planotetraspora 2 2 1 1

Sphaerisporangium 7 7 3 4

Streptosporangium 11 11 1 6 2 2

Thermomonosporaceae Actinoallomurus 2 2 2

Actinomadura 15 15 3 8 1 3

Total 1259 623 1882 706 511 426 239

Abbreviations: DH, dry-heating; OS, oil-separation; RC, rehydration-centrifugation; SY, sodium dodecyl sulfate-yeast extract dilution; VN, Vietnamese.
The VN-actinomycetes (1882 strains) belonged to 53 genera distributed among 21 families.
Names and numbers of actinomycete isolates listed in boldface were taken up as discussion points.
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Conversely, 111 of the 113 strains belonging to the families
Streptosporangiaceae, Nocardiopsaceae and Thermomonosporaceae,
within the suborder Streptosporangineae, which form aerial mycelium,
were isolated from soil samples (Table 2). Accordingly, these actino-
mycetes may have roles in the decomposition and recycling of organic
matter, which is generally more difficult to degrade compared with
fallen leaves. As mentioned above, the most dominant actinomycetes
in the environment vary depending on the stage of decomposition of
organic matter. Marked actinomycete diversity will also be a conse-
quence of adaptation to this complex degradation process. The genera
Streptomyces, Micromonospora, Dactylosporangium and Pseudonocardia
were isolated from both soil and leaf-litter samples. With respect
to isolation methods, motile actinomycetes such as members of
Actinoplanes, Kineosporia, Cryptosporangium and Catenuloplanes
were efficiently isolated by the RC method. Non-motile actinomycetes,
such as Streptomyces (156 strains) or Micromonospora (34 strains) are
distributed widely in nature and were also isolated by this method. The
reason that the OS method is suitable for the isolation of Streptomyces,
Micromonospora and Nonomuraea may be because their spore surfaces are
lipophilic. There was no significant difference in actinomycete popula-
tions among the sampling sites across the northern and southern regions
of Vietnam. However, there was a tendency that strains of Promicromo-
nospora were more common (10/12 strains) in the north, and strains of
Nocardiopsis were more common (6/7 strains) in the south.

Muramatsu et al.6 observed some interesting differences between
the distribution of Malaysian (at latitude 31N) and Japanese (351N)
actinomycete isolates. As an example, the number of strains belonging
to the genera Streptosporangium and Nonomuraea within the family
Streptosporangiaceae were 136 and 4, respectively, for Japanese

isolates, and 20 and 69 for Malaysian isolates. In the present study
of VN (12 to 221N) actinomycetes, 11 Streptosporangium strains
and 49 Nonomuraea strains were isolated. Wang et al.5 isolated
50 Streptosporangium and 390 Nonomuraea from the tropical rain-
forests of Singapore (21N). Of the Indonesian (2–81S) isolates,29

13 strains were identified as belonging to the genus Streptosporangium
and 118 strains were members of Nonomuraea. More recent data
reported by Hayakawa et al.10 comparing actinomycetes isolated in
cool-temperate (451N) and subtropical areas (241N) in Japan also
demonstrated a similar tendency. Additionally, on Mikurajim Island
(341N), Japan, 86 Streptosporangium strains and three Nonomuraea
strains were isolated.30 It is interesting to note that the ratio of
Streptosporangium to Nonomuraea strains is strongly dependent on
the climate and the environment of their habitats and, as shown in
Figure 4, the boundary of this change occurs at around 301N, which
coincides with the Watase Line, a well-known biogeographical bound-
ary across the Tokara Islands of south-western Japan. It may be that
cross-boundary differences in the variety of animal and plant species
affect the environment in which these actinomycetes exist.

Species-level diversity
All the 16S rRNA gene sequences in non-streptomycetes (802 strains)
were analyzed for species-level identification, and determined by
BLAST searches. The results revealed a number of interesting pheno-
mena regarding diversity among VN-actinomycetes at the species
level. As an example, some dominant clusters existed, including new
species, and there were also some peculiar endemic species in tropical
and subtropical areas. We are now preparing as a sequel to the present
study a paper describing species-level diversity of VN-actinomycetes.

Figure 3 Colony appearances of actinomycete isolates on various agar media. The strains on plates (a) were (in a clockwise direction from the top): 1, 2 and

3 Actinoplanes spp. (AB607853*, AB607849 and AB607850); 4 and 5 Kineosporia spp. (AB607851 and AB607854); and 6 Cryptosporangium sp.

(AB607852) isolated from fallen leaves. Note the filmy roll back colonies of strains 1, 2 and 3 on ISP-2 medium (arrows). The strains on plates (b) were:

1 Pseudonocardia babensis VN05-A0561T; 2 Streptomyces sp. VN07-A0015; 3 New genus candidate (2) VN08-A0300; 4 New genus candidate (1) VN08-

A0400; and 5 Kineosporia babensis VN05-A0415T. The agar media (from left to right) were yeast extract-starch agar, American Type Culture Collection (ATCC)

medium-172 and ISP-2. The isolates were incubated at 28 1C for 10 days. *The DDBJ accession number on base sequences of 16S ribosomal RNA (rRNA) gene.
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In previous studies, two new species, Kineosporia babensis 31 (strain
VN05-A0415T¼NBRC 104154T¼VTCC-A-0961T) and Pseudonocardia
babensis 32 (strain VN05-A0561T¼NBRC 105793T¼VTCC-A-1757T)
have been identified. The colony appearance of these two type strains
is shown in Figure 3b.

New taxon candidates
Actinomycete isolates demonstrating o98% identity of the 16S rRNA
gene sequence to known species by BLAST searches and by EzTaxon

server are generally considered to be new taxa.33,34 As shown in
Tables 3, 156 strains (19% of the non-streptomycetes) were regarded
as new taxa, and were distributed into 21 genera in 12 families. One of
the most important achievements of this study was the discovery that
using the RC method in combination with leaf-litter samples proved
to be the most reliable way to isolate new actinomycete species,
especially new Micromonosporaceae species, in Vietnam. Many strains
belonging to the family Micromonosporaceae (171 strains, 75%) were
frequently considered to be new species, and mainly belonged to the
genus Actinoplanes (95 strains, 61%). The use of the RC method is
advantageous in order to isolate new species from leaf-litter samples.
A total of 95 new species candidates were identified by detailed phylo-
genetic analyses; among these, 56 new species belonged to the genus
Actinoplanes. Through phylogenetic analyses based on 16S rRNA gene
sequences, three clades corresponding to a new genus have been found.
These groups were designated as new genus candidates (1), (2) and (3)
in Tables 2 and 3. As shown in Figure 5, the ‘new genus candidate (1)’
belongs to the family Microbacteriaceae, and the ‘new genus candidates
(2) and (3)’ are members of the family Micromonosporaceae.

The new genus candidate (1) within the Microbacteriaceae was
represented by strain VN08-A0400. This strain had 95.0% identity
with other 16S rRNA gene sequences, the highest level among all the
VN-actinomycetes. The morphology of strain VN08-A0400 was short
rod-shaped (not filamentous), and the colony was black on yeast
extract-starch agar and yellow on American Type Culture Collection
medium 172 as shown in Figure 3b. Recently, Kim and Lee35 published

Table 3 Numbers of isolates belonging to new taxaa among VN-actinomycetes

Samples used Isolation methods

Family Genus Soil Litter RC SY DH OS Total No. of species

Catenulisporaceae Catenulispora 2 1 1 2 1

Cellulomonadaceae Cellulomonas 1 1 1 1

Dermatophilaceae Dermatophilus 1 1 1 1

Geodermatophilaceae Geodermatophilus 1 1 1 1

Kineosporiaceae Kineosporia 11 11 11 6

Microbacteriaceae New genus candidate (1) 1 1 1 1

Micromonosporaceae (117 strains, 75%) Actinoplanes 11 84 92 3 95 56

Catenuloplanes 1 1 2 2 2

Couchioplanes 4 4 4 2

Krasilnikovia 1 1 1 1

Luedemannella 2 2 2 2

Pseudosporangium 1 1 2 2 1

New genus candidate (2) 1 1 1 1

New genus candidate (3) 1 9 10 10 3

Nocardiaceae Rhodococcus 1 1 1 1

Nocardioidaceae Nocardioides 1 1 1 1

Promicromonosporaceae Myceligenerans 1 1 1 1 2 1

Promicromonospora 1 1 1 1

Pseudonocardiaceae Actinomycetospora 1 1 1 1

Pseudonocardia 2 2 2 2

Saccharopolyspora 2 2 2 1

Streptosporangiaceae Microbispora 1 1 1 1

Nonomuraea 9 1 5 3 2 10 6

Sphaerisporangium 1 1 1 1

Total 35 121 138 11 1 6 156 95

Abbreviations: DH, dry-heating; OS, oil-separation; RC, rehydration-centrifugation; rRNA, ribosomal RNA; SY, sodium dodecyl sulfate-yeast extract dilution; VN, Vietnamese.
The 156 strains (19% of the non-streptomycetes) belonging to new taxa are distributed into 21 genera, members of 12 families. Of these 117 strains are members of the family Micromonosporaceae.
Names and numbers of actinomycete isolates listed in boldface were taken up as discussion points.
ao98% similarity of 16S rRNA gene sequence.

Figure 4 Ratios of Streptosporangium to Nonomuraea isolates at different

latitude sites. *N, number of Nonomuraea isolates; S, number of

Streptosporangium isolates.

Taxonomy and ecology of Vietnamese actinomycetes
D Van Hop et al

604

The Journal of Antibiotics



a novel genus Amnibacterium within the family Microbacteriaceae,
and strain VN08-A0400 seems to be closely related to this genus as
shown in Figure 5.

On the basis of the 16S rRNA sequences, strain VN08-A0300 (new
genus candidate (2)) exhibited 97.7% identity with strains of the
genus Polymorphospora. Strain VN08-A0300 formed sporangia on
dark orange colonies but lacked aerial hyphae (Figure 3b). As
shown in Figure 5, strain VN07-A0427 and nine others strains
belonged to new genus candidate (3) with 3–5 new species, forming
a single clade closely related to the genus Krasilnikovia.

In conclusion, many novel actinomycetes have been discovered with
high frequency in Vietnam, and are expected to be useful as a source
of strains to be screened for production of novel secondary metabo-
lites as well as for determining their new ecological roles in tropical
and subtropical regions.
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