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Summary

Actinomycetes (Actinobacteria) are the group of bacteria producing most of the
bioactive metabolites. Approx. 100 out of 150 antibiotics used in human therapy and
agriculture are produced by actinomycetes. Finding novel leader compounds from
actinomycetes is still one of the promising approaches to develop new pharmaceuticals.
The aim of this study was to find new species and genera of actinomycetes as the basis
for the discovery of new leader compounds for pharmaceuticals. Unique and extreme
habitats as a source for Actinomycetes combined with variation in sample treatment and
isolation media have been shown to yield a great diversity of Actinomycetes including a

number of new species and genera.

990 soil and sediment samples were collected from primeval tropical rain forest,
secondary forests, mangroves, saline and alkaline soil and lakes in five Provinces, P. R.
China and Baltic Sea. 4127 strains of actinomycetes were isolated by using various
pretreatment procedures and different media. In total, 230 strains were selected for
taxonomic research, among these 26 strains with anti-cancer activities, 22 with PKS
genes, 32 with enzymes inhibition, 14 from salt and alkaline environments, 136 rare

actinomycetes.

On the basis of partial sequences of the 16S rRNA gene, these 230 strains were
identified at the genus level and found to belong to 40 genera. A selection of 62 strains
was further characterized by almost complete sequences and by polyphasic taxonomic
procedures. Eight new species were published previously. Two new genera,
Actinomycetospora chaingmaiensis sp.nov. and gen. nov. and Planosporangium
flavogriseum sp. nov. and gen. nov. and two new species, Streptomyces hainanensis sp.

nov. and Promicromonospora flava sp. nov., were described in this thesis.

In order to find un-known actinomycetes for providing the new sources for discovery of
new leader compounds. First, test samples should be collected from primeval and
special or extreme habitats; second, Actinomycetes should be isolated by using new,
specific and variable procedures; third, Isolates are characterized by using fast
identifying methods, especially a part of sequencing of 16S rRNA genes.



Zusammenfassung

Actinomyceten (Aktinobakterien) sind die Gruppe der Bakterien, die die meisten
bioaktiven Metabolite produzieren. Circa 100 der 150 Antibiotika, gebrauchlich in der
Humanmedizin und der Agrarwirtschaft, werden von Aktinomyceten produziert. Das
Finden neuer Leitstrukturen von Aktinomyceten zu ist immer noch ein viel
versprechender Ansatz, um neue Medikamente zu entwickeln. Es war Ziel dieser
Arbeit, neue Aktinomycetenarten und -gattungen als Grundlage zur Entdeckung neuer
Leitstrukturen fir Medikamente zu finden. Die Beprobung einzigartiger und extremer
Lebensraume als Quelle fur neue Aktinomyceten in Kombination mit
unterschiedlichen Probenaufarbeitung und Isolationsmedien haben zur Entdeckung
einer grolRen Vielfalt von Aktinomyceten, darunter auch neue Arten und Gattungen,

geflhrt.

990 Boden- und Sedimentproben wurden aus tropischen Primarregenwéldern,
Sekundarwaldern, Mangroven, salzigen und alkalischen Boden, sowie Seen in fiinf
Provinzen der Volksrepublik China gesammelt und Batic sea. 4127
Aktinomycetenstdmme wurden durch Verwendung verschiedener
Vorbehandlungsprozeduren und unterschiedlicher Kulturmedien isoliert. Insgesamt
230 Stamme wurden fur taxonomische Untersuchungen ausgewahlt. Unter diesen
befanden sich 26 Stamme mit Anti-Krebswirkung, 22 mit PKS Genen und 32 mit
Enzyminhibiton. 14 wurden aus Salz- und Alkaliumgebungen isoliert und 136 waren

seltene Stamme.

Auf der Grundlage von Teilsequenzen des 16S-rRNA Gens wurden diese 230
Stamme auf dem Gattungslevel identifiziert. Es wurde festgestellt, dass diese zu 40
verschiedenen Gattungen gehoren. Eine Auswahl von 62 Stammen wurde durch fast
komplette 16S-rRNA Sequenzen und polyphasischen Taxonomieverfahren weiter
charakterisiert. Finf Beschreibungen neuer Arten wurden bereits verdffentlich. Zwei
neue Gattungen, Actinomycetospora chaingmaiensis sp. nov. und gen. nov.
Planosporangium flavogriseum sp. nov. und gen. nov. sowie zwei neue Arten,
Streptomyces hainanensis sp. nov. und Promicromonospora flava sp. nov. wurden in

dieser Arbeit beschrieben.



Um unbekannte Aktinomyceten als Quelle neuer Leitsubstanzen zu finden, sollen:
Erstens; Proben von unberihrten und besonderen, oder extremen Standorten
genommen werden. Zweitens; Aktinomyceten durch neue, spezifische und variable
Methoden isoliert werden. Drittens; Isolate mit schnellen Identifikationsmethoden,

wie zum Beispiel 16S-rRNA Gen Stammbaumen, charakterisiert werden.



Chapter 1 Introduction Actinomycete resources and systematic
1.1  Actinomycete resources

The Actinomycetes were defined as Gram-positive bacteria with over 50 mol % of
G+C (Xu et al. 2007). Actinomycetes (or Actinobacteria) provide important natural
resources. It has been paid a great attention owing to their production of various
natural drugs and other bioactive metabolites, including enzymes inhibitors and
enzymes. S. A. Waksman discovered streptomycin from a Streptomyces in 1945, so as
to promote the development, utilization and taxonomy of actinomycete resources in the

world.

Alexander Fleming Selman A. Waksman

1.1.1  Bioactive metabolites from Actinomycetes

The total number of discovered compounds was only 10-20 in 1940, 300-400 in 1950,
approximately 800-1,000 in 1960 and 2,500 antibiotics were already known in 1970.
From that time the total number of known bioactive microbial metabolites has almost
doubled in every ten years. About 5,000 in 1980, 10,000 in 1990 and almost 20,000
antibiotic compounds were known in 2000. Over 22,000 bioactive secondary
metabolites (including antibiotics) were published in the scientific and patent literature

by the end of 2002.

Among microorganisms which produce bioactive metabolites, other bacteria produced

about 3,800, Actinomycetes produced about 10,100; fungi produced 8,600 (Table 1-1).



Table 1-1 Approximate number of bioactive microbial metabolites according to their producers

and bioactivities (Bérdy, 2005)

Bioactive secondary microbial metabolites

Source Antibiotics Bioactive metabolites
Total bicactive

(antibiotics plus metabolites

Total fwith ather activity) no antibiotic activi N .
Y ty other hioactives”)

Bacteria 2900 (780} 900 (1680) 3800
Eubacteriales 2170 (570} 580 1150) 2750

Bacilius sp. 795 1235) 85 (300) 860

Pseudomonas sp. 610 (185) 185 (3700 795
Myxobacter 400 130} 10 (140) 410
Cyanchacter 300 (80} 340 (420) 840
Actinomycetales 8700 (2400} 1400 (3800) 10100
Streptomyces sp. 6560 (1920) 1080 (3000) 7630
Rare actinos 2250 (580} 220 (B0O) 2470
Fungi 4300 (2300} 3700 (6000} 8600
Microscopic fungi 3770 (2070} 2680 4750) 6450

PenicilliumfAspergillus 1000 (450} 950 (1400) 1950
Basidiomycetes 1050 (200) 950 (1150) 2000
Yeasts 105 (35} 35 (70 140
Slime moulds a0 (5) 20 (25) 60
Total Microbial 16500 (5500} 6000 (11500) 22500
Protozoa 35 (10 5 (45) 50

Notwithstanding the recent descent, the predominant part, 45% of the presently known
bioactive microbial metabolites, over 10,000 compounds have been isolated from
various Actinomycetales species. Among the isolates which produced bioactive
metabolites the dominant were, the Streptomyces species producing 7,600 compounds
(74% of all Actinomycetales), while the rare Actinomycetes represents 26%, altogether
2,500 compounds. In this group Micromonospora, Actinomadura, Streptoverticillium,
Actinoplanes, Nocardia, Saccharopolyspora and Streptosporangium species are the
most common producers. Several hundred antibiotics are known from each of these
genera. In Table 1-2 the numbers of Actinomycetales species, including the rare

Actinomycetes known to produce bioactive metabolites, are summarized.

Over 2/3 of antibiotics which were applied as therapeutic agents, such as
aminoglycosides, anthracycline, B-lactams, chloramphenicols, polyketides, macrolides

and tetracyclines were produced by Actinomycetes. Microbial products share 45% of



world market of pharmaceuticals. Marketing of polyketides medicines only, including
the macrolides erythromycin, rifampin and tetracyclines hit 150 million dollars in 2001,

based on a statistic of National Cancer Center of America.

Table 1-2  Data of bioactive metabolites produced by Actinomycetales (Bérdy, 2005)

Streptomycetaceae Nocardiopsaceae Proactinomyces 14
Streptomyces 8,366 Nocardiopsis 41 Micropolyspora 13
Actinosynnemataceae Nocardiaceae Amycolata 12
Sacharothrix 68 Nocardia 357 Frankia 7
Actinosynnema 51 Rhodococcus 13 Westerdykella 6
Micromonosporaceae Streptosporangiaceae Kitasatoa 5
Micromonospora 740 Streptosporangium 79 Synnenomyces 4
Actinoplanes 257 Microbispora 54 Sebekia 3
Dactylosporangium 58 Microtetraspora 26 Elaktomyces 3
Catenuloplanes 3 Nonomuraea 21 Excellospora 3
Catellatospora 1 Planobispora 10 Waksmania
Pseudonocardiaceae Planomonospora 2 Faenia 3
Saccharopolyspora 131  Thermomonosporaceae Alkalomyces 1
Amycolatopsis 120 Actinomadura 345 Thermoactinomyces 1
Streptoalloteichus 48 Thermomonospora 19 Thermoactinopolyspora 1
Kibdellosporangium 34 Spirillospora 11 Streptoplanospora 1
Pseudonocardia 27 Others Salinospora 1
Kutzneria 4 Mycobacterium 57
Saccharomonospora 2 Arthrobacter 25
Actinopolyspora 1 Brevibacterium 17

Up to now, Streptomycetes are one of the most important producers of novel bioactive
compounds. According to Dr. Strohl in Merck, one strain often produces different
compounds. For example, Streptomyces antibioticus, Streptomyces griseus, and
Streptomyces hygroscopicus produce 13, 32 and 46 different compounds respectively;
some strains of Streptomyces hygroscopicus produce bialophos, hygromycin,

spectinomycin, rapamycin, and others.

Today, after the characterization and description of a large number of bioactive



metabolites, the discovery of novel bioactive compounds is becoming more and more
difficult. We consider that new species (genera or families) should contain new genes
to produce new metabolites. The new metabolites will present a new purpose.

Therefore the key point to find new compounds is to obtain new species.
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Fig. 1-1  Relationship between Actinomycetes and their antibiotic products

1.1.2  Actinomycetes in soil

Up to now, Actinomycetes contain 40 families and over 170 genera, and about 2,000
species were validly described and published. The genus Streptomyces contains about
500 species and named as “family Streptomycetaceae”. The rest is named “rare
Actinomycetes”. Most cultivated Actinomycetes were isolated from soil. As one typical
example, the Lechevaliers analysed 16 soil samples. Streptomyces is 95.34%, Nocardia
1.98%, Actinomadura 0.10%, Thermoactinomyces 0.14 %, Microbispora 0.18 %,
Thermomonospora 0.22 %, Microellobospora (merged into Streptomyces), 0.04 %,
Actinoplanes 0.20 %, Streptosporangium 0.10 %, Nocardiopsis 0.06 %,
Micropolyspora 0.10 %, and Mycobacterium 0.14 % (Lechevalier et al. 1967).

Nonomura et al. (1957-1988) isolated many actinomycete strains from Japanese soil,



and reported the distribution and some new species of Microbispora, Microtetraspora,
Streptosporangium, Thermomonospora, and Ampullariella in Japanese soil in a series
articles “Distribution of Actinomycetes in soil” (for reference see chaper Discussion).
In 1970’s, Williams et al. studied the ecology of Actinomycetes in soil. In the 1980’s
and 1990’s, Jiang et al. studied ecological distribution of actinomycete isolated from
soil samples collected in Yunnan, P. R. China. They related the ecological distribution
of Actinomycetes to the tropical type, the sub-tropical plateau type, the low temperature

mountain type and the snowy mountain type.

1.1.3 Agquatic Actinomycetes
Aquatic as an adjective, when applied to organisms and especially to Actinomycetes,
should be regarded as a vague term. It means Actinomycetes living in river, lake and

marine environments, despite some of them were eroded from terrestrial habitats.

T. Cross (1981) made a review on aquatic Actinomycetes. Micromonospora was an
indigenous inhabitant of the water and mud from freshwater lakes. High numbers of
Micromonospora could be isolated from lake-sediments. 10-50 % of the total microbial
population in lake water belonged to Micromonospora. Nebish Lake had 3,300
bacteria-ml” of which 15 % was Micromonospora and Crystal Lake 3,600 bacteria-ml™
with 16 % Micromonospora. Actinoplanes with sporangium and zoospores will grow
at moist conditions and survive as spore in the dry environment. It colonizes vegetable
and animal remains, ranging from pollen and hair to leaves and twigs. Rehydration
stimulates the release of zoospores, which swim in the water film of soil or in stream
and lake waters until able to recolonize a suitable substrate. Also representatives of
Thermoactinomycetes, Rhodococcus and Streptomycetes are living in aquatic

environments.

Xu and Jiang et al. (1996) studied actinomycete populations of 12 lakes in middle
plateau of Yunnan. A total of 749 sediment and water samples were collected from 12
lakes of the Middle plateau of Yunnan. The diversity and biological characteristics of
the aquatic Actinomycetes in these lakes were studied. Seventeen genera of

Actinomycetes were isolated from these samples. Micromonospora assumed a notable



dominance (39 to 89 %) in the actinomycete population of these lake sediments.
Streptomyces was the second most abundant genus. Members of Actinoplanes,
Actinomadura, Microbispora, Micropolyspora, Microtetraspora, Mycobacterium,
Nocardiopsis, Nocardia, Promicromonospora, Rhodococcus, Saccharomonospora,
Saccharopolyspora, Streptosporangium, Thermoactinomyces, Thermomonospora, and
Thermopolyspora were also isolated. The diversity and counts of Actinomycetes varied
with the season. Although thermophilic Actinomycetes had a wide distribution in these

lakes, their counts were small.

1.1.4 Marine Actinomycetes

Antibiotics are playing an important role in promoting the civilization and progress of
the world. Actinomycetes (Actinobacteria) are the microoganisms yielding most of the
bioactive metabolites. 140 to 160 of antibiotics have been used in human therapy and
agriculture. 100 to 120 of them were produced by Actinomycetes (Berdy 2005).
Research on Actinomycete biology has been procured much progress along with
blossom of antibiotic industry. However, research efforts on marine Actinobacteria,
especially in the deep-sea, present considerable technical and logistical difficulties.
Accordingly, there is much less information and knowledge on marine Actinobacteria
than on terrestrial Ones, although the ocean occupies about 71% of surface of the earth

and is the larges ecosystem on earth.

Before the 1980’s, the progress of research on marine Actinomycetes was slow-paced.
Early work of Waksman and his co-workers was related to marine Actinomycetes
(Waksman 1950). In the 1980’s, some Actinomycetes, Micromonospora, Rhodococcus
and Streptomyces species were isolated and characterized from shallow, inshore and
deep-sea habitats. About 500 to 800 propagules'ml™ wet sediment were present in the
shallow North Sea on the shelf of the European continent. Up to 400,000 cfu (colony

forming units) ml™ were found in sediments collected from Mexican mangrove forest.

Deming and Yager (1992) compiled data on the abundance of bacteria in surface
sediments (0-1 cm) over most of the range of ocean depths. Bacterial densities varied

from a maximum of ca. 10'* -g"' dry weight (DW) in inter- and sub-tidal sediments to



ca. 10’ -g' DW in continental rise and abyssal plain sediments. This analysis also
revealed that the intensively studied parts of the sea floor at that time were the
continental shelf and slope (200-2,000 m) and not the abyssal region; pertinent studies
of hadal trench systems (>6,000 m) were rare. Few comprehensive surveys of
actinobacterial abundance in marine sediments have been made and the current
consensus concluded that Actinobacteria constituted a minor proportion of cultured
bacteria in these sediments (0.06-17%). Occasionally, however, Actinobacteria were
reported to form a major or dominant component of the bacterial populations both at

bathyal and abyssal depths (Goodfellow and Haynes, 1984; Colquhoun et al., 1998).

It has been a disputed question whether Actinobacteria were indigenous marine
microbiota or their presence in the ocean simple is the consequence of terrestrial
run-off. According to Attwell and Colwell (1984) and Goodfellow and Haynes (1984),
members of the genus Thermoactinomyces are useful markers of terrestrial wash-in
and give information about the distribution and survival of terrestrial microorganisms
in marine environments. If Thermoactinomyces were not detected in a marine sample,
isolated Actinobacteria in the same sample were considered as indigenous marine
organism. According to Matsuda et al. (Colquhoun et al., 1998), members of the
genera Nocardia, Rhodococcus, Tsukamurella, Corynebacterium, Dietzia, Gordona
and Mycobacterium were isolated and cultured from deep-sea mud samples collected
in the north-western Pacific Ocean. Ward et al. (2006) collected sediment samples
from Mariana Trench at a depth of 10,898 m with the remotely operated submarine
Kaiko, using sterilized mud samplers. Actinobacteria were isolated with 20 selective
isolation media from the sample, and identified by specific primers of Actinobacteria
with a specific 640 bp amplification product. Thirty-eight Actinobacteria were
obtained on four of the 20 media used. Most strains (58%) were isolated from
raffinose-histidine agar plates, a medium designed for the isolation of rare
Streptomycetes (Vickers et al. 1984). The 38 isolates were assigned to the genera
Dermacoccus, Kocuria, Micromonospora, Streptomyces, Tsukamurella and Williamsia.
The taxonomic relationships of branches composed of the individual isolates were
supported by high-bootstrap values (99-100%) that were based on neighbour-joining
analyses. Members of the genera Salinospora (Mincer et al. 2002) and the proposed



genus ‘Marimomyces’ (Jensen et al. 2004) both of which require seawater for growth
and have marine chemotype signatures and Aeromicrobium marinum (Bruns et al.
2003) which has an obligate requirement for salt. Another recently characterised genus,
Salinibacterium, tolerates up to 10% NaCl but does not have a salt requirement for
growth (Han et al. 2003). Verrucosispora strain AB-18-032 (Riedlinger et al. 2004)
also might qualify as an indigenous marine actinobacterium on these latter grounds but
further physiological characterization will be necessary to confirm this designation.
Actinobacteria also have been isolated from the deepest ocean site on Earth, the
Challenger Deep of the Mariana Trench, by the JAMSTEC group (Takami et al. 1997)
who tentatively identified organisms related to Aureobacterium testaceum. Up to now,

cultured indigenous marine Actinobacteria represent at least 18 genera.

1.1.5 Actinomycetes derived from extreme environments

Extreme environments especially mean the places are thriving under unusual growth
conditions with high and low temperature, salt, alkaline and acidic, radioactivity,
high-pressure and space. Microorganisms from extreme environments have received
great attention owing to special mechanism of adapting to the extreme conditions in
their environments and also due to the production of various natural compounds. But in
the long term, only few investigations have been performed with Actinomycetes under
extreme environments. Actinopolyspora halophila is an accidentally discovered
pioneer. In recent years, researchers of the Actinomycete Laboratority at Yunnan
Institute of Microbiology of Yunnan University discovered many novel Actinomycetes
from salt and alkaline soils in Xinjiang and Qinghai, P. R. China. They described
Yaniaceae fam. nov. Streptomonospora gen. nov., Jiangella gen. nov., Myceligenerans
gen. nov., Naxibacter gen. nov. and several other novel genera, and a great number of
new species of the genera Actinopolyspora, Amycolatopsis, Citricoccus, Halomonas,
Isoptericola, Jonesia, Kocuria, Kribbella, Liuella, Marinococcu, Massilia,
Microbacterium, Nesterenkonia, Nocardia, Nocardiopsis, Prauserella, Rhodococcus,
Saccharomonospora, Saccharopolyspora, Sphingomonas, Streptomyces, Thermobifida,
and Virgibacillus. (Xu et al. 2003).



1.1.6 Endophytic Actinomycetes

A typical endophytic actinomycete is Frankia with nitrogen-fixing activity. It plays an
important role in ecological system. It is known that 8 families, 24 genera and 200
species of plants produce root nodules with Frankia to fix nitrogen. There are 6
families and 8 genera of plants, Alnus, Casuarina, Coriaria, Dryas, Elaeagus,
Hippophae, Myrica, and Rubus produced root nodule (Xu et al. 2007). These
non-leguminous plants are important to a forestation in dry regions and deserts.

Non-leguminous plants and their effective nitrogen-fixation are shown in Table 1-3.

Table 1-3  Nitrogen-fixing by part of non-leguminous plants in China

Plant species Nitrogen-fixation (kg/hm®-a)
Alnus crispa 157.0
Alnus glutinosa 56.0
Alnus rubra 300.0
Casuarina deplancheana 58.3
Casuarina equisetifolia 229.0
Ceanothus america) 60.0
Coriaria arborea 150.0
Hippophae rhamnides 27.0-179.0
Myrica gale 30.0

By Huang Jia-Bing et al., 1988.

Taechowisan et al. (2003) isolated endo-phytic Actinomycetes of 31 species of plants.
Of 330 isolates recovered, the majority were Streptomyces and the remainder identified
as Microbispora, Nocardia and Micromonospora. Up to now, endo-phytic species of
the genera, Actinomadura, Amycolatopsis, Arthrobacter, Curtobacterium, Dietzia,
Glycomyces, Janibacter, Kineosporia, Luteococcus, Microbacterium, Microbispora,
Micrococcus, Microlunatus, Micromonospora, Nocardio, Nocardiopsis, Nonomuraea,
Promicromonospora, Pseudonocardia, Rhodococcus, Streptomyces,  and
Streptosporangium have been isolated from plants. Taechowisan’s study had shown
that 0.6-13.2% of endophytic Actinomycetes were strongly inhibitory to Colletotrichum
musae and Fusarium oxysporum. Among the new compounds from endophytic

Actinomycetes are fistupyrone with anti-fugal activity, munumbicins A, B, C and D



with broad spectrum anti-bacterial activity, and chloropyrrole, chlorinated

anthracyclinone with inhibitory activity against drug-resistant bacteria.

1.1.7 Properties of research on actinomycete resources

Many authors have used the term “uncultivated microorganisms” to define those
microorganisms which could not be isolated in pure cultures for a long time. But
authors think, that all microorganisms should be cultivable in principle. Therefore, we
suggest to use the term “cultured microorganisms”, if cultures have been isolated and
purified and “uncultured microorganisms”, if they were not isolated in pure culture up
to now. The hardly detectable and almost uncultured Actinomycetales species, their
genetic exploitation and metabolic expression give almost unlimited possibilities.
According to Berdy (2005), so far described Actinomycetes are only about 4,000
species. However estimated/supposed species are 35,000 to 80,000 in nature.
Approximately 90 to 95% of Actinomycetes at least are uncultured. In other words,
more than 30,000 new Actinomycetes are waiting for discovery and characterization. In
our view, new species may contain new functional genes for synthesis of new
secondary metabolites with potentially new bioactivity. It is very exciting to attempt
the discovery of novel leader compounds from new genera and new species. Therefore,
the first task is to isolate these uncultured Actinomycetes. In the future the great
challenge is how to eliminate the influence carried from these known Actinomycetes
which were isolated and described as well as utilized through selection or contest as
fast and as early as possible. In order to isolate uncultured Actinomycetes, first, we can
use some rigorous and unusual cultural condition, second, we can select samples from
primeval environments, such as deep sea and third, we can ceaselessly improve and

modify the isolation procedures.
First, in order to get more and more un-known microbes, designing new selective
isolation procedures is a central theme. To achieve this, the procedures have already

been modified in the past years.

Second, in resent years, more and more new bioactive compounds were found from

plant endophytic microbes. Many laboratories change their key interest of research to

10



these microbes. Therefore, we should study growth, reproduction and genetics of
endophytic microbes in host plant, and the relationship and co-evolution between

endophytic microbes and host plants at the molecular level.

Third, the oceans are tremendous biological resources. Most of the unknown microbes
including Actinomycetes are expected to live in the marine environment. Indeed, in
recent years, more and more novel bioactive compounds were discovered from marine
organisms, and have revealed a huge potential. Many countries have increased the

investment and research intensity in this aspect.
Fourth, for enhancing the efficiency of development and utilization of microbial

resources, it is necessary to establish a fast system of analysis and identification of new

compounds.

11



1.2 Actinomycete systematics

1.2.1  Actinomycete systematics in China

In the 1950°s Actinomycete taxonomy was come up following the establishing of
antibiotic industries in China. Founder of Chinese Actinomycete taxonomy is Professor
Xun-Chu Yan. He and his co-workers focused on isolation and characterization of
Streptomycetes. In the 1970’s Professor Ji-Sheng Ruan and his colleagues started
chemical taxonomy, isolation and characterization of rare Actinomycetes, especially
Actinoplanes. In the 1980’s Professor Xun-Chu Yan and his co-workers published
Actinoalloteichus, Microstreptospora, Streptomycoides; Yun-Peng Lian published
Trichotomospora and Parvopolyspora in Acta Microbiologica Sinica; Prof. Ruan and
his colleagues published Amycolata Lechevalier and Amycolatopsis (Xu et al. 2007).
Yan (1992) published his famous book on “Classification and Characterization of
Actinomycetes”. He divided the Actinomycetes in 14 families, Actinomycetaceae,
Actinoplanaceae, Dermatophilaceae, Frankiaceae, Microellobosporiaceae,
Micromonosporaceae, Micropolysporaceae, Mycobacteriaceae, Mycoplanaceae,
Nocardiaceae, Sporichthyaceae, Streptomycetaceae, Thermoactinomycetaceae and

Thermomonosporaceae.
At the same time, Professor Cheng-Lin Jiang and his colleagues studied the diversity

of Actinomycetes in various climates, vegetation and soils in Yunnan, and found many

new species. In 1990, Jiang and Liu Zhi-Heng start molecular taxonomy. In 2005, Liu

12



and Jiang published the book, “Modern Biology and Biotechnology of
Actinomycetes”. Yan, Ruan, Jiang and Liu made important contributions to establish

and develop the taxonomy of Actinomycetes.

1.2.2 Classical Taxonomy

Actinomycete systematics and taxonomy, like all of biological systematics, is to
arrange organisms in different taxa based on their similarity, and search after their
natural evolutionary relationship at different taxonomic hierarchic levels. It includs
classification, identification, phylogenetic analysis and nomenclature based on the

International Code of Nomenclature of Bacteria (Sneath, 1992).

Waksman (1945) who discovered the streptomycin, promoted the establishment and
developmet of Actinomycete taxonomy. At the beginning classification and description
of Actinomycetes was based on a few characters, morphological (aerial and substrate
mycelium, spore, spore chains, sporangium), cultural (colour on different media), and
physiological and biochemical characters (various enzyme reaction). In the long term,
Actinomycete taxonomy focused on Streptomyces, Nocardia, Actinomycetes,

Micromonospora, Actinoplanes and Thermoactinomyces.

1.2.3 Chemotaxonomy

Since 1964, the Lechevaliers established chemotaxonomic criteria based on the
achievements of her and other laboratories. They divided the composition of amino
acids of cell wall into type I (containing glycine and LL-diamino pimelic acid, i.e
DAP), type II (meso-DAP and glycine), type III (meso-DAP), and type IV (meso-DAP,
arabinose and galactose). Sugar composition of hydrolysates of whole cells were

divided into A, B, C and D (see Table 1-4).

Table 1-4  Sugar patterns of hydrolysates of whole cell of Actinomycetes

Sugar pattern Arabinose Galactose Xylose madurose
A + - - -
B - - - +
C - - - -
D + - + -
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Phospholipids, as components of cell membranes, are considered to be relevant for
classification. The Lechevaliers considered five different types of phospholipids

compositions (Table 1-5).

In addition, the content of fatty acids, mycolic acids and menaquinones,
polyacrylaminde gel electrophoresis of whole cell proteins and bi-directional
polyacrylaminde gel electrophoresis of ribosomal protein have been applied in

classification and identification of Actinomycetes.

Table 1-5  Type of phospholipids of Actinomycetes

Phospholipid type Diagnostic phospholipids
I None
II Phosphatidyl ethanolamine (PE)
I Phosphatidyl choline (PC)
v Unknown glucosamine-containing phospholipids (GluNU)
v Unknown glucosamine-containing phospholipids and phosphatidyl glycerol (PG)

1.2.4 The Class Actinobacteria

Actinomycete systematics is dependend on molecular systematic approaches, especially
on phylogenetic analysis of 16S rDNA gene sequences. Stackebrandt and colleagues
(1997) collected all 16S rRNA/DNA sequences available for members of the
Actinomycete lineage from the Ribosomal Database Project and the ARB package as
well as their own entries. Based on phylogenetic analysis, they proposed to establish
the Class Actinobacteria and five subclasses, Acidimicrobidae, Actinobacteridae,
Coriobacteridae, Rubrobacteridae, and Sphaerobacteridae. The Subclass
Actinobacteridae has two orders, the Actinomycetales and the Bifidobacteriales.
Membership of a new strain to the class Actinobacteria is indicated by 16S rDNA
sequence similarity values above 80% as determined by comparison of
almost-complete 16S rDNA sequences of the new strain and the most deeply branching

members of the class. (Figures 1-2, 1-3)

It was proposed that signature nucleotides of 16S rDNA for the higher taxa were
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identified, if they are present in more than 95% of the members of the considered taxon.
The signature pattern for mono-specific families or genera must be considered
tentative. For example, the pattern of 16S rDNA signature nucleotides of the family
Streptosporangiaceae is at positions 440-494 (C-G), 445-489 (G-C), 501-544 (C-G),
502-543 (G-C), no extra base between positions 453 and 479, 586-755 (U-G), 613-627
(Pyr-Pur), 681-709 (U-A), 1116-1184 (U-G), 1137 (U), 1355-1367 (A-U), 1436-1465
(GC), and 1422-1478 (G-U). In recent years, the description of higher taxa (genera and

families) should include the pattern of signatures nucleotides.

FAMILIES SUBORDERS ORDERS

Micromorasporaceas 3 Micromorasporineae

Frankiaveae
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Sporichthyaceae Frankineas
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Fig. 1-2 Intraclass relatedness of Actinobacteria showing the presence of six orders as well as the 10
suborders of the order Actinomycetales based upon 16S rDNA sequence comparison. The phylogenetic
relatedness of the families of the class Actinobacteria is outlined. The scale bar represents 5 nucleotide
substitutions per 100 nucleotides.
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Class Actinobacteria

Subclass Acidimicrobidae Order Acidimicrobiales Family Acidimicrobiaceae
Subclass Rubrobacteridae Order Rubrobacterales Family Rubrobacteraceae
Subclass Coriobacteridae Order Coriobacteriales Family Coriobacteriaceae

Subclass Sphaerobacteridae Order Sphaerobacterales Family Sphaerobacteraceae
Subclass Actinobacteridae Order Actinomyvcetales

Suborder Suborder Suborder Suborder Suborder
Actinemycineae Micrococcineae Corynebacterineae Micromonosporineae Propienibacterineae
Family [Families B [ Families [Tamily [ Families _ -
Actinomyceiaceoe Micrococcaceas Corvrebactericceas Micromonosporacede Prapionibacterioceae
b Brewvibacierioceas Dictziaceae b Nocardividaceae
Celfwlarmonadaceae Feowdomiaoe ae
Dermabacteraceae | Mycobacteriaceac
Dermeatophilace e

| Noeardiceeme |
Imirasporangioceae Tsukannre laceae
e feree cre -
Micrabacteriaceas

PO RS PO P e e

Suborder Suborder Suborder Suborder Suborder
Pseudonocardineae Streptomycineae Streptosporangineae Frankineae Glycomycineae

Families | Family
Frankioceae Glycomyvcetaceae
Acidothermaceae

Geodermarophilaceae
Microsphaeraceas

| Family ] [ Family Familics

| Pseudonocardicceone | Srrepramycetaceae | Streprosporangiaoeas

£ | i | Nocardiopsace ae
Thermomonosporace ae

Order Bifidobacteriales Family Rifidobacteriaceae

Fig. 1-3 Proposed hierarchic classification system of the class Actinobacteria based on the
phylogenetic analyses of the 16S TDNA/TRNA sequence data.

1.2.5 The Phylum Actinobacteria
The Actinobacteria can be recognized on the basis of several molecular signatures.
1. Three new signature molecules

The first molecular signature is found in the cytochrome-c oxidase (Cox1 protein),
which is an intrinsic membrane protein, and serves as the terminal enzyme of the
respiratory electron transport chain. It is composed of three subunits (Michel et al.,
1998). In the Cox1 subunit, a 2 amino acid gap is present in a conserved region. This
gap is unique to various actinobacterial species and is not seen in other bacteria (boxed

in Fig. 1-4).
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Fig. 1-4  Partial alignment of Cox1 sequences depicting a signature consisting of 2 aa deletion

(underneath the boxed region) that is specific for actinobacteria. Dashes indicate identity with the amino
acid on the top line. Accession numbers are shown in the second column. Only representative sequences
from different groups are shown.

The second signature for actinobacteria is present in the enzyme CTP synthetase,
which catalyses the conversion of UTP into CTP by transferring an amino group to the
4-oxo group of the uracil ring. Except for mycoplasma species, the gene encoding CTP
synthetase is present in all other bacterial genomes and has only one copy in the
genome. A 10-amino-acid-insert is distinctive of various proteobacterial species.
Interestingly, in the same position where this proteobacterial insert is present, a smaller
4 amino acid insert is found in all actinobacterial species except Tropheryma whipplei,
which contains a 3 aa insert in this position. This insert is again highly specific for
Actinobacteria and is not present in the CTP synthetase homologues from other

bacteria.

The third signature is present in glutamyl-tRNA synthetase (GluRS), which plays an
essential role in protein synthesis by charging the glutamyl-tRNA. A 5 amino acid
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insert is present in almost all actinobacterial species, with the exception of
Thermobifida fusca, Propionibacterium acnes and Rubrobacter xylanophilus, but not

found in any other bacterial groups.

2. 23S rRNA signatures.

Roller et al. (1992) previously have described a large insert of about 100 nt in the 23S
rRNA that was present in a large number of Actinobacteria, but not found in other
groups of bacteria. The original paper describing this signature included 64
high-G+C-content Gram-positive strains of 22 genera from the currently recognized
phylum Actinobacteria. Gao and co-colleagues (2005) have successfully amplified and
sequenced the 23S rRNA insert region from 13 additional actinobacterial species and
genera, covering all of the major groups within actinobacteria. An insert of 90 to 100
bp is present in all of the actinobacterial species that we sequenced but it is not found

in any other bacterial groups (Fig. 1-5).

*Irichotomompora cesrda® AESSEE0D  COCTACTCORTGRA CRA __..l..u. TATT L LGS AL oS O T T CARR D SO CCAA T AT TEAA T OO T TEA TS TARSTCCC TR
Tharmoaenospars Ghooacqens AFLIGSE]  GOOTAGTCOREGEA TAAC Gh TATTCORGTRACOOGOOGT GETHOGIOCA CHTEAGGLOGT TRATEC T ARCCC G TRGAG
Preudosocardia Aalopbobica AEADETED ﬂxﬂ‘MLtM‘uLn ‘M.I.W’I"Lﬁ TATT COOETEC TOITAAT ASTAOETCCA Tﬁwﬂ«ﬁ‘:Tﬁh'\:ﬁTﬁ?‘.CﬁTG’tM
Sacchercpolyspora eryLirasa  ATIS6S03 TRACGGSTTOA TATTCCOGTAL COS TROGATHOETCEA

.E Trmkssvrellie pagrosecabcia ArISeTsl GA TATTCCOGTACCOGTET T TACTRRCCGTOCTGA

o Gordonis rubripartincca ATARGTER GA TATTCOOGTACCOGTETCAGATOGCCED TANTGAATCMGTTE TACTARCCGTOOTG

-— ACLINOAI IS JIIUcieleva AFABEES e BACBGITTON TATTCOOSTAC COT 'h;"‘.le"-\"/"Il'fﬁ TOCTEAATCRGTTE TACTAMCATOD

% Williemsfa muralis APISEE0]  GOCTAG TERA A TATTCCOSTACCOSTETAGTOLOCT TERTEANTORCCAL TACTRRCCATOCTER

2 ATIEEEOA COTAGTOORTCRA CAACGESITLA TATTCCOSTACCOOIEAAAGRGOSAMIEE THACEAADTTOGTTETECTARCEALCCAAL

"E ‘{ Focuria rhizophils GOGTAGIGIATERA TTOA TATTCODSTACCORTRMAGARDOGACCT TACTGA GUOGGGRRATACTARCCACDTCARDTAS

= Penibecresiua Lo ima e 1 ERACGSEITOR TATTCOOOTAL COSDOMUMEOICCEA TAITTA GORDITORTACTARCCCIRIAND

= Micsobsctarim cxydens ATISETE TATTCCOSTA AGARDOGOCEA RGCTAA TOCASTASTOCTARSTOTOTGART

o [eifsonia xpld AEOLGBET TATTCCOGTAC CHFLGAMGAADIGTCCA ARCTAA TOCAGTGETGCTARGAG TOCTART

=< a curdara ATASETES TATTCTOCTAC COGOGAMGARDOOCCCA TRODEAAGCOGETARTOC TARGCGCOCT Thi

a sascirasyeind ATASET R TATTCOOGTACCHGTAT TAMERGENGEE GROCEIAAGSTECTOATGCTARSTC TTOIA
ki g Isd AED] G0 TATTCOOGTAC DGGUAMAGARDOEOCCA TRIT DOEOGTRET
Microbispors ﬁ..lpﬁ:d yaaelz TATTCOOGTRCCOGDOGTGROGOLETTCT &
Fairabds b ATHSESID BEACKRSSTTAR TATTCCTOTAC TTOUAGT TAT THSTCRET
|, Symhiobacter. APOOBEAD AEACASSTCGA CATTCCTSTACCROCTACG
Mycaplases _n.-\. atrans HC_ODOEE2 TEACARGITAR TATTCCTGTACCARTETATE

= Listeria Lnnosous Hazal e CRACROITRON l':-l-T'l'l:v:"?"Jll'l:H"T‘c-‘-'TMTT ETETA
Bacilles subbilis FEETET]

Lactococcus lactiz K48

m Staphylococons Aurews BANDDDET

L 4 closericdiuw betand HC_ 004557

— Synachocymtis mp. Bal GO

m Tharmps th WLzE1d

_E Ehlamydia TEE4HT

O ‘Aguilfes a AEODDTEY
Excharichi HC_ODosas Ju:'!l: TELG AAACASSTIAN TATTCCTSTACTISUTSTTALT

GECGOOCCTGATOTCT TOGGAS  ToRMGOSAMITOTTOENICEANTER0C0EN JETHITA TLEGHTRRCGCALGAALLTA

Wilfisaria mur
MicTososospara
Focusia riizopd
Rezipacteriuz salroninarum
Hicrahsotarium cuydans
Eedfannia aAyli

Cwrikovis tuchata

Ardtoalls sandrampeind
Trophierpma whippded
Mizroblspora blspora

\ Rubrabecter sadictolecsos

o SymblobroreTive Ghersopbd um
Hysoplarmd pensCrans
Llsteris fonacoa

Baoifius subeilis

Actinobactena

Leslocnosad JM: .1

Clostridiem tetand
SyEEChOCFSLIs SF
Thersla Chersophilus
Chlamydia musidices
“Agei fax asclicus

L Esckerichia coli

Other bacteria

Fig. 1-5

ACATORRCCOTTAOCTTIOOOS TTTOITTTOCITOOAT OCATRCOACCTTT

EEuaEThA
CRTARCOITEAC CO0T TOTSRET CODGEEGTATGT GO TRAGGE TRGEALE TRAT CELG GG

COAGOCARGET  CTTLGERA CTRRESTTEGEGA. GEGTEEEARLETS
e
3

&

CATGATOGRTCACOCTTGTSS  TOTGMIOT ITTTTOTGEAT CanGaERCE TTAT COThEER

CCCARTRRCTGATOOCTTOREG  GTEACGE TCT0 GOCTAGOGEACIACC DCAT T T TEE
CCTGARCACCGATOCCTTONGG  GTGACGETOCAGG TETAACECTOGACT CoRT oI Ta
==t

LR
GUTAC

CLOK GETGETR

TTO T TN
'r'r:bG'rrl:n:c ATTTTG  CIGT

COSCTTCLETS

TCCREOCACTCTOTTCTTTGNS  GEEESTEETGTOORGEAGCOSEEADCDGA GHUGTTA TOHREETARIGLAGERATTTS
s Aalaphobica COCHCCTCTGASTCCTTOGH: ADRRGGRGRAGT HHGEGAGCRTEEGTCOOGA TTORETA THECG TR G ADEMIGOTA
Eacchiropolyspors sryliraes ETSSCTETOTOASTETTONS A SOG THEEG TR GCASEAGGETA
Trmkampralfa pamrosstshels AGCRCCTEGATCACCTTONGS TG T
Sepdenls rubripertinoca MECASTTTGATCMCTTOS5: TEROGGTESTET
Actinomaciica gladcdfliva TCCOOCRIIAICRCCTTO00D Tﬁi"’w:ﬁﬁ"‘aﬁﬁ'd" GEATRGEGACCTTS

GTACTCAMIDOR  TOGGOTANCGEASEAAGTTA

GETRARCOT urrmM'WGEﬁQMGG’M
ITA

G TRAGCGTAT TRACRSSTG T GROGE
T TAGCOTAT TAMCASTTG T RRCGCATEAAGTTA
5 TAGCOTHT TAACASTTGT ARG CATEAAGTTS

._N_‘LET[:T{\,TTEM A ARCATCACGOGAGIGGCHDECGACC DAL ACCGETRITAGETRNVGOOTRT TRAMC RGIOI TER GG ASRANIITE

GTREGFTGCATTS  AGGAGTGRCGCAGENGGETA

GITET  GCOGIATAAGTSTTCAGETGT GRIGE AGGANGTTA

CCASSTARGCOR  TOSGGGUNIGCAGERRGTTS

GOGR  TOSACGLACGUALRMGINTA
TEACCRR,  THROGEGRROGCAGSAGGOTR
AATOR  TGEMTGADGGARRAGGTTA
ACCGR  TGOOCTGROACAGRMIIATE
AGCAR  TOSGEGGHROGCALERGGATR
GA  TOOAGGGADECAGTRGGCTR
BATCOR  TOSSGGGADBCAGTAGGATA
ACARR  TOOOCTGACME AGARRCIATR
GL  CGL GeGADGCAGRMTTR
GCGR  TOGGGGGADSCTCTRGCCTR
AACAR  AGOALTGACGGAGTAAGTTA
roccon  TOTOCTIACSTARIRGICTR
GLEA

AGGLOCCADTIALRNGEE TR

Partial alignment of 23S rRNA gene sequences showing a large insert (99-110 nt) that is
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3. The composition vector (CV) method.

This method has been proposed to infer phylogenetic relationship from complete
genomes of prokaryotes. The method circumvents the ambiguity of sequences of
essentially different length and gene content. The topology of the CV tree converges
with K increasing and stabilizes at K=5 and 6. CV tree is a K=5 genus tree based on
complete genomes available at NCBI by the end of December 2004. Hao Bo (a private
letter, 2005) has used a total of 222 organisms, including 21 archaea, 193 bacteria and
8 eukarya, in the calculation. The CV tree supported the SSU rRNA tree of life in
overall structure and in detail. It agreed well with the Taxonomic Outline of
Prokaryotes (Bergey’s Manual of Systematic Bacteriology, Second Edition;

http://www.springer.com).
4. 16S rDNA sequences approach.

Phylogenetic trees based on 16S rRNA gene sequences indicate that a long branch is

present in actinobacteria and other bacteria Fig. 1-6.
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Fig. 1-6  Neighbour-joining distance tree based on 16S rRNA gene sequences. The tree is based on
1400 nucleotides excluding all indels Bootstrap scores greater than 50 are indicated.

Integrating all available evidence, the Actinobacteria were defined as Gram-positive
bacteria with over 50 mol % of G+C. We agree with Bergey ~ s Manual of Systematic
Bacteriology (Second Edition) that Actinomycetes should be treated in the phylum
Actinobacteria, in concert with 17 other phyla. The phylum Actinobacteria includes
the Class Actinobacteria only. The class Actinobacteria includes five Subclasses,
Acidimicrobidae, Rubrobacteridae,  Coriobactoridae ,  Sphaerobacteridae and
Acinobacteridae. Up to now, the Actinobacteridae include the orders Actinomycetales

and Bifidobacteriales with 10 suborders, 40 families and 174 genera.
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Table 1-6. The higher taxa of Actinobacteria
Class | Actinobacteria
Subclass I Acidimicobidae
Order I Acidimicrobiales
Suborder IV Acidimicrobineae
Family I Acidimicrobiaceae
Acidimicrobium
Subclass IT  Rubrobacteridae
Order I Rubrobacterales
Suborder V Rubrobacterineae
Family I Rubrobacteraceae
Rubrobacter, Conexibacter, Solirubrobacter, Thermoleophilum
Subclass III ~ Coriobacteridae
Order I Coriobacterales
Suborder VI Coriobacterineae
Family | Coriobacteriaceae
Coriobacterium, Atopium, Collinsella, Cryptobacterium, Denitrobacterium,
Eggerthella, Olensella, Slackia
Subclass IV Sphaerobacteridae
Order I Sphaerobacterales
Suborder VII ~ Sphaerobacerineae
Family I Sphaerobacteraceae
Sphaerobacter
Subclass V' Actinobacteridae
Order I Actinomycetales
Suborder VIII  Actinomycineae
Family I Actinomycetaceae
Actinomyces, Actinobaculum, Arcanobacterium, Mobiluncus,Varibaculum
Suborder IX  Micrococcineae
Family | Micrococcaceae
Micrococcus,  Arthrobacter,  Citricoccus,  Kocuria,  Nesterenkovia,
Renibacterium, Rotaia, Stomatococcus, Yania

Family II Bogoriellaceae

Bogoriella

Family IIT Rarobacteraceae
Rarobacter

Family IV Sanguibacteraceae
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Sanguibacter

Family V Brevibacteraceae

Brevibacterium

Family VI

Cellulomonadaceae

Cellulomans, Oerskovia, Tropheryma

Family VII

Dermabacteraceae

Dermabacter, Brachybacterium

Family VIII

Dermatophilaceae

Dermatophilus, Kineosphaera

Family IX

Dermacoccaceae

Dermacoccus, Demetria, Kytococcus

Family X Intrasporangiaceae

Intrasporangium, Arsenicicoccus, Janibacter, Knoellia, Ornithinicoccus,

Ornithinimicrobium, Nostocoidia, Terrabacter, Terracoccus, Tetrasphaera

Family XI
Jonesia
Family XII

Microbacterium, Agreia, Agrococcus, Aureobacterium, Clavibacter,
Cryobacterium, Curtobacterium, Frigoribacterium, Leifsonia, Leucobacter,

Mycetocola, Okibacterium, Plantibacter, Rathayibacter, Rhodoglobus,

Salinibacterium, Subtercola
Family XIII

Jonesiaceae

Microbacteriaceae

Beutenbergiaceae

Beutenbergia, Georgenia, Salana

Family XIV Promicromonosporaceae
Promicromonospora, Cellulosimicrobium, Xylanibacterium, Xylanimonas
Suborder X Corynebacterineae
Family I Corynebacteriaceae

Corynebacterium

Family IT Dietziaceae

Ditzia

Family 111

Gordoniaceae

Gorgonia, Skermania

Family IV

Mycobacterium

Mycobacteriaceae

Family V Nocardiaceae

Nocardia, Rhodococcus

Family VI

Tsukumurella

Tsukumurellaceae
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Family VII Williamsicaceae
Williamsia
Suborder XI Micromonosporineae
Family I Micromonosporaceae
Micromonospora, Actinoplanes, Asanoa, Catellatospora, Catenuloplanes,
Couchioplanes, Dactylosporangium, Pilimelia, Spirilliplanes, Verrucosispora,
Virgisporangium
Suborder XII Propionibacterineae
Family I Propionibacteriaceae
Propionibacterium, Luteococcus, Microlunatus, Propioniferax,
Propionimicrobium, Tessaracoccus
Family II Nocardioidaceae
Nocardioides, Aeromicrobium, Actinopolymorpha, Friedmanniella, Hongia,
Kribella, Micropruina, Marmoricola, Propionicimonas
Suborder XIII Pseudonocardineae
Family I Pseudonocardiaceae
Pseudonocardia, Actinoalloteichus, Actinopolyspora, Amycolatopsis,
Crossiella, Kibdellosporangium, Kutzneria, Prauserella, Saccharomonospora,
Saccharopolyspora, Streptoalloteichus, Thermabispora, Thermocrispum
Family 1T Actinosynnemataceae
Actinosynnema, Actinokineospora, Lechevalieria, Lentzea, Saccharothrix
Suborder XIV Streptomycineae
Family I Streptomycetaceae
Streptomyces, Kitasatospora, Streptoverticillium
Suborder XV Streptosporangineae
Family I Streptosporangiaceae
Streptosporangium, Acrocarpospora, Herbidospora, Microbispora,
Microtetraspora, Nonomuraea, Planobispora, Planomonospora,
Planopolyspora, Planotetraspora
Family II Nocardiopsaceae
Nocardiopsis, Streptomonospora, Thermobifida
Family 11 Thermomonosporaceae

Thermomonospora, Actinomadura

References

See Discussion
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Chapter 2 Habitats, isolation and identification

1 Habitats

Yunnan is situated in the southwest of China, between latitudes 20°09” and 29°15° N and
longtitudes 97°39" and 106°12’ E. This is an area of 436,200 km?. Yunnan has an
extremely varied topography, high in the northwest and low in the southeast. Meili, Taizi,
Baima, Haba, and Yulong Snow Mountain tower aloft in the northwest of Yunnan. Kalipo,
the main peak, is 6,740 m above sea level. These mountains constitute the Hengduan
Mountain Chain in western China. Hekou, a small town on the southeast border, is only 67
m above sea level. Several rivers, the Jinsha, Lancang, and Nu, flow through these
mountains from north to south, constituting a vast gorge area. The main part of Yunnan, the
Middle Plateau of Yunnan, averages about 2,000 m above sea level and is the most
developed area. There, the climate is extremely varied, including all types of climates from
the north Helong River to the south Hainan Island of China. There are wide ranges, from
tropical rain forests and subtropical and to cool temperate primeval forests, and a half of
higher plant species (about 15,000) of China are present in this province. Approx. 65% of
animal species of the whole country are found in Yunnan. Therefore, Yunnan has been an
ideal place to study plant and animal diversity and lately also has become into focus for

studying the biodiversity of microorganisms.

Hainan Island is located on the south border area of China. The land area is 35,400 km?.
The climate there belongs to tropical type. Annual average temperature is 22.3 °C, annual
average rains is 1639 mm, and have been named “the natural large green house”. There are
wide tropical every green broad-leaf forests and some tropical rain forest with rich diversity

of tropical plant.

Xinjiang, Qinghai and Gansu Provinces are located on the northwest border, occupy 1/4

area, far from marine, and one of dry areas in China. There are wide saline and alkaline
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soils, saline lakes, like Chaka, Aiding and Talimu, and snow-mountains, like Himalayas,
Kunlun and Tian Mountains in the three provinces. The salt content of soil surface in some

areas is up to 58 %.

950 soil and sediment samples were collected from primeval tropical rain forest, evergreen
broadleaf forest evergreen broadleaf forest, secondary forests, mangroves, saline and
alkaline soil and lakes in Yunnan, Hainan, Xinjiang, Qinghai and Gansu Provinces, China.

40 sediment samples were collected from Baltic Sea.

2 Isolation of actinomycetes

2.1. Isolation media and inhibitors

2.1.1 Isolation of rare actinomycetes: Medium 3 (in Appendix) supplemented with filter
sterilized solutions of nystatin 100mg/L, nalidixic acid 25mg/L; Medium 11 supplemented
with filter sterilized solutions of nystatin 100mg/L, nalidixic acid 25mg/L; Medium 2
supplemented with filter sterilized solutions of cycloheximide 50mg/L; Medium 4 adding
vitamins mixture of HV, nystatin 100mg/L, nalidixic acid 25mg/L; Medium 12 with filter
sterilized solutions of cycloheximide 50 mg/L, nalidixic acid 10mg/L, novobiocin 10 mg/L

and nystatin 100 mg/L.

2.1.2  Isolation of actinomycetes in saline soil samples: Medium12 supplemented with
MgCl,-6H,0 200g/L and trace salt 1ml/L; Medium 6 supplemented with a mixture of salts
(MgCl,:6H,0, NaCl, KCI) 150g/L.

2.2.3 Isolation of marine actinomycetes: Medium 8, Medium 9, Medium 10 and

Medium 1 in natural sea water 1,000 ml.

All samples were dried at room temperature for 1 week and 120 °C for 1 hour. These
treatments can restrain the growth of other bacteria on isolation plates. The samples were
added in 0.1% NasP,0Os and treated by ultrasonication (80 W) to release cells of

actinomycetes from the soil granules. The isolation protocol is following as.
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2.2 Isolation Protocol

Soil (or sediment) samples — dry in room temperature for 1 week — 120°C for 1 hr

!
0.1% Na,P,05 18ml, soil 2g, shake for 60 min

l

80W ultrasonication for 40 sec

l
Dilute 10, 100, 1000, 0.2ml/dish based on sample source and medium

!
Incubation at 28°C for 15 up to 35 days

!
Transfer to YIM 38 agar

3 Identification of actinomycete strains

3.1 Strains

230 selected strains were identified by using polyphasic procedures (protocol). Some
typical strains were deposited in the Collection Center of Typical Cultures (CCTCC),
Wuhan, P. R. China, DSMZ Deutsche Sammlung von Mikroorganismen und Zellkulturen
(GmbH), Leibniz-Institut fir Meereswissenschaften an der Universitat Kiel, Germany, and

Yunnan Institute of Microbiology, Yunnan University, P. R. China.

3.2 Identification Protocol

Selection of strains

l

Cultivation

l

DNA-extraction and analysis

!
16S rRNA sequences (500 to 750 bp)

l

Phylogenetic analysis

l

Possible novel species (if similarity lower than 97 %)

l

Polyphasic taxonomy
(morphology, physiology, biochemistry, chemistry, phylogenetic analysis)
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4. Results

4,127 strains were isolated from the 990 soil and sediment samples by Prof. Xu Lihua and
Ms Duan Ruolin using the media described above in Yunnan Institute of Microbiology,
Yunnan University. | took part in this isolation work. 124 strains including 14 of strains
from saline and alkaline habitats and 110 special strains were selected from the 3,847 strain

for characterization in this research.

Activities of extracts from 4,608 strains of actinomycetes were determined by using 6 types
of cancer cells in vitro by Oncotest, Germany. 1080 strains were analyzed using PKS gene

screening procedures by Dr Ping Xu. Anti-oxidation, AchE (acetylcholine enzyme)
inhibition, AGE (Advanced Glycosylation End Products) inhibition and a-glucosidease

activity of extracts ferment broths of 2,821 of actinomycete strains were determined by
using corresponding models in vitro at Pharmaceutical Institute, Beijing, during the course
of my master thesis. 80 strains including 26 strains with anti-cancer activities, 22 with PKS
genes and 32 showing enzymes inhibition were selected from these strains for

characterization in this research.

280 strains were isolated from the samples collected in Batic Sea. 26 strains were selected

for identification.

Partial 16S rRNA gene sequences (600-1100bp) of total 230 selected strains were

determined and primarily grouped at a level of genus.

The characterization of the 204 selected strains based on partial 16S rRNA gene sequences
are shown in the appedix of this thesis and indicate the number of strains (in bracketes)
identified as belonging to the listed 33 genera: Actinobispora (2 strains), Actinomadura (1),
Actinomycetospora (1), Aerococcus (1), Arthrobacter (2), Bacillus (6), Catellatospora (1),
Chelatococcus (2), Chryseobacterium (1), Cryobacterium (1), Dactylosporangium (1),

Dietzia (1), Duganella (1), Glycomyces (2), Gordonia (2), Isoptericola (1), Kitasatospora
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(5), Kocuria (1), Leifsonia (1), Methylobacterium (5), Micrococcus (1), Micromonospora
(12), Mycobacterium (2), Nocardia (38), Nocardiopsis (9), Nonomuraea (8), Paenibacillus
(1), Planosporangium (1), Promicromonospora (5), Pseudonocardia (3), Rhodococcus (11),
Streptomyces (64), Streptosporangium (11). 26 identified strains from marine samples
belonged to 13 actinomycete genera, Promocromonospora, Myceligenerans,
Rhodococcus, Agrococcus, Exiguobacterium, Microbacterium, Kocuria, Nocardiopsis,
Agrobacterium, Isoptericola, Mycobacterium, Actinomadura and Amycolatopsis, and
other bacteria, Phyllobacterium, Zobellia=F.uliginosum, Rhizobium, Chromohalobacter, ,

Pseudomonas, Cellulomonas and Bacillus.

Complete sequences of 16S rRNA of 54 of the 230 strains were determined, and their
taxonomy was carried out by using polyphasic taxonomic procedures. Out of these isolates,
five have been identified as new species (Nocardia polyresistens sp. nov. YIM 33361,
Nocardia lijiangensis sp. nov. YIM 33378, Nocardia alba sp. nov. YIM 30243,
Streptomyces nanningensis sp.nov. YIM 33098, Streptomyces roseoalbus sp.nov. YIM
31634) and have been published (see list of publications nos. 7, 8, 9, 10 and 14). Seven
possible new species or new subspecies (Micromonospora purpureochromogenes subsp.
hongheensis subsp. nov. YIM 45197, Nocardia flava sp. nov. YIM 45193, Pseudonocardia
flava sp. nov. YIM 47705, Streptomyces violaceogriseus sp. nov. YIM 47663, Streptomyces
xianggelilaensis sp. nov. YIM 32234, Streptomyces flavoablus sp. nov. YIM 32342 and
Streptomyces sclerotialus sp. nov. YIM 90018) and four known species (Duganella
violaceinigra YIM 37272, Nocardia jejuensis (99.5%) YIM 36723, Nocardiopsis alba YIM
90039, and Streptomyces avermectinius YIM 31339 and 32196) were characterized (not
prepared the manuscripts). CC 0387" from Batic Sea was identified as a new species,

Promicromonospora flava sp. nov., and published on Int. J. Syst. Evol. Microbiol.
Two new genera (Actinmycetospora chiangmaiensis and Planosporangium flavogriseum)
and two new species (Streptomyces hainanensis sp. nov and Promicromonospora flava sp.

nov.) will be described in chapters 3 to 6 of this thesis.
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A new isolate belonging to the genus Streptomyces, strain YIM 476727, was obtained
from a soil sample in Hainan, an island of P. R. China. The characterization of this
isolate was performed by a polyphasic approach. The strain forms long spore chains in
aerial mycelia, the cell wall contains L-DAP, traces of meso-DAP and glycine.
Whole-cell hydrolysates contain galactose and xylose, the main phospholipids are PE
and DPG. The 16S rRNA gene sequence of the strain was compared with closed species
of Streptomyces. 16S rRNA sequence similarity values with closest relatives of the
genus were less than 95.5 %. Streptomyces hainanensis sp. nov. is proposed . Type
strain of the new species is YIM 47672" (= CCTCC AA 205017" = DSM 41900").

The genus Streptomyces was proposed by Waksman & Henrici (1943). Classification of
this genus has been attached a great attention owing to their production of various
natural products with considerable commercial value. The development of numerical
taxonomic systems, which utilized phenotypic traits helped to resolve the intergeneric
relationships within the family Streptomycetaceae and resulted in the reclassification of
six additional genera (Actinopycnidium, Actinosporangium, Chainia, Elytrosporangium,
Kitasatoa and Microellobosporia) to the Streptomyces genus (William et al., 1983;
Goodfellow et al., 1986). Despite the genera Streptomyces and Streptoverticillium
having cell-wall type 1 (Lechevalier et al., 1970) are lysed by the same phages
(Wellington et al., 1981), and are phylogenetically closely related (Stachebrandt et al.,
1981), the two genera were classified to two distinct genera (Witt et al., 1990)
concluded based on 16S and 23S rRNA comparisons that the genus Streptoverticillium
should be regarded as a synonym of Streptomyces. In our research on new actinomycete
resources, strain YIM 476727 was identified as a new species of the genus Streptomyces.
Results of morphological, physiological and chemical studies as well as phylogenetic
analysis are reported here and a novel species, Streptomyces hainanensis will be

proposed.

Strain YIM 47672" was isolated, using the dilution plating method, from a soil sample

collected in evergreen broadleaf forest in Wuzhi Mountain, Hainan province, P. R.

39



China. Selective isolation was achieved using mycose-proline agar (Jiang et al. 2006)
and incubation at 28°C for 35 days. Strain YIM 47672" was maintained on YIM 38
medium [malt extracts 10 g, yeast extracts 4 g, glucose 4 g, vitamin mixture
(thiamine-HCI, riboflavin, niacin, pyridoxin-HCI, inositol, calcium pantothenate,
p-aminobenzoic acid, each 0.5 mg, and biotin 0.25 mg), agar 20 g, pH 7.2] (Hayakawa
& Nonomura, 1987) at 4°C and preserved in 20% (v/v) glycerol at -20°C. Biomass for
chemical and molecular systematic studies was obtained by growing in shake flasks (at
180 rpm) using YIM 38 broth at 28°C for 4 to 7 days. Cultural characteristics were
determined after 2 weeks at 28°C by methods used in the International Streptomyces
Project (ISP) (Shirling & Gottlieb, 1966). Czapek’s agar and nutrient agar were
prepared according to Dong & Cai (2001). Morphological properties were examined by
light microscopy (Olympus microscope BH-2) and scanning electron microscopy
(Philips XL30 ESEM-TMP). Color determination was done with color chips from the
ISCC-NBS COLOR CHARTS standard samples No. 2106 (Kelly 1964).

Fig. 1. Scanning electron micrograph of spiral spore chains of strain YIM 476727 after growth on

YIM 38 medium for 14 days. Bar, 2 um.

Strain YIM 47672" was growing well on most of the tested media (Table 1). Aerial
mycelia developed well. They were long branched, white and pink white to pink gray.
Vegetative mycelia developed well, and were pale to deep orange yellow. Light brown
to orange yellowish soluble pigments were produced. Spore chains were spirales or
Retinaculiaperti (looped in the top) (Fig. 1). Spores were elliptical or short rod-shaped

in 0.4-0.6x0.7-1.0 um. Spore surface was smooth.
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Table 1. Cultural characteristics of strain YIM 476727

Legend: +, poor; ++ moderate; +++, well; -, not present

Medium Growth  Aerial mycelium Substrate mycelium Soluble pigment

Presence Color Presence Color

Czapek’s agar Moderate ++ Pink gray ++ Orange Light brown
yellow
Glycerol-asparagines Poor - None + Pale None
agar(ISP 5) yellow
Inorganic salts-starch agar Moderate ++ Pink ++ Light Pale
(ISP 4) white reddish  orange-yellow
brown
Yeast ext.-malt ext. agar (ISP Moderate ++ Pink ++ Brill Orange yellow
2) white orange
yellow
Oatmeal agar (ISP 3) Well -+ Pale pink +++ Deep Orange yellow
orange
yellow
Nutrient agar Poor + White  + Soft None
orange
yellow

A range of phenotypic properties was examined using standard procedures (Goodfellow,
1971; Williams et al. 1983). In addition, acid production from carbohydrates was
carried out using media and methods described by Gordon et al. (1974). The utilization
of carbon and nitrogen sources was determined by using the methods of Gordon &
Mihm (1962) and Tsukamura (1966). Gelatine liquefaction, milk coagulation and
peptonisation, arginase, phenylalanine deaminase, DNAase and melanin production of

strain YIM 476727 were negative. Starch hydrolysation, arginine decarboxylase, nitrate
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reduction, gas production from nitrate, growth on cellulose and H,S production were
positive. Growth occurs at pH 6.0-9.0 and 0-10% of NaCl, with optimum at pH 7.0 and
without NaCl. Glucose, cellobiose, starch, esculin, mycose, galactoside, and urea were
utilized. Acids were not produced from these carbon sources. Galactose, mannose,
fructose, arabinose, xylose, ribose, rhamnose, sucrose, lactose, maltose, melibiose,
raffinose, turanose, melicitose, sorbin, dextrin, salicine, adonitol, inositol, mannitol,
sorbitol, xylitol, galactitol, erythritol, amygdaloside, sodium citrate, sodium acetate,

gluconate, malonate, tartrate, lysine, ornithine and acetamide were not utilized.

Strain YIM 47672" was resistant to penicillin G (10 IU), amoxicllin/clavulanic acid
(20/10 pg), novobiocin (30 pg), rifampin (5 pg) and ampicillin (10 pg), and sensitive to
erythromycin (15 IU), gentamicin (10 pg), kanamycin (30 pg), tetracycline (30 pg),
vancomycin (30 pg), midecamycin (15 pg), clindamycin (2 pg),
sulfamethoxazole/trimethoprim (23.75/1.25 ug), chloramphenicol (30 pg), polymyxin B
(300 IU) and norfloxacin (10 pg).

The amino acid and sugar analysis of whole cell hydrolysates followed procedures
described by Stanek & Roberts (1974). Phospholipid analysis was carried out as
described by Lechevalier et al. (1981). Menaquinones were determined using the
procedures of Collins et al. (1997). Biomass for the quantitative fatty acid analysis was
prepared by scraping cell mass from TSB agar plates [Trypticase soy broth (BBL), 3%
(w/v); Bacto agar (Difco), 1.5% (w/v)] that had been incubated for 5 days at 28°C. The
fatty acids were extracted, methylated and analysed by using the standard MIDI
(Microbial Identification) system (Kdmpfer & Kroppenstedt, 1996; Sasser, 1990).
Chromosomal DNA of strain YIM 47672" was extracted as described by Marmur
(1961). The DNA G+C base content was determined by HPLC (Tamaoka & Komagata,
1984) with an Agilent 1100 LC system (IRIS Technologies, U.S.A).

The cell wall of strain YIM 47672" contained LL-diaminopimelic acid (A,pm), traces of
meso-diaminopimelic acid and glycine. Whole-cell hydrolysates contained galactose
and xylose. Main phospholipids were phosphatidyl ethanolamine and diphosphatidyl
glycerol (phospholipid type II). The predominant menaquinones were MK-9 (Hi)
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(45.4%), MK-9 (Hg) (14.0%), MK-9 (Hg) (13.6%) and MK-10 (Hp) (27.0%). The
predominant components were iso Ciso (1.1%), iso Cigo (30.9%), 1611 W7¢/16:1 WOC
(2.1%), Ci6:0 (13.7%), iso w9c C7.1 (1.4%), is0 Ci7.0 (2.8%), anteiso Ci7.9 (10.8%), w8c
Ci7:1 (7.1%), cyclo Ci7.0(1.4%), Ci7.0 (5.6%), anteiso Cig. /1520 w6,9¢ (9.7%), w9c Cis:1
(4.9%), Cis.0 (1.2%). In addition, the sum of 16,1 W7¢/16:1 W6C was 2.1%, sum of anteiso

18:0 /1822 W6,9¢ was 9.7% and sum of iso w9c C17:1 or 16,0 10-methyl was 1.4%.

The G+C content of genomic DNA of the strain was 73.4 mol %.
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Fig. 2. Phylogenetic tree derived from 16S rRNA gene sequences showing the relationship of YIM
47672" to type species of 3 genera of the family Streptomycetaceae with species of Nocardioides as
outgroup. Numbers at branching points indicate percentages of occurrence using least squares

analysis applying bootstrap values based on 1000 replications.
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The almost complete sequence 16S rDNA of strain YIM 47672" was aligned with
representative sequences of related type strains of three genera of the family
Streptomycetaceae from the GenBank/EMBL/DDBJ database. The evolutionary tree,
rooted with Nocardioides albus DSM 43109" (X53211), Nocardioides alkalitolerans
KSL-12 (AY633972) and Nocardioides dubius KSL-104 (AY928902) as the out group,
was inferred by using the neighbour-joining method (Saitou & Nei, 1987) formed the
evolutionary distance data corrected by Kimura’s 2 parameter model (Kimura, 1980).
The topology of the tree was evaluated by bootstrap analysis (Felsenstein, 1985) of the
neighbour-joining method based on 1,000 resamplings. The ClustalX program
(Thompson et al. 1997) was used for multiple alignment and phylogenetic analysis.

TreeView program (Page, 1996) was used to display, edit and print phylogenetic trees.

The phylogenetic analysis demonstrated that strain YIM 47672" belongs to the genus
Streptomyces. The rooted phylogenetic tree of strain YIM 47672 and related type
species of the genera Streptomyces, Kitasatospora and Streptacidiphilus indicated that
YIM 47672" formed a separate cluster with Streptomyces sp. and Streptomyces
sodiiphilus (Fig. 2). The 16S rRNA gene sequence similarity of YIM 47672" with
closed species were Streptomyces cuspidosporus (Skerman et al. 1980) (95.84%),
Streptomyces rimosus subsp. Rimosus (Skerman et al. 1980) (95.48%), Streptomyces
lavendulae (95.44%) (Skerman et al. 1980), Streptomyces somaliensis (Skerman et al.
1980) (94.26%), Streptomyces hygroscopicus (Skerman et al. 1980) (95.10%) and
Streptomyces sodiiphilus (Li et al. 2005) (96.20%) respectively, and is below so much
the border among species of Streptomyces. Streptomyces cuspidosporus produces
spherical spores with wart surface, green to black soluble pigment, Gelatine liquefaction
is positive reaction, and utilizes 22 carbon sources. Streptomyces rimosus subsp.
Rimosus produces elliptical spores, light brown soluble pigment, milk coagulation and
peptonisation are positive, and utilizes 11 carbon sources. Streptomyces lavendulae
produces elliptical spores, pale brown soluble pigment, Gelatine liquefaction and milk
peptonisation are positive, produces melanin, and utilizes glucose, arabinose, xylose and
maltose. Streptomyces hygroscopicus produces spores with wart and sting surface,

yellowish soluble pigment, milk peptonisation is positive, and utilizes 8 carbon sources.
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Above-mentioned characteristics of strain YIM 47672" were different with these species.
Streptomyces sodiiphilus and strain YIM 47672" were clustered always in one same
cluster in five trees with different amount and members. But their similarity is only
96.2%. Whole cell hydrolysates of former mainly contain galactose and glucose, the
predominant menaquinones are MK-9(H4) (13%), MK-9(Hg) (68%) and MK-9(Hjg)
(19%), and the main phospholipid is phosphatidylethanolamine. Whole cell
hydrolysates of the latter contained galactose and xylose, main phospholipids were
phosphatidyl ethanolamine and diphosphatidyl glycerol , and the predominant
menaquinones were MK-9 (Hy4) (45.4%), MK-9 (Hs) (14.0%), MK-9 (Hs) (13.6%) and
MK-10 (Ho) (27.0%). Strain YIM 47672" was 99.9% similar to an isolate from
traditional Chinese medicinal plant, from which sequence data are available but no
description of its characteristics have been published Streptomyces sp. D44 (DQ460471).
Therefore, strain YIM 47672" should be considered as novel members of the genus

Streptomyces for which the name Streptomyces hainanensis sp. nov. is proposed.

Description of Streptomyces hainanensis sp. nov.

Streptomyces hainanensis (hai.nan.en’sis. N.L. adj. hainanensis pertaining to Hainan, a

province of south China from where the type strain was isolated).

Aerial mycelia are white and pink white to pink gray. Spore chains are spiral or looped.
Spores are elliptical or short rod-shaped. Spore surface is smooth. Vegetative mycelia
are pale to deep orange yellow. Produces light brown to orange yellowish soluble
pigments. Gelatine liquefaction, milk coagulation and peptonisation, arginase,
phenylalanine deaminase, DNAase and melanin production are negative. Starch
hydrolysis, arginine decarboxylase, nitrate reduction, gas production from nitrate,
growth on cellulose and H,S production are positive. Optimal growth occurs at pH 7.0
(range pH 6.0 — 9.0) and without NaCl (range 0 — 10% NaCl). Glucose, cellobiose,

starch, esculin, mycose, galactoside, and urea are utilized. Acids are not produced from
the 5 carbon sources. Galactose, mannose, fructose, arabinose, xylose, ribose, rhamnose,
sucrose, lactose, maltose, melibiose, raffinose, turanose, melicitose, sorbin, dextrin,

salicine, adonitol, inositol, mannitol, sorbitol, xylitol, galactitol, erythritol,
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amygdaloside, sodium citrate, sodium acetate, gluconate, malonate, tartrate, lysine,
ornithine and acetamide are not utilized. Resistant to penicillin G (10 IU),
amoxicllin/clavulanic acid (20/10 pg), novobiocin (30 pg), rifampin (5 pg) and
ampicillin (10 pg), and sensitive to erythromycin (15 pg IU), gentamicin (10 pg),
kanamycin (30 pg), tatracycline (30 pug), vancomycin (30 pg), midecamycin (15 pg),
clindamycin (2 pg), sulfamethoxazole/trimethoprim (23.75/1.25 ng), chloramphenicol
(30 pg), polymyxin B (300 IU) and norfloxacin (10 pg). Cell wall contains L-DAP,
trace meso-DAP and glycine. Whole-cell hydrolysates contain galactose and xylose.
Main phospholipids are phosphatidyl ethanolamine and diphosphatidyl glycerol
(phospholipid type II). The predominant menaquinones are MK-9(Hy) (45.4%), MK-9
(He) (14.0%), MK-9 (Hg) (13.6%) and MK-10 (Ho) (27.0%). Fatty acid compositions
are 150 Cis.9 (1.1%), 150 Cis:0 (30.9%), 16:1 W7¢/16:1 WOC (2.1%), Ci6:0 (13.7%), is0o w9c
Ci7a1 (1.4%), iso Ci70 (2.8%), anteiso Ci7 (10.8%), w8c Ci7.1 (7.1%), cyclo Cizo
(1.4%), Ci7.0 (5.6%), anteiso 3.0 /132 W6,9¢ (9.7%), w9c Cis.1 (4.9%), Ciso (1.2%). In
addition, the sum of 1¢.1 W7¢/16.1 WOC was 2.1%, sum of anteiso 159 /182 W6,9¢ was 9.7%
and sum of iso w9c C17:1 or ;6 10-methyl was 1.4%. G+C content of genomic DNA is
73.4 mol %. The type strain YIM 47672" (= CCTCC AA 205017"=DSM 41900 ) was
isolated from a soil sample collected from evergreen broadleaf forest in Wuzhi

Mountain, Hainan province, P. R. China.
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Chapter 4 Actinomycetospora chiangmaiensis gen. nov., sp. Nov., a new
member of the family Pseudonocardiaceae

Yi Jiang, Jutta Wiese, Shu-Kun Tang, Li-Hua Xu, Johannes F. Imhoff and
Cheng-Lin Jiang

(Int. J. Syst. Evol. Microbiol. 58:408-413, 2008)

A novel actinomycete strain, YIM 0006', was isolated from soil of a tropical
rainforest in northern Thailand. The isolate displayed the following characteristics:
aerial mycelium is absent, short spore chains are formed directly on the substrate
mycelium, contains meso-diaminopimelic acid, arabinose and galactose (cell-wall
chemotype 1V), the diagnostic phospholipid is phosphatidylcholine, MK-9(H,) is the
predominant menaquinone and the G+C content of the genomic DNA is 69.0 mol%o.
Phylogenetic analysis and phenotypic characteristics showed that strain YIM 0006"
belongs to the family Pseudonocardiaceae but can be distinguished from
representatives of all genera classified in the family. The novel genus and species
Actinomycetospora chiangmaiensis gen. nov., sp. nov. are proposed, with strain YIM
0006 (=CCTCC AA 205017" =DSM 45062") as the type strain of Actinomycetospora

chiangmaiensis.

The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain
YIM 0006" is AM398646.
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The first description of the family Pseudonocardiaceae was given by Embley et al.
(1988), and the description was emended by Stackebrandt et al. (1997) on the basis of
16S rRNA gene sequence analysis. The family currently consists of 14 genera with
validly published names: Actinoalloteichus (Tamura et al., 2000), Actinopolyspora
(Gochnauer et al., 1975), Amycolatopsis (Lechevalier et al., 1986), Crossiella (Labeda,
2001), Goodfellowia (Labeda & Kroppenstedt, 2006), Kibdelosporangium (Shearer et al.,
1986), Kutzneria (Stackebrandt et al., 1994), Prauserella (Kim & Goodfellow, 1999),
Pseudonocardia (Henssen, 1957), Saccharomonospora (Nonomura & Ohara, 1971),
Saccharopolyspora (Lacey & Goodfellow, 1975), Streptoalloteichus (Tomita et al.,
1987), Thermobispora (Wang et al., 1996) and Thermocrispum (Korn-Wendisch et al.,
1995). Strain YIM 0006" was isolated during an investigation of actinomycete diversity
in soil from a tropical rainforest in Chiang Mai, in northern Thailand. Here, we report on
the classification and characterization of strain YIM 0006 and propose a novel genus

and species of the family Pseudonocardiaceae to accommodate the strain.

Strain YIM 0006" was isolated from a soil sample after 2 weeks incubation at 28 °C on
starch-glycerol medium as described by Jiang et al. (2006). Cultural characteristics of the
strain were determined after growth at 28 °C for 2 weeks by methods used in the
International Streptomyces Project (ISP; Shirling & Gottlieb, 1966) as well as by using
Czapek’s medium and nutrient agar (Dong & Cai, 2001). Colour determination was
performed with colour chips from the ISCC-NBS Color Charts Standard Samples no.
2106 (Kelly, 1964). Morphological observations of spore chains and mycelia were made
by light microscopy (Olympus microscope BH-2) and scanning electron microscopy
(Philips XL30 ESEM-TMP) after 20-50 days incubation. Gram staining (Hucker’s
modification; Society for American Bacteriologists, 1957) and Ziehl-Neelsen

preparations (Gordon, 1967) were evaluated by light microscopy.

Growth of strain YIM 0006" was poor on most media tested, although the strain grew
well but slowly on yeast extract malt extract agar (ISP 2). Soluble pigments were not
produced under any conditions tested in this study. Aerial mycelium was not observed on

any of the tested media. The vegetative mycelium fragmented into rod-shaped elements
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(Fig. la) and was pale to brilliant orange—yellow in colour. Short spore chains were
formed directly on the vegetative mycelium (Fig. 1a, b). The strain displayed bud-like
structures of the spore chains, as has also been described for members of the genus
Pseudonocardia (Huang et al., 2002). Spores were short and rod-shaped, 0.3—0.6x0.8—

1.2 mm. The spore surface was smooth.

Fig. 1. (a) Scanning electron micrograph of fragments of vegetative mycelium and short spore chains
of strain YIM 0006 on HV medium (Hayakawa & Nonomura, 1987) after incubation for 60 days. Bar,
10 mm. (b) Scanning electron micrograph of short spore chains of strain YIM 0006" on
glycerolasparagine medium (ISP 5) after incubation for 40 days. Bar, 2 mm.

All tests of physiological and biochemical characteristics of strain YIM 0006 were
performed at 28 °C and recorded after 7, 14, 20 and 30 days, except for the nitrate
reduction test, which was recorded after 1, 3 and 5 days. Carbon- and nitrogen-source
utilization as well as acid production from sugars under aerobic conditions were
examined according to the method of Kampfer et al. (1991). The isolate used a range of
carbon sources (see species description). Galactose, arabinose, mannose, raffinose,
inositol, mannitol and sodium citrate were not utilized. Tests of gelatin liquefaction, milk
coagulation, milk peptonization, starch hydrolysis, nitrate reduction, growth on cellulose,

H,S and melanin production were negative.
Cell material for the extraction of chromosomal DNA and chemotaxonomic studies was

obtained after cultivation at 28°C for 7-10 days in ISP 2 broth (Shirling & Gottlieb, 1966)

supplemented with the vitamin mixture of HV medium (Hayakawa & Nonomura, 1987)
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as a shaking culture. Procedures for analysis of diagnostic cell-wall amino acids and
sugars followed those described by Staneck & Roberts (1974). Polar lipids were extracted,
examined by two-dimensional TLC and identified using the procedures of Minnikin et al.
(1984). Menaquinones were extracted according to Minnikin et al. (1984) and separated
by HPLC (Kroppenstedt, 1982). Cellular fatty acid composition was determined as
described by Sasser (1990) using the Microbial Identification System (MIDI, Inc.).
Chromosomal DNA for genomic DNA G+C content analysis was extracted as described

by Marmur (1961).

The DNA G+C content was determined by the HPLC method (Tamaoka & Komagata,
1984) with an Agilent 1100 LC system (IRIS Technologies).

The cell wall of strain YIM 0006" contained meso-diaminopimelic acid as the diagnostic
peptidoglycan diamino acid. Whole-cell hydrolysates contained arabinose and galactose
as diagnostic sugars (cell-wall chemotype IV; Lechevalier & Lechevalier, 1970).
Analysis of phospholipids revealed phosphatidylcholine, phosphatidylinositol and
phosphatidylglycerol, indicating phospholipid type PIII (Lechevalier et al., 1977). The
predominant menaquinone was MK-9(H4). The fatty acid profile consisted mainly of
iso-branched saturated hexadecanoic acid. The predominant components, as proportions
of the total fatty acid composition, were is0-Cj4.¢ (1.1 %), 150-Cjs.0 (3.2 %), 150-Ci6.1 H
(2.6 %), 150-Ci6: 0 (29.8 %), Cis107c/is0-Cis 2-OH (17.6%), Cis .0 (10.8 %), Cic: 0
10-methyl (7.2 %), is0-Ci7. 9 (2.5 %), anteiso-Ci7. ¢ (5.5 %), Ci7.108¢c (4.4%), Ci7.0
(1.6%), Ci7.0 10 methyl (1.3%), Cis.109¢ (2.3%) and Cys.¢ (3.7 %). The G+C content of
genomic DNA of the strain was 69.0 mol%.

Genomic DNA extraction and PCR amplification of the 16S rRNA gene of strain YIM
0006" were carried out using procedures described by Xu et al. (2003). The 16S rRNA
gene sequence (1456 nucleotides) was compared with corresponding sequences of the
family Pseudonocardiaceae from the GenBank/EMBL/DDBJ database by using BLAST
(Altschul et al., 1997), BLAST 2 sequences (Tatusova & Madden, 1999) and FASTA
(Pearson, 1990). The alignment was performed using CLUSTAL X (Thompson et al.,
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1997) and corrected manually. Phylogenetic analysis was conducted using MEGA
version 3.1 (Kumar et al., 2004) and the PhyML online web server (Guindon et al., 2005).
A distance matrix was generated according to Kimura’s two parameter model (Kimura,
1980, 1983) and a phylogenetic tree was constructed using the neighbour-joining method
(Saitou & Nei, 1987). The topology of the tree was evaluated by performing a bootstrap
analysis (Felsenstein, 1985) using 1000 resamplings. A maximum-likelihood tree was
calculated using the GTR (general time-reversible) substitution model and bootstrap

values from 500 resamplings.

Pseudonocardia ziingensis 63307 (AF325725)
Peeudonocandis petroleophiia IMSNU 220727 (AJZ52828)
Peaudonocardia xinjlangensiz AS 415387 (AF325728)
Pseudonocardia aursntiacs AS 4 15377 (AF325727)
100 — Pseudonocardia alaniniphila AS 4,15367 (AF325728)
— Pssudonocardia yunnanensis NBRGC 156817 {Da5472)
seudonocardia spinosispora LM 1417 (AJ249206)
Pseudonocardia asaccharclytica DSM 442477 (Y08536)
Feeurdonocardla safurmea IMSNU 200527 (AJZ52826)
Pepudonocardia themmophita IMSMNU 201127 (AJ252830)
Pseudonocardia chloroethenivorans SL-17 (AF454510)
Pseudonocardia tetrafhydrofuranoxydans DSM 442397 (AJ249200}
Pseudonocardia sulfidoxydans DSM 442487 (Y0B53T)
Psoudonocardia hydrocarbonaxydans IMSNU 221407 (AJ2Z52826)
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Fig. 2. Neighbour-joining tree derived from 16S rRNA gene sequences showing the relationship of
YIM 0006" and representative species of the 14 genera of the family Pseudonocardiaceae. Numbers
at branch nodes are bootstrap percentages (1000 resamplings; only values over 50% are given). Bar,
1% sequence divergence.

Database search demonstrated that strain YIM 0006" belongs to the family
Pseudonocardiaceae (Stackebrandt et al., 1997). Phylogenetic study was performed with
16S rRNA gene sequences of type strains of Pseudonocardia species with validly

published names, as far as available, including [Actinobispora] xinjiangensis,
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[Actinobispora] aurantiaca, [Actinobispora] alaniniphila and [Actinobispora]
yunnanensis, which were combined into the genus Pseudonocardia by Huang et al. (2002)
as well as with sequences of representative type strains of the other 13 genera of the
Pseudonocardiaceae. The closest relatives of strain YIM 0006" were Pseudonocardia
halophobica DSM 43089", with 95.24% sequence identity, Pseudonocardia antarctica
DSM  44749" (95.17 %), Pseudonocardia benzenivorans DSM 44703" and
Pseudonocardia alni IMSNU 20049" (both 95.10 %). The sequence identity of YIM
0006" to Kibdelosporangium aridum DSM 43828 was 94.28 %, and the identity to type

strains belonging to other genera of the family Pseudonocardiaceae was below 94.20 %.
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According to the phylogenetic tree (Fig. 2), strain YIM 0006" formed a distinct subclade
between the genera Pseudonocardia and Kibdelosporangium. Although the 16S rRNA
gene sequence similarity between strain YIM 0006' and members of the genus
Pseudonocardia fell into the range between the Pseudonocardia species (99.6-93.6 %)
given by Huang et al. (2002), the separate branching of the isolate is clearly supported by
high bootstrap values of 96% (percentage of 1000 resamplings) and 97% (percentage of
500 resamplings) after calculation of the neighbour-joining tree (Fig. 2) and the

maximum-likelihood tree (not shown), respectively.

Strain YIM 0006 and representatives of the next most closely related genus
Pseudonocardia have the same cellwall chemotype (chemotype 1V;
meso-diaminopimelic acid, arabinose and galactose), fatty acid type and DNA G+C
content, while the menaquinone pattern clearly distinguishes the new isolate from
members of the genus Pseudonocardia (Table 1). Several chemotaxonomic
characteristics and the absence of sporangium-like structures clearly differentiate strain
YIM 0006 from representatives of the phylogenetically close genus Kibdelosporangium
(Table 1).

On the basis of a combination of phylogenetic distinctness and differences in
chemotaxonomic and morphological characteristics, we consider that strain YIM 0006"
represents a novel genus and species, for which the name Actinomycetospora

chiangmaiensis gen. nov., sp. nov. is proposed.

Description of Actinomycetospora gen. nov.
Actinomycetospora (Ac.ti’no.my.ce.to.spo’ra. N.Gr. n. actinomycesetos an actinomycete;
Gr. fem. n. spora a seed and, in bacteriology, a spore; N.L. fem. n. Actinomycetospora

referring to an actinomycete with spore chains).
Aerobic, Gram-positive, non-acid-fast, non-motile actinomycetes. Substrate mycelium

fragments into rod-shaped elements. No aerial mycelium is produced on any medium

tested. The cell wall contains meso-diaminopimelic acid. Whole-cell hydrolysates contain
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arabinose and galactose (cell-wall chemotype IV). Phosphatidylcholine is the diagnostic
phospholipid, with phosphatidylinositol and phosphatidylglycerol. The predominant

menaquinone is MK-9(Hy4). The type species is Actinomycetospora chiangmaiensis.

Description of Actinomycetospora chiangmaiensis sp. nov.
Actinomycetospora chiangmaiensis (chiang.mai.en’sis. N.L. fem. adj. chiangmaiensis
pertaining to Chiang Mai, a city in the north of Thailand in the vicinity of which the type

strain was found).

In addition to the characteristics given in the genus description, this species has the
following properties. Vegetative mycelium is pale to brilliant orange—yellow in colour.
Short spore chains are formed directly from vegetative mycelium. Spores are short and
rod-shaped. Spore surfaces are smooth. No soluble pigment is produced. Glucose,
fructose, xylose, ribose, rhamnose, sucrose, lactose, sorbitol, glycerol, sodium acetate,
asparagine, glycine, histidine and methionine are utilized as sole carbon sources. Acid is
not produced from these carbon sources. Gelatin liquefaction, milk coagulation and
peptonization, starch hydrolysis, nitrate reduction, growth on cellulose, H2S and melanin
production are negative. The major cellular fatty acids are is0-Cis . o (29.8%),
Ci6:107¢/is0-Cy5 2-OH (17.6%), Ci6:0 (10.8%) and Cj¢.9 10-methyl (7.2 %). The G+C
content of the DNA of the type strain is 69 mol%. The type strain, YIM 0006" (=CCTCC
AA 205017 =DSM 45062"), was isolated from soil collected from a tropical rainforest
located at Chiang Mai in the north of Thailand.
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Chapter 5 A new member of the family Micromonosporaceae,
Planosporangium flavigriseum gen. nov., sp. nov.

Jutta Wiese, Yi Jiang, Shu-Kun Tang, Vera Thiel, Rolf Schmaljohann,
Li-Hua Xu*, Cheng-Lin Jiang and Johannes F. Imhoff*

(Int. J. Syst. Evol. Microbiol. 58:1324-1331, 2008)

A novel actinomycete, designated strain YIM 46034", was isolated from an
evergreen broadleaved forest at Menghai, in southern Yunnan Province, China.
Phenotypic characterization and 16S rRNA gene sequence analysis indicated
that the strain belonged to the family Micromonosporaceae. Strain YIM 46034"
showed more than 3% 16S rRNA gene sequencedivergence from recognized
species of genera in the family Micromonosporaceae. Characteristic features of
strain YIM 460347 were the production of two types of spores, namely motile
spores, which were formed in sporangia produced on substrate mycelia, and
single globose spores, which were observed on short sporophores of the substrate
mycelia. The cell wall contained meso-diaminopimelic acid, glycine, arabinose
and xylose, which are characteristic components of cell-wall chemotype Il of
actinomycetes. Phosphatidylethanolamine was the major phospholipid
(phospholipid type 11). Based on morphological, chemotaxonomic, phenotypic
and genetic characteristics, strain YIM 460347 is considered to represent a novel
species of a new genus in the family Micromonosporaceae, for which the name
Planosporangium flavigriseum gen. nov., sp. nov. is proposed. The type strain of
Planosporangium flavigriseum is YIM 460347 (=CCTCC AA 205013" =DSM
449917).

The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain YIM 460347 is
AM232832. Scanning electron micrographs of cells of strain YIM 46034" grown on: GYM agar are available as

supplementary material with the online version of this paper.
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The family Micromonosporaceae was proposed by Krasil’nikov (1938), and the
description of the family has subsequently been emended by Koch et al. (1996) and
Stackebrandt et al. (1997) on the basis of chemotaxonomic data and 16S rRNA gene
sequence analysis. These groups of authors included the following genera within the
family:Micromonospora (Qrskov, 1923), Actinoplanes (Couch, 1950), Catellatospora
(Asano & Kawamoto, 1986), Catenuloplanes (Yokota et al., 1993), Couchioplanes
(Tamura et al., 1994), Dactylosporangium (Thiemann et al., 1967) and Pilimelia
(Kane, 1966). The genera Actinocatenispora (Thawai et al., 2006), Asanoa (Lee &
Hah, 2002), Luedemanella (Ara & Kudo, 2007a, b), Longispora (Matsumoto et al.,
2003), Polymorphospora (Tamura et al., 2006), Salinispora (Maldonado et al., 2005),
Spirilliplanes (Tamura et al., 1997), Verrucosispora (Rheims et al., 1998) and
Virgisporangium (Tamura et al., 2001) have since been described as additional

members of the family.

During the course of a study on actinomycete diversity, a new isolate was obtained
from an evergreen broadleaved forest soil sample from Yunnan Province, China, and
this is shown here to represent a novel species of a new genus within the family

Micromonosporaceae.

Strain YIM 46034" was isolated from soil collected in Menghai, Yunnan Province,
China, on fucose-proline medium [per litre distilled water: 5 g fucose, 1 g proline, 1 g
(NH4)2S04, 1 g NaCl, 2 g CaCl,, 1 g KoHPO4, 1 g MgS04-7H,0, 20 g agar, pH 7.2;
nalidixic acid (20 mg 1) and nystatin (100 mg 1) were added as inhibitors of

bacteria and fungi, respectively] incubated at 28 °C.

The phenotypic properties of strain YIM 46034 were examined by using various
standard procedures (Williams et al., 1983). Cultural characteristics were determined
following growth on potato-dextrose agar (PDA; Difco), Czapek’s agar (30 g sucrose,
2 g NaNOs, 1 g KoHPOy4, 0.5 g MgSO4-7H,0, 0.5 g KCI, 0.01 g FeSOs4, 20 g agar, pH
7.2-7.4), nutrient agar (10 g peptone, 5 g beef extract, 5 g NaCl, 20 g agar, pH
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7.2-7.4), GYM agar (4 g glucose, 4 g yeast extract, 10 g malt extract, 2 g CaCOs, 12
g agar, pH 7.2) and International Streptomyces Project media ISP2, ISP3, ISP4 and
ISP5 after 25 days at 28 °C according to the methods of Shirling & Gottlieb (1966).
Morphology of spores, sporangia, flagella and mycelia was observed after incubation
at 28 °C for 15-30 days by light microscopy (BH-2; Olympus), scanning electron
microscopy [JSM 5600LV (JEOL) and XL.30 ESEM-TMP (Philips)] and transmission
electron microscopy (H 800; Hitachi). Negative staining was used to demonstrate
flagellation of the spores. Colours and hues were determined according to Kelly
(1964). The Gram reaction was performed according to Gregersen (1978) by using
KOH for cell lysis. Acid fastness was determined by using carbol—fuchsin solution for
cell staining, acid alcohol treatment and counterstaining with methylene blue

(Ziehl-Neelsen method).

\ o .“‘. 4
N\

Fig. 1. Scanning electron micrograph of substrate mycelium of a 9-week-old agar culture of
strain YIM 46034 grown on GYM agar. Bar, 2 mm. (a) Finger-like sporangia (arrows) growing
directly on substrate mycelium; (b) rod-like motile sporangiospores (flagella not visible); (c)

globose, non-motile spores arising from short sporophores of the substrate mycelium.

Biomass for molecular systematic and most of the chemotaxonomic studies was
obtained after cultivation at 28 °C for 7-10 days in shaken cultures with yeast extract
malt extract broth (ISP2) supplemented with the vitamin mixture of HV medium
(Hayakawa & Nonomura, 1987). Cell walls were purified and amino acids in the
peptidoglycan were analysed by TLC (Lechevalier & Lechevalier, 1980). Whole-cell
sugar composition was analysed according to the methods of Becker et al. (1965) and

Lechevalier & Lechevalier (1980). Phospholipid analysis was carried out as described
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by Lechevalier et al. (1981). Menaquinones were determined by using the procedures
of Collins et al. (1977). Biomass for quantitative fatty acid analysis was prepared by
scraping colonies from TSA plates [3% (w/v) trypticase soy broth (BBL), 1.5% (w/v)
Bacto agar (Difco)] that had been incubated for 7 days at 28 °C. Fatty acids were
extracted, methylated and analysed by using the standard MIDI (Microbial
Identification) system (Sasser, 1990; Kimpfer & Kroppenstedt, 1996).

Table 1. Characteristics of genera in the family Micromonosporaceae

Taxa: 1, Actinocatenispora; 2, Actinoplanes; 3, Asanoa; 4, Catellatospora; 5, Catenuloplanes; 6,
Couchioplanes; 7, Dactylosporangium; 8, Longispora; 9, Luedemannella; 10, Micromonospora;
11, Pilimelia; 12, Polymorphospora; 13, Salinispora; 14, Spirilliplanes; 15, Verrucosispora; 16,
Virgisporangium; 17, strain YIM 46034". +, Present; 2, absent; ND, no data available; m-DAP,
meso-diaminopimelic acid; Data taken from Thawai et al. (2006), Couch (1950), Lee & Hah
(2002), Asano & Kawamoto (1986), Ara & Kudo (2006, 2007a), Yokota et al. (1993), Kudo et al.
(1999), Tamura et al. (1994, 1997, 2001, 2006), Thiemann et al. (1967), Matsumoto et al. (2003),
Orskov (1923), Kane (1966), Maldonado et al. (2005) and Rheims et al. (1998).

Characteristic 1 2 3 4 5 [ 7T 8 @ 10 11 12 13 14 15 16 17
Spore maotility - + - - + + +I—= - - - + - - + - + +/-
Sporangia’ = + - - - - + = + - + - - - - + +
spaore vesicles
Diaming acid  m-DAP  m-DAP  wm-DAP w-DAP 1-Lys L-Lys  m-DAP m-DAP  m-DAP  m-DAP m-DAP m-DAP  m-DAP  m-DAP wm-DAP m-DAP  m-DAP
Characteristic  Ara, Gal, Ara, Xyl Ara, Gal, Ara, Gal, Man, Arm,  Ara, Xyl Arva, Gal, Ara, Gal,  Ara, Byl Am, Xd Aaa, Gal, Man, Ara, Ara XN
whaole-cell X X Man, Rha,  Rib, Xyl Gal, Xyl X Man, Rha, Xl Gal, X Man, Xl Gal,
sugar(s)” Rils, X o1 Rib, X X Man,
only Xyl Rha, Xd
Fattyacid typet b 2 2d ib 2 2c 2d 2d 2d ib 2b 2a Ja 2d b 2d ib
Major mena-  9H,) WHy), 10Heg  9(H.g or 10, 9(H) HHues 100H,  HHue)  9(Hue, 9(Hu) 9H,e, 9H)  10(H, 9H,) 10(H, 9H,),
quinone(s) 100Ha) 100 FHa) 11{Ha4) 10 Has) 10(Has) HeHal  10(Hy)
Phosphalipid I I I I I I I I I I It I I I It I I
typef
DA G+C 72 T2-73 T1-72 TO-T2 T0-73 -T2 7273 0 71 T1-73 NI 71 T0-73 69 0 71 T14
content
{mal%)

*Ara, Ambinose; Gal, galactose; Man, mannose; Rha, thamnose; Rib, ribose; Xyl, xyc
thccording to the dassification of Kroppenstedt [ 1985).
thccording to the dassification of Lechevalier er al (1977).

Chromosomal DNA of strain YIM 46034" was extracted as described by Marmur
(1961). The DNA G+C content was determined by thermal denaturation (Mandel &
Marmur, 1968).

Genomic DNA extraction, PCR amplification and sequencing of the 16S rRNA gene
of strain YIM 46034" were carried out according to the procedures described by Xu et
al. (2003). The 16S rRNA gene sequence of strain YIM 46034" (1470 nt) was
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compared with sequences in the DDBJ, EMBL and GenBank databases by using
BLAST searches (Altschul et al., 1997). For initial taxonomic classification of the
sequence, the classifier program of the Ribosomal Database Project I
(http://rdp.cme.msu.edu/index.jsp) was used. For phylogenetic analysis, sequences of
representative species of different families belonging to the Actinobacteria and, in a
second step, of all 16 recognized genera in the family Micromonosporaceae were
used. Neighbour-joining trees (Saitou & Nei, 1987) were calculated by using
distances corrected according to the Kimura two-parameter model (Kimura, 1980,
1983) withthe software package MEGA version 3.1 (Kumar et al., 2001) after
multiple alignment of the data by CLUSTAL X (Thompson et al., 1997). For
construction of the maximum-likelihood tree, the online version of PhyML (Guindon
et al., 2005) was used. The topology of the trees was evaluated by performing a
bootstrap analysis (Felsenstein, 1985) of 1000 resamplings. Nocardiopsis alba DSM

43377" was used as outgroup.

To examine the secondary structures of nine variable areas of the 16S rRNA gene
(V1I-V9) we used the procedures described by Bouthinon & Soldano (1999) and
Akutsu (2000). The sequences were cut by using the program CLUSTAL X and the
secondary structures were evaluated and viewed via the programs RNA structure 3.7

(De Rijk & De Wachter, 1997) and RnaViz 2.0 (De Rijk et al., 2003).

Cells of strain YIM 46034" were acrobic, Gram-positive and non-acid-fast. No
growth was observed on Czapek’s agar, inorganic salts-starch agar (ISP4) or nutrient
agar. Cultures grew very slowly, but developed well, within 25 days on yeast
extract-malt extract agar (ISP2), oatmeal agar (ISP3), glycerol-asparagine agar (ISP5),
PDA and GYM agar. No soluble pigments were produced on all media tested. The
substrate mycelium branched extensively, and the colour of colonies on different
media was pale grey (ISP5), orange yellow/light yellow (ISP2/PDA), orange (GYM
agar) and pale grey—olive (ISP3). No aerial mycelium was observed on these media,
except on GYM agar. Colonies on GYM agar were tough and wrinkled, with a
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smooth surface. Older cultures (9 weeks) partially developed areas with aerial
mycelium at the edge of the colony. A scanning electron micrograph of the substrate
mycelium with filament diameters of 0.6-0.7 mm is shown in Fig. 1. Strain YIM
46034" formed two types of spores. Motile spores were formed in finger-like, short,
narrow mentary Fig. Sla in IJSEM Online) produced directly on substrate mycelia.
Sporangium envelopes became visible by light microscopy after spore liberation
following rupture of the sporangia. Light microscopy also revealed that each
sporangium contained a single row of three or more straight or slightly curved
rod-shaped spores (1.0-1.560.4—0.5 mm). Cells of similar dimensions were detected
by scanning electron microscopy (Supplementary Fig. S1b). Spore motility was
demonstrated by light microscopy observation, and transmission electron microscopy
revealed that the spores possessed a single polar flagellum. In contrast, non-motile
globose spores with a smooth surface and diameters varying between 0.5 and 1.5 mm
were also detected at the tip of short sporophores of the substrate mycelium

(Supplementary Fig. Slc)

Colony and cell morphology of strain YIM 46034" were quite similar to those of
Dactylosporangium species as described by Vobis (1992), especially with regard to
the two types of spores produced. Non-motile spores of Dactylosporangium species
were larger (1.7-2.8 mm in diameter) than those of strain YIM 46034". A further
difference from Dactylosporangium is apparent in the flagellation of the spores.
Whereas spores of strain YIM 46034 possessed only a single flagellum, those of
Dactylosporangium species are reported to possess a polar or subpolar tuft of flagella

(Vobis, 1987).

The physiological, chemotaxonomic and genomic characteristics of strain YIM 46034"
are given in Table 1 and also in the genus and species descriptions below. The major
menaquinones were MK-9(H4) (52 %) and MK-10(H4) (48%). The fatty acid profile
comprised 150-Cis.¢ (7.3 %), anteiso-Cis. (3.3 %), Cis.0 (1.2 %), 150-Cis:1 (1.9%),
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150-Cis .0 (17.5%), Cis.0 (2.1%), 150-Ci7.109¢ (4.2 %), anteiso C,,, ®9c (1.9%),
i50-Ci7. 9 (5.9%), anteiso-Ci7.0(19.1%), Cy7., ®8c (4.5%), Ci7.9(5.0 %), Ci7.0
10-methyl (1.6%), Ci5.;, @9c (7.0%), Cizo (1.7%), C,y.; ®©11c/Ciy.; @9c (1.9%).
Strain YIM 46034" showed 16S rRNA gene sequence similarities of >97% to
recognized representatives of genera belonging to the family Micromonosporaceae.
Highest levels of similarity were to Micromonospora aurantiaca ATCC 27029" (97.0
%), Micromonospora halophytica DSM 431717 (97.0 %), Micromonospora
purpureochromogenes DSM 43821" (96.9 %), Micromonospora carbonacea DSM
43168" (96.7 %), Virgisporangium ochraceum YU655-43" (96.2 %), Virgisporangium
aurantiacumYU438-5" (95.9 %) and Dactylosporangium aurantiacum IFO 12592"
(95.6 %). Although strain YIM 46034" showed highest levels of 16S rRNA gene
sequence similarity to members of the genus Micromonospora, phylogenetic analysis
revealed that strain YIM 46034" formed a distinct lineage within the family
Micromonosporaceae. It did not cluster within the genus Micromonospora but was
related to the genus Virgisporangium (Fig. 2). The maximumlikelihood tree showed a

similar topology (data not shown).

73



Actingplanes deccanersts IF0 135047 (ABDGFIR)
Couctiopianes casrews IFO 135347 (DBSATY)
o, Aclinopienes reguians DSM 431517 (XB3188)
s Echmm'aﬂmlmmmﬁws IFE 135067 (ABD47S13)
i Actinapdanes pbippinensis DEM 430797 (X9 1187}
— Srilidanes parnanasivansis IFO 158287 (DE3912)
i1 Catenwiopianas crispus JOM 93127 (ABD24T01)
H;_:mmnummmmmws IFC 141757 (DES4TE)
Vemaasispors gifomenss HR1-2T (Y1552
-Asaraa farrugimes IMINL 220087 (AF 152108}
— Podymovphospors fubrg TT 97-927 (AB2230E3)
Micromonosnons fivastamspona DEM 430687 (092613)
ﬂ[— Solimaspora arevucoie CHNHELDT (WY 04061 5)
Salnoaparg bogics SHE4L0T [AYDM0E81T)
MTReonosnoTE wenfiscs DSM 438137 (aa2604)
Micramanaspara halophytica DEM 231717 (XE2E01)
Micrarmanaspors purpiveschromogenss DEM 438217 (XE2E11)
Micromamaspors mrehimpenss WA T [AJE2E250)
Micrumanaspova cerbonaces DSM 431687 (X925089)
IACromenDsaoTs MsELmeiaense IMSML 220007 (AF1S31 0|
Micromonaspara echinaspora DEM 438177 [KES26E0E)
Iberormvidpans wnidilecins DSM 430087 (H82523)
M LT CENETE Stuimiea LEC-107 (ABADTIE)
Micramanaspora rosare DSM 8037 (E2E831)
G = Dhastpdasparanginmm fubsoarm DEM L39177 (XO03193F)
Daclylsdparangivem radeur IFO 143527 (DAE241)
Dachyiosporangiam thedandense IFD 125837 (DA5481)
Dachdssparangiuvm matsuzaiiense RO 14256 (DRGSR
Dachydosparangium virassw IFD 141817 (DEESE3)
Daclplasparanglum suantiacum IFC 125827 (DA5S4A0)
Vs pOrATgIm auraniacum YUMIE-ST (ARODE 1S
Wirgisporanpium ochracerm YUBS5-437 (ABDOS1ET)
Planosporangium favigriseum YIM 480347 (AM232832)
Catallafospore koreansis LMDMET (AF1T1700}
Calaflatospona funcansa DSM 441017 (H32200)
Carelatosporn ofma DSM 440877 (X93157)
Livigispors alya KO7-00037 (ABOBS2A1)
Lyedemannals flavs T-4(26)7 (ABZI6A59)
Lusdemannei® hetvata 380247 (ABZIE5T)
Bk aratafs DS 430297 (K923180)
Aclinocalenispora Halardica TT2-107 {48107 2533)
Mocardiopsis albe DSM 433777 (METEEI)

Eﬂﬂmmums trasienals DEM 438087 {X23185)
)

51

Fig. 2. Neighbour-joining phylogenetic tree derived from 16S rRNA gene sequences showing
the relationship between strain YIM 46034" and the type strains of species of related genera in the
family Micromonosporaceae. Numbers on branch nodes are bootstrap percentages (1000

replications; only values .50% are given). Bar, 5% sequence divergence.

Signature nucleotides of the 16S rRNA gene sequence of strain YIM 46034" were
shared in all but one position (1116 : 1184 according to the Escherichia coli
numbering scheme) with species of the family Micromonosporaceae as described by
Stackebrandt et al. (1997) (Table 2). Other recognized species of the family
Micromonosporaceae also differ in this position with regard to signature nucleotides
(e.g. Dactylosporangium, Virgisporangium, Salinispora and Actinocatenospora;
Table 2). Within the Micromonosporaceae (signature nucleotides according to

Stackebrandt et al., 1997), strain YIM 46034" differs from the genera
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Micromonospora (positions 1116 : 1184 and 1133 : 1141) as well as from
Virgisporangium (position 502 : 543), but clusters with the genus Dactylosporangium
(Table 2). However, signature nucleotides of strain YIM 46034 at positions based on
Koch et al. (1996) were different from those of the genus Virgisporangium in one
position (141 : 222) and from those of Dactylosporangium in several positions (141 :
222,415 : 428, 600 : 638, 601 : 637, 614 : 626, 653, 998), clearly differentiating the

novel strain from both of these genera (Table 3).

Table 2. Signature nucleotides of the 16S rRNA gene sequence of members of
the family Micromonosporaceae

Taxa: 1, Micromonosporaceae (Stackebrandt et al., 1997); 2, Actinoplanes; 3, Asanoa; 4,
Catellatospora; 5, Catenuloplanes; 6, Couchioplanes; 7, Dactylosporangium; 8, Longispora; 9,
Luedemannella; 10, Micromonospora; 11, Pilimelia; 12, Salinispora; 13, Spirilliplanes; 14,
Verrucosispora; 15, Virgisporangium; 16, Polymorphospora; 17, Actinocatenispora; 18, strain
YIM 46034". R, Purine; Y, pyrimidine.

E. coli position(s) 1,5 4,911, 16 2,10, 15 5 6 7. 18 E] 12 14 15 17

66 103 G- (e GC (e (e (e & & —C
127:234 A-T A-T AT A-T A-T A-T A-T A-T AT
153: 168 C-G -G -G -G -G -G C-G C-G C-G
502: 543 G-C G C G A-T G GC A-T T-G
589: 650 G G G G G -G G G CG
747 A A A A A A A A G

&11 T T T T T T T T T

B40: 846 G G G G G -G G G CG
9521 1229 G G G G G -G G G CG
Lllg: 1184 G G G T-G G T 4G T-G T
1133: 1141 G-C GG R=Y G GG G-G A-T —C C

The secondary structure of the variable regions of the 16S rRNA gene sequence of
strain YIM 46034T V1 (positions 61-106), V2 (136-227; Fig. 3), V3 (437-497), V4
(588-651), V5 (821-879), V6 (997-1044), V7 (1118-1155), V8 (1241-1296) and V9
(1435-1466) closely matched those of strains and type strains of species of more
distantly related genera. The secondary structure of the V2 region of YIM 46034T, for
example, is different from that of M. aurantiaca ATCC 27029", Virgisporangium
ochraceum CIP  107213", Dactylosporangium fulvum DSM 43917,
Actinocatenispora thailandica JCM 12343", Catenuloplanes crispus JCM 93127,
Pilimelia anulata DSM 43039" and Polymorphospora rubra DSM 44947" (Fig. 3).
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Different members of a single genus can display identical V2 secondary structures, as
found in, for example, the genus Micromonospora (e.g. M. halophytica DSM 431717,
M. carbonacea DSM 43168", M. purpureochromogenes DSM 43821"; data not
shown). Thus, the different V2 secondary structure of strain YIM 46034" compared
with related and recognized species further supports the placement of this novel strain

within a new genus.

Table 3. Signature nucleotides of the 16S rRNA gene sequence of strain YIM
46034" and its most closely related genera modified according to Koch et al.
(1996)

Numbers of 16S rRNA gene sequences taken for the determination of signature nucleotides are
indicated. S, G or C.

E. coli positonis) Dactylosporangium (n=18) Virgisporangitm (n=4) Strain YIM 460347
141 :222 C G- AT
129:232 TG TG TG
415:428 A G G
441 G G G
442 1491 AG AG AG
560 T T T
600 : 638 AT T G-T
601 1637 G-C AT AT
614 :626 G-T G- C
653 T A A
! T G G
10602 2 10038 55 G C

Characteristic properties that differentiate strain YIM 46034" from related species are
given in Table 1. Diagnostic features of YIM 46034" are the production of motile
spores enclosed within sporangia. This clearly differentiates strain YIM 46034" from
species of the genus Micromonospora. Whole-cell sugar, fatty acid and menaquinone
patterns of strain YIM 46034" were different from those of recognized
Virgisporangium species. The menaquinone and fatty acid patterns of strain YIM
46034" were different from those of members of the genus Dactylosporangium. In
addition, signature nucleotides (as described by Stackebrandt et al., 1997) of strain
YIM 46034T were not consistent with any of the described genera of the family
Micromonosporaceae except Dactylosporangium (Table 2). However, the signature

nucleotides as defined by Koch et al. (1996) clearly distinguished the new isolate
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from members of the genus Dactylosporangium (Table 3). Furthermore, strain YIM
46034" was not affiliated with any other recognized genus of the family
Micromonosporaceae. Therefore, we suggest that strain YIM 46034" represents a

novel species of a new genus, for which the name Planosporangium flavigriseum gen.

nov., sp. nov. is proposed.

YIM 460347 [AM232832)
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Description of Planosporangium gen. nov.
Planosporangium (Pla.no.spo.ran’gi.um. Gr. n. planes a wanderer; N.L. neut. n.
sporangium sporangium, spore case; N.L. neut. n. Planosporangium wandering

sporangium, referring to the production of sporangia with motile spores).

Aerobic, Gram-positive and non-acid-fast. Short and narrow sporangia. Each
sporangium contains a single row of three or more straight or slightly curved
rod-shaped and motile spores with a single flagellum. A second spore type is
represented by globose spores on the tip of short sporophores. The cell wall contains
meso-diaminopimelic acid and glycine as diagnostic amino acids. Whole-cell
hydrolysates contain arabinose and xylose as characteristic sugars (cell-wall
chemotype II). Phospholipids are of type II (phosphatidylethanolamine as major
component). Major menaquinones are MK-9(H4) and MK-10(H4). Major fatty acids

are anteiso- and iso-branched. The type species is Planosporangium flavigriseum.

Description of Planosporangium flavigriseum sp. nov.
Planosporangium flavigriseum (fla.vi.gri’se.um. L. adj. flavus yellow; L. neut. adj.
griseum grey; N.L. neut. adj. flavigriseum yellowish grey, referring to the colour of

substrate mycelium of the type strain).

Displays the following properties in addition to those given in the genus description.
No growth on Czapek’s agar, inorganic salts-starch agar (ISP4) or nutrient agar. Slow
but good growth after 25 days on PDA. The substrate mycelium is extensively
branched with pale grey, orange—yellow, orange or pale grey—olive colour, depending
on media and culture conditions. Diffusible pigments are not formed. The surface of
spores is smooth. D-Glucose, Dgalactose, D-mannose, D-arabinose, D-xylose,
D-ribose, Drhamnose, sucrose, maltose, melibiose, cellobiose, raffinose, mannitol,
sorbitol and galactitol are utilized, but no acid is produced from these carbon sources.
Fructose, lactose, inositol, erythritol, sodium acetate, ammonium acetate, sodium
citrate, urea, L-glycine, L-histidine and Lmethionine are not utilized. Negative for
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gelatin liquefaction, milk coagulation and peptonization, starch hydrolysis, nitrate
reduction, growth on cellulose, production of H2S and melanin. Major fatty acids are
anteiso-Cy7 . ¢, 150-Ci¢. ¢ and C;7. j08c; lesser components (>10% of total) are iso-Cs .
0, Ci1s:109¢, 1s0-Cy7.¢ and ¢17:9; minor components (>5% of total) are anteiso-Cs . o,
Cis:0, 150-Cig: 1, Cig:0, 1850-Cy7.109c¢, anteiso-Cy7. 109c, 1s0-Cj7.9, Cl7.¢ 10-methyl,
Cig.0 and Cyg. 1®llc/Cig . 1@9c. The G+C content of the genomic DNA of the type

strain is 71.4 mol%.

The type strain, YIM 46034" (=CCTCC AA 205013" =DSM 44991"), was isolated
from an evergreen broadleaved forest soil at Menghai, southern Yunnan Province,

China.

Acknowledgements

This research was supported by the National Basic Research Program of China
(project no. 2004CB719601), the Center of Marine Natural Products, which is
financed by the Ministry of Science, Economic Affairs and Transport of the State of
Schleswig-Holstein (Germany), the National Natural Science Foundation of China
(project no. 30560001), the Yunnan Provincial Natural Science Foundation (project
no. 2004C0002Q) and the Program for New Century Excellent Talents in University.

We thank Xiang-Feng Cai and YunChen for their technical assistance.

References

Akutsu, T. (2000). Dynamic programming algorithms for RNA secondary structure
prediction with pseudoknots. Discrete Appl Math 104, 45-62.

Altschul, S. F., Madden, T. L., Schaffer, A. A., Zhang, J., Zhang, Z., Miller, W.

& Lipman, D. J. (1997). Gapped BLAST and PSI-BLAST: a new generation of

protein database search programs. Nucleic Acids Res 25, 3389-3402.

79



Ara, I. & Kudo, T. (2006). Three novel species of the genus Catellatospora,
Catellatospora chokoriensis sp. nov., Catellatospora coxensis sp. nov. and
Catellatospora bangladeshensis sp. nov, and transfer of Catellatospora citrea subsp.
methionotrophica Asano and Kawamoto 1988 to Catellatospora methionotrophica sp.

nov., comb. nov. Int J Syst Evol Microbiol 56, 393—400.

Ara, |. & Kudo, T. (2007a). Luedemannella gen. nov., a new member of the family
Micromonosporaceae and description of Luedemannella helvata sp. nov. and

Luedemannella flava sp. nov. J Gen Appl Microbiol 53, 39-51.

Ara, |. & Kudo, T. (2007b). Luedemannella gen. nov. In List of new names and new
combinations previously effectively, but not validly, published, Validation List no.

116. Int J Syst Evol Microbiol 57, 1371-1373.

Asano, K. & Kawamoto, I. (1986). Catellatospora, a new genus of the

Actinomycetales. Int J Syst Bacteriol 36, 512-517.

Becker, B., Lechevalier, M. P. & Lechevalier, H. A. (1965). Chemical composition
of cell-wall preparations from strains of various formgenera of aerobic actinomycetes.

Appl Microbiol 13, 236-243.

Bouthinon, D. & Soldano, H. (1999). A new method to predict the consensus
secondary structure of a set of unaligned RNA sequences. Bioinformatics 15,

785-798.

Collins, M. D., Pirouz, T., Goodfellow, M. & Minnikin, D. E. (1977). Distribution
of menaquinones in actinomycetes and corynebacteria. J Gen Microbiol 100,

221-230.

Couch, J. N. (1950). Actinoplanes. A new genus of the Actinomycetales. J Elisha

80



Mitchell Sci Soc 66, 87-92.

De Rijk, P. & De Wachter, R. (1997). RnaViz, a program for the visualisation of
RNA secondary structure. Nucleic Acids Res 25, 4679-4684.

De Rijk, P., Wuyts, J. & De Wachter, R. (2003). RnaViz 2: an improved

representation of RNA secondary structure. Bioinformatics 19, 299-300.

Felsenstein, J. (1985). Confidence limits on phylogenies: an approach using the

bootstrap. Evolution 39, 783-791.

Gregersen, T. (1978). Rapid method for distinction of Gram-negative from

Gram-positive bacteria. Eur J Appl Microbiol 5, 123-127.

Guindon, S., Lethiec, F., Duroux, P. & Gascuel, O. (2005). PHYML Online — a
web server for fast maximum likelihood-based phylogenetic inference. Nucleic Acids

Res 33, W557-W559.

Hayakawa, M. & Nonomura, H. (1987). Humic acid-vitamin agar, a new medium

for the selective isolation of soil actinomycetes. J Ferment Technol 65, 501-509.

Kampfer, P. & Kroppenstedt, R. M. (1996). Numerical analysis of fatty acid

patterns of coryneform bacteria and related taxa. Can J Microbiol 42, 989-1005.

Kane, W. D. (1966). A new genus of Actinoplanaceae, Pilimelia, with a description
of two species, Pilimelia terevasa and Pilimelia anulata. J Elisha Mitchell Sci Soc 82,

220-230.

Kelly, K. L. (1964). Inter-Society Color Council — National Bureau of Standards
Color-Name Charts Illustrated with Centroid Colors. Washington, DC: US

81



Government Printing Office.

Kimura, M. (1980). A simple method for estimating evolutionary rates of base
substitutions through comparative studies of nucleotide sequences. J Mol Evol 16,

111-120.

Kimura, M. (1983). The Neutral Theory of Molecular Evolution. Cambridge:

Cambridge University Press.

Koch, C., Kroppenstedt, R. M., Rainey, F. A. & Stackebrandt, E. (1996). 16S
ribosomal DNA analysis of the genera Micromonospora, Actinoplanes,
Catellatospora, Catenuloplanes, Couchioplanes, Dactylosporangium, and Pilimelia

and emendation of the family Micromonosporaceae. Int J Syst Bacteriol 46, 765-768.

Krasil’nikov, N. A. (1938). Ray Fungi and Related Organisms — Actinomycetales.
Moscow: Akademii Nauk SSSR.

Kroppenstedt, R. M. (1985). Fatty acid and menaquinone analysis of actinomycetes
and related organisms. In Chemical Methods in Bacterial Systematics, pp. 173—199.
Edited by M. Goodfellow & D. E. Minnikin. London: Academic Press.

Kudo, T., Nakajima, Y. & Suzuki, K. (1999). Catenuloplanes crispus (Petrolini et
al. 1993) comb. nov.: incorporation of the genus Planopolyspora Petrolini 1993 into
the genus Catenuloplanes Yokota et al. 1993 with an amended description of the

genus Catenuloplanes. Int J Syst Bacteriol 49, 1853—1860.

Kumar, S., Tamura, K., Jakobsen, 1.-B. & Nei, M. (2001). MEGA2: molecular

evolutionary genetics analysis software. Bioinformatics 17, 1244—1245.

Lechevalier, M. P. & Lechevalier, H. A. (1980). The chemotaxonomy of

82



actinomycetes. In Actinomycete Taxonomy (Special Publication no. 6), pp. 227-291.

Edited by A. Dietz & J. Thayer. Arlington, VA: Society for Industrial Microbiology.

Lechevalier, M. P., De Biévre, C. & Lechevalier, H. A. (1977). Chemotaxonomy of

aerobic actinomycetes: phospholipid composition. Biochem Syst Ecol 5, 249-260.

Lechevalier, M. P., Stern, A. E. & Lechevalier, H. A. (1981). Phospholipids in the

taxonomy of actinomycetes. Zentralbl Bakteriol Hyg Abt 1 (Suppl. 11), 111-116.

Lee, S. D. & Hah, Y. C. (2002). Proposal to transfer Catellatospora ferruginea and
‘Catellatospora ishikariense’ to Asanoa gen. nov. as Asanoa ferruginea comb. nov.
and Asanoa ishikariense sp. nov., with emended description of the genus

Catellatospora. Int J Syst Evol Microbiol 52, 967-972.

Maldonado, L. A., Fenical, W., Jensen, P. R., Kauffman, C. A., Mincer, T. J,,
Ward, A. C., Bull, A. T. & Goodfellow, M. (2005). Salinispora arenicola gen. nov.,
sp. nov. and Salinispora tropica sp. nov., obligate marine actinomycetes belonging to

the family Micromonosporaceae. Int J Syst Evol Microbiol 55, 1759-1766.

Mandel, M. & Marmur, J. (1968). Use of ultraviolet absorbancetemperature profile
for determining the guanine plus cytosine content of DNA. Methods Enzymol 12B,

195-206.

Marmur, J. (1961). A procedure for the isolation of deoxyribonucleic acid from

microorganisms. J Mol Biol 3, 208-218.
Matsumoto, A., Takahashi, Y., Shinose, M., Seino, A., lwai, Y. & Omura, S.
(2003). Longispora albida gen. nov., sp. nov., a novel genus of the family

Micromonosporaceae. Int J Syst Evol Microbiol 53, 1553—-1559.

83



@rskov, J. (1923). Investigation into the Morphology of the Ray Fungi.Copenhagen:
Levin & Munksgaard.

Rheims, H., Schumann, P., Rhode, M. & Stackebrandt, E. (1998). Verrucosispora
gifhornensis gen. nov., sp. nov., a new member of the actinobacterial family

Micromonosporaceae. Int J Syst Bacteriol 48, 1119-1127.

Saitou, N. & Nei, M. (1987). The neighbor-joining method: a new method for

reconstructing phylogenetic trees. Mol Biol Evol 4, 406-425.

Sasser, M. (1990). Identification of bacteria by gas chromatography of cellular fatty
acids. USFCC Newsl 20, 16.

Shirling, E. B. & Gottlieb, D. (1966). Methods for characterization of Streptomyces
species. Int J Syst Bacteriol 16, 313-340.

Stackebrandt, E., Rainey, F. A. & Ward-Rainey, N. L. (1997). Proposal for a new
hierarchic classification system, Actinobacteria classis nov. Int J Syst Bacteriol 47,

479-491.

Tamura, T., Nakagaito, Y., Nishii, T., Hasegawa, T., Stackebrandt, E. & Yokota,
A. (1994). A genus of the order Actinomycetales, Couchioplanes gen. nov., with
descriptions of Couchioplanes caerulens (Horan and Brodsky 1986) comb. nov. and

Couchioplanes caerulens subsp. azurens subsp. nov. Int J Syst Bacteriol 44, 193-203.

Tamura, T., Hayakawa, M. & Hatano, K. (1997). A new genus of the order
Actinomycetales, Spirilliplanes gen. nov., with description of Spirilliplanes

yamanashiensis sp. nov. Int J Syst Bacteriol 47, 97-102.

Tamura, T., Hayakawa, M. & Hatano, K. (2001). A new genus of the order

84



Actinomycetales, Virgisporangium gen. nov., with descriptions of Virgisporangium
ochraceum sp. nov. and Virgisporangium aurantiacum sp. nov. Int J Syst Evol

Microbiol 51, 1809-1816.

Tamura, T., Hatano, K. & Suzuki, K. (2006). A new genus of the family
Micromonosporaceae, Polymorphospora gen. nov., with description of

Polymorphospora rubra sp. nov. Int J Syst Evol Microbiol 56, 1959-1964.

Thawai, C., Tanasupawat, S., Itoh, T. & Kudo, T. (2006). Actinocatenispora
thailandica gen. nov., sp. nov., a new member of the family Micromonosporaceae. Int

J Syst Evol Microbiol 56, 1789-1794.

Thiemann, J. E., Pagani, H. & Beretta, G. (1967). A new genus of the

Actinoplanaceae: Dactylosporangium gen. nov. Arch Mikrobiol 58, 42-52.

Thompson, J. D., Gibson, T. J., Plewniak, F., Jeanmougin, F. & Higgins, D. G.
(1997). The CLUSTAL X windows interface: flexible strategies for multiple

sequence alignment aided by quality analysis tools. Nucleic Acids Res 25, 4876—4882.

Vobis, G. (1987). Sporangiate Actinoplaneten, Actinomycetales  mit

aero-aquatischem Lebenszyklus. Forum Mikrobiol 11, 416424 (in German).

Vobis, G. (1992). The genus Actinoplanes and related genera. In The Prokaryotes,
2nd edn, pp. 1029-1060. Edited by A. Balows, H. G. Tru"per, M. Dworkin, W.
Harder & K. H. Schleifer. New York: Springer.

Williams, S. T., Goodfellow, M., Alderson, G., Wellington, E. M. H., Sneath, P. H.
A. & Sackin, M. J. (1983). Numerical classification of Streptomyces and related

genera. J Gen Microbiol 129, 1743-1813.

85



Xu, P., Li, W. J., Xu, L. H. & Jiang, C. L. (2003). A microwave based method for
genomic DNA extraction from actinomycetes. Microbiology [English translation of

Microbiology (Beijing)] 30, 82—84.
Yokota, A., Tamura, T., Hasegawa, T. & Huang, L. H. (1993). Catenuloplanes

japonicus gen. nov., sp. nov., nom. rev., a new genus of the order Actinomycetales. Int

J Syst Bacteriol 43, 805-812.

86



Chapter 6 Promicromonospora flava sp. nov. isolated from

sediment of the Baltic Sea

Yi Jiang, Jutta Wiese, Yan-Ru Cao, Li-Hua Xu, Johannes F Imhoff and

Cheng-Lin Jiang

(Int. J. Syst. Evol. Microbiol. 59, 2009, in press )

A Gram-positive, non-spore-forming actinomycete strain CC 0387, was isolated
from a sediment sample from the Baltic Sea, Germany. A polyphasic
classification of the strain and comparative 16S rRNA gene sequencing showed
that the strain belongs to the genus Promicromonospora, and displaying more
than 3 % sequence divergence with all species of the genus Promicromonospora
with availably published names. The strain did not produce aerial mycelium.
Substrate mycelia were yellowish white to pale orange yellow and fragmented
into bacillary or coccoid elements. The cell wall contained lysine and alanine.
Whole cell hydrolysates contained galactose, glucose, rhamnose and ribose. The
polar  lipid profile consisted of diphosphatidylglycerol  (DPG),
phosphatidylglycerol (PG), unknown phospholipid (PL) and unknown glycolipid
(GL). The predominant menaquinone was MK-9(H4) (86%). G+C content of
DNA was 71.87 mol %. Based on morphological, chemotaxonomic, phenotypic
and genetic characteristics, strain CC 0387" (=CCTCC AA 208024" =DSM
21481") is proposed as a novel species of the genus, and named as

Promicromonospora flava sp. nov.

The 16S rRNA gene sequence of strain CC 0387' has been deposited in EMBL under the
accession number AM 992980.
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The genus Promicromonospora was proposed by Krasil'nikov et al. 1961. Members
of the genus are characterized by the production of substrate mycelia that fragment
into bacillary or coccoid elements, no branch acids, the major menaquinone is MK-9
(H4); G+C of DNA is 70 to 75 %. After reclassification, the species of
Promicromonospora are Promicromonospora aerolata (Busse et al. 2003),
Promicromonospora citrea (Krasil'nikov et al. 1961), Promicromonospora sukumoe
(Takahashi et al. 1987), Promicromonospora vindobonensis (Busse et al. 2003), and
Promicromonospora kroppenstedtii (Alonso-Vega et al. 2008). In the program on
actinomycete diversity of the Baltic Sea, Germany, polyphasic taxonomy of strain CC
0387" and comparative studies with related species and genera were carried out, and a

novel species of the genus Promicromonospora is proposed.

Strain CC 0387" was isolated from a sediment sample collected from the Baltic Sea,
Germany, on fucose-proline medium [fucose 5 g, proline 1 g, (NH4),SO4 1 g, NaCl 1
g, CaCl, 2 g, KobHPO4 1 g, MgSO47H,0 1 g, agar 20 g, natural marine water of the
Baltic Sea 1000 ml, pH 7.2; nalidixic acid 20 mg/L, nystatin 100 mg/L, as the
inhibitors of bacteria and fungi] incubated at 28 °C for 21 days. The strain was
maintained on Medium YIM 83 (Difco marine broth 37g, peptone 2g) at 28 °C for 5

days.

S04 S0
2008-4-24 §:45:31 2008-4-24 8:59:45

Fig. 1. Morphological characteristic of CC 0387"
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Morphology of mycelia was observed by light microscopy (Olympus microscope
BH-2) and LY-SUPPER HP CCD IMAGING after incubation at 28 °C for 3 and 7
days. Cultural characteristics were determined after growth on six media for 14 days
at 28 °C and by methods used in the International Streptomyces Project (ISP; Shirling
& Gottlieb, 1966). The results were recorded following incubation at 28 °C for 14
days. Colors and hues were determined according to Kelly (1964). Strain CC 0387"
was examined for a range of phenotypic properties using standard procedures
(Williams et al., 1983). Enzyme activities were determined by API ZYM System test

kits (biomerieux).

Biomass for molecular systematic and most of the chemotaxonomic studies was
obtained after incubation of cultures in yeast extract-malt extract broth (ISP 2;
Shirling & Gottlieb, 1966) supplemented with the vitamin mixture of HV medium
(Hayakawa & Nonomura, 1987) and NaCl 20g/L at 28 °C for 5 days with shaking.
Cell walls were purified, and amino acids of peptidoglycan were analysed by TLC
(Lechevalier & Lechevalier, 1980; Jiang et al., 2001). Analysis of whole-cell sugar
composition followed procedures described by Becker et al. (1965) and Lechevalier
& Lechevalier (1980). Phospholipid analysis was carried out as described by
Lechevalier et al. (1981). Menaquinones were determined by using the procedure of
Collins et al. (1977). Biomass for quantitative fatty acid analysis was prepared by
scraping colonies from TSA plates [trypticase soy broth (BBL), 3% (w/v); Bacto agar
(Difco), 1.5% (w/v)] that had been incubated for 5 days at 28 °C. The fatty acids were
extracted, methylated and analysed using the standard MIDI (Microbial Identification)

system (Sasser, 1990).
The chromosomal DNA of strain CC 0387 was extracted as described by Marmur

(1961). The DNA G+C content was determined by the HPLC method (Tamaoka &
Komagata, 1984) with an Agilent 1000 LC system (IRIS Technologies).
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Table 1. Enzyme activities of strain CC 0387 by API ZYM assays

Enzyme Reaction Enzyme Reaction
Control Acid phosphatase -
Alkaline phosphatase + Naphthol-AS-BI-phosphohydrolase +
Esterase (C4) - a -galactosidase +
Esterase lipase (C8) + B -galactosidase +
Lipase (C14) + B -glucuronidase -
Leucine arylamidase + a -glucosidase +
Valine arylamidase + B -glucosidase +
Cystine arylamidase + N-acetyl- B -glucosaminidase +
Trypsin - a -mannosidase -
a -chymotrypsin - a -fucosidase +
Catalase + Oxidase -

Phylogenetic analysis based on 16S rRNA sequences was carried out using the

procedures previously described (Jiang et al., 2007).

Strain CC 0387 was acrobic and Gram-positive. No aerial mycelium was produced
on all 6 media tested. Substrate mycelia fragmented into non-motile, coccoid, Y-
shaped, V-shaped or curve bacillary elements. No sessile spores or other spore-like
elements were observed. Cultures developed weakly on Czapek’s agar (Dong & Cali,
2001) but developed well on yeast extract-malt extract agar (ISP 2), oatmeal agar (ISP
3), inorganic salts-starch agar (ISP 4), glycerol-asparagine agar (ISP 5), nutrient agar
(Dong & Cai, 2001) and YIM 83. The substrate mycelium on these media was

yellowish white and pale orange yellow.

Physiological and biochemical characteristics, utilization of carbon and nitrogen
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sources and acid production by strain CC 0387" is described in the description of

Promicromonospora flava sp. nov. Enzyme activities are shown in Table 1.

The cell wall of strain CC 0387 contained lysine and alanine. Whole cell
hydrolysates contained ribose, galactose, glucose, rhamnose. The polar lipid profile
consisted of diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), unknown
phospholipid (PL) and unknown glycolipid (GL). The predominant menaquinone was
MK-9(Hs) (86%) with minor amounts of MK-8(H4) 6.65%, MK-9(Hy) 2.64% and
MK-9(H,) 4.80%. Composition of fatty acids and G+C content of genomic DNA are

described in description of Promicromonospora flava sp. nov.

100 [ Cellulomonas composti TR7-06' (ABI66887)
81 L Cellulomonas uda DSM20107" (X83801)
[ Oerskovia enterophila (Promicromonaspora enterophila) DSM43852" (X83807)
Cerskovia turbata NCIVB 10587" (X79454)
80 Oerskovia paurometabola DSM 142817 (AJ314851)

100

Isoptericola variabilis MX5" (AJ208873)

Isoptericola hypogeus HKI 0342" (AJ854061)

Isoptericola dokdonensis DS-3" (DQ387860)

i'iXyIanim'cmbium pachnodae VPCX2' (AF105422)
Yylanibacteriumulrmi XILO8" (AY273185)

%8 Xylanimonas cellulosilytica DSM 15894 (AF403541)

&3 ccoss?”

% Promicromonospora vindobonensis IFO 16525 (AJ487302)

57| Promicromonaspora aerolata IFO 16526 (AJ487303)

3
® — Promicromonospora kroppenstectii RS16" (AM709608)
— Promicromonaspora sukumoe IFO 14650" (AB023375)
10 Promicromonaspora citrea DSM 431107 (X83808)
- 100 [~ Cellulosimicrobium funkei CDCHIBA0S30 " (AY523787)
Cellulosimicrobium cellulans DSM43879" (X79455)
— Cellulosimicrobium terreum DS-61 " (ERO76760)
3 oo Rarobacter fagcitabidus IFO 14760 (AB056127)
P

Fig. 2. Neighbour-joining phylogenetic tree derived from 16S rRNA gene sequences showing
the relationship of CC 0387" and species of related genera of the family Promicromonosporaceae.
Numbers on branch nodes are bootstrap percentages (1000 replication). Bar, 1% sequence

divergence.
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The sequence of the 16S rRNA gene (1612 nucleotides) of strain CC 0387 was
determined. Accession number in EMBL is AM992980. Phylogenetic analysis
including sequences of different representative members of the family
Promicromonosporaceae. The database search (BLAST) and neighbor-joining tree
showed that strain CC 0387" belongs to the genus Promicromonospora (Krasil'nikov
et al. 1961), and displayed more than 3 % sequence divergence with all availably
published species of the genus Promicromonospora: Promicromonospora sukumoe
IFO 14650" (96.86% similarity) (Takahashi et al., 1987), Promicromonospora
aerolata IFO 16526" (96.54% similarity) (Busse et al., 2003), Promicromonospora
citea DSM 43110" (96.56% similarity) (Krasilnikov et al., 1961),
Promicromonospora vindobonensis IFO 16525" (96.55% similarity) (Busse et al.,
2003), Promicromonospora kroppenstedtii RS16" (96.56% similarity) (Alonso-Vega
et al., 2008) (Fig. 1). The similarities between CC 0387" and the 5 availably published
species were lower than the similarities among the 5 species. The Maximum
Likelihood tree supported this result (data not shown). CC 0387" was isolated on a
medium prepared with natural marine water, grew well in media containing 2 to 5 %
of NaCl. CC 0387 " did not produce acid from any of 25 carbon sources tested, which
distinguishes it from all other species of Promicromonopspora. Fatty acid
components of the 5 availably published species of the genus Promicromonospora
and strain CC 0387 © were different, especially content of several major fatty acids,
Cis:0 180, Cys. ¢ anteiso, Cig.¢ 150 and Cy7.¢ anteiso. The proportion of Cis.( anteiso
in CC 0387" was 57.20 %., whereas in other Promicromonospora species it is below
51.1 %. Cy5.¢ iso in CC 0387 is 16.26%, whereas it is more than 30.8% (Table 2) .
To date, 18 genera actinobacteria, Rhodococcus, Micromonospora, Streptomyces,
Nocardia, Tsukamurella, Corynebacterium, Dietzia, Gordonia, Mycobacterium,
Dermacoccus, Kokuria, Williamsia, Salinispora, Aeromicrobium, Salinibacterium,
Verrucosispora, Aureobacterium and “Marinomyces” have been isolated and
characterized (Jiang et al., 2007) from marine samples. No member of the genus
Promicromonospora was isolated yet from marine samples. Therefore CC 0387 " is
proposed as a novel species of the genus Promicromonospora.
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Table 2. Chemotaxonomic characteristics of 5 availably published species of
the genus Promicromonospora and strain CC 0387 .

Species: 1, Promicromonospora vindobonensis, v45"; 2, Promicromonospora aerolata, V54A"; 3,
Promicromonospora sukumoe IFO 14650"; 4, Promicromonospora citrea IFO 12397 T s

Promicromonospora  kroppenstedtii; 6,

cC 0387 .

PG,

phosphatidylglycerol;

DPG,

diphosphatidylglycerol; PI, phosphatidylinositol; GL, glycolipids; PGL, phosphoglycolipids; Ala,

alanine; Glu, glutamic acid; Lys, Lysine; Gly, glycine; rib, ribose; gal, galactose; glu, glucose; rha,

rhamnose; ND, not determined; -, non; (), %.

Characteri-
stic 1 2 3 4 5 6
MK-9(Ha); MK-9(H4)(64) ;  MK-9(Hy) (86);
Menaquinone
MK-9(H4)(92) ; MK-9; MK-9(Hg)(15); MK-8(Hy) (7);
composition
MK-9(H)(4); MK-9(H4)(93);  MK-9(Hy); MK-8(H4)(10);  MK-9(H>) (5);
MK-9(Hg)(4) MK-9(H,)(7) MK-9(Hg) MK-9 MK-9(H,)(2) MK-9 (3)
DPG; PG; PG; PI;
Polar lipids
unknown unidentified
glycolipids; DPG; PG; glucosamin-  PG; DPG; PI; DPG; PG; PL;
phosphoglycolipids 1 unknown PL PI; DPG  phosphlioid GL; PGL GL
Glu:Gly:Ala:Lys Glu:Gly:Ala:Lys Ala; Glu; Lys
Cell-wall
(0.98:0.69:2.88:1.0)  (1.05:0.43:3.4:1.0) Lys-Ala (2.3:2.0:1.0)
comosition
(A30) (A3a) Lys (A3a) (A30) (Ada) Lys-Ala (A3a)
Cell-wall
sugars rha; gal; glu rha; gal; glu ND gal gal; rha rib; gal; glu; rha
Fatty acids:
Ciz:o 1.0 - - - 0.17 -
Cia:o 1.5 0.8 1.3 0.6 1.78 1.87
Cis:01s0 - 0.3 0.9 1.2 1.46 2.34
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Ci5.1150 G - 0.4 34 - 0.54
Cis5.1 anteiso A - 0.4 44 - 1.21
Cis.91s0 36.7 30.8 36.6 40.6 39.7
Cis .o anteiso 46.5 51.1 38.0 38.9 432
Cis.o - - 1.6 1.0 0.95
Cis-0 N alcohol - - 0.4 - -
Cis:01s0 22 22 3.9 4.0 441
Cis:0 6.0 3.8 2.4 0.8 1.93
Summed 2.0 1.4 - - -
feature 5

Ci7.01s0 1.3 1.5 2.0 3.1 1.21
Ci7.9 anteiso 3.8 6.7 4.6 9.7 34
Cig.1@9c - 0.5 - - -
Cig . 3 @ 6¢C - - 0.4 - -
(6,9,12)

16.26

57.20

9.08

3.89

0.87

8.48

*Determined according to Busse et al. (2003) and Alonso-Vega et al. (2008).

Description of Promicromonospora flava sp. nov. (fla’va L.fem. adj. flavus yellow;

M.L.adj. flava being yellowish organism)

Aerobic, Gram-positive. No aerial mycelium is produced on all 6 media tested.
Substrate mycelia fragment into non-motile, coccoid, Y- shaped, V-shaped or curve
bacillary elements. No sessile spores or other spore-like elements are observed.
Grows weakly on Czapek’s agar but develops well on ISP 2, ISP 3, ISP 4, ISP 5 and
nutrient agar . The substrate mycelium on different media is yellowish white and pale
orange yellow. Grows well in media containing 2 to 5 % NaCl. Gelatine liquefaction,
milk coagulation and peptonization, starch hydrolysis, growth on cellulose,

production of H,S and melanin are negative. Nitrate reduction is positive. D-glucose,
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ribose, sucrose, lactose, starch, trehalose, inositol, xylitol, and xanthine are utilized as
sole carbon sources. No acid is produced from these carbon sources. D-Fructose,
galactose, D-mannose, D-arabinose, xylose, rhamnose, maltose, melibiose, raffinose,
sorbose, dextrin, mannitol, sorbitol, erythritol, esculin, sodium DL-malate, succinic
acid, and glycine, histidine, lysine are not utilized. The cell wall contains lysine and
alanine. Whole cell hydrolysates contain ribose, galactose, glucose, rhamnose. The
phospholipids are consist of diphosphatidylglycerol, phosphatidylglycerol, unknown
phospholipid and unknown glycolipid. The predominant menaquinone is MK-9(H,).
The components of major fatty acid profile are C ;5,9 anteiso (57.20%) and C is.o is0
(16.26%). The G+C content of genomic DNA is 71.87 mol % (HPLC). The type
strain CC 0387" (=CCTCC AA208024" = DSM 21481") was isolated from a sediment

sample collected from the Baltic Sea, Germany.
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Chapter 7 Discussion

Up to now, about over 4,000 species of actinomycetes (actinobacteria)and 11,000
compounds produced by them were discovered from nature. Today discovery of new
actinomycetes and new compounds is very difficulty indeed. In order to find new
actinomycetes and provide new sources for discovery of new bioactive metabolites

in this research, several key points are discussed as following.

1. Habitats of Actinomycetes

At least 90 % of microorganisms are not cultured and described yet based on the
research results home and abroad. The question is how to obtain these uncultured
microorganisms. Yunnan has been called “plant and animal kingdom” and is one of
the richest areas of biodiversity in the world. There are 15,000 higher plants in
tropical, subtropical, temperate zones and snow mountain of Yunnan, China. There is

also a rich diversity of actinomycetes (Jiang et al., 1996).

Microorganisms under extreme environments have been gained much attention owing
to their production of various natural compounds and to special mechanism adapting
to extreme environments (Antranikian et al., 1993). Research work on Actinomycetes
of extreme environments was very few before 1990 (Jiang et al., 1993). There are
wide saline and alkaline soils, salt lakes and snow-mountains in Xinjiang, Qinghai
and Gansu Provinces, China. A vast amount of strains of 24 genera of Actinomycetes
were isolated from soil and sediment samples collected from saline and alkaline soil
and lakes of three provinces. One novel family, Yaniaceae (Li et al., 2005), and six
genera, Yania, Streptomonospora (Cui et al., 2001), Jiangella (Song et al., 2005),
Myceligenerans (Cui et al., 2004), Alkalibacillus (Che et al., 2005) and Naxibacter
(Xu et al., 2005), and many species were described and published in recent years.
This indicates that there is a rich diversity of actinomycetes in saline and alkaline soil

and lakes in northwestern China (Jiang et al., 2006).

99



A special issue of Antonie van Leeuwenhoek published the research achievements on
marine actinomycetes until 2005. Before the 1980°, the research progress on marine
actinomycetes was slow. Today 18 genera of actinomycetes, Nocardia,

Corynebacterium, Dietzia, Gordona, Mycobacterium, Micromonospora, Streptomyces,
Rhodococcus, Dermacoccus, Kocuria, Tsukamurella , Williamsia, Salinospora

(Mincer et al. 2002), Aeromicrobium (Bruns et al. 2003), Salinibacterium (Han et al.
2003), Verrucosispora (Riedlinger et al. 2004), Aureobacterium (Takami et al. 1997)
and ‘Marimomyces’ (Jensen et al. 2004) were isolated and described from marine

habitats. This is only 10 % of the total of 180 genera of actinomyctes.

The characterization results of 204 of selected strains based on partial 16S rRNA gene
sequences indicate that they belong to 33 genera including two new genera 16 new
species or new subspecies, and there are rich diversity of actinomycetes in tropical

rain forest and saline and alkaline soil.

Therefore primeval tropical rain forest in Yunnan and Hainan Island, saline and
alkaline soil and lakes in Xinjiang, Qinghai and Gansu, China, and marine habitats,

may be excellent habitats for the discovery of unknown actinomycetes.

2. Isolation methods

For many years, Nonomura’s, Goodefellow’s and Jiang’s laboratories have made
important contributions to and developments of actinomycete isolation methods. In
order to find more new actinomycetes, our interest was not in the general diversity,
but the discovery of un-known actinomycetes. The aim of actinomycete isolation
methods is to accelerat the growth of unknown actinomycetes if possible, but to
restrain the growth of fungi, other bacteria as well as known and familiar

actinomycetes at the same time.

One problem in actinomycete isolation is the contamination easily of agar plates by
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bacteria and fungi because growth of actinomycetes is rather slow. HV agar and
mycose-proline agar for isolation of rare actinomycetes, and histidin-raffinose agar for
‘rare streptomycetes’ have proven to yield better results. Media containing mixture of
salts (Na, K and Mg in different rates) are useful for isolation of actinomycetes from
saline soils and salt lakes. In a medium with agar as single added nutrient many
actinomycetes from saline soil samples can be isolated. Pathom-aree et al. (2006)
isolated thirty-eight presumptive actinomycetes from Challenger Deep sediments
(10,898 m) in the Mariana Trench by using 20 selective isolation media in the dilution
plate methods. Their results indicated that most strains (22/38 strains, 58%) were
isolated with raffinose—histidine agar plates, a medium designed for the isolation of
‘rare’ streptomycetes (Vickers et al. 1984). Goodfellow et al.(1984) (a private
communication) designed over 20 media for isolation of members of Amycolatopsis.
It is shown from the results that diversity of target is the richest in Gauze’s medium 2.
So it is difficult to generally judge the suitability of a medium. It is good for one
sample and one purpose, but it may be not good for other samples and other purposes.
Based on our experience, it is better to change the nutrient elements and proportion of
the isolation medium, especially carbon sources, at any moment and everywhere. In
this research, we always obtained better results by adding mixture vitamins (Hayakawa

et al. 1987) into the isolation media.

Also the addition of nystatin and cycloheximide to isolation media in order to inhibit
the growth of fungi gave better result for the isolation of actinomycetes. We
recommend the use of potassium dichromate, which is a better inhibitor for fungi and
bacteria. But adding anti-bacterial agents into isolation media of actinomycetes has to
be made with caution because these agents may inhibit also the growth of target

actinomycetes.

The isolation methods have become an important research target and are continually

improved for various isolation purposes.
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3. Molecular systematics

Actinomycete (actinobacterium) systematics is a part of bacterial systematics.
Actinomycete systematics comes through a far-flung course of classical, chemical and
molecular systematic. Waksman, the Lechevalier’s and Stackebrandt made important
contributions to actinomycete systematics. Molecular systematics, especially the
phylogenetic analysis based on whole sequences of the 16S rRNA gene is most

important in modern actinomycete systematics.

Which strains are worth to identify?
1. Similarity of partial sequences (about 500bp) of the 16S rRNA gene
of the considered strain is lower than 97 % with available species;
2. The strain grows well at 15 % CaCl,, or 20% to 25% of other salts,
pH >12, pH <3, >70°C, and <4°C.

3. The strain produces new bioactive metabolites.

How to demarcate a new species and genus?

The border of 16S rRNA gene sequence similarity value of a species is <97-98% (of a
genus it is <94 %) and of DNA homology value lower than 70 % for the species
distinction according to Xu et al (2007). But the border of different genus is different
from. The border of among members of Pseudonocardia is lower than 94.5% (Huang
et al., 2001). Data from the following Table show that strains with 99% 16S rDNA
sequence similarity still have a 20 to 30 % possibility being recognized as a new
species. This indicates that a strain with 97-98% sequence similarity to closely related
species should be compared to the next relatives by DNA-DNA hybridization. Below
97 % sequence similarity of related strains it is generally accepted that they are
recognized as different species, if additional phenotypic properties support this

distinction.
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Table 7-1 Relationship between 16S rDNA sequence similarity and possibility of new

species

16S rDNA sequence similarity % possibility of new species

99% 20~30
98.5%~99% 50
98%~98.5% 70~80
97%~98% 90
95%~97% 100
95% 100

4. Two new genera and two new species were described in chapter 3 to 6 here. Main
characteristics of Strain YIM 0006 were short spore chains formed directly on
substrate mycelium, cell wall contained meso-DAP, whole-cell sugar pattern
consisted of arabinose and galactose, PE, PI and PG were main phospholipids,
MK-9(H4) was predominant menaquinone and 16S rRNA sequence similarity with
closed genera of the family Pseudonocardiaceae was below 95.24%. These features
were defferent from other genera of the family. So it was proposed as a new genus of
the family Pseudonocardiaceae, and named Actinomycetospora chiangmaiensis, gen.
nov., sp. nov. Diagnostic features of strain YIM 46034 were production of single
spores and sporangia directly on substrate mycelia, the cell wall contained
meso-diaminopimelic acid and glycine, whole cell hydrolysates contained arabinose
and xylose, PE was the main phospholipid. The presented Neighbor-joining tree
shows, that within the Micromonosporaceae the strain does not affiliate with the
Micromonospora or with any described genus of this family, but branches deeply with
an uncertain position related to the genera Virgisporangium and Dactylosporangium
(bootstrap values <50). The Maximum Likelihood tree supported this result. Low 16S
rRNA gene sequence similarity values were found by comparison of YIM46034" to
validly described representatives of these genera Virgisporangium ochraceum
YU655-43" (96.2%, similarity), Virgisporangium aurantiacum YU438-5" (95.9%),
Dactylosporangium aurantiacum IFO 12592 (95.6%). So it was proposed as a new
genus of the family Micromonosporaceae, and named Planosporangium flavogriseum

gen nov., sp. nov.
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It is indicated from the results of complete genome sequence that a streptomycete
contained 20 at least gene clusters to synthesis secondary metabolites (Omura et al.
2001, Bentley et al. 2002). Above new genera and species in this research should
contain new genes to synthesis new secondary metabolites. Maybe it is possible to

find new compounds from these new genera and species.

5. In order to find un-known actinomycetes for providing the new sources for
discovery of new leader compounds.

A. Test samples should be collected from primeval and special or extreme habitats.

B. Actinomycetes should be isolated by using new, specific and variable procedures.
C. Isolates are characterized by using fast identifying methods, especially a part of

sequencing of 16S rRNA genes.
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Medium list

Media of Actinomycete Isolation

1, Chitin agar (Hsu and Lockwood, 1975. for isolation of aquatic act)

Colloidal chitin 2g (solution in 10%NaOH); KyHPO4 0.79; KH9POy4 0.3g;
MgSO4:7H7O 0.5g; FeS0O40.1g; ZnSO4 0.001g; MnCly 0.001g; agar 20g.,

pH 7.0.
2, HV agar (Hayakawa 1990, Actinomycetologica 4:95-102, 1990): Humic acid
1.0g, Na;HPO, 0.5g, KCI 1.7g, MgSO,47H,0 0.05g, FeSO47H,O 0.01g,
CaCl; 1g, distilled water 1 liter, agar 18g, vitamins mixture (0.5mg each of
thiamine-HCI (B1), riboflavin, niacin, pyridoxin, Ca-pantothenate, inositol,

p-aminobenzoic acid, and 0.25mg of biotin) , pH 7.2.

3, Mycose-proline agar: mycose 5g, proline 1g, (NH;).SO, 1g, NaCl 1g, CaCl,
29, KyHPO,1lg, MgSO,-7H,0 1g, agar 20g, pH 7.2.

4, Modified Glycerol-Asparagine agar: glycerol 10g, asparagine 1g, K;HPO4-H,0
19, MgSO,:7H,0 0.5g, CaCO3 0.3g, agar 20g, pH 7.2.

5, Modified Gauze’s medium 2: glucose 10 g; peptone 5 g; tryptone 3 g; NaCl 5 g;
distilled water 1 liter; agar 15 g; pH 7.0.

6, Starch-casein: Starch 10g, casein 3g, KNO3 2g, MgSO,-7H,0 0.05g, K;HPO, 2g,
CaC03 0.02g, FeSO,4 10mg, NaCl, 150g, agar 20g, pH 7.2.

7, Modified Starch-casein: Glucose 10g, casein 0.3g, KNO3 2g, MgSO,4-7H,0 0.05g,
K,HPO, 2g, CaCl, 1g, FeSO4 10mg, Mixture of salts (MgCl,, NaCl, KCI) 150g,
distilled water 1 liter; agar 20 g, pH 7.2.

8, M1 medium: Starch 10g, yeast ext. 4g, peptone 2g, agar 18g, sea water1000ml,
pH 7.2.

9, M2 medium: Glycerol 6ml, arginine 1g, K;HPO,40.5g, MgSO, 0.5g, agar 189,
sea water1000ml, pH 7.2.

10, M3 medium: glucose 2g, agar 18g, sea water 1000ml, pH 7.2.

11, Histidin-raffinose agar
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Histidin 1g, raffinose 5g, K,HPQO,4-3H,0O 1g, MgSO,-7H,0 0.5g, Rifampin 25mg,
agar 20g, PH 7.7.

12, Modified Gauze’s (Medium 2: Glucose 10 g; peptone 5 g; tryptone 3 g; NaCl 5
g; distilled water 1 liter; agar 15 g; pH 7.0; supplemented with filter sterilised
solutions of cycloheximide (50 mg/L), nalidixic acid (10mg/L), novobiocin (10

mg/L) and nystatin (100 mg/L).

*Trace salt: FeSO4-7H,0 0.2g; MnCl,-H,0 0.1g; ZnSO4-7H,0 0.1g; distilled water
100ml.

Reproduction medium (slant medium)

YIM 38 medium: malt ext. 10g, yeast ext. 49, glucose 4g, trace salts 1 ml, vitamins
mixture of HV (Hayakawa & Nonomura, 1987) [0.5mg each of thiamine-HCI
(B1), riboflavin, Niacin, pyridoxin, Ca-pantothenate, inositol, p-aminobenzoic
acid, and 0.25mg of biotin], distilled water 1 liter; agar 20 g.

YIM 381, For marine actinomycetes (2007,1,18)

Marine Broth 20g, glucose 2, malt wxt. 2g, peptone 1g, B-vitamins [0.5mg each
of thiamine-HCI(B1), riboflavin, Niacin, pyridoxin, Ca-pantothenate,
inositol,p-aminobenzoic acid, and 0.25mg of biotin], pH 7.2 (may add trace salt

1ml)

YIM 382, For Actinobispora and other Actinomycetes
yeast ext 4g; glucose 4g; malt ext 5g; peptone 2g; B-vitamins [0.5mg each of
thiamine-HCI(B1), riboflavin, Niacin, pyridoxin, Ca-pantothenate,
inositol,p-aminobenzoic acid, and 0.25mg of biotin], pH 7.2(may add trace salt

1ml)
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Media for Cultural characteristics
1, Czapek’s agar
Sucrose 30g; NaNOs; 2g; Ky;HPO4 1g; MgSO,47H,0 0.5g; KCI 0.5¢g;
FeSO,4 0.01g; agar 20g; pH7.2-7.4. 8° 30min.
2, Calcium malate agar
Glucose 20g; Cacium malate 10g; NH.Cl 0.5g; agar 15g; pH7.2-7.4. 8°
30min.
3, Glycerol asparagines (ISP 5)
L-asparagine 1g; glycerol 10g; K;HPO,1g; trace salt 1ml; agar 20g; PH
7.2-7.4.
4, Yeast ext-Malt ext agar (ISP 2)
Yeast ext 4g; glucose 4g; maltext 10g; agar 20g. pH 7.3.
5, Peptone-yeast ext-Fe agar (ISP 6)
Peptone 15 g; tryptone peptone 5g; Ammonium citrate 0.5g;  Sodium
thiosulohate 0.09g, K,;HPO, 1g; yeast ext 1g; agar 159. pH 7-7.2.
6, Tyrosine agar (ISP 7)
Glycerol 15g; L-asparagine 1g;  L-tyrosine 059; K;HPO,0.5g; NaCl
0.5g; MgSO,47H,0 0.5g; FeSO,4-7H,0 0.01g; trace salt 1ml; agar 20g.
pH 7.2.
7, Oatmeal agar
Oatmeal 20g (boring 20min, filtered) trace salt 1ml; agar 20g. pH7.2.
8, Potato ext agar
Potato 200g (1000ml water, 80°C 1hr. filtrated ); glucose 10g-20g; agar 20g.
pH 7.4.
9, Inorganic salt-starch agar (ISP 4)
Sol starch 10g; K;HPO, 1g; MgSO47H,0 1g; NaCl 1g; (NH4),SO, 2g;
CaCOg32g; Tracesaltiml; agar20g. pH 7-7.4.

Media for Physiology and Biochemistry
1, Gelatin liguefication
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Peptone 5g; glucose 20g; gelatin 200g
2, Milk test
Milk+0.02% CaCOs, 4000rpm/min 30min. remove fatty
3, Hydrolysis of starch
Starch 10g; MgSQO, 1g; KNO;3 1g; K,HPO,4 0.3g; NaCl 0.5g; agar 15g; pH7.2.
5, Production of H,S
Peptone 10g; Fe-citrate 0.5g; agar 15g. pH 7.2. 8° 30min.
6, Production of melanin
Yeast ext 1g; L-tyrosine 1g; NaCl 8.5g; agar 15g.
7, Degradation of cellulose
MgSOQO, 0.5g; K;HPO,4 0.5g; KNO3 1g; NaCl 0.5g; filter paper strip.
8, Basic medium for utilization of carbon
(NH,4)2S04 2.64g; KH,PO, 2.38g; K;HPO, 5.65g; MgSO,4-7H,0 1g; CuSO4-5H,0
0.0064g; FeSO,7H,O 0.0011g; MnCl,-4H,O 0.0079g; ZnSO47H,0 0.0015g;
Bromocresol purple 0.4% 1.5ml to detect production of acid from Carbon source.
9, Reduction of NO3
Peptone 10mg; beef ext 3g; NaCl 5g; KNO3 1g; pH 7-7.4.
Agent A: p-aminobenzene sulfonic acid 0.5g; 10% nitric acid 150ml.
B: diphenylamine 0.5g in 100ml fulfuric acid, water 100ml.
10, For pH requirement

Glucose 10g; L-asparagin 0.5g; K,HPO, 5.45g; pH 4.5.

11, Urease
1) Medium: peptone 1g; NaCl 5g; glucose 1g; KH,PO, 2g;
phenol red 0.12g (or 6ml 1:500 solution); agar20g; pH6.8-6.9 (pale
yellow) 30% urea, 55°C put into medium, urea=22%.

2) Observation culture for 20hr.
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Abbreviations

Azpm  (LL-DAP) , diaminopimelic acid
Ara, arabinose

DPG, diphosphatidyl glycerol

Gal, galactose

Glu, glucose;

GIuNU, Phospholipids of unknown structure containing glucosamine
Gly, glycine

Mad, madurose

Man, mannose

Meso-DAP, meso- diaminopimelic acid
MK-, menaquinone

ND, not determined

PC, phosphatidyl choline

PE, phosphatidyl ethanolamine

PG, phosphatidyl glycerol

Pl, phosphatidy! inositol

PIM (PIM’S), phosphatidyl inositol mannosides
PME, phosphatidyl methyl ethanolamine
Rha, rhamnose

Rib, ribose

Xyl, xylose
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‘ KiWiZ ‘ Actinostreptospora chiangmaiensis gen. nov., sp. nov.,

a new member of the family Pseudonocardiaceae {

Yi Jiang,12 J. Wiesel, S.-K. Tang?, L.-H. Xu?, J. F. Imhoff ! and C.-L. Jiang?
1. Zentrum fir Marine Wirkstoffe und IFM-GEOMAR, D-24105 Kiel.

IFM-GEOMAR

2. Yunnan Institute of Microbiology, Kunming, 650091, P.R. China

Introduction

A novel actinomycete strain YIM 0006" was isolated from a soil sample of tropical rain forest in northern Thailand. The strain was characterized by using a polyphasic
taxonomic approach. The organism had morphological and chemotaxonomic properties consistent with the family Pseudonocardiaceae. Phylogenetic analysis and the
phenotypic characteristics showed that strain YIM 0006 T can be phylogenetically distinguished from all genera of the family Pseudonocardiaceae. Distinct feature of

Y 1M 00067 are: absence of aerial mycelium, short spore chains were directly formed on substrate mycelium, cell wall contains meso-DAP, whole-cell sugar pattern
consists of arabinose and galactose (cell wall chemotype V), phosphatidyl choline and phosphatidyl inositol are main phospholipids, MK-9(H,) is the predominant
menaquinone and the G+C content of genomic DNA is 69.0 mol %. A new genus with the name Actinostreptospora gen. nov. is proposed. The type species of this new
genus is Actinostreptospora chiangmaiensis sp. nov., and the type strain is YIM 0006" (= CCTCC AA 2050177 = DSM 450627).

Resu Its Table 1. Cultural characteristics of strain YIM 0006"
Growth Substrate mycelium Color
Medium Presence
Czapek’s agar Poor o Light orange-yellow
Glycerol-asparagines agar (ISP 5) Poor + Pale orange-yellow
Inorganic salts-starch agar (ISP 4) Poor i Light orange-yellow
. - — Yeast extract-malt extract agar (ISP 2) Good > Brilliant orange-yellow
Fig. 1. Scanning  electron
N Oatmeal agar (ISP 3) Poor o Pale orange-yellow
micrograph  of  fragments  of
vegetative mycelium and short Nutrient agar Poor + Pale orange-yellow

spore chains of strain YIM 0006T
on HV medium (Hayakawa, 1987)
after incubation for 60 days.

Table 2. Differential characteristics of YIM 0006 and related genera

Abbreviations: DAP, diaminopimelic acid; Ara, arabinose; Gal, galactose; Glu, glucose; Mad, madurose; Man, mannose; Rib, ribose; Rha,

rhamnose; DPG, diphosphatidyl glycerol; PC, phosphatidyl choline; PE, phosphatidyl ethanolamine; PG, phosphatidyl glycerol; PI, phosphatidyl
inositol; PIM, phosphatidyl inositol mannosides; PME, phosphatidyl methyl ethanolamine; GluNU, N-acetylglucosamine-containing phospholipids.

ND: Not determined

Genus Morphological characteristics Cell wall type' | Sugar pattern® | Phospholipids | Major menaquinone(s) | Fatty acid type® | G+C mol%

Actinoalloteichus Long spore chain s Rib, Man, Glu, Gal | PE, PME MK-9(H,, H,), 8(H,) 2d 73

Actinopolyspora s e G v Ara, Gal PC MK-9(H,), 10(H,) 2¢ 64

Amycolatopsis Long spore chain v Ara, Gal PE, PME MK-9(H,), 8(H,) 3f 60-69

Crossiella Rod-shaped vegetative mycelium v Ara, Gal PE, PME MK-9(H,) 2a 74
and sclerotium-like pseudosporangia

Goodfellowia Ovoid conidia, fragmentation meso-DAP Gal, Rib PC MK-9(H,), 10(H,) 3a 68

Jiangella F i I Glu, Rib PIM, PI, DPG MK-9(H,) la 70

Ki angium | S ium-like structure v Ara, Gal PE, PI MK-9(H, H, H ), 3c 66

MK-8(H, Hy
Kutzneria Sporangium 11 Ara, Gal PE MK-9(H, H, H), 3c 70
MK-8(H,), 10(H,)

Lechevalieria Rodshaped elements Aerial 11 Gal, Man PE MK-9(H,) 2a 68.6
mycelium

Prauserella Short spore chain v Ara, Gal PE MK-9(H,) 2b 65-70

Pseudonocardia Long spore chain v Ara, Gal PC MK-8(H,, H,) 2b 79

Saccharomonospora | Single spore on aerial mycelium v Ara, Gal PE MK-9(H,) 2a 69-74

Saccharopolyspora | Beadlike spore chain v Ara, Gal PC MK-9(H,) 2d 77

Streptoalloteichus Long hyphae and sporangia, v Gal, Man PE MK-10(H, Hy) 3e ND
motile spore

Thermobispora Spore chain with two spores meso-DAP Mad, Gal GluNu MK-9(H,) 1b 70
on aerial mycelium

Thermocrispum Pseudosporangium, long chain, v Ara, Gal PE MK-9(H,) 3f 69-73
fragmentation

YIM 0006™ Short spore chain on v Ara, Gal PC, PI MK-9(H,) 2b 69
substrate lium, ion

1 According to the classification of Lechevalier & Lechevalier (1970). All organisms have the meso-diaminopimelic acid isomer.

2 According to the classification of Kroppenstedt (1985).
3 According to the classification of Lechevalier & Lechevalier (1970).

Conclusion

Description of Actinostreptospora gen. nov.
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Fig. 2. Phylogenetic tree derived from 16S rRNA gene sequences showing the relationship
of YIM 0006 and representative species of 16 genera of the family Pseudonocardiaceae.
Numbers on branch nodes are bootstrap percentages (1000 resamplings, only values over
50% are given). Bar, 2% sequence divergence.

Actinostreptospora (Ac.ti.no.strep.to spo’ra. G. n. actis, actinos ray; Gr. adj. streptos pliant, bent; Gr. n. spora a seed; L. M. L. fem. n. Actinostreptospora referring to an
actinomycete with spore chains). Aerobic, Gram-positive, non-acid-fast, non-motile actinomycetes. Substrate mycelia are short and fragment into rod-shaped elements. No aerial
mycelia are produced. Cell wall contains meso-diaminopimelic acid. The whole-cell sugar pattern consists of arabinose and galactose. Main phospholipids are phosphatidyl
choline (PC) and phosphatidyl inositol (PI). G+C content of genomic DNA is 69 mol %. Type species is Actinostreptospora chiangmaiensis sp. nov.

Description of Actinostreptospora chiangmaiensis sp. nov.

Actinostreptospora chiangmaiensis (chiang.mai.en’sis. M.L. fem. adj. chiangmaiensis pertaining to Chiang Mai, a city in the north of Thailand in the vicinity of which the type
strain was found). Based on the phylogenitc analysis of the 16S rDNA the strain belongs to the family Pseudonocardiaceae (Fig. 2). The growth on most media is poor (Table 1).
No aerial hyphae are produced on all tested media. Vegetative mycelium is short and fragments into rod-shaped elements (Fig. 1), pale orange-yellow to brilliant orange-yellow in
color. Short spore chains are formed directly from vegetative mycelium. Spores are short rod-shaped and 0.3-0.6x0.8-1.2 um in dimension. Spore surfaces are smooth. No soluble
pigment is produced. Gelatine liquefaction, milk coagulation and peptonization, starch hydrolization, nitrate reduction, growth on cellulose, H2S and melanin production are
negative. Glucose, fructose, xylose, ribose, rhamnose, sucrose, lactose, sorbitol, glycerol, sodium acetate, asparagine, glycine, histidine and methionine are utilized. Acid is not
produced from these carbon sources. Galactose, arabinose, mannose, raffinose, inositol, mannitol and sodium citrate are not utilized. The cell wall contains meso-diaminopimelic
acid. Whole-cell hydrolysates contain arabinose and galactose (cell wall chemotype IV). Main phospholipids are phosphatidylcholine (PC) and phosphatidylinositol (PI). The
predominant menaquinones are MK-9(H4). The predominant fatty acids compositions are iso C14:0 (1.1%), iso C15:0 (3.2%), iso C16:1 H (2.6%), iso C16:0 (29.8%),
Cl16:107c/iso-C15 2-OH (17.6%), C16:0 (10.8%), C16:0 10 methyl (7.2%), iso C17:0 (2.5%), anteiso C17:0 (5.5%), C17:1@8c (4.4%), C17:0 (1.6%), C17:0 10 methyl (1.3%),
C18:109¢ (2.3%) and C18:0 (3.7%) (fatty acid type 2b). G+C content of genomic DNA is 69 mol % (Table 2). The type strain (YIM 0006 = CCTCC AA 205017 = DSM
450627) was isolated from a soil sample collected from tropical rain forest located at Chiang Mai in the north of Thailand (pH 5.5 to 6.5).
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List of 230 primary identified strains

1 List of primarily identified strains with anti-cancer activities (26 strains)
(Similarity with closest relative species)
YIM 31529, Streptomyces scabrisporus 416/420 (99%)
YIM 31531, Streptomyces cirratus 793/798 (99%)
YIM 31622, Streptomyces fimbriatus 1421/1443, (98.47%)
YIM 31729, Nocardiopsis dassonvellei 648/648 (100%),
YIM 31786, Streptosporangium amethystogenes 643/644 (99%),
YIM 32001, Streptomyces galilaeus 645/650 (99%)
YIM 32021, Streptosporangium roseum PB, 544/545 (99%)
YIM 32201, Streptomyces galilaeus 645/650 (99%)
YIM 32242, Streptomyces mirabilis 647/650 (99%)
YIM 32342, Streptomyces flavoablus sp. nov.
YIM 32647, Nocardia fluminea 640/650 (98%)
YIM 33363, Streptomyces aureus 645/650 (99%)
YIM 33422, Streptomyces setonii ATCC25497 D63872 (99.93%)
YIM 33742, Leifsonia xyli subsp. Xyli 644/650 (99%)
YIM 34044, Streptomyces tauricus 570/570 (100%)
YIM 34065, Streptomyces aureus 660/678 (97%),
YIM 34077, Streptomyces cinereoruber subsp. Fructofermentans 650/650
(100%)
YIM 34138, Streptomyces griseus 640/650 (98%)
YIM 34416, Streptomyces griseus 640/650 (98%)
YIM 34452, Micromonospora endolithica 1398/1426 (98%)
YIM 34620, Bacillus vallismortis 650/650 (100%),
YIM 34672, Streptomyces setonii 1517/1519 (99%)
YIM 35475, Nocardia fluminea 1442/1464 (98%)
YIM 35495, Streptomyces resistomycificus 639/648 (98%)
YIM 35514, Streptomyces heliomycini 637/650 (97.85%)
YIM 37293, Nocardia alboflava sp. nov.

2. List of identified strains with PKS genes (22 strains)
(Similarity with closest relative species)
YIM 33309, Nonomuraea kuesteri(647/650 ,99%)
YIM 33353, Nonomuraea kuesteri(647/650 ,99%)
YIM 33361, Nocardia polyresistens sp. nov.
YIM 33378, Nocardia lijiangensis sp. nov.
YIM 34712, Micromonospora chalcea 646/648 (99%)
YIM 34787, Streptomyces mirabilis 646/650 (99%)
YIM 34825, Rhodococcus tukisamuensis 673/686 (98%)
YIM 35371, Streptomyces galilaeus 632/640 (98%)
YIM 35572, Streptomyces argenteolus 637/640 (99%)
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YIM 35581, Streptomyces resistomycificus(593/600, 98%)

YIM 36090,
YIM 361009,
YIM 36122,
YIM 36723,
YIM 36851,
YIM 36856,
YIM 37217,
YIM 37218,
YIM 37225,

Streptomyces aureus(593/600 , 98%0)
Nocardia cummidelens(563/571 ,98%)
Streptomyces fimbriatus, 1421/1443 (98.47%)
Nocardia jejuensis (99.5%)

Micromonospora echinospora(589/600 ,98%)
Nocardia niigatensis(1449/1465, 98.9%)
Micromonospora echinospora (644/651 ,98%)
Nocardia niigatensis(1413/1428, 98.94%)
Nocardia fluminea (587/598 ,98%)

YIM 37251, Streptosporangium vulgare 565/576 (98%)
YIM 37272, Duganella violaceinigra 1389/1439 (99.57%)
YIM 80280, Nocardia alba (1425/1445, 98%)

3 List of identified strains with some enzyme inhibitors (32 strains)
(Similarity with closest relative species)
Anti-oxidation

3.1

3.2

YIM 31292,
YIM 31570,
YIM 31646,
YIM 32199,
YIM 32311,
YIM 32374,
YIM 32791,

Streptomyces venezuelae (689/696 ,98%)
Streptomyces fimbriatus (723/732 ,98%)
Streptomyces cyaneus (644/650,99%),
Kitasatospora kifunense (650/650,99%),
Streptomyces purpeofuscus (1467/1475, 99%)
Streptomyces hygroscigopicus(645/650,99%),
Streptomyces caelestis (645/650,99%)

AchE inhibitor

YIM 31339, Streptomyces avermectinius, (1461/1461, 100%)
=32196, Streptomyces avermectinius (650/650, 100%0)

YIM 32065=33176, Streptomyces pleomorphus sp. nov.

YIM 32200, Streptomyces phaeochromogenes, (783/795, 98%)

YIM 32212, Streptomyces flavogriseus (649/650, 99%)

YIM 32213, Sreptomyces galbus (640/650,98%),

YIM 32215, Streptomyces lincolnensis (596/600,99%),

YIM 32220, Streptomyces tauricus (640/650, 98%)

Y IM 33098, Streptomyces hanningensis sp.nov

AGE inhibitor

YIM 32234, Streptomyces xianggelilaensis sp. nov.

3.3

3.4 a-Glucosidease inhibitor

YIM 31531,
YIM 32252,
YIM 32255,
YIM 32240,
YIM 32452,
YIM 33532,

Streptomyces cirratus (793/798, 99%)
Sreptomyces galbus (640/650, 98%),
Streptomyces scaibiei (649/650, 99%),
Streptomyces lavendulae (648/650, 99%)
Kitasatospora kifunensis (650/650, 100%)
Streptomyces nodosus, (649/650, 99%)
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YIM 33588, Kitasatospora kifunense (650/650,100%)
YIM 32452=33588=32199, Kitasatospora kifunense (650/650, 99%-100%a),

YIM 32213=32252, Sreptomyces galbus (640/650, 98%),
3.5 NO synthetase inhibitor

YIM 30243, Nocardia alba sp. nov.
3.6 Anti-microbes

YIM 31634, Streptomyces roseoalbus sp.nov.

4 List of identified strains from salt and alkaline habitats (14 strains)
(Similarity with closed species)
J 0034, Micromonospora olivasterospora 642/650 (98%)
J 0038, Micromonospora mirobrigensis 1482/1508 (98%)
J 0039, Micromonospora echinospora 643/650 (98%)
J 0042, Streptomyces ferralitis 636/647 (98%)
J 0043, Streptomyces peucetius 649/650 (99%)
YIM 80052, Nocardiopsis alba , 98.63%
YIM 80154, Nocardiopsis umidischolae, 98.53%
YIM 80186, Nocardiopsis metallicus, 99.0%
YIM 80188, Nocardiopsis umidischolae, 98.53%
YIM 80189; Nocardiopsis umidischolae, 98.53%
YIM 80280, Nocardia alba, 98%
YIM 90012, Nocardiopsis dassonvillei, 100%
Y IM 90018, Streptomyces sclerotialus, 98.0%,
Y IM 90039, Nocardiopsis alba, 98.5%

5 List of characterized rare actinomycete strains with similar species (110 strain)
(Similarity with closed species)
YIM 0006, Actinomycetospora chiangmeiensis gen. nov., sp. nov.,
YIM 0019, Nonomuraea salmonea
Y1M 0026, Micromonospora auratinigra
YIM 0027, Cryobacterium aff. psychrophilum
YIM 0032, Chelatococcus asaccharovorans
YIM 45066, Aerococcus viridans 585/591 (98%)
YIM 45067, Arthrobacter agilis (1452/1470, 98.77%)
YIM 45068, Rhodococcus fascians (547/548 ,99%
YIM 45070, Kocuria palustris (540/540 ,100%)
YIM 45102, Nocardia pseudovaccinii 649/650 (99%)
YIM 45103, Methylobacterium aquaticum(1333/1376, 96.87%)
YIM 45140, Nocardia flavorosea (746/755 ,98%)
YIM 45191, Rhodococcus opacus 648/650 (99%)
YIM 45192, Rhodococcus opacus (538/538 ,100%),
YIM 45193, Nocardia flava sp. nov.
YIM 45197, Micromonospora purpureochromogenes subsp. hongheensis
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subsp. nov.

YIM 45198, Nocardia alba(1401/1427, 98.17%)
YIM 45352, Nocardia nova(747/753 ,99%)
YIM 45353, Nocardia alba 1417/1438 (98%)
YIM 45362, Glycomyces harbinensis 639/650 (98%)
YIM 45364, Nocardiopsis umidischolae (746/752 ,99%)
Y1M 45489, Glycomyces harbinensis(1406/1432, 98.18%)
YIM 45492, Streptomyces caviscabies(1429/1456, 98.14%)
Y1M 45494, Streptomyces setonii ATCC25497 D63872 (1420/1444,98.44%)
YIM 46011, Pseudonocardia yunnanensis 639/650 (98%)
YIM 46034, Planosporangium flavogriseum gen. nov.
YIM 46083, Dietzia maris PB (750/750 , 100%)
YIM 46159, Promicromonospora sukumoe 646/650 (99%)
YIM 46257, Promicromonospora sukumoe 644/650 (99%)
YIM 46258, Streptomyces ferralitis 633/635 (99%)
YIM 46260, Promicromonospora sukumoe 552/556 (99%)
YIM 46315, Nocardia vinacea (1433/1462 ,97.75%)
YIM 46393, Bacillus pumilus 650/650 (100%)
YIM 46399, Promicromonospora sukumoe 643/646 (99%)
YIM 46459, Rhodococcus erythropolis 633/650 (97%)
YIM 46539, Nocardia inohanensis 645/650 (99%)
YIM 46644, Micromonospora endolithica (1436/1462 ,98.1%)
YIM 46785, Micrococcus luteus (1446/1474, 98.1%)
YIM 46787, Rhodococcus coprophilus 650/650 (100%)
YIM 47631, Streptomyces alboflavus, 707/720 (98%)
YIM 47634, Nocardia flavorosea, 747/750 (99%)
YIM 47635, Streptomyces chrestomyceticus, 746/750 (99%)
YIM 47637, Nocardia pseudovaccinii, 747/750 (99%)
YIM 47638, Nocardia pseudovaccinii, 747/750 (99%)
YIM 47639, Chelatococcus asaccharovorans, 742/745 (99%)
YIM 47640, Methylobacterium radiotolerans, 750/750 (100%),
YIM 47641, Streptomyces aculeolatus, 747/750 (99%)
YIM 47643, Methylobacterium radiotolerans, 749/750 (99%)
YIM 47645, Rhodococcus fascians, 742/750 (98%),

Rhodococcus yunnanensis1432/1449 (98%)
YIM 47648, Nocardia asteroids, 733/745 (98%)
YIM 47649, Paenibacillus daejeonensis1423/1451 (98%)
YIM 47650, Promicromonospora sukumoe, 743/750 (99%)
YIM 47651, Streptomyces aculeolatus 746/750 (99%)
YIM 47652, Streptosporangium vulgare, 749/750 (99%)
YIM 47654, Nonomuraea kuesteri, 716/720 (99%)
YIM 47655, Nocardia inohanensis, 742/750 (98%)
YIM 47657, Chryseobacterium taichungense 642/671 (95%0)
YIM 47658, Nocardia asteroids, 730/744 (98%)
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YIM 47659, Nocardia asteroids, 739/744 (99%)

YIM 47661, Rhodococcus equi, 737/750 (98%)

YIM 47662, Mycobacterium septicum, 750/750 (100%)

YIM 47663, Streptomyces agglomeratus, 727/750 (96%),
Streptomyces violaceogriseus sp. nov.

YIM 47664, Nocardia pseudovaccinii, 747/750 (99%)

YIM 47665, Nocardia pseudovaccinii, 747/750 (99%)

YIM 47666, Nocardia pseudovaccinii, 749/750 (99%)

YIM 47667, Nonomuraea kuesteri, 747/750 (99%)

YIM 47668, Nocardia pseudovaccinii, 745/750 (99%)

YIM 47669, Nonomuraea kuesteri, 728/730 (99%)

YIM 47670, Methylobacterium suomiense, 646/698 (92%o),
Methylobacterium aminovorans, 99.35%

YIM 47671, Isoptericola variabilis, 741/748 (99%)

YIM 47672, Streptomyces hainanensis sp. nov.

YIM 47674, Methylobacterium radiotolerans, 749/750 (99%)

YIM 47675, Streptosporangium vulgare, 749/750 (99%)

YIM 47676, Mycobacterium septicum, 748/750 (99%)

YIM 47677, Streptomyces kunmingensis, 739/746 (99%)

YIM 47678, Streptomyces aculeolatus, 750/750 (100%)

YIM 47679, Nonomuraea kuesteri 1472/1495 (98%),

YIM 47681, Streptomyces galbus, 745/750 (99%)

YIM 47682, Nocardia pseudovaccinii, 734/750 (97%),
Nocardia pseudovacciniil424/1445 (98%)

YIM 47683, Bacillus drentensis, 701/701 (100%)

YIM 47686, Nocardia araoensis, 750/752 (99%)

YIM 47687, Streptosporangium amethystogenes, 745/745 (100%)

YIM 47688, Streptosporangium vulgare, 745/750 (99%)

YIM 47689, Nocardia pseudovaccinii, 736/750 (98%),
Nocardia pseudovacciniil424/1445 (98%)

YIM 47690, Streptosporangium vulgare, 719/720 (99%)

YIM 47691, Bacillus muralis, 745/752 (99%)

YIM 47692, Nonomuraea kuesteri, 747/750 (99%)

YIM 47693, Nocardia beijingensis, 745/750 (99%)

YIM 47694, Streptosporangium vulgare, 746/750 (99%)

YIM 47695, Rhodococcus fascians, 749/750 (99%)

YIM 47696, Nocardia takedensis, 737/750 (98%)

YIM 47697, Micromonospora chalcea, 748/751 (99%)

YIM 47698, Rhodococcus zopfii, 741/750 (98%)

YIM 47699, Bacillus fusiformis750/750 (100%)

YIM 47700, Arthrobacter agilis, 715/720 (99%)

YIM 47701, Actinobispora yunnanensis, 737/752 (98%)

YIM 47702, Actinobispora yunnanensis, 737/752 (98%)

YIM 47703, Streptomyces pulveraceus, 748/750 (99%)
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YIM 47705, Pseudonocardia hydrocarbonoxydans, 732/750 (97%),
Pseudonocardia flava sp. nov.

YIM 47706, Nonomuraea kuesteri, 747/750 (99%)

YIM 47707, Gordonia sputi, 749/750 (99%)

YIM 47708, Gordonia sputi, 749/750 (99%

YIM 47709, Micromonospora aurantiaca, 742/750 (98%)

YIM 47710, Streptosporangium viridalbum, 748/750 (99%)

YIM 47711, Dactylosporangium auranticum, 740/751 (98%)

YIM 47712, Bacillus pumilus, 750/750 (100%)

YIM 47713, Catellatospora tsunoense, 730/750 (97%)

YIM 47714, Actinomadura rugatobispora, 735/741 (99%)

YIM 47715, Streptosporangium roseum, 748/750 (99%)

YIM 47716, Streptosporangium vulgare, 748/751 (99%)

6 List of characterized marine strains with similar species (26 strains)
CC 0385 Rhizobium undicola, 1423/1487 (95%)
CC 0386 Rhizobium undicola, 1432/1481 (96%)
CC 0387 Promocromonospora flava, new species
CC 0396 Myceligenerans xiligouense,569/571 (99%)
CC 0420 Bacillus hwajinpoensis, 99.3%
CC 0421 Rhodococcus fascians, 566/567 (99%)
CC 0422 Promicromonospora aerolata,568/577 (98%)
CC 0440 Cellulomonas variformis, 98.2%
CC 0444 Agrococcus jenensis, 100%
CC 0446 Chromohalobacter salexigens, 533/562 (94%)
CC 0447 Bacillus megaterium, 98.3%
CC 0498 Phyllobacterium trifolii PETP02" AY 786080 (97%)
CC 0520 Zobellia uliginosa =F.uliginosum, (99.5%)
CC 0522 Bacillus barbaricus, 504/505 (99%)
CC 0523 Exiguobacterium aurantiacum, 98.1%
CC 0524 Microbacterium foliorum, 534/538 (99%)
CC 0526 Kocuria rosea, 99.1%
CC 0549 Bacillus alcalophilus, 97.2%
CC 0558 Nocardiopsis dassonvillei subsp. dassonvillei 1351/1354 (98%)
CC 0559 Agrobacterium tumefaciens, 543/555 (96%0)
CC 0560 Isoptericola halotolerans, 99.5%
CC 0565 Pseudomonas pseudoalcaligenes, 99.3%
CC 0576 Mycobacterium confluentis, 1477/1502 (98%0)
CC 0580 Actinomadura livida, 1513/1524 (99%)
CC 0574 Amycolatopsis palatopharyngis, 566/576 (98%)
CC 0575 Bacillus aquaemaris, 98.3%
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