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CHAPTER |
INTRODUCTION

Actinomycetes are group of Gram-positive bacteria that have high guanine
and cytosine content in their DNA and mycelium formation with asexual spore on
aerial or vegetative mycelia (H. A. Lechevalier & Lechevalier, 1967). They inhabit in
various environments such as in soil, aquatic environment, marine environment,
extreme environment and plant tissue. Actinomycetes are saprophytes that
decompose organic matter or humus in soil. In plant tissue, they are called
endophytic actinomycetes which are endosymbiosis to live within host plant but not
be the phytopathogens (Hasegawa, Meguro, Shimizu, Nishimura, & Kunoh, 2006).
Numerous studies exhibited that endophytic actinomycetes were more useful for the
host plant. They draw nutrition from rhizospheric soil as nitrogen-fixing and produce
various bioactive metabolites that protect as antibiotics and stimulate to host plant
growth as plant growth promoters (Janso & Carter, 2010). In general, Streptomyces
are a major group of endophytic actinomycetes. Micromonospora, Microbispora,
Nocardiopsis, Pseudonocardia and Streptosporangium are also common genera of

actinomycetes in plant (Qin et al,, 2009).

Actinomycetes have been well-known as major group of microorganisms that
produce antibiotics such as streptomycin, aminoglycosides, macrolides, tetracyclines,
slycopeptides, B-lactams, polyenes, peptides, and quinones (Okami & Hotta, 1988). In
2005, Berdy reported that almost 50 percent of microbial metabolites (more than
20,000 compounds) were reported from actinomycetes, especially from the genus
Streptomyces (Bérdy, 2005). Moreover, their secondary metabolites are discovered
more utilities in pharmaceutical industry, agriculture and environment such as
antibiotics (streptomycin, neomycin, chloramphenicol, erythromycin, tetracycline,
kanamycin, vancomycin, gentamicin, lincomycin, maklamicin, etc.), antifungal
(amphotericin B, nystatin, etc.), antimalarial (salinosporamide A), anticancers
(paclitaxel, actinomycin, anthracyclines, elsamicin A, chartreusin, proximicins,

lupinacidin A, lupinacidin B, L-asparaginase, catechoserine, etc.), anticholesterol,



pesticide, plant growth hormone (phytohormone, indole-3-acetic acid (IAA)), enzymes
(cellulase, hemi-cellulase, xylanase, chitinase, amylase), etc. Many studies showed
that plants were potential resources for the discovery of new actinomycetes, which
led to new bioactive compound isolation (Qin, Xing, Jiang, Xu, & Li, 2011). In 2013,
the reviews from Kitasato university exhibited that plants are resources of new
actinomycetes and new drug discovery e.g. Actinoallomurus liliacearum sp. nov. and
Actinoallomurus vinaceus sp. nov. were isolated from roots of Ophiopogon japonicas
(Koyama, Matsumoto, Inahashi, omura, & Takahashi, 2012), Phytohabitans suffuscus
gen. nov., sp. nov. and Phytohabitans flavus sp. nov. were isolated from roots of an

orchid (Inahashi, Matsumoto, Danbara, Omura, & Takahashi, 2010).

There are nearly 300,000 species of plant on the earth that each individual
plant has many endophytes (Strobel & Daisy, 2003). In addition, it was estimated that
less than 1% of bacterial species have recently been identified, therefore millions of
microbial species remain to be discovered (Davis, Joseph, & Janssen, 2005). This
study is aimed to search for the biodiversity of endophytic actinomycetes isolated
from medicinal plants in Thailand, to screen for antimicrobial activity, and to

evaluate production of their secondary metabolites from chemical profiles.

The main objectives of this investigation are as follows:

1. To isolate and identify the endophytic actinomycetes from medicinal

plants in Thailand by phenotypic and genotypic characterization.

2. To evaluate antimicrobial activity of crude extracts of the isolates by paper

disc diffusion method.

3. To evaluate the production of secondary metabolites extracted from the

selected isolates by using HPLC analysis.



CHAPTER Il
LITERATURE REVIEW

Actinomycetes are group of Gram-positive bacteria with high guanine and
cytosine contents in their DNA (about more than 50 mol %) that belong to the
phylum and class Actinobacteria. In general, they are aerobic or facultative anaerobic
bacteria that form branching filaments and asexual spores on substrate or aerial
mycelium, as shown in Figure 2.1. They look like fungi that are maybe called
filamentous bacteria. Their hypha diameter (ranges from 0.4 to 1.2 pm) is smaller
than fungi filament diameter (ranges from 3 to 8 um) and no cell nucleus that are

different from fungi.

Chain of
conidiospores

Agar
surface

Figure 2.1 Morphology of actinomycete (Prescott, 2002).

Life cycle of actinomycetes begins with spore germination and growth of
substrate mycelium. The colony of actinomycete responses to nutrition and some
stress signals by producing reproductive aerial hyphae, and then the hypha cell
differentiate to spores. The secondary metabolites will be produced while hyphae
differentiation, as shown in Figure 2.2. Most of actinomycetes are saprophytes that
decompose organic matters for growth. They contribute to degradation of lignin,
organic matter and chitin, formation and stabilization of compost piles and humus,

and production of bioactive secondary metabolites as antibiotics.
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Figure 2.2 Actinomycete life cycle that shows growth and differentiation of
actinomycete (Flardh & Buttner, 2009).

The actinomycetes inhabit in various environments such as in soil, aquatic
environment, marine environment, extreme environment and plant tissue. They are
usually harmless and particularly beneficial microorganisms in pharmaceutical
industry, agriculture and environment such as antibiotics, antifungals, antimalarial,
anticancers, pesticide, plant growth hormone, etc. (Shimizu, 2011) However, some
actinomycetes are human, animal or plant pathogens such as various Nocardia
species are human pathogens that cause an opportunistic infection (Murray, Baron,
Jorgensen, Landry, & Pfaller, 2007), Streptomyces scabies that causes scab disease in
potatoes while the closely related species is used for its control (Emmert &

Handelsman, 1989), etc.

2.1 Taxonomy of actinomycetes

Actinomycetes belong to the phylum and class Actinobacteria. Class
Actinobacteria consists of fifteen orders and an order incertae sedlis (Ludwig, Euzeby,

& Whitman, 2012) as shown in Figure 2.3.



Phylum Actinobacteria
Class Actinobacteria

Order Actinomycetales

Family Actinomycetaceae
Order Actinopolysporales

Family Actinopolysporaceae
Order Bifidobacteriales

Family Bifidobacteriaceae
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Order Jiangellales

Family Jiangellaceae

Order Kineosporiales

Family Kineosporiaceae

Order Micrococcales

Family Micrococcaceae
Family Beutenbergiaceae
Family Bogoriellaceae
Family Brevibacteriaceae
Family Cellulomonadaceae
Family Dermabacteraceae
Family Dermatophilaceae
Family Intrasporangiaceae
Family Jonesiaceae

Family Microbacteriaceae
Family Promicromonosporaceae
Family Rarobacteraceae
Family Ruaniaceae

Family Sanguibacteraceae

Order Micromonosporales

Family Micromonosporaceae

Order Streptosporangiales

Family Streptosporangiaceae
Family Nocardiopsaceae

Family Thermomonosporaceae
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Figure 2.3 The road map of orders of class Actinobacteria (Ludwig et al., 2012).



Streptomyces

The genus Streptomyces belongs to the family Streptomycetaeae and
Streptomyces albus is type species of this genus. At present, Streptomyces contains
about 668 species and 38 subspecies with validly published names in the List of
Prokaryotic names that distributed in soil, plant, sediment of freshwater and marine
(Euzéby, 2014). They form smooth, warty, rugose, spiny or hairy type spore chains
(sporophores) on extensively branched substrate and aerial mycelia. The
differentiated characteristics between Strepyomyces and genera belonging to this

family are shown in Table 2.1.

Table 2.1 Differential characteristics of genera in family Streptomycetaceae (P.

Kampfer, 2012)

Genus G+C Fatty acid Major Polar lipid ~ Whole cell DAP
(mol%) Type’ menaquinone (s) 'I'ypeb sugar Type" Type
Streptomyces 69-78 2 MK-9(Hg,Hg) PIl - LL-DAP
Kitasatospora 69-73 2 MK-9(Hg,Hg) PIl GE LL/meso-DAP
Streptacidiphilus 70-72 2 MK-9(He,Hs) PIl E LL-DAP

¥ According to the classification of fatty acids (Kroppenstedt, 1985)
> According to the classification of polar lipids (M. P. Lechevalier, DeBievre, & Lechevalier, 1977)

“ According to the classification of whole cell sugar (Goodfellow, 1988)

Amycolatopsis

The genus Amycolatopsis belongs to the family Pseudonocardiaceae and
Amycolatopsis orientalis is type species of this genus. At present, Amycolatopsis
comprises of 65 species and 4 subspecies with validly published names in the List of
Prokaryotic names (Euzéby, 2014). They distribute in various sources as equine
placenta (D. P. Labeda, Donahue, Williams, Sells, & Henton, 2003), human (Huang,
Pas ciak, Liu, Xie, & Gamian, 2004), volcanic soil (Ding, Hirose, & Yokota, 2007),
rhizospheric soil (Lee, 2009), polluted sediment (Albarraci’'n, Alonso-Vega, Trujillo,
Amoroso, & Abate, 2010), ocean sediment (Bian et al.,, 2009) and plants (Duangmal et

al,, 2011). The key to the genera of the family Pseudonocardiaceae describe



Amycolatopsis as no produced sporangia or pseudosporangia and motile spores,
arabinose as diagnostic whole-cell sugar, MK-9(Hy) as predominant menaquinone,
irregular rod-shaped fragmented substrate mycelium and fragmented spore chains on
aerial mycelium. The differentiated characteristics between Amycolatopsis and some

genera belonging to this family are shown in Table 2.2.

Table 2.2 Differential characteristics of genera in family Pseudonocardiaceae (D.P.

Labeda & Goodfellow, 2012)

Genus G+C Fatty acid ~ Major menaquinone (s)  Polar lipid  whole cell DAP

(mol%) Ty|oea Typeb sugar Ty|oeC Type
Pseudonocardia 68-79 2 MK-8(Hy) PILIII A meso-DAP
Amycolatopsis 66-75 1a, 2 MK-9(H,,Hq,Hg) PIl A meso-DAP
Saccharomonospora 68-74 2 MK-9(H,,H4) PILIV A meso-DAP
Saccharopolyspora 66-77 2 MK-9(Hg,Hg,Hs) PIIl A meso-DAP
Prauserella 66-70 1a, 2 MK-9(H,) PILIII A meso-DAP

¥ According to the classification of fatty acids (Kroppenstedt, 1985)
° According to the classification of polar lipids (M. P. Lechevalier et al., 1977)

“ According to the classification of whole cell sugar (Goodfellow, 1988)

Nocardia

The genus Nocardia belongs to the family Nocardiaceae and Nocardia
asteroids is type species of this genus. At present, Nocardia contains 104 species with
validly published names in the List of Prokaryotic names (Euzéby, 2014). In Thailand,
N. thailandica was isolated from clinical specimens (Kageyama et al., 2004). They
form rod-shaped to cocci and non-motile fragment on extensively branched
substrate and aerial hyphae. They usually form carotenoid-like pigments.
Morphological colonies are variable, smooth, irregular or wrinkled rod-shape. The
differentiated characteristics between Nocardia and the genera belonging to this

family are shown in Table 2.3.



Table 2.3 Differential characteristics of genera in family Nocardiaceae (Goodfellow,

2012)

Genus G+C Fatty acid  Major menaquinone Polar lipid whole cell DAP
(mol%) Typea (s) Typeb sugar TypeC Type
Nocardia 64-72 1b MK-9(Hacycic) Pl A meso-DAP
Rhodococcus 6773 1b MK-8(H,) PIl A meso-DAP

¥ According to the classification of fatty acids (Kroppenstedt, 1985)
° According to the classification of polar lipids (M. P. Lechevalier et al., 1977)

“ According to the classification of whole cell sugar (Goodfellow, 1988)

Micromonospora

The genus Micromonospora belongs to the family Micromonosporaceae and
Microbispora chalcea is type species of this genus. At present, Micromonospora
contains 60 species and 7 subspecies with validly published names in the List of
Prokaryotic names (Euzéby, 2014). M. aurantionigra, M. eburnea, M. siamensis, M.
narathiwatensis, M. pattaloongensis, M. chaiyaphumensis, M. krabiensis and M.
marina were reported in Thailand (Thawai, Tanasupawat, Itoh, Suwanborirux, & Kudo,
2004, 2005; Thawai, Tanasupawat, & Kudo, 2008; Thawai, Tanasupawat, Suwanborirux,
ltoh, & Kudo, 2007). Some species were reported to produce antibiotics as
gentamicin produced by M. purpurea (Weinstein et al., 1963), etc. They form single
conidial spore, branched and substrate mycelium but lack aerial mycelium. The
black smooth and non-motile spores are formed at surface of the dark yellow-orange
to orange-red colonies as become viscid or mucoid. The differentiated characteristics

of some genera belonging to this family are shown in Table 2.4.
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Table 2.4 Differential characteristics of genera in family Micromonosporaceae

(Genilloud, 2012)

Genus G+C  Fatty acid  Major menaquinone (s)  Polar lipid whole cell DAP

(mol%) Typea Typeb sugar TypeC Type
Micromonospora 71-73 3b MK-9(Hg,Hg), MK-10(Hg,Hs Pl D meso-DAP
Actinocatenispor 72 3b MK-9(Hgq,Hg) PlI DA meso-DAP
a Actinoplanes 72-73 2d MK-9(Hg), MK -10 (Hq,Hg) Pl D meso-DAP
Catellatospora 71-72 3b MK-9(Hgq,Hg), MK-10(Hg,Hg Pl D meso-DAP
Dactylosporangiu ~ 72-73 3b MK-9(Hg,Hg, He) PIl D meso-DAP
mKrasilnikovia 71 2d MK-9(Hg) PlI DA meso-DAP
Longispora 70 2d MK-10(Hg,Hg) PlI DA meso-DAP
Pillimelia 70-72 2d MK-9(H,,Hg) Pl D meso-DAP
Polymorphospora ~ 70-71 2a MK-9(Hg,Hg), MK-10(Hg,Hs PlI D meso-DAP
Verrucosispora 70 2b MK-9(Hy) Pl D meso-DAP
Virgisporangium 71-72 2d MK-10(Hg,He) PIl DA meso-DAP

¥ According to the classification of fatty acids (Kroppenstedt, 1985)
° According to the classification of polar lipids (M. P. Lechevalier et al., 1977)

“ According to the classification of whole cell sugar (Goodfellow, 1988)

Microbispora

The genus Microbispora belongs to family Streptosporangiaceae and
Microbispora rosea is type species of this genus. In the past, Microbispora were cited
about 18 species in the List of Prokaryotic names but the seven species as Mb.
parva, Mb. amethystogenes, Mb. chromogenes, Mb. diastatica, Mb. viridis, Mb.
karnatakensis, and Mb. indica were proposed to combine into the subspecies, Mb.
rosea subsp. rosea while three species as Mb. aerate, Mb. thermorosea, Mb.
thermodiastatica were proposed to combine into the subspecies, Mb. rosea subsp.
aerate based on DNA-DNA hybridization experiment (Euzéby, 2014; Miyadoh, Amano,
Tohyama, & Shomura, 1990). Mb. corallina and Mb. siamensis were reported in
Thailand (Boondaeng, Ishida, Tamura, Tokuyama, & Kitpreechavanich, 2009; Nakajima,
Kitpreechavanich, Suzuki, & Kudo, 1999). They form non-motiled smooth oval to

ellipsoidal paired spores on aerial mycelium. Some species produce soluble
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pigments and antibiotic secondary metabolites. The differentiated characteristics of

all genera belonging to this family are shown in Table 2.5.

Nonomuraea

The genus Nonomuraea belongs to family Streptosporangiaceae and
Nonomuraea pusilla is type species of this genus. Nonomuraea comprises of 36
species and 2 subspecies with validly published names in the List of Prokaryotic
names (Euzéby, 2014). They form straight, hooked or spiral spore chains that their
surface are smooth, spiny or warty on aerial mycelium and extensively branching
substrate. The differentiated characteristics of all genera belonging to this family are

shown in Table 2.5.

Table 2.5 Differential characteristics of genera in family Streptosporangeaceae (P.

Kampfer, 2012)

Genus G+C Fatty acid  Major menaquinone(s)  Polar lipid ~ Whole cell DAP

(mol%) Type® Typeb sugar Type Type
Streptosporangium 69-71 3c MK-9(H,, Hg) \% B meso-DAP
Acrocapospora 68-69 3c MK-9(H,, Ha, He) IV, Il B,C meso-DAP
Herbidospora 69-71 3c MK-10(Hg, Hg, Hs) v B meso-DAP
Microbispora 71-73 3c MK-9(Ho, H,, Hy) \% B,C meso-DAP
Microtetraspora 69-71 3c MK-9(H,, Hq, Hg) Y, B,C meso-DAP
Nonomuraea 64-69 3c MK-9(Ho, H,, Hy) \% B,C meso-DAP
Planobispora 70-71 3c MK-9(Ho, H,, Hg) \Y] B meso-DAP
Planomonospora 72 3c MK-9(Ho, H,, Hy) \% B meso-DAP
Planotetraspora 71 3d MK-9(Hy, Hg) \Y] B meso-DAP
Sphaerisporangium 70-72 3c MK-9(Ho, H,, Ha, He) v B meso-DAP

* According to the classification of fatty acids (Kroppenstedt, 1985)
° According to the classification of polar lipids (M. P. Lechevalier et al., 1977)

¢ According to the classification of whole cell sugar (Goodfellow, 1988)
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2.2 Distribution of endophytic actinomycetes

Numerous novel endophytic actinomycetes have been discovered since the
genus Frankia was isolated from non-legume root nodules, indicating that
actinomycetes were closely associated with plants in early 1886 (Okazaki, 2003). In
Thailand, many endophytic actinomycetes were isolated from Thai agricultural plants
and medicinal plants such as Streptomyces, Micromonospora, Microbispora,
Nocardiopsis, Pseudonocardia and Streptosporangium. For examples; Rhinacanthus
communisa, Amaranthus gracilisa, Brassica junceaa, Brassica oleraceaa, Cyperus
difformisa, Cyperus iriaa, Cyperus kyllingiaa, Cyperus malaccensisa, Cyperus
rotundusa, Chloris barbataa, Cymbopogon citratusa, Cymbopogon nardusa,
Echinochloa colonaa, Echinochloa crusgallia, Imperata cylindricaa, Eleutherine
palmifoliaa, Ocimum tenuifloruma, Coffea arabicab, Citrus hystrixb, Tacca
chantrieria, Apium g¢raveolensa, Coriandrum sativuma, Alpinia blepharocalyxa,
Alpinia g¢alangaa, Amomum siamensea, Boesenbergia pandurataa, Curcuma
domesticaa, Curcuma longaa, Etlingera elatiora, Zingiber cassumunara, Zingiber
officinal  (Taechowisan et al, 2003); Alpinia ¢alangal, Azadirachta indica,
Boesenbergia rotunda, Cymbopogon citrates, Curcuma longa, Eryngium foetidum,
Kaemferia galangal, Melissa officinalis, Ocimum tenuiflorum, Houttuynia cordata
(Pukclai, 2006); Kineococcus gynurae sp. nov. isolated from roots of Gynura
pseudochina, Pseudonocardia acaciae sp. nov. isolated from roots of Acacia
auriculiformis (Duangmal, Thamchaipenet, Ara, Matsumoto, & Takahashi, 2008;
Duangmal, Thamchaipenet, Matsumoto, & Takahashi, 2009); Actinoallomurus oryzae
sp. nov. isolated from roots of Thai jasmine rice plant (Indananda et al, 2011),
Actinoallomurus  acaciae sp. nov. isolated from Acacia  auriculiformis
(Thamchaipenet et al, 2010). Table 2.6 shows the distribution of endophytic

actinomycetes based on 16S rRNA gene sequences (Qin et al., 2009).


http://ijs.sgmjournals.org/content/61/4/737.long#ref-31

Table 2.6 The distribution of novel endophytic actinomycetes

Name of the endophyte

Host plant

Closest species (% similarity)

Reference

Micromonospora coriariae
M. lupini

M. saelicesensis

M. pisi

Pseudonocardia oroxyli
P. acaciae

P. endophytica

P. tropica

P. adelaidensis

P. eucalypti

P. artemisiae

P. sichuanensis

Dietzia schimae

D. cercidiphylli
Glycomyces endophyticus
G. sambucus

G. scopariae

G. mayteni

Streptomyces alni

S. artemisiae

S. sedi

S. mayteni

Nonomuraea endophytica
N. antimicrobica

S. gloriosae

S. tripterygii
Saccharopolyspora
Actinoallomurus acaciae
A. oryzae

Micrococcus endophyticus
M. yunnanensis

Nocardia callitridis

N. endophytica

N. caricicola
Actinomadura flavalba
Actinophytocola oryzae
Plantactinospora mayteni
Phytohabitans suffuscus
Jiangella alba
Jishengella endophytica
Herbidospora osyris
Kineosporia mesophila

Leifsonia ginsengi

Coriaria myrtifolia

Lupinus angustifolius
Lupinus angustifolius

Pisum sativum

Oroxylum indicum

Acacia auriculiformis

Lobelia clavata

Maytenus austroyunnanensis
Eucalyptus microcarpa
Eucalyptus microcarpa
Artemisia annua

Jatropha curcas

Schima sp.

Cercidiphyllum Japonicum
Carex baccans

Sambucus adnata

Scoparia dulcis

Maytenus austroyunnanensis
Alnus nepalensis

Artemisia annua L.

Sedum sp.

Maytenus austroyunnanensis
Artemisia annua

Maytenus austroyunnanensis
Gloriosa superba
Tripterygium hypoglaucum
Maytenus austroyunnanensis
Acacia auriculiformis

Oryza sativa

Aquilaria sinensis

Polyspora axillaris

Callitris preissii

Jatropha curcas

Carex scabrifolia

Maytenus austroyunnanensis
Oryza sativa

Maytenus austroyunnanensis
Orchid

Maytenus austroyunnanensis
Acanthus illicifolius

Osyris wightiana

Tripterygium wilfordii

Ginseng

M. endolithica (98.94%)
M. mirobrigensis (98.5%)

M. purpureochromogenes (98.7%)

M. pattaloongensis (98.7%)
P. halophobica (97.8%)
P. spinosispora (96.2%)
P. kongjuensis (98.5%)

P. alni (99.5%)

P. Zijingensis (98.7%)

P. spinosispora (96.3%)
P. saturnea (96.6%)

P. Zijingensis (98.6%)

D. maris (99.8%)

D. natronolimnaea (99.5%)
G. algeriensis (99.0%)

G. lechevalierae (97.2%)
G. algeriensis (97.4%)

G. algeriensis (97.1%)

S. hebeiensis (97.6%)

S. armeniacus (99.9%)

S. specialis (97.5%)

S. phaeopurpureus (99.5%)
N. candida (98.8%)

N. candida (98.2%)

S. gregorii (99.1%)

S. flava (97.6%)

S. flava (97.7%)

A. caesius (99.3%)

A. iriomotensis (99.2%)
M. luteus (99.06%)

M. luteus (99.7%)

N. nova (97.4%)

N. nova (97.5%)

N. pyridinolyticus (97.0%)

A. atramentaria (97.4%)

Kibdelosporangium aridum (95.5%)

M. endolithica (98.1%)

M. pattaloongensis (97.7%)
J. alkaliphila (98.8%)

M. olivasterospora (98.7%)
H. cretacea (99.9%)

K. mikuniensis (98.2%)

L. poae (97.6%)

Trujillo et al. 2006
Trujillo et al. 2007
Trujillo et al. 2007
Garcia et al. 2010

Gu et al. 2006
Duangmal et al. 2009
Chen et al. 2009

Qin et al. 2009
Kaewkla and Franco 2010
Kaewkla and Franco 2010
Zhao et al. 2010

Qin et al. 2010

Li et al. 2008

Li et al. 2008

Qin et al. 2008

Gu et al. 2007

Qin et al. 2009

Qin et al. 2009

Liu et al. 2009

Zhao et al. 2010

Li et al. 2009

Chen et al. 2009

Liet al. 2010

Qin et al. 2009

Qin et al. 2010

Li et al. 2009

Qin et al. 2008
Thamchaipenet et al. 2010
Indananda et al. 2010
Chen et al. 2009
Zhao et al. 2009
Kaewkla & Franco 2010
Xing et al. 2010

Song et al. 2010

Qin et al. 2009
Indananda et al. 2010
Qin et al. 2009
Inahashi et al. 2009
Qin et al. 2009

Xie et al. 2010

Li et al. 2009

Li et al. 2009

Qiu et al. 2007
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2.3 Secondary metabolites of endophytic actinomycetes

Nowadays, approximately 32,500 bioactive natural products produced from
microorganisms and over two-thirds of the antibiotics produced from actinomycetes.
In recently, endophytic actinomycetes are discovered many new actinomycetes and
new bioactive products with diverse biological activities such as paclitaxel, an
anticancer produced from Kitasatospora sp. that was isolated from Taxus baccata

(Caruso et al., 2000). The novel bioactive metabolites of endophytic actinomycetes

were listed in Table 2.7.

Table 2.7 The novel secondary metabolites of endophytic actinomycetes

Endophytic actinomycetes

Host plants

Secondary metabolites

Activity

Reference

Streptomyces sp. MaB-QuH-8
Streptomyces sp. NRRL30562
Streptomyces sp. NRRL30566
Streptomyces sp.CS
Streptomyces sp.CS
Streptomyces sp. TP-A0456
Streptomyces sp.TP-A0595
Streptomyces sp.TP-A0556
Streptomyces sp.MSU-2110
Streptomyces sp.1s9131

S. aureofaciens CMUAC130

Streptomyces sp. NRRL30562
S. laceyi

S. hygroscopicus TP-A0451
Streptomyces sp. CS
Micromonospora lupini

Streptomyces sp. SUC1

S. albidoflavus
Streptomyces sp.CS

Micromonospora sp.

Maytenus aquifolia
Kennedlia nigriscans
Grevillea pteridifolia
Maytenus hookeri

M. hookeri
Cryptomeria japonica
Allium tuberosum
Aucuba japonica
Monstera sp.

M. hookeri

Zingiber officinale

K.nigriscans

Ricinus communis
Pteridium aquilinum
M. hookeri

Lupinus angustifolius

Ficus benjamina

Bruguiera gymnorrhiza
M. hookeri

L. angustifolius

Celastramycins A and B
Munumbicins A-D
Kakadumycins
24-demethyl-bafilomycin C1
24-demethyl-bafilomycin A2
Cedarmycins A and B
6-Prenylindole
Demethylnovobiocins
Coronamycins

Dinactin, Nonactin

Phenylcoumarin

Munumbicins E-4, E-5
Salaceyins A, B
Pterocidin
Naphthomycin K
Lupinacidins A and B
Lansai B and C

Antimycin A18

Bafilomycin A1, D

Maklamicin

antimicrobial
antibiotic
antibiotic
antimicrobial,
anticancer
antifungal
antifungal
antimicrobial
antibiotic
antitumor
antifungal,
antitumor,
anti-inflammatory

antibiotic
antitumor
antitumor
antitumor
antitumor

anticancer,

anti- inflammatory

antifungal
antitumor

antimicrobial

Pullen et al. 2002
Castillo et al. 2002
Castillo et al. 2003
Lu & Shen 2003
Lu & Shen 2004
Igarashi 2004
Igarashi 2004
Igarashi 2004

Ezra et al. 2004
Zhao et al. 2005
Taechowisan et al.

2005, 2007

Castillo et al. 2006
Kim et al. 2006
lgarashi et al. 2006
Lu & Shen 2007
Igarashi et al. 2007
Tuntiwachwuttikul
et al. 2008;
Taechowisana

et al. 2009

Yan et al. 2010

Li et al. 2010

Igarashi et al. 2011
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2.4 Identification techniques of actinomycetes

The polyphasic approaches by using morphological, cultural, physiological,
biochemical characteristics, chemotaxonomic analyses, comparative analysis of 16S
rRNA gene sequence and phylogenetic pattern have been used for identification and
classification at the genus and family level of actinomycetes (Stackebrandt and

Schumann, 2006) as described below.

2.4.1. Phenotypic characteristics

Phenotypic characteristics comprise of morphological, cultural, biochemical
and physiological characteristics that use the characterization methods of Shirling &
Gottieb (Shirling & Gottlieb, 1966). The morphological characteristics are spore
germination, substrate mycelium, aerial mycelium and spore formation. For spore
formation, the aerial mycelium develops to spore is useful for actinomycete
identification at the genus level. While cultural, biochemical and physiological
characteristics as the color of colony, soluble pigment production, carbon and
nitrogen utilization, growth at different pH, temperature, NaCl (%) and acid

production are also useful characteristics at the species level (Arai, 1975).

2.4.2. Chemotaxonomic characteristics

Chemotaxonomic characteristics such as G+C content of genomic DNA, the
components of cell wall and cell membrane, including diaminopimelic acid, whole
cell sugar, fatty acid, phospholipids and menaquinone are important in the

identification of actinomycetes.

Cell wall composition

Peptidoglycan in bacterial cell wall contains polymer of N-
acetylglucosamine acid (NAG), N-acetylmuramic acid (NAM) and peptide moiety
linked chain that type is one of the most important for Gram-positive bacterial
classification, as in Figure 2.4. The 2,6-diaminopimelic acid (DAP or A,pm) is majority
peptide linked chain of actinomycetes that has three sterecisomers (LL-, DD- and

meso-A,pm) and hydroxyl diaminopimelic acid (3-OH-A,pm) as the key of
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chemotaxonomic analysis. LL-DAP always found in the hydrolysated cell wall of
Streptomyces and Nocardioides while meso-DAP found in rare actinomycetes. DAP

isomers in cell wall peptidoglycan are analyzed by using cellulose TLC (Staneck &

Roberts, 1974).

a DAP-type petidoglycan b Lys-type petidoglycan

OH OH
OH OH
V\/\O O V\/\O O
HO o O HO o O
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| I
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Figure 2.4 The structure of peptidoglycan in bacterial cell wall (J. & R. Dziarski, 2007)

The pattern of whole cell sugar composition is used to identify the
sporulated actinomycetes which have meso-DAP in the cell wall, as shown in Table
2.8 (M. P. Lechevalier & Lechevalier, 1970). Whole cell sugars are analyzed by using
cellulose TLC (Staneck & Roberts, 1974) or HPLC (Mikami & Ishiday, 1983).
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Table 2.8 Whole cell sugar patterns (M. P. Lechevalier & Lechevalier, 1970)

Diagnotic sugars

0] 0]
Patterns 8 g 3 Genera related
£ 2 T 5 %
s & =& 17 2
© 5 © © S
< s U] = X
A + + Nocardia, Mycobacterium,
Pseudonocardia, Micropolyspora
B + Actinomadura, Microbispora,
Streptosporangium
@ No diagnostic sugar Nocardiopsis, Saccharothrix
D + + Micromonospora, Actinoplanes,
Dactylosporangium
E + Frankia

Cell membrane composition

Isoprenoid quinones concern the electron transport system in
respiration and oxidative phosphorylation at bacterial cell membrane that are
devided into 2 types as menaquinone (2-methyl-3-polyprenyl-I,4-naphthoquinones)
and ubiquinone  (2,3-dimethoxy-5-methyl-6-polyprenyl-l,4-benzoquinones).  The
predominant isoprenoid quinone in actinomycete cell membrane was menaquinone
(Collins, Pirouz, Goodfellow, & Minnikin, 1977). The number of isoprene units and the
degree of hydrogenation of double bonds in the isoprenyl chain are the key for
identification (Komagata & Suzuki, 1987). Menaquinones are analyzed by using HPLC
(Collins et al., 1977).

The polar lipids (phospholipids) in the lipid bilayer of bacterial cell
membrane relate to permeability and regulation at the membrane that are a
heterogeneous group of molecules, as shown in the Figure 2.5. The phospholipid

patterns of actinomycetes are shown in Table 2.9 (M. P. Lechevalier & Lechevalier,
1970). Diphosphatidylglycerols (DPG) and phosphatidylinositiol (PI) widely distribute in

the member of actinomycetes that not be useful for classification and identification.
While  phosphatidylinositol-mannosides  (PIMs),  glycophospholipids,  unknown
phospholipids containing glucosamine (GLuNU), phosphatidylethanolamine (PE),
methylphosphatidyl-ethanolamine (PME) and phosphatidylcholine (PC) are the
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phospholipid marker to be useful for identification (Komagata & Suzuki, 1987).
Phospholipid types of actinomycetes relate to the genus level as shown in Table
2.10 (M. P. Lechevalier et al., 1977). Polar lipid composition is analyzed by using two
dimensional TLC (D. E. Minnikin et al., 1984).

2
COMMON GLYCEROPHOSPHOLIPIDS | o LA PO

1 2 3 z
(o]
(R~ __-POX :‘< R
H o 0 Ry >£0
: 1
HoC——OH 1
H oG . [ RS

HO
5
) o] H:C— 0 —C—~Ry
HO H O || Fisch
ALl g ) o ischar
Fischer 3 | Re 77 H o Projection
Projection  H2C——O——P——CH |
| HC— 0 —P—0—X
o |
sn-glycercl-3-phosphate phsopholipids 0
NAME OF X-OH FORMULA OF X NAME OF PHOSPHOLIPID
water —H phosphatidic acid

/\\/’ NH31
sihanclaming phoshatidylethanolamine
N .
cheline T r— phosphatidylcholine
\ {lecithin)

OH CH o
myolnositol G phasphatidylinositel

alyceral N\DH phosphatidyglycerol

Figure 2.5 The structure of some phospholipids (Mescar & Koshland, 2000)

Table 2.9 Phospholipid types (M. P. Lechevalier et al., 1977)

Types Phospholipids
PIMs Pl PC PG PE PME GWNU  APG DPG
| + + \% \% \%
I + + \% + \% +
I \% + + \% \% + \% \%
v ND + \% \% + +
\ ND + + \% + \% +

v, variable; ND, no data
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Table 2.10 Phospholipid types of related genera (M. P. Lechevalier et al., 1977)

Types Phospholipids Genera related
I No nitrogenous phospholipids Actinomadura, Microtetraspora, Nocardioides
I Phosphatidylethanolamine Micromonospora, Actinoplanes, Nocardia,

Streptomyces, Amycolatopsis
I Phosphatidylcholine Nocardia, Nocardiopsis, Pseudonocardia,

Micropolyspora, Saccharopolyspora

1\ GluNU* Actinomadura, Microbispora, Nonomuraea,
Streptosporangium
\ GlUNU and phosphatidyl glycerol  Oerskovia, Promicromonospora

¥, Unknown phospholipids containing glucosamine

The long chain fatty acids form the lipid bilayer of bacterial cell
membrane. For actinomycetes, fatty acids may be separated into two groups as the
between 12 and 20 carbon atoms and the 20 up to 80 carbons (e.g. mycolic acid).
The carbon chain length, the branching location of methyl groups (e.g. iso- or
anteiso-) and the position of double bond were used as the key for bacterial
characterization (D.E. Minnikin & Goodfellow, 1980). Fatty acid types are shown in
Table 2.11 (Kroppenstedt, 1985). Cellular fatty acids are analyzed by using GC (Sasser,
1990). The mycolic acid is analyzed by TLC (Tomiyasu, 1982)
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Table 2.11 Fatty acid types (Kroppenstedt, 1985)

Types | Pathway to straight-chain fatty acid
la Saturated and unsaturated straight chain
lb 10-Methyl branched fatty acids
Ic Cyclopropane fatty acids
Type |l Pathway to terminally branched fatty acids

| iso- and anteiso-Fatty acid

Type Il Complex branched fatty acids
11l iso- and anteiso- fatty acids and 10-methyl branched

DNA base compositions

DNA is a double helix of two strands of polydeoxyribonucleotides.
Purine and pyrimidine base of each nucleotide forms hydrogen bond as adenine (A)
paired with thymine (T) while cytosine (C) paired with guanine (G). The molar ratio,
[(G+O/(G+C+A+T)x100] is useful for classification and identification of actinomycetes
that express the values of DNA base composition as G+C content (%mol). The DNA

base compositions are analyzed by using HPLC (J. Tamaoka & Komagata, 1984).

2.4.3. Genotypic characteristics

Genotypic characterization is the determination of the sequence of bacterial
genome by using 16S rRNA gene sequences on ribosomal RNA that indicate the

phylogenetic relationships in comparing microorganisms.

16S rRNA gene sequence

16S rRNA gene sequencing is a primary screening technique for
determining the phylogenetic position of bacterial classification due to having in
almost bacteria, no changing of the function of 16S rRNA gene, and large enough for
informatic propose (Kim et al, 2012). The 16S rRNA gene sequence is analyzed by
using % similarity with closely related species and phylogenetic tree construction

that depicts all possible topological line of evolutionary descent of different species
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(Saitou & Nei, 1987). However, 16S rRNA gene sequencing is only used to identify into
the genus level (Janda & Abbott, 2007)

DNA-DNA hybridization

DNA-DNA hybridization is the method for bacterial classification that
DNA-DNA relatedness values are the key parameter in the species delineation. The
values of DNA-DNA relatedness are determined by using colorimetry (Ezaki,
Hashimoto, & Yabuuchi, 1989). A species as a group of strains including the type
strain have the values at least 70% total genome DNA-DNA hybridization (Ezaki et al.,
1989).



CHAPTER Il
RESEARCH METHODOLOGY

This study was to isolate and identify the endophytic actinomycetes isolated
from medicinal plants in Thailand. The methods for identification were based on
phenotypic, chemotaxonomic, and genotypic characterization. The secondary
metabolites of all isolates were screened for antimicrobial activity by paper disc
diffusion method. The isolates, that showed effective antimicrobial activity, were

studied on the chemical profiles of their crude extracts by using HPLC analysis.

3.1 Plant sample collection

Healthy leaf, stem and root of plant samples collected from Faculty of
Pharmaceutical sciences at Chulalongkorn University were kept in plastic bags and

stored at 4 °C until isolation.

3.2 Isolation of endophytic actinomycetes

Plant samples were washed to remove soil particles by running tap water for
1-2 minutes. Surface samples were sterilized by soaking in 95% ethanol for 10
minutes, followed by 1% (w/v) sodium hypochlorite for 15 minutes, and 10% (w/v)
NaHCO; for 10 minutes before rinsed with sterilized water for three times based on
the method of Indananda et al (Indananda et al.,, 2011). After that, the surface-
sterilized samples were aseptically cut into small pieces (0.5 x 0.5 cm) and incubated
onto starch casein agar (Kuster & Williams, 1964), Humic acid-vitamin agar medium
(Hayakawa & Nonomura, 1987) and 2.5% water agar medium, containing 25 ug/ml
nalidixic acid and 50 pg/ml cyclohexamide to suppress the growth of gram-negative
bacteria and fungi. The endophytic actinomycetes were observed and picked up to
streak for purification on yeast extract-malt extract agar (YMA, ISP no.2) after

incubation at 28-30 °C for 1-4 weeks. The pure cultures were preserved as colony in
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ISP no.2 slant for short-term period and as lyophilized cells in 10% skim milk for

long- term preservation.
3.3 Identification methods
3.3.1 Phenotypic characterization

Morphological, cultural, physiological and biochemical characteristics of all
isolates were determined by the methods as described in the International

Streptomyces Project (Shirling & Gottlieb, 1966).

3.3.1.1 Morpholosgical characteristics of the 14-days old crosshatch-
streak colony of the isolates on ISP no.2 were observed for mature aerial mycelia

and spore chain by using light microscopy and scanning electron microscopy.

3.3.1.2 Cultural characteristics, the isolates were cultivated on ISP
no.2 broth at 28-30 °C for 4 days and washed the bacterial cells with sterile water for
three times. The bacterial cells were cultivated on nine different agar media, which
were ISP no.2, oatmeal agar (ISP no.3), inorganic salt-starch agar (ISP no.4), glycerol
asparagine agar (ISP no.5), peptone-yeast extract ion agar (ISP no.6), tyrosine agar (ISP
no.7), clucose asparagine agar, Czapek’s sucrose agar, and nutrient agar at 28-30 °C
for 7-14 days. After that the color of mature aerial mycelium, substrate mycelium,
diffusible pigment, and spore were determined by the NBS/IBCC color system (Kelly,
1964)

3.3.1.3 Physiological characteristics were observed including the
properties of NaCl tolerance (0-10 % (w/v) NaCl), temperature tolerance (4-50 °C),
and pH tolerance (pH at 4-10) on ISP no.2 agar for 7-14 days.

3.3.1.4 Biochemical characteristics, the utilization of carbon sources,
starch hydrolysis, gelatin liquefaction, milk peptonization and nitrate reduction were

determined on various media (Shirling & Gottlieb, 1966).

3.3.2 Chemotaxonomic characterization, the selected isolates will be

cultivated in ISP no.2 broth on rotary shaker 200 rpms at 28-30 °C for 7-14 days. The
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cell cultures were collected and washed with sterile water for three times before

freeze drying.
3.3.2.1 Isomers of diaminopimelic acid analysis

Dried cells (10 mg) were hydrolyzed with 1 ml of 6N HCl at 100 °C for
18 hours. The hydrolyzed solution was filtered and evaporated. To dissolve the dry
residue with 400 pl of distilled water, after that will be analyzed by using cellulose
TLC plate with twice the developing solvent system as MeOH : H,O : 6N HCl :
pyridine (80:26:4:10, v/v) based on the method of Staneck and Robert (1974). The
DAP isomer spots detected as dark-green spots by spraying with 0.5% ninhydrin
solution and heating at 100 °C for 5 minutes, that were compared with the DAP

standard solution.
3.3.2.2 Menaquinone analysis

Dried cells (100-500 mg) were extracted with 20 ml of CHCl; : MeOH
(2:1, v/v) overnight. The supernatant of suspension were filtered and evaporated. The
dried extract was dissolved with small volume of acetone and developed on silica
gel TLC plate by using 100 % benzene as the solvent system. The band of
menaquinone was detected with UV light at 254 nm, after that the band was scraped
off and extracted with acetone. The suspension was filtrated through 0.45 pm
membrane filter and dried up with N, gas. The menaquinone was analyzed by HPLC
(Collins et al., 1977). The menaquinone analysis was compared with the reference
strain. The standard solution was the mixture solution of menaquinones extracted

from the reference strain and ubiquinone.
3.3.2.3 Whole-cell sugar analysis

Dried cells (50 mg) were hydrolyzed with 1 ml of 1N H,SO, at 100 °C
for 2 hours and cooled to room temperature before adjusting to pH 5.2-5.5 with
Ba(OH),. The solution was centrifuged at 3,600 rpms for 10 minutes and collected
the supernatant. The supernatant was evaporated. The dry residue was dissolved
with 300 pl of distilled water and developed on cellulose TLC plate by using n-

butanol : water : pyridine : toluene (10:6:6:1, v/v) as the solvent system (Staneck &
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Roberts, 1974). The whole-cell sugar was detected by spraying with acid aniline
phthalate and heated at 100 °C for 4 minutes as yellowish-brown spots for the
hexose sugars, maroon spots for the pentose sugars. The standard solution was the
mixture sugar solution of galactose, arabinose, xylose, rhamnose, mannose, glucose,

and ribose.
3.3.2.4 Cellular fatty acids analysis

Dried cells (40 mg) were saponified by well-suspending in 0.1 ml of
the reagent 1 (NaOH 15 g, MeOH 50 ml, and milli-Q water 50 ml) and heating at 100
°C for 30 minutes. After cooling to room temperature, the solution was methylated
with 2 ml of the reagent 2 (6N HCl 65 ml, MeOH 55 ml) and heated at 80 °C for 10
min. The solution was extracted with 1.25 ml of the reagent 3 (n-hexane 50 ml,
methyl-tert-butyl ether 50 ml) and transferred the upper layer to another tube. The
solution was mixed with 3 ml of the reagent 4 (NaOH 1.2 ¢, milli-Q water 100 ml) for
5 minutes and transferred the supernatant to a GC vial. The cellular fatty acids were
analyzed by using gas chromatography, according to the method of the Sherlock
Microbial Identification System (MIDI, version 6.0) (P. Kdmpfer & Kroppenstedt, 1996)
with the ACTIN1 MIDI database.

3.3.2.5 Polar lipids analysis

Dried cells (150-300 mg) were extracted with 3 ml of MeOH : 0.3%
NaCl (100:10) and 3 ml of petroleum ether for 15 minutes. The lower layer was
collected to add with 1 ml of petroleum ether for 5 minutes and heated at 100 °C
for 5 minutes. After cooling to room temperature, 2.3 ml of CHCl; : MeOH : H,0O
(90:100:30, v/v) was added and mixed well for 15 minutes. The lower layer was
transferred to another tube and extracted again with 2.3 ml of CHCl;: MeOH : H,0O
(50:100:40, v/v). And then, the lower layer was transferred to the previous tube and
added with 1.3 ml of each chloroform and water. The mixed solution was dried with
N, gas (<37 °C) and dissolved with 120 ul of CHCl; : MeOH (2:1, v/v). The extraction
of polar lipids were done based on the method of (D.E. Minnikin & Goodfellow,
1980).
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The polar lipids were determined by using 2-dimension TLC
technique, 10 pl of the mixed solution was applied to the corner of the silica-gel TLC
plate (10 x 10 cm) and developed on CHCl; : MeOH : H,0O (65:25:4, v/v) as the first
solvent system and CHCl; : CH3;COOH : MeOH : H,O (40:7.5:6:2, v/v) as the second
solvent system. For detection of chromatogram patterns, the TLC plate was sprayed
with specific reagents such as Molybdenum blue reagent for detection of lipids
containing phosphate ester, Ninhydrin followed by heating at 110 °C for 10 minutes
for detection of the polar lipids that contain free amino groups as
phosphatidylethanolamine (PE) and its derivatives (lyso-PE, OH-PE and, methy!l-PE),
Dragendorff’s reagent for detection of phosphatidylcholine, Anisaldehyde reagent
followed by heating at 110 °C for 10 minutes for detection of glycolipids (green-
yellow spot) and other lipid (blue spot), and Dittmer and Lester reagent or
phosphomolybdic acid reagent followed by heating 120 at °C for 10 minutes for

detection of all lipids in the cells.
3.3.2.6 DNA base composition analysis

One gram of wet cells were suspended in 2 ml of saline-EDTA (pH 8)
with 5-10 mg of lysozyme at 37 °C for 30 minutes. The solution was added with 8 ml
of Tris-NaCl (0.1M Tris and 0.1M NaCl, pH 9) and 0.05-0.1 ml of 10% SDS, and then
heated at 55-60 “C for 10 minutes. The extraction of proteins were carried out by
adding 5 ml of phenol : chloroform (1:1) and centrifuged at 10,000 rpm for 10
minutes. The supernatant was transferred to a small beaker and then added with 5-
10 ml of 95% ethanol to precipitate the DNA. The DNA was spooled with a glass rod
and dry in room temperature. After drying, the DNA was dissolved in 3 ml of 0.1 SSC
(0.1 M NaCl and 0.015 M Na-Citrate, pH7) and eliminated the RNA by incubating in 0.3
ml of RNase A solution at 37 °C for 20 minutes. The DNA solution was added with 0.5
ml of 10 x SSC and extracted with phenol : chloroform (1:1) again. The DNA was
precipitated from the supernatant, spooled with a glass rod, dry and dissolved in 0.1
SSC. The DNA solution was measured for the purity by using spectrophotometer at
OD460/ODygp (1.8 < OD,4/ODyg0 < 2.0). The DNA solution (10 pg/ml) was heated at 100
°C for 10 minutes. The denatured DNA was hydrolyzed with 10 pl of nuclease P1
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solution at 50 °C for 1 hour and incubated in 10 pl of alkaline phosphatase solution
at 37 °C for 1 hour. The DNA G+C content was determined by using HPLC (J.
Tamaoka, 1994).

3.3.3 Genotypic characterization
3.3.3.1 16S rRNA gene sequencing and phylogenetic analysis

The chromosomal DNA was prepared according to the method of
(Saito & Miura, 1963). The all isolates were cultivated in ISP2 no.2 medium at 28-30
°C for 4-6 days. The cells were collected and washed twice with sterile water. The
cells were lysed by using aluminium oxide with a micromixer for 90 seconds. The
lyzed cells were added with 300 ml of phenol : chloroform (1:1, v/v) and mixed well
for 5 minutes. The solution was centrifuged at 14,000 rpm for 15 minutes, the upper
layer was transferred to the other tube and extracted with phenol : chloroform (1:1,
v/v). The upper layer was collected and precipitated the DNA. 16S rRNA gene
sequence was amplified by polymerase chain reaction (PCR) (Yamada et al., 2000).
The PCR products were detected by gel electrophoresis and compared the particle
size with 1 kb DNA marker. After that the PCR products were analyzed the nucleotide
sequence at the Macrogen, Korea. The paired primers were used for sequencing as
20F/1492R, 518F/800R and 357F/920R. Sequence homology was performed on the

standard BLAST sequence similarity searching program from website http://eztaxon-

e.ezbiocloud.net/ (Chun et al.,, 2007). The multiple alignments of the sequences
were carried out with the BioEdit program. The neighbor-joining tree (Saitou & Nei,
1987) was constructed by using the MEGA 5.0 program (Tamura et al.,, 2011). The
topology was evaluated in a bootstrap analysis (Felsenstein, 1985) based on 1,000

replication.
3.3.3.2 DNA-DNA hybridization

The purification of genomic DNA (chromosomal DNA), 1 ¢ of wet cells
were suspended and inoculated in 2 ml of saline-EDTA (pH 8) with 5-10 mg of
lysozyme at 37 °C for 30 minutes. The solution was added with 8 ml of Tris-NaCl
(0.1M Tris and 0.1M NaCl, pH 9) and 0.05-0.1 ml of 10% SDS and then heated at 55-
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60 "C for 10 minutes. The extraction of proteins were carried out by adding 5 ml of
phenol : chloroform (1:1) and centrifuged at 10,000 rpms for 10 minutes. The
supernatant was transferred to a small beaker and added with 5-10 ml of 95%
ethanol to precipitate the DNA. The DNA was spooled with a glass rod and dry in
room temperature. After drying, the DNA was dissolved in 3 ml of 0.1 SSC (0.1 M NaCl
and 0.015 M Na-Citrate, pH7) and eliminated the RNA by incubating in 0.3 ml of
RNase A solution at 37 °C for 20 minutes. The DNA solution was added with 0.5 ml of
10 x SSC and extracted with phenol : chloroform (1:1) again. The DNA was
precipitated from the supernatant, spooled with a glass rod, dry and dissolved in 0.1
SSC. The genomic DNA solution was measured for the purity by using

spectrophotometer at OD,g0/ODygg (1.8 < ODg0/ODsgy < 2.0) (J. Tamaoka, 1994).

The immobilization of single-strand DNA on the 96-well plate
(microplate), 0.2 ml of genomic DNA solution (0.1 mg/ml) by boiling for 10 minutes
after that immediately cooled in ice. The denature single-strand DNA solution was
added with 1 ml of 2xPBS, 0.6 ml of distilled water and 0.2 ml of MgCl, and then
mixed well. The single-strand DNA solution (0.1 ml) was dispensed to each well of
the microplate and fixed on the wells at 37 °C for 2 hours. The fixed-well was
removed solution and washed with 0.2 ml of PBS. The microplate was dried up at 60

°C for 2 hours and preserved in the desiccators until testing.

The preparation of DNA probe, 10 pl of DNA solution (Img/ml) was
added with 15 pl of photobiotin solution (1mg/ml) and radiated with a sunlamp for
30 minutes. The DNA probe was labeled with photobiotin before adding with 0.2 ml
of 0.1 M Tris-HCl buffer (pH 9.0) and 0.4 ml of 2-butanol. The mixed solution was
centrifuged at 12,000 rpms for 20 seconds and discarded the upper layer. The lower
layer was added with 0.4 ml of 2-butanol. The mixed solution was centrifuged at
12,000 rpm for 20 minutes and discarded the upper layer. The lower layer was
transferred to the new microtube and boiled for 15 minutes after that immediately
cooled in ice and sonicated for 3 minutes before dissolved with 10 ml of the

hybridization solution.
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The 0.1 ml of the biotinylated DNA probe solution was dispended to
each well of the microplate and incubated at optimal temperature for 15 hours. The
solution was discarded and the microplate was washed three times with 0.2 ml of
0.2xSSC. The microplate was added with 0.2 ml of the solution 1 and incubated at
room temperature for 10 minutes after that the solution 1 was discarded. The 0.1 ml
of the solution 2 was added to each well of the microplate after that incubated at
37 °C for 30 minutes and the solution 2 was discarded. The microplate was analyzed
using calorimetric method by 100 ul of peroxidase-streptavidin solution and the
solution was discarded after incubated at 37 °C for 30 minutes. The microplate was
washed twice with 300-400 pl of PBS and incubated in 100 pl of
tetramethylbenzidine- H,O, solution at 37 °C for 5 minutes. The enzyme reaction
was stopped with 100 pl of H,SO, after that the absorbance at 450 nm was
measured using the microplate reader (Microplate Reader Wallac 1420,
PerkinElmerTM). The results were calculated for the value of percentage of DNA

homology (Ezaki et al., 1989).
3.4 Screening for antimicrobial activity

The isolates were inoculated into 10 ml of ISP no.2 broth (seed medium) and
incubated at 28 °C for 4-5 days on a shaker at 200 rpms. The 0.1 ml of inocula were
incubated in 10 ml of the production medium (ISP no.2) at 28-30 °C for 14 days on a
shaker at 200 rpms (Songsumanaus, 2010). The culture broth was centrifuged to
discard the cells. The supernatant was screened for antimicrobial activity by using
paper disc diffusion method. The culture broth was extracted with ethyl acetate for
15 minutes and collected the upper layer after that it was evaporated. The crude
extracts were dissolved with methanol and screened for antimicrobial activity by

using paper disc diffusion method.

The tested bacteria, including Staphylococcus aureus ATCC 25923, Bacillus
subtilis ATCC 6633, Kocuria rhizophila ATCC 9341, Escherichia coli ATCC 25922 and
Pseudomonas aeruginosa ATCC 27853 will be cultivated on trypticase soy agar (TSA)
at 37 °C for 24 hours, before antimicrobial testing. The tested yeast, Candida
albicans ATCC 10231 will be cultivated on Sabouraud dextrose agar (SDA) at 30 °C
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for 48 hours. All tested microorganisms will be suspended in 0.85% normal saline
solution and standardized the turbidity with McFarland solution No.0.5,
approximately 1.5 x10° CFU of cell suspension. The tested plates will be swabbed
with tested microorganisms, TSA for cultivation of the bacteria and SDA for
cultivation of the yeast. The dried discs will be placed on the surface of tested
plates and incubated at 37°C 24 hours for the bacteria and 30 °C, 48 hours for the
yeast. The 30 pl of chloramphenicol (1 mg/ml) or 50 ul of ciprofloxacin (0.1 mg/ml)
will be used as a position control of antimicrobial activity testing for bacteria. The 20
ul of cycloheximide (2.5 mg/ml) will be used to the position control of antimicrobial
activity testing for yeast. Methanol will be used to the negative control of
antimicrobial activity testing (Vargas, Sousa, Smania, & Smania, 2007). The inhibition

zones will be measured by using vernier calipers.
3.5 Chemical profile analysis of the secondary metabolites
3.5.1 Fermentation of the selected isolates

The isolates with high activity were selected to inoculate in the seed medium
(ISP no.2) at 28-30 °C for 5 days on a shaker at 200 rpms. Approximately 3 ml of the
inoculum will be incubated in 350 ml of the production medium (ISP no.2) at 28-30

°Cfor7 days on the shaker at 200 rpms.
3.5.2 Extraction of the secondary metabolites

After the fermentation, the cells were discarded by centrifugation at 4,500
roms for 10 minutes. The supernatant were collected and extracted with ethyl

acetate three times. The ethyl acetate layer was evaporated to dryness.
3.5.3 Chemical profile analysis of the secondary metabolites

The crude extract was dissolved in MeOH and analyzed the chemical profile
by using HPLC. The chemical profile was compared with the in-house BIOTEC’s
compound database. The isolates containing unknown secondary metabolites, will

be selected for further study.



CHAPTER IV
RESULTS AND DISCUSSION

4.1 Plant sample collection

In this study, the medicinal plant samples containing leaves, stem and roots,
were collected from the Faculty of Pharmaceutical Sciences, Chulalongkorn

University, Bangkok, Thailand, as shown in Table 4.1.

Table 4.1 Plant sample, collected date and isolated date

Plant sample Collected
Isolated date

Genus or scientific name Family name date

Catharanthus roseus Apocynaceae 14/01/2013 14/01/2013
Stemona sp. Stemonaceae 14/01/2013 14/01/2013
Ophiorrhiza sp. Rubiaceae 24/02/2013 27/02/2013
Pseuderanthemum graciliflorum Acanthaceae 27/02/2013 27/02/2013
Phyllanthus amarus Euphorbiaceae 28/03/2014 28/03/2014
Phyllanthus pulcher Euphorbiaceae 28/03/2014 28/03/2014
Vernonia cinerea Asteraceae 10/04/2014 10/04/2014

4.2 Isolation of endophytic actinomycetes

In this study, forty-seven actinomycetes were isolated from roots, stems and

leaves of eight healthy medicinal plant samples within 7-21 days after incubation at

30°C by using three different agar media (humic acid-vitamin agar, starch-casein agar
and 2.5% water agar) supplemented with cycloheximide (50 pg/ml) and nalidixic acid
(25 pg/ml), as shown in Table 4.2. Eleven isolates were collected from root and
leaves of Catharanthus roseus as CR1-01 to CR1-11. Ten isolates were collected from
stem of Stemona sp. as ST1-01 to ST1-10. Two isolates were collected from stem
and leaves of Pseuderanthemum graciliflorum as PG1-01 to PG1-02. Two isolates

were collected from stem and leaves of Ophiorrhiza sp. as OH1-01 to OH1-02. Eleven
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isolates were collected from stem, roots and leaves of Phyllanthus amarus as PA1-
01 to PA1-11. Six isolates were collected from stem and roots of Phyllanthus pulcher
as PP1-01 to PP1-06. Five isolates were collected from stem and leaves of Vernonia
cinerea as VC1-01 to VC1-05. All isolates were cultivated on ISP no. 2 slants

(triplicates) and preserved as lyophilized cells in 10% skim milk.

Table 4.2 Host plant, agar media and isolate number of actinomycete isolates

Host plant Agar Isolate number
medium Root Stem Leaf
Catharanthus roseus HV CR1-05 - CR1-01, CR1-03
SC CR1-06, CR1-07, - CR1-02, CR1-04, CR1-11

CR1-08, CR1-09,

CR1-10
Stemona sp. HV - ST1-02, ST1-03, -
ST1-04, ST1-05
SC x ST1-01, ST1-07 -
WA - ST1-06, ST1-08, -
ST1-09, ST1-10
Ophiorrhiza sp. HV - - OH1-01
WA = - OH1-02
Pseuderanthemum HV - PG1-01 PG1-02
graciliflorum
Phyllanthus amarus HV - PA1-07 -
SC PA1-01, PA1-03, PA1-09, PAl1-11 PA1-10

PA1-05, PA1-06

WA - - PA1-02, PA1-04, PA1-08
Phyllanthus pulcher HV PP1-02 PP1-06 -
SC PP1-01, PP1-04, PP1-03 -
PP1-05
Vernonia cinerea SC - VC1-01, VC1-02, VC1-03, VC1-04
V1-05

HV; humic acid-vitamin agar, SC; starch casein agar, WA; 2.5% water agar
CR; Catharanthus roseus, ST; Stemona sp., PG; Pseuderanthemum graciliftorum, OH; Ophiorrhiza sp.,

PA; Phyllanthus sp., PP; Phyllanthus pulcher, and VC; Vlernonia cinerea
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4.3 Identification of endophytic actinomycetes

The different thirty-seven isolates were selected from forty-seven isolates
based on morphological and cultural characteristics by using light microscopy (500X),
color of colony and soluble pigment that observed on ISP no. 2 agar at 30C for 14
days. On the basis of the same colony morphology on ISP no.2, isolate PA1-03 was
selected as a representative of the isolates PA1-01, PA1-03, PA1-05 and PA1-06. The
isolate PA1-02 was selected as a representative of isolates PA1-02, PA1-04, PA1-08
and PA1-10. The isolate PA1-11 was selected as a representative of isolates PA1-09
and PA1-11. The isolates PP1-01 and PP1-04 were selected as the representatives of
isolates PP1-01, PP1-02, PP1-04 and PP1-05. The isolate PP1-03 was selected as a
representative of isolates PP1-03 and PP1-16. The isolate VC1-04 was selected as a
representative isolate of VC1-04 and VC1-05. They were identified as Streptomyces
(13 isolates), Amycolatopsis (1 isolate), Nocardia (2 isolates), Micromonospora (3
isolates), Microbispora (15 isolates), and Nonomuraea (3 isolates) by using 16S rRNA

gene sequencing, as shown in Table 4.3 and Figure 4.1.

Table 4.3 Identification of isolates based on 16S rRNA gene sequences

Host plant Isolate number Identification
Root Stem Leaf
Catharanthus roseus CR1-05, CR1-06, CR1-07, - CR1-01, CR1-02, CR1-03,  Microbispora
CR1-08, CR1-09, CR1-10 CR1-04, CR1-11
Stemona sp. - ST1-01, ST1-02, ST1-03, ST1-04, - Streptomyces

ST1-05, ST1-07, ST1-09, ST1-10

ST1-06 - Nocardia
ST1-08 - Amycolatopsis
Ophiorrhiza sp. - - OH1-01, OH1-02 Microbispora
Pseuderanthemum sp. - PG1-01 PG1-02 Microbispora
Phyllanthus amarus PA1-03 - - Nocardia
(PA1-01, PA1-05, PA1-06)
PA1-07 - Streptomyces
PA1-11 PA1-02 Nonomuraea
(PA1-09) (PA1-04, PA1-08, PA1-10)
Phyllanthus pulcher PP1-01, PP1-04 (PP1-02, PP1-03 - Micromonospora
PP1-05) (PP1-06)
Vernonia cinerea - VC1-01, VC1-02 VC1-03, VC1-04 Streptomyces
(VC1-05)

The isolates in parentheses were not selected to analyze 16S rRNA gene sequence because their morphological and cultural

characteristics on ISP no.2 were similar to the representative isolates.
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4.3.1 Characteristics of Streptomyces (Group )

The isolates ST1-01, ST1-02, ST1-03, ST1-04, ST1-05, ST1-07, ST1-09, ST1-10, VC1-01,
VC1-02, VC1-03, VC1-04 and PA1-07 were assigned as Streptomyces based on their
phenotypic, genotypic and chemotaxonomic characteristics (P. Kampfer, 2012). The
cultural characteristics based on colors of aerial mycelium, substrate mycelium and

soluble pigment on ISP no. 2 agar of the isolates were shown in Table 4.4. Most of

these isolates grew on 4-5 % NaCl, at pH 6-10 and 20-45 °C. Peptonization of milk,
gelatin liquefaction and starch hydrolysis were positive and variation characteristics
were shown in Table 4.5. The representative isolate, PA1-07 formed rugose spore
chains on aerial mycelium cultivated on ISP2 agar for 14 days (Figure 4.2). This isolate
contained LL-diaminopimelic acid in cell wall peptidoglycan. The whole cell
hydrolysates offered ribose, mannose, galactose and glucose, corresponded to
pattern B (M. P. Lechevalier & Lechevalier, 1970). Predominant menaquinones were
MK-9(He) and MK-9(Hg). The major cellular fatty acids were anteiso-C;s., i50-Cis.0, Cis.0,
is0-Cyg.0, C16:0, and anteiso-Cy7.0, corresponded to pattern Il (Kroppenstedt, 1985) as in
Table 4.6. DNA G+C content was 71 mol%. It grew at 20-40 °C, pH 6-10 and on 5 %
(w/v) maximum of NaCl. Gelatin liquefaction, starch hydrolysis and skim milk
peptonization were positive. Nitrate reduction and milk coagulation were negative. It
used L-arabinose, D-galactose, D-glucose, slycerol, myo-inositol, lactose, D-mannitol,
D-raffinose, L-rhamnose and D-sorbitol as sole carbon sources while carbon

utilization of other isolates in the genus Streptomyces was in Table 4.5.

On the basis of 16S rRNA gene sequence analysis indicated that ST1-01 was
closely related to S. thermocarboxydus JCM 10368 (99.85% similarity) that was
identified as S. thermocarboxydus JCM 10368T. ST1-02, ST1-03, ST1-04, ST1-05 and
ST1-07 were closely related to S. albidoflavus JCM 4446’ (99.62-99.78 % similarity)
that were identified as S. albidoflavus JCM 4446, ST1-09 and ST1-10 were closely
related to S. corchorusii JCM 4467 (99.35-99.55 % similarity) that were identified as S.
corchorusii JCM 4467T. VC1-01, VC1-02, VC1-03 and VC1-04 were closely related to S.
coerulescens JCM 4360 (99.04-99.48% similarity) that were identified as S.

coerulescens JCM 4360". PA1-07 was closely related to Streptomyces curacoi JCM
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4219' (98.75% similarity). Neighbor-joining tree exhibited the relative between some
isolates and some members of the genus Streptomyces as shown in Figure 4.3. Some
isolates are possibly identified as new species in the genus Streptomyces however
they should be confirmed by compared characterization and DNA-DNA hybridization
with closely type strains (Stackebrandt & Schumann, 2006).

Figure 4.2 Photomicrograph (500x) and scanning electron micrograph of

Streptomyces sp. PA1-07 on ISP no. 2 agar at 30 °C for 14 days.
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Figure 4.3 Neighbor-joining tree based on partial 16S rRNA gene sequences, showing



Table 4.4 Cultural characteristic of the Streptomyces isolates
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Isolate No

Color of upper surface

Color of reverse surface

Soluble pigment

ST1-01
ST1-02
ST1-03
ST1-04
ST1-05
ST1-07
ST1-09
ST1-10
PA1-07
VC1-01
VC1-02
VC1-03
VC1-04
VC1-05

White
Greenish white (153)
Greenish white (153)
Greenish white (153)

Greenish white (153)

Pale yellowish green (121)
Pale yellowish pink (31)

Pale yellowish pink (31)

Yellowish white (92)
Yellowish white (92)
Yellowish white (92)
Yellowish white (92)
Yellowish white (92)

Yellowish white (92)

Strong yellow brown (74)
Moderate reddish brown (43)
Moderate reddish brown (43)
Moderate reddish brown (43)
Moderate reddish brown (43)
Moderate reddish brown (43)

Strong orange (50)
Strong orange (50)
Pale yellowish pink (31)
Dark yellow (89)
Dark yellow (89)
Dark yellow (89)
Dark yellow (89)

Dark yellow (89)

Moderate yellow (87)

Moderate yellow(87)
Moderate yellow(87)
Moderate yellow(87)
Moderate yellow(87)

Moderate yellow(87)

Strong reddish brown (40)
Strong reddish brown (40)
Strong reddish brown (40)
Strong reddish brown (40)

Strong yellowish brown (54)




Table 4.5 Physiological and biochemical characteristics of Streptomyces isolates
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characteristics S. gl 8 gl uols 5 %. 9. 5 8. gl «Ols é.r 3.
c FE E E E E E E Z o O U O O
(%} (%} (%} w0 wn (%) wn (%) o = > > > >
% NaCl max 5 4 4 5 4 5 4 4 5 5 5 5 5 5
pH 69 69 69 69 69 69 610 610 610 69 69 69 69 69
Temperature (°C) 20-45 20-45 20-45 20-45 20-45 20-45 20-45 2045 2040 20-45 20-45 20-45 20-45 20-45
Peptonization of milk + + + + + + + + + + + + + o+
Coagulation of milk - - - - - - - - - - - - - -
Gelatin liquefaction + + + + + + + + + + + + + o+
Nitrate reduction + - - - - - - + - - - - - -
Starch hydrolysis + + + + + + + + + + + + o+ o+
Utilization of:
L-Arabinose + w W W W N . W w - w - - W
D-Galactose + + + + + + + + + + + + + o+
D-Glucose + w + 0w w + + + + + + + o+ o+
Glycerol - w W W W Y 2 - w - - - - -
myo-Inositol - + + + + + + + + + + + + o+
Lactose - w wow w + + + + + + + + o+
D-Mannitol - w wow w - + + + + + + o+ o+
D-Raffinose - + + + + + + + + + + + + 4+
L-Rhamnose - w W+ + - + + + + + + o+ o+
D-Sorbitol w + + + + + + w + + w + o+ W

+, positive; w, weakly positive; -, negative
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Table 4.6 Cellular fatty acids of representative Streptomyces isolates and S. curacoi

JCM 4219"

N 5 % 5 3 5 3
atty acid E E L;) L;) g %

Straight-chain fatty acids
Ciag 2.2 1.6 24 1.0 2.6 5.0
Cisg 1.3 0.6 4.3 1.2 2.5 3.1
Ciso 17.2 10.9 19.0 10.7 14.3 10.9
Cizo 0.5 0.3 1.5 0.6 22 0.4
Cy79 cyclo 2.6 3.7 1.6 2.4 2.8 0.4
Cigo 1.1 0.7 0.6 0.9 5.4 -
Unsaturated fatty acids
Cigq WTC 2.1 0.4 22 0.9 55 2.1
Cygq WIC 1.9 0.6 1.4 0.7 2.5 1.9
Branched fatty acids
i50-Ciag 5.8 4.2 6.9 55 3.4 58
is0-Cy5.0 6.5 7.0 8.0 6.0 59 6.5
anteiso-Cys, 13.0 22.6 18.6 17.1 9.0 13.0
is0-Cig0 19.4 16.9 15.5 26.9 13.2 19.4
is0-Cygq H 2.0 2.0 0.3 29 1.5 2.0
is0-Cy7.9 1.7 3.0 2.3 2.8 4.4 1.7
anteiso-Cy7q 4.7 12.6 5.1 9.8 7.3 4.7
is0-Cy7., W9C 1.6 1.6 0.8 1.8 1.9 1.6
anteiso-Cy7., W9cC 1.4 3.0 0.5 2.7 3.6 1.4
Summed in feature 4.5 24 2.8 1.9 7.7 15.8

“Values are percentages of total cellular fatty acids. -, not detected.

4.3.2 Characteristics of Amycolatopsis (Group )

The isolate ST1-08 was assigned in the genus Amycolatopsis based on its
phenotypic, genotypic and chemotaxonomic characteristics (Yuan, Tan, &
Goodfellow, 2012). It formed smooth and squarish to ellipsoidal spore-like chain on
aerial mycelium when cultured on ISP no. 2 agar for 14 days (Figure 4.4). The colors

of aerial mycelium, substrate mycelium and soluble pigment on various agar media
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were shown in Table 4.7. The isolate ST1-08 grew on ISP no. 2 media with 1 to 2 %

NaCl, pH 6 to 8 and 20 to 45°C. Peptonization of milk, gelatin liquefaction and starch
hydrolysis were positive but milk coagulation and nitrate reduction were negative
(Table 4.8). It utilized L-arabinose, D-galactose, D-glucose, glycerol, myo-inositol, D-
mannitol, L-rhamnose as sole carbon sources but not use Lactose, L-raffinose and D-
sorbitol. Acid was produced from adonitol, L-arabinose, galactose, myo-inositol,
maltose, D-mannitol, D-melibiose, a-methyl-D-glucoside, L-raffinose, L-rhamnose,
salicin, sucrose, trehalose and xyrose (Table 4.8). It contained meso-diaminopimelic
acid in cell wall peptidoglycan. The whole cell hydrolysates offered rhamnose,
ribose, mannose, glucose, galactose and arabinose corresponded to pattern A (M. P.
Lechevalier & Lechevalier, 1970). The predominant menaquinone was MK-9(H,). The
phospholipid profile composed of hydroxylated phosphotidylethanolamine (OH-PE),
phisphatidylinositol (PI), diphosphotidylglycerol (DPG), phosphatidylethanolamine (PE)
and phosphotidylglycerol (PG) that corresponded to pattern IV (M. P. Lechevalier et
al,, 1977), shown in Figure 4.5. The major cellular fatty acids were iso-Cig.g, 150-Cys.,
anteiso-Cy7.9, Ci7.1, Cigo, 150-Ci7, anteiso-Cys.g, Cis:0, Ci70, 150-Cia, Cis:4 and 10-methyl
Cy7,0 that corresponded to pattern lIl (Kroppenstedt, 1985), as in Table 4.9. DNA G+C

content was 71 mol%.

On the basis of 16S rRNA gene sequence analysis and phylogenetic tree
investigation indicated that ST1-08 was closely related to Amycolatopsis pretoriensis
JCM 12673 (98.99 % similarity) as in Figure 4.6. The levels of DNA-DNA relatedness
value among ST1—O8T, A. pretoriensis JCM 12673 (17.4+52 to 57.6+6.4) and A.
lexingtonensis JCM 12672T (19.9+2.9 to 42.2+1.8) were lower than 70%, the cutoff
level for assigning strains to the same species as in Table 4.10 (Wayne et al., 1987).
This result can be indicated that strain ST1-08' represents a genomic distinct from
some related Amycolatopsis species. Therefore, the differences of physiological,
biochemical characteristics and DNA-DNA relatedness support that ST1-08' is a novel
species of the genus Amycolatopsis and named Amycolatopsis stemonae (Type

strain ST1-08'=JCM 30050 =PCU 339" =TISTR 2278 ).
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Figure 4.4 Photomicrograph (500x) and scanning electron micrograph of

Amycolatopsis sp. ST1-08' on ISP no. 2 agar at 30 °C for 14 days.

nbG

o 4

Figure 4.5 Polar lipid profile of isolate ST1-08' after two dimension TLC and detected
with Dittmer & Lester (A), ninhydrin (B), anisaldehyde (C), phosphomolybdic acid (D)

and dragendorff (E) as spraying reagents.
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Figure 4.6 Neighbor-joining tree based on partial 16S rRNA gene sequences, showing

Amycolatopsis isolate and related type strains.



a4

Table 4.7 Cultural characteristics of the ST1-08' and closely related species in the
genus Amycolatopsis by the NBS/IBCC color System

ST1-08 A. pretoriensis A. lexingtonensis
Media
JCM 12673" Jom 12672
Growth on ISP no.2 Good Good Good
Color of upper surface White Pale yellow White

Color of reverse surface
Soluble pigment
Growth on ISP no.3
Color of upper surface
Color of reverse surface
Soluble pigment
Growth on ISP no.4
Color of upper surface
Color of reverse surface
Soluble pigment
Growth on ISP no.5
Color of upper surface
Color of reverse surface
Soluble pigment
Growth on ISP no.6
Color of upper surface
Color of reverse surface
Soluble pigment
Growth on ISP no.7
Color of upper surface
Color of reverse surface
Soluble pigment
Growth on GluA
Color of upper surface
Color of reverse surface
Soluble pigment
Growth on Czk
Color of upper surface
Color of reverse surface
Soluble pigment
Growth on NA
Color of upper surface
Color of reverse surface
Soluble pigment

Strong reddish orange
Moderate

White

Pale yellow
Moderate

White

Pale greenish yellow
Moderate

White

Strong reddish orange
Poor

White

Brilliant orange yellow
Good

White

Light orange yellow
Moderate

White

Yellowish white
Moderate

White

Pale greenish yellow
Moderate

White

Pale yellow

Pale yellow
Moderate

White

Pale greenish yellow
Good

White

Pale yellow

Good

White

Pale greenish yellow
Poor

Strong reddish orange
Light orange yellow
Good

White

Pale yellow89

Good

Yellowish white
Yellowish white
Moderate

White

Yellowish white
Good

Pale greenish yellow

Pale greenish yellow

Deep reddish brown
Deep orange

Good

White

Moderate orange
Light yellow pink
Good

White

Deep orange yellow
Vivid orange yellow
Good

Yellowish white
Deep reddish brown
Deep orange
Moderate
Yellowish white
Strong yellow

Pale yellow

Good

white

Dark reddish brown
Strong brown

Good

White

Brownish orange
Light orange

Poor

White

Pale yellowish pink
Pale pink

Good

White

Deep orange

Dark yellowish pink




Table 4.8 Physiological and biochemical characteristics of Amycolatopsis isolates

ST1-08' A. pretoriensis A. lexingtonensis
Characteristics T T
JCM 12673 JCM 12672
% NaCl max 4 1 2
pH 6-11 6-11 6-11
Temperature °Q) 15-40 20-45 20-45
Starch hydrolysis + - -
Peptonization of milk + - -
Nitrate reduction - + +
Gelatin liquefaction + - .
Carbon utilization
L-Arabinose + w +
D-Galactose + + +
D-Glucose + w +
Glycerol + + +
myo-Inositol + + +
Lactose - w +
D-Mannitol + - +
D-Raffinose 4 w B,
L-Rhamnose + w +
D-Sorbitol 3 + -
Acid production from
Adonitol + : _
L-Arabinose + w +
D-Cellobiose s w +
D-Galactose w w +
Lactose 2 + +
Maltose + w +
D-Mannitol + w +
D-Melibiose + - +
A-Methyl-D-glucoside + w +
D-Sorbitol - + i
Sucrose + w +
D-Trehalose + w +
D-Xylose + - +

+, positive; -, negative; w, weakly positive
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Table 4.9 Cellular fatty acids of ST1-08' and related Amycolatopsis species

Fatty acid” ST1-08 A. lexingtonensis A. pretoriensis
JCM 12672" JcM 12673"

Straight-chain fatty acids

Ciao 1.2 1.0 0.4
Cis0 2.7 2.2 1.2
Ciso 11.7 10.1 4.3
Ci70 4.0 25 1.7
Unsaturated fatty acids

Cy74 W6C 3.1 5.5 3.6
Cy7.4 W8C 2.6 2.7 1.9
Branched fatty acids

i50-Ciag 2.5 3.2 3.3
i50-Cy5:0 12.8 17.8 18.8
is0-Cip0 26.0 24.6 34.9
i50-Cy7,9 3.8 35 5.0
anteiso-Cys, 35 3.8 4.5
anteiso-Cy7q 8.5 5.8 104
10Me-Cy40 1.0 - 0.9
Summed in feature 5.1 8.5 5.0

“Values are percentages of total cellular fatty acids. -, not detected

Table 4.10 DNA-DNA relatedness of ST1-08' and related Amycolatopsis species

DNA-DNA relatedness (%) with labeled strains*

Strain sT1-08" A. pretoriensis A. lexingtonensis
JCM 12673 JCM 12672"

sT1-08" 100.0+0.2 57.646.4 42.2+1.8

A. pretoriensis JCM 12673T 17.4+5.2 100.0+13.5 48.6+4.6

A. lexingtonensis JCM 12672 19.9+2.9 71.31+124 100.0+28.5

* Values obtained from three independent determinations
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4.3.3 Characteristics of Nocardia (Group III)

The isolates ST1-06 and PA1-03 were indicated in the genus Nocardia based
on their phenotypic, genotypic and chemotaxonomic characteristics (Stackebrandt et
al., 1997). ST1-06, a representative isolate formed moderate orange yellow substrate
mycelia and fragmented into rod-shaped and non-motile spores on pale orange
yellow aerial mycelium when cultured on ISP no. 2 agar for 14 days (Figure 4.7). The
color colony of PA1-03 was yellowish white aerial mycelium and pale yellow
substrate  mycelium. The soluble pigment was not produced. The cultural

characteristics of ST1-06 on various media were shown in Table 4.11. ST1-06 grew on

ISP no. 2 media with 1 to 5% NaCl, pH 5 to 8 and at 20 to 40°C. Coagulation of milk
was weakly positive. Peptonization of milk, gelatin liquefaction, nitrate reduction and
starch hydrolysis were negative. They utilized different carbon sources exhibited the
isolate ST1-06 utilized L-arabinose, D-galatose, D-glucose, slycerol, myo-inositol, D-
mannitol, L-rhamnose and D-sorbitol as sole carbon sources but not lactose and L-
raffinose (Table 4.12). The isolate ST1-06 was selected to study chemotaxonomic
characteristics that represent all isolates in this group of the genus Nocardia. It
contained meso-diaminopimelic acid in cell wall peptidoglycan. It contained ribose,
mannose, arabinose, calactose and glucose as the reducing sugars of whole cell
hydrolysates which corresponded to whole cell sugar pattern A (Lechevalier and
Lechevalier, 1970). The predominants of isoprenoid quinone were 2,3-epoxy MK-8
(Hi-@cycl) and MK-8 (Hs-Mcycl). The phospholipid composition composed of
diphosphotidylglycerol (DPG), phosphatidylethanolamine (PE), phisphatidylinositol
(PI), phosphotidylinositolmannosides (PIMs) and phosphotidylglycerol (PG) which
corresponded to phospholipid pattern Il (Lechevalier et al.,, 1977), shown in Figure
4.8. The predominant fatty acids were Cigo, Cigo, Cig1®9c and 10-methyl Cigq
corresponded to fatty acid pattern Ib (Kroppenstedt, 1985), as in Table 4.13. The DNA

G+C content was 71 mol9%.

On the basis of 16S rRNA gene sequence analysis and phylogenetic tree
investigation, PA1-03 was closely related to N. asiatica JCM 11892 (100% similarity)
that was identified as N. asiatica JCM 11892'. ST1-06 was closely related to Nocardia
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araoensis JCM 12118 (99.03% similarity). The neighbor-joining tree showed relative
between isolate ST1-06, PA1-03 and related members of genus Nocardia (Figure 4.9).
The isolate ST1-06 was possibly identified as new species in the genus Nocardia
however it should be confirmed by DNA-DNA hybridization (Stackebrandt and Evers,
2006).

Figure 4.7 Photomicrograph (500x) and scanning electron micrograph of Nocardia sp.

ST1-06 on agar at 30 °C for 14 days.

PE

PG PG wy,

PI PI L3

Figure 4.8 Polar lipid profile of isolate ST1-06 after two dimension TLC and detected
with Dittmer & Lester (A), ninhydrin (B), anisaldehyde (C), phosphomolybdic acid (D)

and dragendorff (E) as spraying reagents.
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56 Hocardia higoensis JCM 121217 (AB 108778)
Focardia puris JCM 130317 (41508748)
Mocardia kroppensiedtii DS 45810" (DQ157924)
499|_— Mocardia fvcinica JOM 30887 (Z.36036)
Mocardia abscessus JOM 109847 (AF215202)

PAL103
99 | Mocardia asiatica JCW 118927 (4B 092566)

Nocardia elegens JCM 133747 (41854057
- Mocardia aobensis JCM 123527 (4B 126876)
49?‘—3\;66:27&‘:1 vafeamas JCM 155087 (EU484388)
Mocardia altamirensis ICM 146707 (EUD0A090)
Mocardia takedensis JOM 13313T (4B 158277}

L e Mocardia brevicatena JCW 30297 (AF430040)
L Abeavdia paucivorems JOM 109197 (AF4300413

Mocordia rishanensis JCM 121607 (AT333115)
50 Mocerdia exaltbida JCW 126677 (AB 187520)
499‘*%6&?’&'?:1 gariensis JUM 142007 (DO235270)
ST 106
Mocar dianiwae JCIW 191187 (FI765056)

Mocardia amitacinitolerans DEN 455307 (GU0E5447)

Mocardia beiimgensis JCIW 106667 (AF154120)
r%cm’dﬁa araoensis JOM 121187 (AB 108779
Mocardia arthritidis JCW 121207 (AB108781)

67

50

I: Noceaydia averniensis JCIW 148775 (AR 275164)
7 Focardia presrnoniae JCM 121197 (AR 108730)

Fhodocoreus opacus JOM 97037 (X80630)

0.005

Figure 4.9 Neighbor-joining tree based on partial 16S rRNA gene sequences, showing

the Nocardia isolates and related type strains.
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Table 4.12 Physiological and biochemical characteristics of isolates and closest

related Nocardia species

51

e = § 'm

Characteristics § § § § § S S S >

g & & & L & & & o

= = = =
% NaCl max 5 a4 5 a4 5 5 5 5 5

pH 6-11  6-10 5-11 6-11 4-11 511 511 511 5-11

Temperature (°C)  20-40 20-40  20-40  20-40 1540 20-40 1545 1540 15-45
Peptonization of milk - + + + T - - - -
Coagulation of milk - - - - - - - - +
Gelatin liquefaction - - 3 - + - - - -
Nitrate reduction + + - + - + - + +
Starch hydrolysis - - + - + - - - -

Utilization of:

L-Arabinose - - - - + - . - -
D-Galactose - w w w w - - - -
D-Glucose + + + + + + + + +
Glycerol + + + + + + + + +
myo-Inositol - £ - - + - . - _
Lactose - - - - - - . - _
D-Mannitol + - - - + - . - -
D-Raffinose + - - - - - - - ,
L-Rhamnose + + + + + - - - -
D-Sorbitol - - - - - - w - -

+, positive; -, negative; w, weakly positive

N. beijingensis JCM 10666T, N. araoensis JCM 12118T, N. arthritidis JCM 12120 and N. niwae JCM

19118"
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Table 4.13 Cellular fatty acids of ST1-06 and related Nocardia species

o g © ] E

Fatty acid” % § S g 3
Straight-chain fatty acids
Ciag 33 2.6 2.5 2.0 3.0
Ciso 53.9 43.8 322 40.3 43.0
Cieo N alc - - 2.0 - -
Ci70 - 2.2 3.0 - -
Ciso 7.9 17.0 11.1 24.5 17.4
Ciso - - 1.4 - -
Cooo - - 1.2 - -
Unsaturated fatty acids
Cigq WOC 12.8 6.4 5.6 4.8 11.2
Cig5W9cC (6,9,12) : - 1.4 - -
Branched fatty acids
anteiso-Cigg - - 1.0 - -
anteiso-Cy79 - - 2.4 . -
is0-Cyg9 - = 2.3 - -
10Me-C,4,TBSA 11.2 15.3 11.4 16.1 13.2
Summed in feature 7.6 6.8 9.8 7.4 55

“Values are percentages of total cellular fatty acids. -, not detected

N. bejjingensis (JCM 10666'), N. aracensis (JCM 12118"), N. arthritidis JCM 12120") and  N. niwae
(M 19118")
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4.3.4 Characteristics of Micromonospora (Group V)

The isolates PP1-01, PP1-03 and PP1-04 were assigned in the genus
Micromonospora based on their phenotypic, genotypic and chemotaxonomic
characteristics (Genilloud, 2012). The representative isolate, PP1-03 formed single and
non-motile spores on substrate mycelium and lack aerial mycelium when cultured
on ISP no. 2 agar for 14 days (Figure 4.10). The colors of colony of PP1-01, PP1-03
and PP1-04 were strong orange yellow, and turned to olive black to black after

sporulation. The soluble pigment was not produced. They grew on ISP no. 2 media

with 1 to 5% NaCl, pH 5 to 8 and at 20 to 40 °C. Coagulation of milk was weakly
positive. Peptonization of milk, gelatin liquefaction, nitrate reduction and starch
hydrolysis were negative. They utilized different carbon sources as in Table 4.14.
Isolate PP1-03 contained meso-diaminopimelic acid in cell wall peptidoglycan. It
contained ribose, mannose, arabinose, galactose, xylose and glucose as whole cell
sugars which corresponded to whole cell sugar pattern D (M. P. Lechevalier &
Lechevalier, 1970). The major menaquinones were MK-9(H,), MK-9(Hg), MK-9(Hg), MK-
10(Hg), MK-10(Hg) and MK-10(Hg). The predominant of fatty acids were iso-Cis,,
anteiso-Cys.0, i50-Cigg, Ci70, i50-Ci7.9, anteiso-Ci70, Ci7.9sc and 10-methyl Cy7,
corresponding to fatty acid pattern Ill (Kroppenstedt, 1985). The DNA G+C contents

was 73 mol%.

On the basis of 16S rRNA gene sequence analysis and phylogenetic tree
investigation indicated that PP1-01, PP1-03 and PP1-04 were closely related to
Micromonospora echinospora JCM 3073 (99.54-99.71 % similarity). Neighbor-joining
tree based on partial 16S rRNA gene sequences, showing relative between PP1-01,
PP1-03, PP1-04 and some members of genus Micromonospora was shown in Figure

4.11.
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Figure 4.10 Photomicrograph (500x) and scanning electron micrograph of

Micromonospora sp. PP1-03 on ISP no. 2 agar at 30 °C for 14 days.

Micromonospora chaiyaphumensis JCM 128737 (AB196710)
Micromonospora auratinigra JCM 12357 (AB159779)
Micromonospora citrea JCM 3256 (X92617)

Micromonospora echinofusca JCM 33277 (X92625)

5 9\—|:Micromonospora yangpuensis NBRC 1077277 (GU002071)
64 Micromonospora nigra JCM 8973" (X92609)

[ Micromonospora inyonensis JCM 31887 (X92629)

99 Micromonospora sagamiensis JCM 33107 (X92624)

Micromonospora tulbaghiae DSM 45142 (EU196562)

Micromonospora rosaria JCM 31597 (X92631)

1 \_,7 Micromonospora endolithica JCM 126777 (AJ560635)

63— Micromonospora halotolerans DSM 45598 (FN658652)
~_ Micromonospora echinospora JCM 3073" (U58532)

75 {’:1'01
gg| PP1-03
PP1-04
Micromonospora coxensis JCM 13248" (AB241455)
Micromonospora marina JCM 12870" (AB196712)

H[ Micromonospora sediminicola NBRC 107934" (AB609325)
Actinoplanes ferrugineus JCM 32777 (AJ277569)

0.005

Figure 4.11 Neighbor-joining tree based on partial 16S rRNA gene sequences, showing

Micromonospora isolates and related type strains.
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Table 4.14 Physiological and biochemical characteristics of Micromonospora isolates

characteristics § § “OP §>.r 8. 3
& & & 5 & 5
% NaCl max 2 2 1-2 2 2 2
pH 6-11 6-11 6-11 6-11 6-11 6-11
Temperature °0) 20-45 20-45 20-45 20-45 20-45 20-45
Peptonization of milk + + + + + +
Coagulation of milk - - - - - -
Gelatin liquefaction w w w w w w
Nitrate reduction - - - - - B}
Starch hydrolysis - - - - - -
Utilization of:
L-Arabinose B w w w - w
D-Galactose + + + + + +
D-Glucose + + + + i n
Glycerol w - w - w w
myo-Inositol - = . . - _
Lactose w - w - w w
D-Mannitol w w w w w w
D-Raffinose + + + + + +
L-Rhamnose w - w - w w
D-Sorbitol + + + + + +

+, positive; w, weakly positive; -, negative
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4.3.5 Characteristics of Microbispora (Group V)

The fifteen isolates, CR1-01, CR1-02, CR1-03, CR1-04, CR1-05, CR1-06, CR1-07,
CR1-08, CR1-09, CR1-10, CR1-11, OH1-01, OH1-02, PG1-01 and PG1-02 were assigned
in the genus Microbispora based on phenotypic, genotypic and chemotaxonomic
characteristics (Franco, 2012). The representative isolate, CR1-06 formed smooth and
non-motile oval paired spores on aerial mycelium and substrate mycelium when
cultivated on ISP no. 2 agar for 14 days (Figure 4.12). The color of aerial mycelium,

substrate mycelium and soluble pigment on ISP no. 2 was shown in Table 4.15. All

isolates grew on ISP no. 2 media with 2 to 3 % NaCl, pH 6 to 8 and at 20 to 45°C.
Peptonization of milk, gelatin liquefaction, starch hydrolysis and nitrate reduction
were shown in Table 4.16. The isolate CR1-01, CR1-03, CR1-04, CR1-07, CR1-08, CR1-
09, CR1-10, CR1-11 and OH1-01 were selected to study chemotaxonomic
characteristics that represent all isolates in this group of the genus Microbispora.
They contained meso-diaminopimelic acid in cell wall peptidoglycan. The whole cell
hydrolysates offered ribose, madurose, galactose and glucose, corresponded to
pattern B (M. P. Lechevalier & Lechevalier, 1970). Predominant menaquinones were
MK-9(H,), MK-9(H;) and MK-9(He). The phospolipid profile of representative isolate,
CR1-09 composed of diphosphotidylglycerol (DPG), hydroxylated
phosphotidylethanolamine  (OH-PE),  phosphotidylinositolmannosides  (PIMs),
phosphotidylglycerol (PG), phosphatidylethanolamine (PE), glucosamine-containing
phospholipid (GluNu), phisphatidylinositol (Pl) and NPPG that corresponded to
pattern IV (Lechevalier et al, 1977), shown in Figure 4.13. The major cellular fatty
acids were is0-Cys9, anteiso-Ciso, Ciso, Cigo, 150-Cigo, Ci70 and 10-methyl Ci7p
corresponded to pattern Il (Kroppenstedt, 1985), as in Table 4.17. The DNA G+C
contents were 72-73 mol%. They utilized different carbon sources as shown in Table

4.16.

On the basis of 16S rRNA gene sequence analysis and phylogenetic tree
investigation indicated that CR1-01, CR1-02, CR1-04, CR1-06, CR1-07, CR1-08 and CR1-
11 were closely related to Microbispora rosea subsp. rosea JCM 3006 (98.83-99.71%
similarity), while CR1-03, CR1-05, CR1-09 and CR1-10 were closely related to M.
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hainanensis JCM 19666 (98.98-99.93 % similarity). OH1-01 was closely related to M.
corallina JCM 10267' (98.96 % similarity), while OH1-02 was closely related to M.
hainanensis JCM 19666 (99.24% similarity). PG1-01 and PG1-02 were closely related
to M. mesophila JCM 3151' (99.63 and 99.70% similarity, respectively). The neighbor-
joining tree showed relative between some isolates and related members of genus
Microbispora (Figure 4.14). Some isolates were possibly identified as new species in
the genus Microbispora, however they should be confirmed by DNA-DNA
hybridization (Stackebrandt & Schumann, 2006).

Figure 4.12 Photomicrograph (500x) and scanning electron micrograph of

Microbispora sp. CR1-06 on ISP no. 2 agar at 30 °C for 14 days.
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Figure 4.13 Polar lipid profiles of CR1-09
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51 [ CR1-03
CRI1-10
CR1-05
5‘[Mz'crobispo ra hamanensis IO 196667 (FI261972)
— CR1-07
— Microbispora roseq subsp. rosea (Mizrobispora parva, U42985) JUM 3024
Microbigpora rosea subsp. resea JCWGEO0E™ (DEED36)

| ‘189 CRID2
20/ CR1.08

CR101
5 CR1-04
CR1-08
CRI1-11
L Microbispora coralling JCMI 102677 (ABO18046)
ba OH1-01

0QHI-02
Microbispora rosen subsp. aerata ( Microbispora fhermorosea, U43957) JCM 3111

Migrobispora roseq subsp. aerata JCW 30767 (U42984)

fi — Microbispora rosaa subsp. aeraia (Microbispora thermodiastatica, 148986) JCM 31107
] Microbispora ametipstogenes JON 30217 (U48088)

E'jMz'crobz'.?J ora rosea subsp. rosea (Microbispora karnatakends, AV 445647) I 29727
Microbispora siamensis JCM 172377 (FI1199993)

53 CR1-09
99 E Microbispora rosea subsp. rosea { Microbispora chromogene s, U48989) JU1M 3022
Microbispora rosea subsp. rosea { Micro bizpora dinstatica, TT4R990) JCM 30237
——— Microbispora thailandensis NBRC 107569 (HMO437 28)
Microbispora mesophila IO 31517 (AF002266)

PG1-01

95'PG1-02
Strepiompces ambofaciens ICM 46187 (AB184182)

100

Figure 4.14 Neighbor-joining tree based on partial 16S rRNA gene sequences, showing

Microbispora isolates and related type strains.
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Table 4.16 Physiological and biochemical characteristics of Microbispora isolates

= by ly Fs i~ "o
— < N~ © o — = 3 g Q ) ) 0
Q Q Q @ 2 < 9 8 S S N 89
Characteristics g p= p p p p T 2 2 2 = = =
(@] (@] @] @] (] (@] o) 9] S S = = b=
2 % % 8 g 3
% NaCl max 2 3 3 3 3 3 2 2 1 2 - 2 2
pH 611 610 610 610 610 610 610  6-11 611 611 69 511 6-10

Temperature (°C) 20-45 20-45  20-40 20-45 20-45 20-45 20-45 20-45 20-45 20-45 20-37 20-45 20-45
Peptonization of milk _ _ _ _ + _ - - - + + + +
Coagulation of milk - - - - - - - - - - - _ _
Gelatin liquefaction - - - - L 4 - - - - - - R
Nitrate reduction + - - + + + - + + - + - +
Starch hydrolysis - - - - y B " - - - - + R

Utilization of:

L-Arabinose + - - - - - w + - w + w w
D-Galactose - - - - + - - - w w w w -
D-Glucose + + + + + + + + w + + + w
Glycerol - - + - - - + - - w + w w
myo-Inositol - + w + w w % - + + + + +
Lactose - + + - - - - - - w + w w
D-Mannitol - + + - w - + - - w w w w
D-Raffinose - + + + + + + - + + w + +
L-Rhamnose - + + w - - + - - w w w +
D-Sorbitol w + + w + + w w + + w w +

+, positive; -, negative; w, weakly positive

Microbispora rosea subsp. rosea JCM 3006T, M. chromogenes (M. rosea subsp. rosea) JCM 3022T,
M. diastatica (M. rosea subsp. rosea) JCM 3023T, M. corallina JCM 10267T, M. siamensis JCM
17237" and M. hainanensis JCM 19666



Table 4.17 Cellular fatty acids of Microbispora isolates and related type strain

< ~ © o — — For Fo "o Fo "o "o
Fatty acid” § i i 2 3 : 3 § § § § § §
T & & 858 8 35 3 § & & & o
= = = = = =
Straight-chain fatty acids
Ciag - 18 1.6 10 1.6 16 - 14 15 - 2.4 14 2.1
Ciso 9.8 7.6 9.8 64 87 63 4.2 6.7 5.6 - - - -
Ciso 7.3 12.2 9.5 58 99 114 9.7 138 6.7 58 185 116 223
Cizo 7.1 85 6.3 38 53 81 14.3 4.8 2.2 8.4 56 9.6 4.1
Cigo - 12 - 12 - 12 2.9 12 - - 1.9 1.6 3.2
Unsaturated fatty acids
Ci74 W6C - - - 6.2 NI/ A8 .28 - - 7.1 4.5 4.8 1.0
Ci7q W8C 2.2 4.0 25 5.6 20 3725 4.6 4.7 3.0 2.0 3.6 3.2
Branched fatty acids
i50-Cig 2.0 14 1.9 2.6 25 14 . 1.7 5.2 18 15 13 13
i50-Cys9 4.0 73 4.0 8.7 58 56 55 2.0 6.0 8.1 7.0 9.2 52
anteiso-Cys, 3.3 22 3.6 26 36 18 11 2.2 6.2 3.6 3.9 34 5.9
is0-Cig 405 295 347 282 340 292 238 364 328 335 226 216 20
is0-Cy70 1.7 2.1 1.5 2.0 20 17 4.2 1.0 1.2 3.4 23 3.9 1.6
anteiso-Cy7 4.0 2.5 3.3 26 41 20 42 2.8 3.4 3.0 3.0 4.1 3.9
10Me-C40 3.5 4.9 4.2 4.5 48 51 47 5.4 5.7 - - - -
10Me-Cy 7 8.7 6.6 9.3 9.4 80 66 103 7.9 6.2 6.6 3.0 8.0 4.0
Summed feature 1.7 3.8 2.1 3.5 22 28 23 4.1 5.0 6.1 3.6 3.0 49

62

“Values are percentages of total cellular fatty acids. -, not detected.

Microbispora rosea subsp. rosea JCM 3006T, M. chromogenes (M. rosea subsp. rosea) JCM 3022T,

M. diastatica (M. rosea subsp. rosea) JCM 3023T, M. corallina JCM 10267T, M. siamensis JCM

17237" and M. hainanensis JCM 19666
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4.3.6 Characteristics of Nonomuraea (Group VI)

The isolate PA1-02, PA1-10 and PA1l-11 were assigned in the genus
Nonomuraea based on phenotypic, genotypic and chemotaxonomic characteristics
(P. Kampfer, 2012). The representative isolate, PA1-10 formed rugose spore chain on
extensively branch substrate mycelium and aerial mycelium when cultivated on ISP
no. 2 agar for 14 days, as shown in Figure 4.15. The cultural characteristics on ISP
no.2 of PA1-02 and PA1-11 showed while aerial mycelium on deep red substrate

mycelium while PA1-10 showed pinkish white aerial mycelium on pale orange yellow

substrate mycelium. They grew on 1 to 5 % NaCl, on pH 6 to 9 and at 20 to 37 °C.
Peptonization of milk, gelatin liquefaction, starch hydrolysis and nitrate reduction
were shown as in Table 4.18. The isolate PA1-10 utilized L-arabinose, D-glucose,
glycerol, myo-inositol, Lactose, D-mannitol, L-raffinose, L-rhamnose and D-sorbitol as
sole carbon sources but not use D-galactose while the others utilized different
carbon sources, shown in Table 4.18. The isolate PA1-10 contained meso-
diaminopimelic acid in cell wall peptidoglycan. It contained ribose, mannose,
madurose, galactose and glucose as the reducing sugars of whole cell hydrolysates
which corresponded to pattern B (M. P. Lechevalier & Lechevalier, 1970).
Predominant menaquinones were MK-9(H,), MK-9(H,) and MK-9(Hys). The major
cellular fatty acids were is0-Cis., Ci5.0, C17:1m60 Ci7:1080 150-Cig:0, Cig:0, 10-methyl Cigo
anteiso-Cy7.9 and 10-methyl Cy7 that corresponded to pattern Il (Kroppenstedt,
1985). DNA G+C content was 72 mol%.

On the basis of 16S rRNA gene sequence analysis and phylogenetic tree
investigation indicated that PA1-10 was closely related to Nonomuraea candida JCM
15928" (98.31% similarity), while PA1-02 and PA1-11 were closely related to
N. monospora JCM 16114' (99.63% and 99.70% similarity, respectively). The
neighbor-joining tree showed relative between isolate PA1-02, PA1-10, PA1-11 and
other members of genus Nonomuraea (Figure 4.16). The isolate PA1-10 was possibly
identified as new species in the genus Nonomuraea however it should be confirmed

by DNA-DNA hybridization (Stackebrandt & Schumann, 2006).



Figure 4.15 Photomicrograph (500x) and scanning electron micrograph of

Nonomuraea sp. PA1-10 on ISP no. 2 agar at 30 °C for 14 days.
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L — Nonomuraea coxensis JCM 139317 (AB274967)

93] L Nonomuraea wenchangensis DSM 454777 (FJ261959)
Nonomuraea bangladeshensis JCM 139307 (AB274966)
r Nonomuraea fastidiosa JCM 33217 (U48844)
Nonomuraea maheshkhaliensis JCM 139297 (AB290014)

58 Nonomuraea fuscirosea DSM 45880 (KC417350)

e Nonomuraea jabiensis DSM 45507" (HQ157186)
Nonomuraea angiospora JCM 3109" (U48843)
Nonomuraea helvata JCM 3143" (U48975)

67 Nonomuraea polychroma JCM 6834" (U48977)
Nonomuraea kuesteri JCM 13854 (AJ746362)

Nonomuraea turkmeniaca JCM 6836" (AF277201)

- Nonomuraea jiangxiensis NBRC 106679 (FJ418910)

Nonomuraea antimicrobica JCM 16904" (FJ157184)

— Nonomuraea candida JCM 15928 (DQ285421)
Nonomuraea salmonea JCM 33247 (X97892)
Nonomuraea endophytica DSM 45385" (GU367158)
Nonomuraea longicatena JCM 11136" (AB018787)

Nonomuraea rubra JCM 3234 (AF277200)
Nonomuraea africana JCM 6240" (U48842)

99
T Nonomuraea recticatena JCM 6835" (U48979)

Nonomuraea rhizophila DSM 453827 (HM755723)

il 89 Nonomuraea solani DSM 457297 (JQ073731)

Nonomuraea thailandensis JCM 18408 (AB720113)

99
Nonomuraea monospora JCM 16114" (F1347524)
76

92 PA1-02

72— PAl-11

PA1-10
Nonomuraea maritima NBRC 106687" (GU002054)

Nonomuraea muscovyensis DSM 45913 (JN896617)
Thermopolyspora flexuosa JCM 3056" (AY039253)

0.005

Figure 4.16 Neighbor-joining tree based on partial 16S rRNA gene sequences, showing

Nonomuraea isolates and related type strains.



Table 4.18 Physiological and biochemical characteristics of Nonomuraea isolates
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N < -
characteristics ;;: ; g g i ;
o o a a a a
% NaCl max 2 2 2 2 5 2
pH 6-9 6-9 6-9 6-9 6-9 6-9
Temperature (°C) 20-37  20-37  20-37  20-37 2037  20-37
Peptonization of milk + + + + + +
Coagulation of milk - - - - - -
Gelatin liquefaction + + + + - +
Nitrate reduction - 5 - - + i
Starch hydrolysis + + + + - +
Utilization of:
L-Arabinose + + + + + +
D-Galactose L - - . - .
D-Glucose + + + + + +
Glycerol + + + + + T
myo-Inositol + + + + + +
Lactose + + + + + +
D-Mannitol + + + + w +
D-Raffinose - - - - w .
L-Rhamnose + + + + w +
D-Sorbitol w w w w w w

+, positive; w, weakly positive; -, negative
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4.4 Screening for antimicrobial activity

The fermented ISP no.2 broth of forty-seven endophytic actinomycete strains
was screened for antimicrobial activity by using disc diffusion method (Bauer-Kirby
test). The result was shown in Table 4.19. The isolate CR1-01 and CR1-08 showed
inhibitory effect against S. aureus ATCC 25923 (10.7-11.2 mm) and K. rhizophila ATCC
9341 (10.4-10.8 mm) while CR1-05 showed inhibitory effect against K. rhizophila ATCC
9341 (10.0 mm). The isolate ST1-02 and ST1-05 showed inhibitory effect against C.
albican ATCC 10231 (10.2-11.1 mm). The antimicrobial activity of ethyl acetate
extract (10 mg/ml in MeOH) of isolate CR1-01 and CR1-08 showed inhibitory effect
against S. aureus ATCC 25923 (21.0-25.3 mm) and K. rhizophila ATCC 9341 (11.4-16.0
mm) while CR1-05 showed inhibitory effect against K. rhizophila ATCC 9341 (10.5
mm). The isolate ST1-02 and ST1-05 showed inhibitory effect against C. albican ATCC
10231 (11.4-11.8 mm), respectively as shown in Table 4.20 and Figure 4.17. The
inhibition zone size from the isolates CR1-01, CR1-05 and CR1-08 were smaller than
the inhibition zone size from ciprofloxacin (5 pg) but were closed to the inhibition
zone size from chloramphenicol (30 pg) against S. aureus ATCC ~ 25923. The
antimicrobial activity of crude extract showed higher activity than activity of ISP no.2
fermented broth that the concentration of crude extract was probably higher than
fermented broth. In this study, 5 pg ciprofloxacin was used as the positive control for
antibacterial activity screening because it was a broad-spectrum antibiotic. In this
study, only ISP no.2 medium was used as production medium, suggesting in other
production media as A16, A11M or the medium comprised glucose (0.4%), yeast
extract (0.4%), malt extract (1.0%) and CaCO; (0.1%)  for comparison of the
differentiated productive condition of each isolates should be included in the further

studies.
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Table 4. 19 Screening for antimicrobial activity of the fermented ISP no.2 broth of all

isolates based on disc diffusion method

Isolate Inhibition zone size of antimicrobial activity by disc diffusion method (mm)
No. S. aureus B. Subtilis K. rhizophila E. coli P. aeruginosa C. albicans
ATCC 25923 ATCC 6633 ATCC 9341 ATCC25922 ATCC 27853 ATCC 10231
CR1-01 10.7 0 10.4 0 0 -
CR1-05 0 0 10.0 0 0 0
CR1-08 11.2 0 10.8 0 0 0
ST1-02 0 0 0 0 0 10.2
ST1-05 0 0 0 0 0 11.1
Ciprofloxacin 34.5 28.2 27.6 36.1 31.4 ND
(5 pg)
Cycloheximide ND ND ND ND ND 34.7
(50 pg)

CR1-02 to CR1-04, CR1-06, CR1-07, CR1-09 to CR1-11, ST1-01, ST1-03, ST1-04, ST1-06 to ST1-10, OH1-01, OH1-
02, PG1-01, PG1-02, PA1-01 to PA1-11, PP1-01 to PP1-06, VC1-01 to VC1-05 did not show inhibit tested

microorganism.

ND; not determined
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Table 4. 20 Screening for antimicrobial activity of EtOAc extract of all isolates based

on disc diffusion method

Isolate No. Inhibition zone size of antimicrobial activity by disc diffusion method (mm)

S. aureus B. Subtilis K. rhizophila E. coli P. aeruginosa  C. albicans

ATCC 25923  ATCC 6633 ATCC 9341  ATCC25922 ATCC 27853 ATCC 10231

CR1-01 21.0 0 114 0 0 0
CR1-08 253 0 16.0 0 0 0
CR1-05 0 0 10.5 0 0 0
ST1-02 0 0 0 0 0 114
ST1-05 0 0 0 0 0 11.8
The others 0 0 0 0 0 0
Ciprofloxacin 36.2 29.4 28.1 38.7 33.9 ND
(5 pg)

Chloramphenicol 26.4 ND 34.5 ND ND ND
(30 pg)

Cycloheximide ND ND ND ND ND 34.2
(50 pg)

ND; not determined
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K. rhizophila ATCC 9341 C. albican ATCC 10231

Figure 4. 17 Antimicrobial activity of EtOAc extract of CR1-01 (A), CR1-08 (B), CR1-01
and CR1-05 (C), ST1-02 (D), positive control (top disc on left plate) and negative

control (central disc on left plate).

4.5 Chemical profile of secondary metabolites

The forty-seven isolates were cultivated on ISP no. 2 and screened for
antimicrobial activity. Five isolates, CR1-01, CR1-05, CR1-08 belonging to Microbispora
sp. and ST1-02, ST1-05 belonging to Streptomyces sp., were selected to analyze the
chemical constituents by using high performance liquid chromatography (HPLC)
equipped with UV-VIS spectrophotometry due to giving positive biological activity of
isolate. For the EtOAc extract of isolate CR1-01 showed three unknown peaks (in red
circle) at RT 7.74, 8.25 and 8.78 min while CR1-08 showed three unknown peaks (in
red circle) at RT 7.72, 8.26 and 8.78 min (Figures 4.18-4.20). Scanning spectrum
profiles (190-600 nm) of the unknown peaks at RT 7.74, 8.25 and 8.78 minutes from
Microbispora sp. isolate CR1-01 (Figure 4.21 (A)) were similar with spectrum profiles
(190-600 nm) of the unknown peaks at RT 7.72, 8.26 and 8.78 min from Microbispora
sp. isolate CR1-08 (Figure 4.21 (B)). In this study, the chemical profiles of the isolates

CR1-01 and CR1-08 showed that their three unknown peaks were at similar retention
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times. Therefore, these crude extracts deserved purification and identification of

chemical constituents.

1 BOO—N'i #19 CRO1 UV VIS 1 1 400_Na'| #25 [modified by BIOTECH] CR08 uv vis 1
' mA WAL:210 nm| T mAl VWL:210 nm)
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Figure 4. 18 Chemical profiles (A=210 nm) of the EtOAc crude extract from
Microbispora sp. A) All peaks of CR1-01 and B) All peaks of CR1-08
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Figure 4. 19 Chemical profiles by using HPLC/UV-VIS (at A = 210 nm) of the EtOAc

crude extract from Microbispora sp. isolate CR1-01
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Figure 4. 20 Chemical profiles by using HPLC/UV-VIS (at A = 210 nm) of the EtOAc

crude extract from Microbispora sp. isolate CR1-08
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Figure 4. 21 Spectrum profiles (190-600 nm) of the interested peaks from

Microbispora sp. A) Three peaks of Isolate CR1-01 at RT 7.74, 8.25 and 8.78 min and

B) Three peaks of Isolate CR1-08 at RT 7.72, 8.26 and 8.78 min.
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CHAPTER V
CONCLUSION

This study, forty-seven actinomycetes distributed in seven medicinal plants in
Thailand. Thirty-seven representative isolates were selected for 16S rRNA gene
sequence analysis and were identified as Streptomyces (13 isolates from Stemona
sp. and Phyllanthus amarus) and Amycolatopsis (1 isolate from Stemona sp.),
Nocardia (2 isolates from Stemona sp.and Phyllanthus amarus), Micromonospora (3
isolates from Phyllanthus pulcher), Microbispora (15 isolates from Catharanthus
roseus, Ophiorrhiza sp. and Pseuderanthemum graciliftorum) and Nonomuraea (3

isolates from Phyllanthus amarus).

Streptomyces (Group |, 13 isolates), ST1-01 from Stemona sp. was identified
as Streptomyces thermocarboxydus JCM 10368 (99.85% similarity), while ST1-02,
ST1-03, ST1-04, ST1-05 and ST1-07 were identified as S. albidoflavus JCM 4446T
(99.78-99.91% similarity). ST1-09 and ST1-10 from Stemona sp. were identified as S.
corchorusii JCM 4286T (99.35-99.55% similarity), while VC1-01 to VC1-04 from Vernonia
cinerea were identified as S. coerulescens JCM 4360 (99.04-99.41% similarity). Strain
PA1-07 from Phyllanthus amaruswas was closely related to S. curacoi JCM 4219'
(98.75% similarity), possibly identified as a new species of group I. The representative
isolate PA1-07 contained LL-diaminopimelic acid in cell wall peptidoglycan and
ribose, mannose, madurose, galactose and glucose as whole cell sugars. Predominant
menaquinones were MK-9(Hg) and MK-9(Hg). The major cellular fatty acids were
anteiso-Cys.g, 150-Cys5.0, Cis.0, 150-Cig.0, Cig.0, and anteiso-Cy7. The DNA G+C content was

71 mol9.

Amycolatopsis (Group I, 1 isolate), ST1-08 was closely related to
Amycolatopsis pretoriensis JCM 12673" (99.17% similarity), while the level of DNA-
DNA relatedness with its closest related species was less than 70%. ST1-08 contained
meso-diaminopimelic acid in cell wall peptidoglycan andrhamnose, ribose, mannose,
glucose, galactose and arabinose as whole cell sugars. Predominant menaquinone

was MK-9(H,). Phospolipid profile was hydroxylated phosphotidylethanolamine (OH-



76

PE), diphosphotidylglycerol (DPG), phisphatidylinositol (PI), phosphatidylethanolamine
(PE) and phosphotidylglycerol (PG). Major cellular fatty acids were iso-Cyg.o, i150-Cys.0,
anteiso-Ci7.0, Ci7.1, Cigo, 150-Ci7.9, anteiso-Cys.g, Cis.0, C17.0,150-Cia9, Cis0 @and 10-methyl
Ci70- The DNA G+C content was 71 mol%. The chemotaxonomic, phenotypic and
genotypic characteristics revealed that isolate ST1-08 which isolated from Stemona
sp. was a novel species and named Amycolatopsis stemonae (type strain ST1-

08'=JCM 30050'=PCU 339" =TISTR 2278") is proposed.

Nocardia (Group Ill, 2 isolates), PA1-03 from Phyllanthus amarus was
identified as N. asiatica JCM 11892T (100% similarity), while ST1-06 from Stemona sp.
was closely related to Nocardia araoensis JCM 12118 (99.03% similarity) that was
possibly identified as a new species of group lll. The isolate ST1-06 contained meso-
diaminopimelic acid in cell wall peptidoglycanand ribose, mannose, arabinose,
galactose and glucose as whole cell hydrolysates. Predominants isoprenoid quinone
were  2,3-epoxy MK-8 (Hs-@cycl) and MK-8 (Hg-cycl).  Phospholipid
wasphosphotidylinositolmannosides (PIMs), phisphatidylinositol (PI), phosphatidyl-
ethanolamine (PE), diphosphotidylglycerol (DPG) and phosphotidylglycerol (PG).
Predominant fatty acids were Cigo, Cig0, Cigigyoc and 10-methyl Cigo.The DNA G+C

content was 71 mol%

Micromonospora (Group IV, 3 isolates), PP1-01, PP1-03 and PP1-04 from
Phyllanthus pulcherwere identified as Micromonospora echinosporaJCM 3073
(99.54-99.71% similarity). The representative isolate PP1-03 contained meso-
diaminopimelic acid in cell wall peptidoglycan and ribose, mannose, arabinose,
galactose, xylose and glucose as whole cell sugars. Major menaquinones were MK-
AHg), MK-9(Hg), MK-9(Hg), MK-10(H4), MK-10(Hg) and MK-10(Hg). Phospholipid profile
composed  of  diphosphotidylglycerol  (DPG),  phosphotidylglycerol  (PG),
phosphatidylethanolamine  (PE),  phosphotidylinositolmannosides  (PIMs)  and
phisphatidylinositol (PI) but not phosphotigylcholine (PC). Predominant of fatty acids
were i50-Cysg, anteiso-Cysp, is0-Cigo, Ci7:0, 150-Ci75, anteiso-Ci7p, Cizimsc and 10-

methyl Cy7.9. The DNA G+C contents was 73 mol%.
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Microbispora (Group V, 15 isolates), CR1-01, CR1-02, CR1-04, CR1-06, CR1-07,
CR1-08 and CR1-11 from Catharanthus roseus were closely related to Microbispora
rosea subsp. rosea JCM 3OO6T(98.83—99.71% similarity), while CR1-03, CR1-05, CR1-09
and CR1-10 were closely related to M. hainanensis JCM 19666 (98.98-99.93%
similarity). OH1-01 from Ophiorrhiza sp.was closely related to M. corallina JCM
10267 (98.96% similarity), while OH1-02 was identified as M. hainanensis JCM 19666
(99.24% similarity). PG1-01 and PG1-02 from Pseuderanthemum graciliflorum were
identified as M. mesophila JCM 3151T(99.63 and 99.70% similarity, respectively).

Isolates CR1-01, CR1-04, CR1-07, CR1-08, CR1-09, CR1-11 and OH1-01
contained meso-diaminopimelic acid in cell wall peptidoglycan. Whole cell
hydrolysates offered ribose, madurose, galactose and glucose. Predominant
menaquinones were MK-9(H,), MK-9(H,) and MK-9(Hg). Phospholipid profile was
composed ofdiphosphotidylglycerol (DPG), hydroxylated phosphotidyl-ethanolamine
(OH-PE),  phosphotidylglycerol  (PG), phosphotidylinositolmannosides  (PIMs),
phosphatidylethanolamine (PE), glucosamine-containingphospholipid (GluNu) and
phisphatidylinositol (Pl). Major cellular fatty acids were iso-Cis.0, anteiso-Cys.g, Cis.o,
Cig0, 150-Cig0, Ci70 and 10-methyl Ci70. The DNA G+C contents were 72-73 mol%.
The isolates CR1-01, CR1-04, CR1-07, CR1-08, CR1-09 and OH1-01 were possibly
identified as new species of group V based on the phenotypic, chemotaxonomic and

genotypic characteristics.

Nonomuraea (Group VI, 3 isolates), PA1-10 from Phyllanthus amaruswas
closely related to Nonomuraea candida JCM 15928" (98.31% similarity), while PA1-02
and PA1-11 were identified as N. monospora JCM 16114' (99.63% and 99.70%
similarity, respectively). Isolate PA1-10 contained meso-diaminopimelic acid in cell
wall peptidoglycan and ribose, mannose, madurose, galactose and glucose as whole
cell hydrolysates. Predominant menaquinones were MK-9(H,), MK-9(H4) and MK-9(H).
The major cellular fatty acids were is0-Cis.0, Ci50, C17:1m80 C17:1m80 150-Cig:0, Cig:0, 10-
methyl Ci4 anteiso-Cy79 and 10-methyl Ci7.9. The DNA G+C content was 72 mol%.
The isolate PA1-10 was possibly identified as a new species of group VI by 16S rRNA

gene sequence analysis. All the new species of isolates in this study are required
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further studies on DNA-DNA hybridization and other polyphasic taxonomic

characteristics.

The determination of antimicrobial activity tests of the crude extracts
revealed that 5 isolates belonging to Microbispora sp. and Streptomyces sp.
produced the bioactive secondary metabolites. CR1-01 and CR1-08 showed the
antimicrobial activity against Gram-positive microorganisms (S. aureus ATCC 25923
and K. rhizophila ATCC 9341) while CR1-05 exhibited antimicrobial activity against K.
rhizophila ATCC 9341. ST1-02 and ST1-05 were actived against C. albicans ATCC
10231. The EtOAc extracts of the isolates CR1-01 and CR1-08 were obtained from the
fermented ISP no.2 broth by using ethyl acetate. These crude extract showed three
interesting peaks that exhibited antimicrobial activity against to S. aureus ATCC 25923
and K. rhizophila ATCC 9341. These peaks will be further purified and identified these

chemical components.

As the results of this research, the diverse actinomycetes are distributed in all
parts of plant sample such as root, stem or leaf, that are sources of novel
actinomycetes and secondary bioactive metabolites. However there are still many

strains to be discovered for new taxon and new secondary metabolites.
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APPENDIX A
CULTURE MEDIA
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Almost of media were sterilized in autoclave at 121 °C, 15 pounds pressure for

15 min, except skim milk and media for carbon utilization test that were sterilized in

autoclave at 110 °C, 110 pounds pressure for 10 min. All media were prepared in 1

Litre of distilled water.

1.

Humic acid vitamin agar (HV)

Humic acid (dissolved in 1 ml of 0.2 N NaOH)

Na,HPO,

KCL

MgSQq4+ 7H,O
FeSOy4* 7H,0
CaCOs

Vitamin B solution

Agar

Vitamin B solution

Thiamine-HCl
Riboflavin
Nicothinate (Niacin)
Pyridoxine-HCl
Inositol
Ca-pantothenate
p-Aminobenzoate

d-Biotin

0.5

1.71

0.05

0.01

0.02

10

18

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.025

mL
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To add vitamin B solution, cycloheximide (50 mg/l) and nalidixic acid (25

mg/l) that was filter-sterilized.

2. Starch-casein nitrate agar (SCN)

Soluble starch 10 g
Sodium caseinate 1 g
KNO3 2 8
KH,PO 0.5 g
MgSOyq4 0.5 g
Agar 15 g

To add cycloheximide (50 mg/l) and nalidixic acid (25 mg/l) that was filter-

sterilized.
3. 2.5% Water agar
Agar 25 g

To add cycloheximide (50 mg/l) and nalidixic acid (25 mg/l) that was filter-

sterilized.

4. Yeast extract-malt extract agar (ISP no.2), pH 7.2 + 0.2

Yeast extract a4 g
Malt extract 1 g
Glucose (dextrose) 4 8
Agar 15 S

5. Oatmeal agar (ISP no.3), pH 7.2 + 0.2
Oatmeal 20 g

Agar 15 g



6.

Inorganic salts-starch agar (ISP no.4), pH 7.2 + 0.2

Soluble starch 1 g
KoHPO, 1 g
MgSQOyq* 7H,O 1 g
NaCl 1 g
(NH4),SO4 2 g
CaCOs, 2 g
Trace salts solution A 1 mL
Agar 18 g
Glycerol-asparagine agar (ISP no.5), pH 7.2 + 0.2

Glycerol 10 g
L-Asparagine 1 S
KoHPOq 1 g
Trace salts solution A 1 mL
Agar 15 g

Peptone-yeast extract iron agar (ISP no.6), pH 7.2 + 0.2

Peptone Iron agar, dehydrated 3.6 g
Yeast extract 0.1 g
Agar 15 g

Tyrosine agar (ISP no.7), pH 7.2 + 0.2

Glycerol 15 g
L-Tyrosine 0.5 S
L-Asparagine 10 8

K,HPO, 0.5 g
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MgSOy* 7TH,O 0.5
NaCl 0.5
FeSOy4* 7H,0 0.1
Trace salts solution A 1
Agar 18

Trace salts solution A

10.

11.

FeSO,-7H,0 0.1
MnCl,+4H,0 0.1
ZnS04 7TH,0 0.1
Distilled water 100
Glucose asparagine agar (GluA), pH 7.2 + 0.2
Glucose (dextrose) 10
Asparagine 0.5
KoHPO4 0.5
Agar 15
Czapek’s sucrose agar (Czk), pH 7.2 + 0.2

Sucrose 30
KoHPO4 1
MgSO, 0.5
KCl 0.5
FeSOq 0.01
Agar 18

mL

mL
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12. Nutrient agar (NA), pH 7.2 + 0.2

13.

Meat extract
Peptone
NaCl

Agar

10

10

1

18

Carbon utilization medium (ISP no.9), pH 7.2 + 0.2

Carbohydrate
(NH4),SO4
KoHPO4+3H,0

KH,PO4 anhydrous
MgSOy* 7TH,0O

Trace salts solution B

Agar

10

2.64

5.65

2.38

15

Trace salts solution B (Pridham and Gottlieb trace salts)

14.

CuSO4*5H,0

FeSOq4* 7H,0

MnCl,+4H,0

ZnS0y4* 7H,0

Distilled water

Bouillon gelatin broth, pH 7.2 -7.8
Peptone

Meat extract

NaCl

Gelatin

0.64

0.11

0.79

0.15

100

0.5

0.5

15

mL
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15,

16.

17.

18.

Distilled water

Peptone KNO; broth, pH 7.2 -7.8
Peptone

KNO,

NaCl

Distilled water

10% Skim milk

Skim milk

To sterilize at 110 °C for 10 min
Mueller-Hinton agar (Difco)
Beef infusion form

Casamino acid, technical

Starch

Agar

Sabouraud’s dextrose agar (Difco)
Neopeptone

Glucose (dextrose)

Agar

100

0.1

0.5

100

100

30

17.5

1.5

17

10

40

15

mL

mL

93



APPENDIX B
REAGENTS AND BUFFER

1. Nitrate reduction test reagent

Sulphanilic acid solution

Sulphanilic acid 0.8 g

5 N Acetic acid 100 mL

N,N-dimethyl-1-naphthylamine solution
N,N-dimethyl-1-naphthylamine 0.5 g
5 N Acetic acid 100 mL

Both of them were dissolved by gentle heating in fume hood.

2. 2N H,S0,
Conc. H,S0, 2 mL
Distilled water 34 mL

To add conc. H,SO4 into the distilled water for cell hydrolysis process in the

whole-cell sugar analysis.

3. 6 N HCL
Conc. HCl 60 mL
Distilled water 60 mL

To add conc. HCl into the distilled water for cell hydrolysis process in the

diaminopimelic acid analysis.

4. Dittmer & Lester reagent

Solution A
MoO; 4.011 g
25 N H,S0, 100 mL

To dissolve MoOs in hot acid.
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Solution B
Molybdenum powder 0.178 g
Solution A 50 mL

To add molybdenum powder in solution A and boil for 15 minutes. After
cooling, remove the precipitate by decantation. And then, mix solution A (50 mL),

solution B (50 mL) and water (100 mL) before use.

5. Anisaldehyde reagent

EtOH 90 mL
H,SOq4 5 mL
p-Anisaldehyde 5 mL
Acetic acid 1 mL

6. Ninhydrin solution

Ninhydrin 0.3 g
n-Butanol 100 mL
Glacial acetic acid 3 mL

7. Dragendroff’s reagent

Solution A
Basic bismuth nitrate 1.7 g
Acetic acid 20 mL
Distilled water 80 mL
Solution B
Kl a0 g
Distilled water 100 mL

To mix solution A (10 ml), solution B (10 ml) and acetic acid (10 ml), before use.
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8. Reagents for fatty acid analysis

Reagent 1 (Saponification reagent)

NaOH 15 g
MeOH 50 mL
Ultrapure water 50 mL

Reagent 2 (Methylation reagent), pH below 1.5
6N HCl 65 mL
MeOH 55 mL
Reagent 3 (Extraction solvent)
n-Hexane 50 mL
Methyl-tert-butyl ether 50 mL
Reagent 4 (Base wash reagent)
NaOH 1.2 g
Ultrapure water 100 mL
Reagent 5 (Saturated sodium chloride)
Sodium hydroxide saturated in ultrapure water.
9. Phenol : Chloroform (1 : 1 v/v)
Crystalline phenol (melted) 50 mL

Chloroform 50 mL

o

To melted crystalline phenol in water bath at 65 C and mix with chloroform.

The solution was stored in a light tight bottle.
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10. 0.2 M Tris-HCL buffer, pH 8.5
Tris 24.22 g
Distilled water 700 mL
To adjust pH 8.5 with conc. HCl and adjust volume to 1 Litre with distilled water.

11. DNA extraction buffer (Grind method)

0.2 M Tris-HCl buffer, pH 8.5 900 mL
NaCl 14.61 g
EDTA-2Na 9.31 g
SDS 5 g

To adjust volume to 1 Litre with 0.2 M Tris-HCl buffer. The solution was

sterilized by autoclaving at 121°C, 15 lb/in” for 15 minutes.

12. 3 M NaCl
NaCl 17.55 g
Distilled water 100 mL

The solution was autoclaved at 121°C, 15 lb/in2 for 15 minutes.
13. RNase A solution
RNase A 20 mg

0.15 M NaCl 10 mL

To dissolve RNase A in 0.15 M NaCl and heat at 95 C for 5-10 minutes. To

keep this solution in —20 C.
14. 0.1 M Tris-HCl buffer, pH 7.5
Tris 1.2 g

Distilled water 70 mL
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To adjust pH 7.5 with conc. HCl and adjust volume to 100 mL with distilled

water. The solution was sterilized by autoclaving at 121°C, 15 lb/in2 for 15 minutes.
15. RNase T, solution
RNase T, 80 pL

0.1 M Tris-HCL, pH 7.5 10 mL

To mix RNase T;in 0.1 M Tris-HCL (pH 7.5) and heat at 95 C for 5 minutes. To

keep this solution in —20 C.

16. 100xDenhardt solution

Bovine serum albumin 2 mL
Polyvinylpyrrolidone 2 mL
Ficoll 400 2 mL
Distilled water 700 mL

17. 20xSSC solution

NaCl 175.3 g
Citrate*3Na-2H,0 88.2 g
Distilled water 700 mL

To adjust pH to 7.0 with 10 M NaOH and adjust volume to 1 Litre with

distilled water. The solution was autoclaved at 121°C, 15 lb/in2 for 15 minutes.

18. 10XPBS
Na,HPO, 5.68 g
KH,PO4 1.02 g
NaCl 40.07 g
KCl 1 g

Distilled water 1 L



121°¢,

19.

20.

21.

22.

23.

24.
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To adjust pH 7.0 with IN NaOH or 1IN HCl. The solution was autoclaved at

15lb/in” for 15 minutes.
10 mg/mL Salmon sperm DNA
Salmon sperm DNA

10 mM TE buffer, pH7.6

10 mg

1 mL

To boil for 10 minutes. After immediately cooling in ice, sonicate for 3 mins.

Proteinase K

Proteinase K

50 mM Tris-HCL, pH 7.5

To use freshly prepared solution.
40 mM CH;COONa

CH;COONa

Distilled water

12 mM ZnSO,

ZnSO, (anhydrous)

Distilled water

Nuclease P1 solution

Nuclease P1

40 mM CH;COONa

12 mM ZnSOy, pH 5.3

Alkaline phosphatase solution
Alkaline phosphatase

0.1 M Tris-HCL, pH 8.1

a4 mg

1 mL
3.2812 g
1 L
1.9376 g
1 L

0.1 mg
500 plL
500 pl
2.4 units

1 mL



25.

26.

27.

28.

29.

30.

TE buffer

10 mM Tris HCL, pH 8.0

1 m M Na,-EDTA, pH 8.0
Distilled water

10 mg/mL TMB in 10% DMSO
3,3’,5,5’-Tetramethylbenzidine (TMB)
DMSO

Distilled water

0.3% H,0,

3% H,0,

Distilled water

0.1 M Citric acid in 10% DMSO
Citric acid

DMSO

Distilled water

0.2 M Na,HPO, in 10% DMSO
Na,HPO4

DMSO

Distilled water

TE buffer + RNase A

TE buffer

Rnase A (2 mg/mL)

10

10

980

0.001

10

90

10

90

0.05

250

2.25

0.07

250

2.25

960

100

mL
mL

mL

pL

pL

pL

VIR

mL

pL

mL

mL

100
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31. Reagent and buffer for DNA-DNA hybridization

Prehybridization solution

100xDenhardt solution 5 mL
10 mg/ml Salmon sperm DNA 1 mL
20xSSC 10 mL
Formamide 50 mL
Distilled water 34 mL

Hybridization solution

Prehybridization solution 100 mL

Dextran-sulfate 5 g
Solution |

Bovine serum albumin (Fraction V) 0.25 g

Titron X-100 50 pL

1X PBS 50 mL
Solution 1l

Streptavidin-POD 1 pl

Solution | a4 mL

Solution Ill, pH 6.2

10 mg/mL TMB in 10% DMSO 100 uL
0.3% H,0, 100 uL
0.1 M Citric acid in 10% DMSO 2.5 mL
0.2 M Na,HPO, in 10% DMSO 2.5 mL
2M H,50,

Conc. H,S0O, 22 mL



32.

33.

34.

35.

Distilled water
Ethidium bromide solution (10 mg/mL)
Ethidium bromide
Distilled water
5XTris-acetate EDTA buffer (5XTAE)
Tris
Boric acid
Na,-EDTA
Distilled water
Agarose gel
Agarose
IXTAE buffer
0.1 M MgCL, in 1xPBS (PBSM)
MgCl, (anhydrous)
10xPBS

Distilled water

178

100

54

2.75

0.47

100

0.8

100

0.95211

10

90

mL

mL

mL

mL

ms

mL

mL

102



APPENDIX C
PRIMERS AND 16S rRNA GENE SEQUENCES

1. Primers
20F 5’-AGTTTGATCCTGGCTC-3’
1530R 5’-AAGGAGGTGATCCAGCC-3’
27F 5’-AGAGTTTGATCMTGGCTCAG-3’
1492R 5’-TACGGYTACCTTGTTACGACTT-3’
518F 5’-CCAGCAGCCGCGGTAATACG-3’
800R 5’-TACCAGGGTATCTAATCCC-3’
920F 5’-AAACTCAAATGAATTGACGG-3’
357R 5’-CTGCTGCCTCCCGTAG-3’

2. 16S rRNA gene sequences

>CR1-01 (1369 nt)

GAGCGGAAGGCCCTTCGGGGETACTCGAGCGGCGAACGGGTGAGTAACACGTGAGTAACCTGCC
CCTGACTCTGGGATAAGCCTGGGAAACTGGGTCTAATACCGGATATGACACCTCTCCGCATGGT
GTGGGTGTGGAAAGTTTTTTCGGTTGGGGATGGGCTCGCGGCCTATCAGCTTGTTGGTGGGGTG
ATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGA
GACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCGCAATGGGCGGAAGCCTG
ACGCAGCGACGCCGCGTGGGGEGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGACGA
AGTTGACGTGTACCTGTAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTA
GGGCGCGAGCETTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGTGGCTTGTCGCGETCTGC
CGTGAAAGCCCGTGGECTTAACTACGGGTCTGCGGTGGATACGGGCAGGCTAGAGGCTGGETAGG
GGCAAGCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGETGGECGEA
AGGCGGCTTGCTGGGCCAGTTCTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAG
ATACCCTGGTAGTCCACGCTGTAAACGTTGGGCGCTAGGTGTGGGGGTCTTCCACGATTCCTGT
GCCGTAGCTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGG
AATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTTGCTTAATTCGACGCAACGCGAAGAACC
TTACCAAGGTTTGACATACACCGGAAACACTCAGAGATGGGTGCCTCCTTTGGACTGGTGTACA
GGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCA
ACCCTTGTTCCATGTTGCCAGCACGCCCTTTTGGGGEETGETGGGGACTCATGGGGAGACTGCCG
GGGTCAACTCCGAAGGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGC
AAACATGCTACAATGGTCGGTACAGAGGGTTGCGATACCGTGAGGTGGAGCGAATCCCTAAAAG
CCGGTCTCAGTTCGGATTGGGGETCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGC
AGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAA
AGTCGGCAACACCCGAAGCCCGTGGCCCAACCACT
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>CR1-02 (1370 nt)

GCAGTCGAGCGGAAGGCCCTTCGGGGTACTCGAGCGGCGAACGGGETGAGTAACACGTGAGTAACCTG
CCCCTGACTCTGGGATAAGCCTGGGAAACCGGGTCTAATACCGGATATGACACTCCTCCGCATGGTGT
GGGTGTGGAAAGTTTTTTCGGTTGGGGATGGACTCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCC
TACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGLCC
AGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCGCAATGGGCGAAAGCCTGACGCAGCGACGCCG
CGTGGGGGATGACGGCCTTCGGGGTTGTAAACCTCTTTCAAGCAGGGACGAAGTTGACGTGTACCTGT
AGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCGAGCGTTGTCCGGA
ATTATTGGGCGTAAAGAGCTCGTAGGTGGCTTGTTGCGTCTGCCGTGAAAGCCCGTGGCTTAACTACG
GGTCTGCGGTGGATACGGGCAGGCTAGAGGCTGGTAGGGGCAAGCGGAATTCCTGGTGTAGCGGTGA
AATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGCTTGCTGGGCCAGTTCTGACGCTGAGG
AGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGTTGGGCGCTAG
GTGTGGGGGTCTTCCACGATCTCTGTGCCGTAGCTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGC
CGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTTGCTTAATTCGA
CGCAACGCGAAGAACCTTACCAAGGTTTGACATACACCGGAAACACTCAGAGATGGGTGCCTCCTTTG
GACTGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAA
CGAGCGCAACCCTTGTTCCATGTTGCCAGCACGCCCTTTGGGGTGGTGGGGACTCATGGGAGACTGCC
GGGGTCAACTCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTTATGTCT TGGGCTGCAAAC
ATGCTACAATGGCCGGTACAGAGGGTTGCGATACCGTGAGGTGGAGCGAATCCCTAAAAGCCGGTCTC
AGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACG
CTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGCAACACCCGA
AGCCCGTGGCCCAACC

>CR1-03 (1393 nt)
CTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCGGAAAGGCCCTTCGGGGTACTCG
AGCGGCGAACGGGTGAGTAACACGTGAGTAACCTGCCCCTGACTCTGGGATAAGCCTGGGAAACCGG
GTCTAATACCGGATATGACACTCCTCCGCATGGTGTGGGTGTGGAAAGT TTTTTCGGTTGGGGATGGG
CTCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGAGA
GGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATAT
TGCGCAATGGGCGGAAGCCTGACGCAGCGACGCCGCGTGGGGGATGACGGCCTTCGGGTTGTAAACC
TCTTTCAGCAGGGACGAAGTTGACGTGTACCTGTAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCC
GCGGTAATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGTGGCTTGTT
GCGTCTGCCGTGAAAGCCCGTGGCTTAACTACGGGTCTGCGGTGGATACGGGCAGGCTAGAGGCTGGT
AGGGGCAAGCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAA
GGCGGCTTGCTGGGCCAGTTCTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACC
CTGGTAGTCCACGCTGTAAACGTTGGGCGCTAGGTGTGGGGGTCTTCCACGATTCCTGTGCCGTAGCT
AACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGC
CCGCACAAGCGGCGGAGCATGTTGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGTTTGACATA
CACCGGAAACTTGAGAGACCTCCTTTGGACTGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGT
CGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTTCCATGTTGCCAGCACGCCCTTTGG
GGTGGTGGGGACTCATGGGAGACTGCCGGGGTCAACTCGGAGGAAGGTGGGGATGACGTCAAGTCAT
CATGCCCCTTATGTCTTGGGCTGCAAACATGCTACAATGGTCGGTACAGAGGGTTGCGATACCGTGAG
GTGGAGCGAATCCCTAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGG
AGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCG
TCACGTCACGAAAGTCGGCAACACCCGAAGCCCGTGGCCC
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>CR1-04 (1466 nt)

ACGAACGCTGGCGGCGTGCT TAACACATGCAAGTCGAGCGGAAAGGCCCTTCGGGGTACTCGAGCGG
CGAACGGGTGAGTAACACGTGAGTAACCTGCCCCTGACTCTGGGATAAGCCTGGGAAACTGGGETCTAA
TACCGGATATGACACTCCTCCGCATGGTGTGGGTGTGGAAAGT TTTTTCGGTTGGGGATGGGCTCGCG
GCCTATCAGCTTGTTGGTGGGGTGATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGLG
ACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCGC
AATGGGCGGAAGCCTGACGCAGCGACGCCGLCGTGGGEGEEATGACGGCCTTCGGGTTGTAAACCTCTTTC
AGCAGGGACGAAGTTGACGTGTACCTGTAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTA
ATACGTAGGGCGCGAGCGT TGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGTGGCTTGTCGCGTCT
GCCGTGAAAGCCCGTGGCTTAACTACGGGTCTGCGGTGGATACGGGCAGGCTAGAGGCTGGTAGGGG
CAAGCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGG
CTTGCTGGGCCAGTTCTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTA
GTCCACGCTGTAAACGTTGGGCGCTAGGTGTGGGGGTCTTCCACGATTCCTGTGCCGTAGCTAACGCA
TTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCAC
AAGCGGCGGAGCATGTTGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGT TTGACATACACCGG
AAACACTCAGAGATGGGTGCCTCCTTTGGACTGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTG
TCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTTCCATGTTGCCAGCACGCCCTTTG
GGGTGGTGGGGACTCATGGGAGACTGCCGGGGTCAACTCGGAGGAAGGTGGGGATGACGTCAAGTCA
TCATGCCCCTTATGTCTTGGGCTGCAAACATGCTACAATGGTCGGTACAGAGGGTTGCGATACCGTGA
GGTGGAGCGAATCCCTAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCG
GAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGLCC
GTCACGTCACGAAAGTCGGCAACACCCGAAGCCCGTGGCCCAACCACTTGTGGGGGGAGCGGTCGAA
GGTGGGGCTGGCGATTGGGACGAAGTCGTAACAAGGTAGCGTACGG

>CR1-05 (1362 nt)
GTCGAGCGGAAGGCCCTTCGGGGTACTCGAGCGGCGAACGGGETGAGTAACACGTGAGTAACCTGCCC
CTGACTCTGGGATAAGCCTGGGAAACCGGGTCTAATACCGGATACGACACTCCTCCGCATGGTGTGGG
TGTGGAAAGTTTTTTCGGTTGGGGATGGGCTCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCTAC
CAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGA
CTCCTACGGGAGGCAGCAGTGGGGAATATTGCGCAATGGGCGGAAGCCTGACGCAGCGACGCCGLGET
GGGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGACGAAGTTGACGTGTACCTGTAGAAG
AAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCGAGCGTTGTCCGGAATTATT
GGGCGTAAAGAGCTCGTAGGTGGCTTGTTGCGTCTGCCGTGAAAGCCCGTGGCTTAACTACGGGTCTG
CGGTGGATACGGGCAGGCTAGAGGCTGGTAGGGGCAAGCGGAATTCCTGGTGTAGCGGTGAAATGCG
CAGATATCAGGAGGAACACCGGTGGCGAAGGCGGCTTGCTGGGCCAGTTCTGACGCTGAGGAGCGAA
AGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGTTGGGCGCTAGGTGTGG
GGGTCTTCCACGATTCCTGTGCCGTAGCTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAG
GCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTTGCTTAAT TCGACGCAAC
GCGAAGAACCTTACCAAGGTTTGACATACACCGGAAAGCT TGGAGACAGAGCCTCCTTTGGACTGGTG
TACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCA
ACCCTTGTTCCATGTTGCCAGCACGCCCTTTGGGETGGTGGGGACTCATGGGAGACTGCCGGGGETCAA
CTCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCAAACATGCTACA
ATGGTCGGTACAGAGGGTTGCGATACCGTGAGGTGGAGCGAATCCCTAAAAGCCGGTCTCAGTTCGGA
TTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGETG
AATACGT TCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGCAACACCCGAAGCCLGTG
GCCCAAC
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>CR1-06 (1363 nt)
AGTCGAGCGGAAGGCCCTTCGGGGTACTCGAGCGGCGAACGGGTGAGTAACACGTGAGTAACCTGCC
CCTGACTCTGGGATAAGCCTGGGAAACCGGGTCTAATACCGGATATGACACTCCTCCGCATGGTGTGG
GTGTGGAAAGTTTTTTCGGTTGGGGATGGACTCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCTA
CCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAG
ACTCCTACGGGAGGCAGCAGTGGGGAATATTGCGCAATGGGCGAAAGCCTGACGCAGCGACGLLGLG
TGGGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGACGAAGTTGACGTGTACCTGTAGAA
GAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCGAGCGTTGTCCGGAATTAT
TGGGCGTAAAGAGCTCGTAGGTGGCTTGTTGCGTCTGCCGTGAAAGCCCGTGGCTTAACTACGGGTCT
GCGGTGGATACGGGCAGGCTAGAGGCTGGTAGGGGCAAGCGGAATTCCTGGTGTAGCGGTGAAATGC
GCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGCTTGCTGGGCCAGTTCTGACGCTGAGGAGCGA
AAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGTTGGGCGCTAGGTGTG
GGGGTCTTCCACGATCTCTGTGCCGTAGCTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAA
GGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTTGCTTAATTCGACGCAA
CGCGAAGAACCTTACCAAGGTTTGACATACACCGGAAACACTCAGAGATGGGTGCCTCCTTTGGACTG
GTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCTTGTTCCATGTTGCCAGCACGCCCTTTGGGGETGGTGGGGACTCATGGGAGACTGCCGGGET
CAACTCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCAAACATGCT
ACAATGGCCGGTACAGAGGGTTGCGATACCGTGAGGTGGAGCGAATCCCTAAAAGCCGGTCTCAGTTC
GGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGLG
GTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGCAACACCCGAAGLCLC
GTGGCCCA

>CR1-07 (1461nt)
TAGAGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCGGAAAGGCCCTTCGGGGETACTCGAGCG
GCGAACGGGTGAGTAACACGTGAGTAACCTGCCCCTGACTCTGGGATAAGCCTGGGAAACCGGGTCTA
ATACCGGATACGACACTCCTTCGCATGATGTGGGTGTGGAAAGTTTTTTCGGTTGGGGATGGGCTCGC
GGCCTATCAGCTTGTTGGTGGGGTGATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGC
GACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCG
CAATGGGCGGAAGCCTGACGCAGCGACGCCGCGTGGGEGGEATGACGGCCTTCGGGTTGTAAACCTCTTT
CAGCAGGGACGAAGTTGACGTGTACCTGTAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGET
AATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGTGGCTTGTTGCGTC
TGCCGTGAAAGCCCGTGGCTTAACTACGGGTCTGCGGTGGATACGGGCAGGCTAGAGGCTGGTAGGG
GCAAGCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCG
GCTTGCTGGGCCAGTTCTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGT
AGTCCACGCTGTAAACGTTGGGCGCTAGGTGTGGGGGTCTTCCACGATTCCTGTGCCGTAGCTAACGC
ATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCA
CAAGCGGCGGAGCATGTTGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGTTTGACATACACCG
GAAACACTCAGAGATGGGTGCCTCCTTTGGACTGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGT
GTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTTCCATGTTGCCAGCACGCCCTTT
GGGGETGGTGGGGACTCATGGGAGACTGCCGGGGTCAACTCGGAGGAAGGTGGGGATGACGTCAAGTC
ATCATGCCCCTTATGTCTTGGGCTGCAAACATGCTACAATGGTCGGTACAGAGGGTTGCGATACCGTG
AGGTGGAGCGAATCCCTAAAAGCCGATCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTC
GGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGLC
CGTCACGTCACGAAAGTCGGCAACACCCGAAGCCCGTGGCCCAACCACTTGTGGGGGGAGCGGTCGA
AGGTGGGGCTGGCGATTGGGACGAAGTCGTAACAAGGTAG
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>CR1-08 (1485 nt)
GGCTCAGGACGAACGCTGGCGGCGETGCTTAACACATGCAAGTCGAGCGGAAAGGCCCTTCGGGGETACT
CGAGCGGCGAACGGGTGAGTAACACGTGAGTAACCTGCCCCTGACTCTGGGATAAGCCTGGGAAACTG
GGTCTAATACCGGATATGACACTCCTCCGCATGGTGTGGGTGTGGAAAGTTTTTTCGGTTGGGGATGG
GCTCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGA
GAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAAT
ATTGCGCAATGGGCGGAAGCCTGACGCAGCGACGCCGCETGGGGGEATGACGGCCTTCGGGTTGTAAA
CCTCTTTCAGCAGGGACGAAGT TGACGTGTACCTGTAGAAGAAGCGCCGGCTAACTACGTGCCAGCAG
CCGCGGTAATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGTGGCTTG
TCGCGTCTGCCGTGAAAGCCCGTGGCTTAACTACGGGTCTGCGGTGGATACGGGCAGGCTAGAGGCTG
GTAGGGGCAAGCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCG
AAGGCGGCTTGCTGGGCCAGTTCTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATA
CCCTGGTAGTCCACGCTGTAAACGTTGGGCGCTAGGTGTGGGGGTCTTCCACGATTCCTGTGCCGTAG
CTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAAT TGACGGGGG
CCCGCACAAGCGGCGGAGCATGTTGCTTAATTCGACGCAACGCGAAGAACCT TACCAAGGTTTGACAT
ACACCGGAAACACTCAGAGATGGGTGCCTCCTTTGGACTGGTGTACAGGTGGTGCATGGCTGTCGTCA
GCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTTCCATGTTGCCAGCACG
CCCTTTGGGGTGGTGGGGACTCATGGGAGACTGCCGGGGTCAACTCGGAGGAAGGTGGGGATGACGT
CAAGTCATCATGCCCCTTATGTCTTGGGCTGCAAACATGCTACAATGGTCGGTACAGAGGGTTGCGAT
ACCGTGAGGTGGAGCGAATCCCTAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCAT
GAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACAC
ACCGCCCGTCACGTCACGAAAGTCGGCAACACCCGAAGCCCGTGGCCCAACCACTTGTGGGGGGAGC
GGTCGAAGGTGGGGCTGGCGATTGGGACGAAGTCGTAACAAGGTAGCCGTACCGGAAGGTGCGG

>CR1-09 (1482 nt)
GGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCGGAAAGGCCCTTCGGGGTACT
CGAGCGGCGAACGGGTGAGTAACACGTGAGTAACCTGCCCCTGACTCTGGGATAAGCCTGGGAAACCG
GGTCTAATACCGGATACGACCATTTCTCGCATGGGATGGTGGTGGAAAGTTTTTTCGGTTGGGGATGG
GCTCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGA
GAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAAT
ATTGCGCAATGGGCGGAAGCCTGACGCAGCGACGLCCGCETGGGGGATGACGGCCTTCGGGTTGTAAA
CCTCTTTCAGCAGGGACGAAGT TGACGTGTACCTGTAGAAGAAGCGCCGGCTAACTACGTGCCAGCAG
CCGCGGTAATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGTGGCTTG
TCGCGTCTGCCGTGAAAGCCCGTGGCTTAACTACGGGTCTGCGGTGGATACGGGCAGGCTAGAGGCTG
GTAGGGGCAAGCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCG
AAGGCGGCTTGCTGGGCCAGTTCTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATA
CCCTGGTAGTCCACGCTGTAAACGTTGGGCGCTAGGTGTGGGGGETCTTCCACGACTTCTGTGCCGTAG
CTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGG
CCCGCACAAGCGGCGGAGCATGTTGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGTTTGACAT
ACACCGGAAAGCTCTGGAGACAGAGCCCTCCTTTGGACTGGTGTACAGGTGGTGCATGGCTGTCGTCA
GCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTTCCATGTTGCCAGCACG
CCCTTTGGGGETGGTGGGGACTCATGGGAGACTGCCGGGGETCAACTCGGAGGAAGGTGGGGATGACGT
CAAGTCATCATGCCCCTTATGTCTTGGGCTGCAAACATGCTACAATGGTCGGTACAGAGGGTTGCGAT
ACCGTGAGGTGGAGCGAATCCCTAAAAGCCGATCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCAT
GAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACAC
ACCGCCCGTCACGTCACGAAAGTCGGCAACACCCGAAGCCCGTGGCCCAACCACTTGTGGGEGEGAGC
GGTCGAAGGTGGGGCTGGCGATTGGGACGAAGTCGTAACAAGGTAGCGTACCGGAAGGTGC
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>CR1-10 (1397nt)
CTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCGGAAAGGCCCTTCGGGGTACTCG
AGCGGCGAACGGGTGAGTAACACGTGAGTAACCTGCCCCTGACTCTGGGATAAGCCTGGGAAACCGG
GTCTAATACCGGATACGACACTCCTCCGCATGGTGTGGGTGTGGAAAGTTTTTTCGGTTGGGGATGGG
CTCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGAGA
GGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATAT
TGCGCAATGGGCGGAAGCCTGACGCAGCGACGCCGCETGGGGEGATGACGGCCTTCGGGTTGTAAACC
TCTTTCAGCAGGGACGAAGTTGACGTGTACCTGTAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCC
GCGGTAATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGTGGCTTGTT
GCGTCTGCCGTGAAAGCCCGTGGCTTAACTACGGGTCTGCGGTGGATACGGGCAGGCTAGAGGCTGGT
AGGGGCAAGCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAA
GGCGGCTTGCTGGGCCAGTTCTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACC
CTGGTAGTCCACGCTGTAAACGTTGGGCGCTAGGTGTGGGGGTCTTCCACGATTCCTGTGCCGTAGCT
AACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGC
CCGCACAAGCGGCGGAGCATGTTGCTTAATTCGACGCAACGCGAAGAACCT TACCAAGGTTTGACATA
CACCGGAAACATCGAGAGGTCCTCCTTTGGACTGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGT
GTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTTCCATGTTGCCAGCACGCCCTTT
GGGGTGGTGGGGACTCATGGGAGACTGCCGGGGETCAACTCGGAGGAAGGTGGGGATGACGTCAAGTC
ATCATGCCCCTTATGTCTTGGGCTGCAAACATGCTACAATGGTCGGTACAGAGGGTTGCGATACCGTG
AGGTGGAGCGAATCCCTAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTC
GGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCC
CGTCACGTCACGAAAGTCGGCAACACCCGAAGCCCGTGGCCCAA

>CR1-11 (1467 nt)
CGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCGGAAAGGCCCTTCGGGGTACTCGAGCGGC
GAACGGGTGAGTAACACGTGAGTAACCTGCCCCTGACTCTGGGATAAGCCTGGGAAACTGGGTCTAAT
ACCGGATATGACACTCCTCCGCATGGTGTGGGTGTGGAAAGTTTTTTCGGTTGGGGATGGGCTCGCGG
CCTATCAGCTTGTTGGTGGGGTGATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGA
CCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCGCA
ATGGGCGGAAGCCTGACGCAGCGACGCCGCGTGGGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCA
GCAGGGACGAAGTTGACGTGTACCTGTAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAA
TACGTAGGGCGCGAGCGT TGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGTGGCTTGTCGCGTCTG
CCGTGAAAGCCCGTGGCTTAACTACGGGTCTGCGGTGGATACGGGCAGGCTAGAGGCTGGTAGGGGC
AAGCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGEGC
TTGCTGGGCCAGTTCTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAG
TCCACGCTGTAAACGTTGGGCGCTAGGTGTGGGGGETCTTCCACGATTCCTGTGCCGTAGCTAACGCAT
TAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACA
AGCGGCGGAGCATGTTGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGTTTGACATACACCGGA
AACACTCAGAGATGGGTGCCTCCTTTGGACTGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGT
CGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTTCCATGTTGCCAGCACGCCCTTTGG
GGTGGTGGGGACTCATGGGAGACTGCCGGGGTCAACTCGGAGGAAGGTGGGGATGACGTCAAGTCAT
CATGCCCCTTATGTCTTGGGCTGCAAACATGCTACAATGGTCGGTACAGAGGGTTGCGATACCGTGAG
GTGGAGCGAATCCCTAAAAGCCGGTCTCAGT TCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGG
AGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCG
TCACGTCACGAAAGTCGGCAACACCCGAAGCCCGTGGCCCAACCACTTGTGGGGGGAGCGGTCGAAG
GTGGGGCTGGCGATTGGGACGAAGTCGTAACAAGGTAGCCGTACGGA
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>ST1-01 (1368 nt)
CAGTCGAACGATGAAGCCCTTCGGGGTGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGC
CCTGCACTCTGGGACAAGCCCTGGAAACGGGGTCTAATACCGGATACTGATCGCCTTGGGCATCCTTG
GTGATCGAAAGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTC
ACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGC
GTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTG
CAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCGAGCETTGTCCGG
AATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCGCGTCGGTTGTGAAAGCCCGGGGCTTAACCCC
GGGTCTGCAGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGA
AATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGG
AGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAG
GTGTGGGCGACATTCCACGTCGTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGG
CCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCG
ACGCAACGCGAAGAACCT TACCAAGGCTTGACATACACCGGAAACGTCCAGAGATGGGCGCCCCLTTG
TGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCA
ACGAGCGCAACCCTTGTCCCGTGTTGCCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGLCC
GGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACAC
GTGCTACAATGGCCGGTACAATGAGCTGCGATACCGCGAGGTGGAGCGAATCTCAAAAAGCCGGTCTC
AGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTG
CTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGA
AGCCGGTGGCCC

>ST1-02 (1340 nt)
TCGGGCGGGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAG
CCCTGGAAACGGGGTCTAATACCGGATATGACTGTCCGCCGCATGGTGGATGGTGTAAAGCTCCGGCG
GTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAGTGGCTCACCAAGGCGACGACGGGTA
GCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGC
AGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGLCTTC
GGGTTGTAACCTCTTTCAGCAGGGAAGAAGCGAGAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAAC
TACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCT
CGTAGGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATACGGGC
AGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGA
ACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAA
CAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCAACATTCCACGTT
GTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAG
GAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTAC
CAAGGCTTGACATACACCGGAAACGTCTGGAGACAGGCGCCCCCTTGTGGTCGGTGTACAGGTGGETGC
ATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCG
TGTTGCCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGGETCAACTCGGAGGAAGG
TGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCCGGTACA
ATGAGCTGCGATACCGTGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCA
ACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCG
GGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCG
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>ST1-03 (1351 nt)
TTTCGGGCGGGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAA
GCCCTGGAAACGGGGTCTAATACCGGATATGACTGTCCGCCGCATGGTGGATGGTGTAAAGCTCCGGC
GGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAGTGGCTCACCAAGGCGACGACGGG
TAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGATGAGACACGGCCCAGACTCCTACGGGAGGCAG
CAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGLCCTTC
GGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAGAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAA
CTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGC
TCGTAGGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATACGGG
CAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGG
AACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGA
ACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCAACATTCCACGT
TGTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAA
GGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTA
CCAAGGCTTGACATACACCGGAAACGTCTGGAGACAGGCGCCCCCTTGTGGTCGGTGTACAGGTGGTG
CATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGT TAAGTCCCGCAACGAGCGCAACCCTTGTCCC
GTGTTGCCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGEGTCAACTCGGAGGAAG
GTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCCGGTAC
AATGAGCTGCGATACCGTGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGC
AACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCC
GGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGTGGCCCCA

>ST1-04 (1346 nt)
GCGGGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTG
GAAACGGGGTCTAATACCGGATATGACTGTCCGCCGCATGGTGGATGGTGTAAAGCTCCGGCGGTGCA
GGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAGTGGCTCACCAAGGCGACGACGGGTAGCCG
GCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTG
GGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGETT
GTAAACCTCTTTCAGCAGGGAAGAAGCGAGAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACG
TGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTA
GGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATACGGGCAGG
CTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACA
CCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAG
GATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCAACATTCCACGTTGTC
CGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAA
TTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAA
GGCTTGACATACACCGGAAACGTCTGGAGACAGGCGCCCCCTTGTGGTCGGTGTACAGGTGGTGCATG
GCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCGTGT
TGCCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGGTCAACTCGGAGGAAGGTGG
GGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCCGGTACAATG
AGCTGCGATACCGTGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACT
CGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGL
CTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGTGEGCCCAA
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>ST1-05 (1360 nt)
ATGAACCGCTTTCGGGCGGGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACT
CTGGGACAAGCCCTGGAAACGGGGTCTAATACCGGATATGACTGTCCGCCGCATGGTGGATGGTGTAA
AGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAGTGGCTCACCAAGGCG
ACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTAC
GGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGAT
GACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAGAGTGACGGTACCTGCAGAAGAAG
CGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGG
CGTAAAGAGCTCGTAGGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAG
TCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGA
TATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCG
TGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCAA
CATTCCACGTTGTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGLT
AAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCT TAATTCGACGCAACGCG
AAGAACCTTACCAAGGCTTGACATACACCGGAAACGTCTGGAGACAGGCGCCCCCTTGTGGTCGGTGT
ACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAA
CCCTTTGTCCCGTGTTGCCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGGETCAAC
TCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAA
TGGCCGGTACAATGAGCTGCGATACCGTGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGAT
TGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGA
ATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGTGG
CCC

>ST1-06 (1453 nt)
CTGGCGGCGTGCTTAACACATGCAAGTCGAGCGGTAAGGCCCTTCGGGGTACACGAGCGGCGAACGG
GTGAGTAACACGTGGGTGATCTGCCTCGCACTTCGGGATAAGCCTGGGAAACTGGGTCTAATACCGGA
TATGACCTCTGGTCGCATGGCTGGAGGTGGAAAGAT TTATCGGTGCGAGATGGGCCCGCGGCCTATCA
GCTTGTTGGTGGGGTAATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCA
CACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCG
AAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCGACAGGGA
CGAAGCGTGAGTGACGGTACCTGTAGAAGAAGCACCGGCCAACTACGTGCCAGCAGCCGCGGTAATAC
GTAGGGTGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGAGCTTGTAGGCGGTTTGTCGCGTCGTCTG
TGAAAACTCACAGCTCAACTGTGAGCT TGCAGGCGATACGGGCAGACTTGAGTACTGCAGGGGAGACT
GGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGGTCTCT
GGGCAGTAACTGACGCTGAGAAGCGAAAGCGTGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCAC
GCCGTAAACGGTGGGCGCTAGGTGTGGGTTTCCTTCCACGGGATCCGTGCCGTAGCTAACGCATTAAG
CGCCCCGLCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCG
GCGGAGCATGTGGATTAATTCGATGCAACGCGAAGAACCTTACCTGGGTTTGACATACACCGGAAACC
TGCAGAGATGCAGGCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTG
AGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTGTGTTGCCAGCACGTAATGGTGGGGA
CTCGCAGGAGACTGCCGGGGETCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTAT
GTCCAGGGCTTCACACATGCTACAATGGCCGGTACAGAGGGCTGCGATACCGTGAGGTGGAGCGAATC
CCTTAAAGCCGGTCTCAGTTCGGATCGGGGETCTGCAACTCGACCCCGTGAAGT TGGAGTCGCTAGTAA
TCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCATGAA
AGTCGGTAACACCCGAAGCCGGTGGCTAACCCCTTGGGEGEGAGGGAGCCGTCGAAGGTGGGATCGGC
GATTGGGGACGAAGTCGTAACAAGGTAGCG
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>ST1-07 (1322 nt)
ACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAAACGGGGTCTAATACCGGATATGACT
GTCCGCCGCATGGTGGATGGTGTAAAGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTT
GGTGAGGTAGTGGCTCACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGEG
ACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTG
ATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGA
GAGTGACGGTACCTGCAAAAAAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCG
CAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCACGTCGGTTGTGAAAGCC
CGGGGCTTAACCCCGGGTCTGCAGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCC
TGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGA
TACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAA
ACGGTGGGCACTAGGTGTGGGCAACATTCCACGTTGTCCGTGCCGCAGCTAACGCATTAAGTGCCCCG
CCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGLGGAGC
ATGTGGCTTAATTCGACGCAACGCGAAGAACCT TACCAAGGCTTGACATACACCGGAAACGTCTGGAG
ACAGGCGCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTT
GGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCGTGTTGCCAGCAGGCCCTTGTGGTGCTGGGGAC
TCACGGGAGACCGCCGGGGETCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATG
TCTTGGGCTGCACACGTGCTACAATGGCCGGTACAATGAGCTGCGATACCGTGAGGTGGAGCGAATCT
CAAAAAGCCGGTCTCAGT TCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAAT
CGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAA
GTCGGTAACACCCGAAGCCGGTGGCCCAACCCC

>5T1-08 (1462 nt) LCO11703; JCM 30050, PCU 339, TISTR 2278"
GAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGCTGAAGCACCTTCGGGTGTGGATGAGTGGC
GAACGGGTGAGTAACACGTGGGTAATCTGCCCTGCACTCTGGGATAAGCCTTGGAAACGGGGTCTAAT
ACCGGATATCACAGCTCCTCGCATGGGGGGTTGTTGAAAGTTCTGGCGGTGCAGGATGAACCCGCGGC
CTATCAGCTTGTTGGTGGGGTAGTGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGTGAC
CGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAAT
GGGCGCAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCGCC
AGGGACGAAGCGCAAGTGACGGTACCTGGATAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGG
TAATACGTAGGGTGCGAGCGTTGTCCGGATTTATTGGGCGTAAAGAGCTCGTAGGCGGTTTGTCGCGT
CGGCCGTGAAATCTCCACGCTTAACGTGGAGCGTGCGGTCGATACGGGCAGACTTGAGTTCGGTAGGG
GAGACTGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCG
GGTCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGT
AGTCCACGCTGTAAACGTTGGGCGCTAGGTGTGGGCGACATTCCACGTTGTCCGTGCCGTAGCTAACG
CATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGC
ACAAGCGGCGGAGCATGTGGATTAATTCGATGCAACGCGAAGAACCTTACCTGGGCTTGACATGCGCC
AGACATCCCCAGAGATGGGGCTTCCCTTGTGGTTGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCG
TGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTACGTTGCCAGCAAGTAAAG
TTGGGGACTCGTGGGAGACTGCCGGGGTCAACTCGGAGGAAGGTGGGGATGACGTCAAGTCATCATG
CCCCTTATGTCCAGGGCTTCACACATGCTACAATGGCTGGTACAGAGGGCTGCGATACCGCGAGGTGG
AGCGAATCCCTTAAAGCCGGTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAGTC
GCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAC
GTCATGAAAGTCGGTAACACCCGAAGCCCATGGCCCAACCCGCAAGGGAGGGAGTGGTCCAAGGTGG
GACTGGCGATTGGGACGAAGTCGTAACAAGGTAGCGTACC
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>ST1-09 (1345 nt)
GGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCCTGGAA
ACGGGGTCTAATACCGGATATCACTCCCGCAGGCATCTGCGGGGGETCGAAAGCTCCGGCGGTGAAGGA
TGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTCACCAAGGCGACGACGGGTAGCCGGCCT
GAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
ATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAA
CCTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCA
GCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGG
CTTGTCACGTCGGGTGTGAAAGCCCGGGGECTTAACCCCGGGTCTGCATTCGATACGGGCTAGCTAGAG
TGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTG
GCGAAGGCGGATCTCTGGGCCATTACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAG
ATACCCTGGTAGTCCACGCCGTAAACGGTGGGAACTAGGTGTTGGCGACATTCCACGTCGTCGGTGCC
GCAGCTAACGCATTAAGTTCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACG
GGGGCCCGCACAAGCAGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCT TACCAAGGCTTG
ACATACACCGGAAAACCCTGGAGACAGGGTCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTC
GTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTGTGTTGCCAG
CATGCCCTTCGGGGTGATGGGGACTCACAGGAGACCGCCGGGGETCAACTCGGAGGAAGG TGGGGACG
ACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCCGGTACAATGAGCTG
CGAAACCGTGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGT TCGGATTGGGGTCTGCAACTCGACC
CCATGAAGTCGGAGTTGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGT
ACACACCGCCCGTCACGTCACGAAAGTTGGTAACACCCGAAGCCGGTGGCCCAACC

>ST1-10 (1388 nt)
CAGTCGAACGATGAACACTTCGGTGGGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCC
CTTCACTCTGGGACAAGCCCTGGAAACGGGGTCTAATACCGGATATCACTCCCGCAGGCATCTGCGGG
GGTCGAAAGCTCCGGCGGTGAAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTCAC
CAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGA
CTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGLET
GAGGGATGACGGCCTTCGGGTTGTAACCTCT TTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTGCAG
AAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATT
ATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCACGTCGGGTGTGAAAGCCCGGGGCTTAACCCCGGET
CTGCATTCGATACGGGCTAGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATG
CGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCATTACTGACGCTGAGGAGCG
AAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGAACTAGGTGT
TGGCGACATTCCACGTCGTCGGTGCCGCAGCTAACGCATTAAGTTCCCCGCCTGGGGAGTACGGCCGC
AAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCATGTGGCTTAATTCGACGC
AACGCGAAGAACCTTACCAAGGCTTGACATACACCGGAAAACCCTGGAGACAGGGTCCCCCTTGTGGET
CGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGA
GCGCAACCCTTGTCCTGTGTTGCCGCATGCCCTTCGGGGTGATGGGGACTCACAGGAGACCGLCCGGGGE
TCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGC
TACAATGGCCGGTACAATGAGCTGCGAAACCGTGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTT
CGGATTGGGGETCTGCAACTCGACCCCATGAAGTCGGAGTTGCTAGTAATCGCAGATCAGCATTGCTGC
GGTGAATACGT TCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTTGGTAACACCCGAAGCC
GGTGGCCCAACCCCTTGGGGAAGGAGCCGTC
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>0OH1-01 (1496nt)
TTTGATGCTGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCGGAAAGGCCCTTCG
GGGTACTCGAGCGGCGAACGGGTGAGTAACACGTGAGTAACCTGCCCCTGACTCTGGGATAAGCCTGGGA
AACCGGGTCTAATACCGGATATGACACACGGTCGCATGGTCTGTGTGTGGAAAGTTTTTTCGGTTGGGGAT
GGGCTCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGAG
AGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTG
CGCAATGGGCGGAAGCCTGACGCAGCGACGCCGCGTGGGEGEATGACGGCCTTCGGGTTGTAAACCTCTTT
CAGCAGGGACGAAGTTGACGTGTACCTGTAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAA
TACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGTGGCTTGTCGCGTCTGCC
GTGAAAGCCCGTGGCTTAACTACGGGTCTGCGGTGGATACGGGCAGGCTAGAGGCTGGTAGGGGCAAGCG
GAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGCTTGCTGGG
CCAGTTCTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCTGT
AAACGTTGGGCGCTAGGTGTGGGGGETCTTCCACGATTCCTGTGCCGTAGCTAACGCATTAAGCGCCCCGL
CTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGT
TGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGTTTGACATACACCGGAAACACTCAGAGATGGGTG
CCTCCTTTGGACTGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTC
CCGCAACGAGCGCAACCCTTGTTCCATGTTGCCAGCACGCCCTTTGGGETGGTGGGGACTCATGGGAGAC
TGCCGGGGTCAACTCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCAA
ACATGCTACAATGGCCGGTACAGAGGGTTGCGATACCGTGAGGTGGAGCGAATCCCTAAAAGCCGGTCTC
AGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCT
GCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGCAACACCCGAAGCC
CGTGGCCCAACCACTTGTGGGGGGAGCGGTCGAAGGTGGGGCTGGCGATTGGGACGAAGTCGTAACAAGG
TAGCCGTACCGGAAGGTGCGGCT

>OH1-02 (1491 nt)
TTTGATTCCGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCGGAAAGGCCCTTCG
GGGTACTCGAGCGGCGAACGGGTGAGTAACACGTGAGTAACCTGCCCCTGACTCTGGGATAAGCCTGGGA
AACCGGGTCTAATACCGGATATGACACACGGTCGCATGGTCTGTGTGTGGAAAGTTTTTTCGGTTGGGGAT
GGGCTCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGAG
AGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTG
CGCAATGGGCGGAAGCCTGACGCAGCGACGLCCGCGTGGGGGATGACGGCCTTCGGGTTGTAAACCTCTTT
CAGCAGGGACGAAGTTGACGTGTACCTGTAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAA
TACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGTGGCTTGTCGCETCTGCC
GTGAAAGCCCGTGGCTTAACTACGGGTCTGCGGTGGATACGGGCAGGCTAGAGGCTGGTAGGGGCAAGCG
GAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGCTTGCTGGG
CCAGTTCTGACGCTGAGGAGCGAAAGCGETGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCTGT
AAACGTTGGGCGCTAGGTGTGGGGGETCT TCCACGATTCCTGTGCCGTAGCTAACGCATTAAGCGCCCCGC
CTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGET
TGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGTTTGACATACACCGGAAACGTCCAGAGATGGGC
CTCCTTTGGACTGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCC
CGCAACGAGCGCAACCCTTGTTCCATGTTGCCAGCACGCCCTTTGGGGETGGTGGGGACTCATGGGAGACT
GCCGGGGTCAACTCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCAAA
CATGCTACAATGGTCGGTACAGAGGGTTGCGATACCGTGAGGTGGAGCGAATCCCTAAAAGCCGGETCTCA
GTTCGGATTGGGGETCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCTG
CGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGCAACACCCGAAGCCC
GTGGCCCAACCACTTGTGGGGGGAGCGGTCGAAGGTGGGGCTGGCGATTGGGACGAAGTCGTAACAAGGT
AGCGTACCGAAGGTGCGGC
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>PG1-01 (1365 nt)
GCGGACAGGCCCTTCGGGGTACTCGAGCGGCGAACGGGTGAGTAACACGTGAGTAACCTGCCCCTGA
CTCTGGGATAAGCCTGGGAAACCGGGTCTAATACCGGATACGACCATTCTCGGCATGGGATGGTGGTG
GAAAGTTTTTCGGTTGGGGATGGGCTCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCTACCAAGG
CGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCT
ACGGGAGGCAGCAGTGGGGAATATTGCGCAATGGGCGGAAGCCTGACGCAGCGACGCCGCGTGGGEGEGE
ATGACGGCCTTCGGGTTGTAACCTCTTTCGGCAGGGACGAAGT TGACGTGTACCTGTAGAAGAAGCGC
CGGCTAACTACGTGCCAGCAGCCGCGGETAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGT
AAAGAGCTCGTAGGTGGCTTGTCGCGTCTGCCGTGAAAGCCCGTGGCTTAACTACGGGTCTGCGGTGG
ATACGGGCAGGCTAGAGGCTGGTAGGGGCAAGTGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATAT
CAGGAGGAACACCGGTGGCGAAGGCGGCTTGCTGGGCCAGTTCTGACGCTGAGGAGCGAAAGCGTGG
GGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGTTGGGCGCTAGGTGTGGGGGTCTT
CCATGGTTCCTGTGCCGTAGCTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAA
CTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTTGCTTAATTCGACGCAACGCGAAGA
ACCTTACCAAGGTTTGACATACACCGGACGCGCTCGGAGACGGGTGTTCCTTTCGGGGCTGGTGTACA
GGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC
TTGTTCCATGTTGCCAGCGGCGGCTTTCGGGCCGGCCGGGGACTCATGGGAGACTGCCGGGGTCAACT
CGGAGGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCAAACATGCTACAAT
GGTCGGTACAGAGGGCTGCTAACCCGTGAGGGGGAGCGAATCCCTAAAAGCCGGTCTCAGTTCGGATT
GGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAATGCTGCGGTGAA
TACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGCAACACCCGAAGCCCGTGGL
CCAACCCGT

>PG1-02 (1344 nt)
TACTCGAGCGGCGAACGGGTGAGTAACACGTGAGTAACCTGCCCCTGACTCTGGGATAAGCCTGGGAA
ACCGGGTCTAATACCGGATACGACCATTCTCGGCATGGGATGGTGGTGGAAAGTTTTTCGGTTGGGGA
TGGGCTCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCTACCAAGGCGACGACGGGTAGCCGGCCT
GAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
ATATTGCGCAATGGGCGGAAGCCTGACGCAGCGACGCCGCGTGGGGGATGACGGCCTTCGGGTTGTA
ACCTCTTTCGGCAGGGACGAAGTTGACGTGTACCTGTAGAAGAAGCGCCGGCTAACTACGTGCCAGCA
GCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGTGGCTT
GTCGCGTCTGCCGTGAAAGCCCGTGGCTTAACTACGGGTCTGCGGTGGATACGGGCAGGCTAGAGGCT
GGTAGGGGCAAGTGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGEGEC
GAAGGCGGCTTGCTGGGCCAGTTCTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGAT
ACCCTGGTAGTCCACGCTGTAAACGTTGGGCGCTAGGTGTGGGGGETCTTCCATGGTTCCTGTGCCGETA
GCTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGG
GCCCGCACAAGCGGCGGAGCATGTTGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGTTTGACA
TACACCGGACGCGCTCGGAGACGGGTGTTCCTTTCGGGGCTGGTGTACAGGTGGTGCATGGCTGTCGT
CAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTTCCATGTTGCCAGCG
GCGGCTTTCGGGCCGGCCGGGGACTCATGGGAGACTGCCGGGGTCAACTCGGAGGAAGGTGGGGATG
ACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCAAACATGCTACAATGGTCGGTACAGAGGGCTG
CTAACCCGTGAGGGGGAGCGAATCCCTAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACC
CCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAATGCTGCGGTGAATACGT TCCCGGGCCTTGT
ACACACCGCCCGTCACGTCACGAAAGTCGGCAACACCCGAAGCCCGTGGCCCAALCCC
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>PA1-02 (1347 nt)
CGGGGTACTCGAGCGGCGAACGGGTGAGTAACACGTGAGCAACCTGCCCCTGACTCTGGGATAAGCCC
GGGAAACTGGGTCTAATACCGGATACGACCGCCTCCGGCATCGGGTGGTGGTGGAAAGTTTTTCGGTT
GGGGATGGGCTCGCGGCCTATCAGCTTGTTGGTGGGGTAGTGGCCTACCAAGGCGACGACGGGETAGC
CGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAG
TGGGGAATATTGCGCAATGGGCGGAAGCCTGACGCAGCGACGCCGCGTGGGGGATGACGGCCTTCGG
GTTGTAACCTCTTTCAGCAGGGACGAAGTTGACGTGTACCTGCAGAAGAAGCGCCGGCTAACTACGTG
CCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGG
TGGCTTGTCGCGTCGGATGTGAAAGCCCGCAGCTTAACTGCGGGTCTGCATTTGATACGGGCAGGCTA
GAGGTAGGTAGGGGAGAACGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACC
GGTGGCGAAGGCGGTTCTCTGGGCCTTACCTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGA
TTAGATACCCTGGTAGTCCACGCTGTAAACGTTGGGCGCTAGGTGTGGGGGETCTTCCACGATCTCCGT
GCCGGAGCTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTG
ACGGGGGCCCGCACAAGCGGCGGAGCATGTTGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGT
TTGACATCACCCGGAAACCTGCAGAGATGTGGGCCTCTTCGGACTGGGTGACAGGTGGTGCATGGCTG
TCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGCTCCATGTTGCC
AGCAGCGCCTTCGGGCGGCTGGGGACTCATGGGGGACTGCCGGGETCAACTCCGAGGAAGGTGGGGA
TGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCAAACATGCTACAATGGCCGGTACAGAGGGT
TGCGATACCGTGAGGTGGAGCGAATCCCTAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGA
CCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAATGCTGCGGTGAATACGTTCCCGGGCCTT
GTACACACCGCCCGTCACGTCACGAAAGTCGGCAACACCCGAAGCCCGTGGCCCAACCCGT

>PA1-03 (1479 nt)
TTAGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAGTCGAGCGGTAAGG
CCCTTCGGGGTACACGAGCGGCGAACGGGTGAGTAACACGTGGGTGATCTGCCTCGCACTTCGGGATA
AGCCTGGGAAACTGGGTCTAATACCGGATATGACCTGCTGTCGCATGGCGGTGGGTGGAAAGATTTAT
CGGTGCGAGATGGGCCCGCGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCAAGGCGACGACGG
GTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGC
AGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCC
TTCGGGTTGTAAACCTCTTTCGACAGGGACGAAGCGCAAGTGACGGTACCTGTAGAAGAAGCACCGGC
CAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTCCGGAATTACTGGGCGTAAAG
AGCTTGTAGGCGGTTTGTCGCGTCGTCCGTGAAAACT TGGGGCTCAACCCCAAGCTTGCGGGCGATAC
GGGCAGACTTGAGTACTGCAGGGGAGACTGGAAT TCCTGGTGTAGCGGTGAAATGCGCAGATATCAGG
AGGAACACCGGTGGCGAAGGCGGGETCTCTGGGCAGTAACTGACGCTGAGAAGCGAAAGCGTGGGETAG
CGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCGCTAGGTGTGGGETTTCCTTCCA
CGGGATCCGTGCCGTAGCTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTC
AAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGATTAATTCGATGCAACGCGAAGAACC
TTACCTGGGTTTGACATACACCGGAAACCTGCAGAGATGTAGGCCCCCTTGTGGTCGGTGTACAGGTG
GTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGT
CCTGTGTTGCCAGCGGATTATGCCGGGGACTCGCAGGAGACTGCCGGGGTCAACTCGGAGGAAGGTG
GGGACGACGTCAAGTCATCATGCCCCTTATGTCCAGGGCTTCACACATGCTACAATGGCCGGTACAGA
GGGCTGCGATACCGTGAGGTGGAGCGAATCCCTTAAAGCCGGTCTCAGTTCGGATCGGGGTCTGCAAC
TCGACCCCGTGAAGTTGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGG
CCTTGTACACACCGCCCGTCACGTCATGAAAGTCGGTAACACCCGAAGCCGGTGGCCTAACCCCTTGT
GGGAGGGAGCCGTCGAAGGTGGGATCGGCGATTGGGACGAAGTCGTAACAAGGTAA
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>PA1-07 (1356 nt)

CCTTCGGGGTGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTTCACTCTGGGACAA
GCCCTGGAAACGGGGTCTAATACCGGATATCACTCTTGCGGGCATCTGTGAGGGTTGAAAGCTCCGGC
GGTGAAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTCACCAAGGCGACGACGGGT
AGCCGGCCTGAGAGGGCGACCGGCCACACTGGGEACTGAGACACGGCCCAGACTCCTACGGGAGGCAG
CAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTT
CGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGCAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTA
ACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAG
CTCGTAGGCGGCTTGTCACGTCGGGTGTGAAAGACCGGGGCTTAACTCCGGTTCTGCATTCGATACGG
GCTAGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAG
GAACACCGGTGGCGAAGGCGGATCTCTGGGCCATTACTGACGCTGAGGAGCGAAAGCGTGGGGAGCEG
AACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGAACTAGGTGTTGGCGACATTCCACG
TCGTCGGTGCCGCAGCTAACGCATTAAGT TCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAA
AGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTT
ACCAAGGCTTGACATACGCCGGAAACATCCAGAGATGGGTGCCCCCTTGTGGTCGGTGTACAGGTGGT
GCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCC
TGTGTTGCCAGCATGCCCTTCGGGGTGATGGGGACTCACAGGAGACCGCCGGGGTCAACTCGGAGGA
AGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCCGGT
ACAATGAGCTGCGATACCGTGAGGTTGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGTCT
GCAACTCGACCCCATGAAGTCGGAGTTGCTAGTAATCGCAGATCAGCAGTGCTGCGGTGAATACGTTC
CCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGTGGCCCAACCC

>PA1-10 (1371 nt)
AGTCGAGCGGAAGGCCCTTCGGGGTACTCGAGCGGCGAACGGGTGAGTAACACTGAGTAACCTGCCC
CTGACTCTGGGATAAGCCCGGGAAACTGGGTCTAATACCGGATACGACCATTCCACGCATGTGGTGGT
GGTGGAAAGTTTTTTCGGTTGGGGATGGGCTCGCGGCCTATCAGCTTGTTGGTGGGGTAGTGGCCTAC
CAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGA
CTCCTACGGGAGGCAGCAGTGGGGAATCTTGCGCAATGGGCGAAAGCCTGACGCAGCGACGCCGLGT
GGGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGACGAAGGTGACGTGTACCTGCAGAAG
AAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGETAATACGTAGGGCGCAAGCGTTGTCCGGAATTATT
GGGCGTAAAGAGCTCGTAGGTGGCTGGTCGCGTCTGCCGTGAAAGCCCGCAGCTTAACTGCGGGTCTG
CGGTGGATACGGGCCGGCTAGAGGTAGGTAGGGGCAAGTGGAATTCCTGGTGTAGCGGTGAAATGCG
CAGATATCAGGAGGAACACCGGTGGCGAAGGCGGCTTGCTGGGCCTTACCTGACGCTGAGGAGCGAA
AGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGT TGGGCGCTAGGTGTGG
GGGTCTTCCACGATCTCCGTGCCGGAGCTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAG
GCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTTGCT TAAT TCGACGCAAC
GCGAAGAACCTTACCAAGGT TTGACATCACCCGGACAACTGCAGAGATGTGGTTTTCTTCGGACTGGG
TGACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGEL
AACCCTTGCTCCATGTTGCCAGCACGCCAGGTTTCTGGTGGTGGGGACTCATGGGGGACTGCCGGGGET
CAACTCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCAAACATGCT
ACAATGGCCGGTACAGAGGGTTGCGATGCCGTGAGGTGGAGCGAATCCCTAAAAGCCGGTCTCAGTTC
GGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAATGCTGCG
GTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGCAACACCCGAAGLCLC
GTGGCCCAACCACTTG
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>PA1-11 (1366 nt)
AGTCGAGCGGAAGGCCCTTCGGGGTACTCGAGCGGCGAACGGGTGAGTAACACGTGAGCAACCTGCC
CCTGACTCTGGGATAAGCCCGGGAAACTGGGTCTAATACCGGATACGACCGCCTCCGGCATCGGGETGG
TGGTGGAAAGTTTTTCGGTTGGGGATGGGCTCGCGGCCTATCAGCTTGTTGGTGGGGTAGTGGCCTAC
CAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGA
CTCCTACGGGAGGCAGCAGTGGGGAATATTGCGCAATGGGCGGAAGCCTGACGCAGCGACGCCGLET
GGGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGACGAAGT TGACGTGTACCTGCAGAAG
AAGCGCCGGCTAACTACGTCCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATT
GGGCGTAAAGAGCTCGTAGGTGGCTTGTCGCGTCGGATGTGAAAGCCCGCAGCTTAACTGCGGGTCTG
CATTTGATACGGGCAGGCTAGAGGTAGGTAGGGGAGAACGGAATTCCTGGTGTAGCGGTGAAATGCGC
AGATATCAGGAGGAACACCGGTGGCGAAGGCGGTTCTCTGGGCCTTACCTGACGCTGAGGAGCGAAAG
CGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGT TGGGCGCTAGGTGTGGGGE
GTCTTCCACGATCTCCGTGCCGGAGCTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGC
TAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTTGCTTAATTCGACGCAACGC
GAAGAACCTTACCAAGGTTTGACATCACCCGGAAACCTGCAGAGATGTGGGCCTCTTCGGACTGGGTG
ACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAA
CCCTTGCTCCATGTTGCCAGCAGCGCCTTCGGGCGGECTGGGGACTCATGGGGGACTGCCGGGGTCAAC
TCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCAAACATGCTACAA
TGGCCGGTACAGAGGGTTGCGATACCGTGAGGTGGAGCGAATCCCTAAAAGCCGGTCTCAGTTCGGAT
TGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAATGCTGCGGTGA
ATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGCAACACCCGAAGCCLGTGE
CCCAACCCG

>VC1-01 (1356 nt)
ATGAACACTTCGGTGGGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTG
GGACAAGCCCTGGAAACGGGGTCTAATACCGGATACTGAGCTACTTGGGCATCCAAGTGGTTCGAAAG
CTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTCACCAAGGCGAC
GACGGGTACCCGCCCTGAGAGGGCGACCGGCCACACTGGGATGAGACACGGCCCAGATCCTACGGGA
GGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACG
GCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCC
GGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTA
AAGAGCTCGTAGGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGA
TACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATC
AGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGTGGEG
GAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCAACATT
CCACGTTGTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAA
CTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGA
ACCTTACCAAGGCTTGACATACACCGGAAACGTCCAGAGATGGGCGCCCCCTTGTGGTCGGTGTACAG
GTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT
TGTCCCGTGTTGCCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGETCACTCCGAAG
AAGGTGGGGACGACGTCAAATCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCCGG
TACAATGAGCTGCGATACCGCGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGTC
TGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTT
CCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGTGGCCCAAC
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>VC1-02 (1351 nt)
ACTTCGGTGGGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAA
GCCCTGGAAACGGGGTCTAATACCGGATACTGAGCTACTTGGGCATCCAAGTGGTTCGAAAGCTCCGG
CGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTCACCAAGGCGACGACGG
GTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGC
AGCAGTGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTT
CGGGTTGTAACCTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAA
CTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGC
TCGTAGGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATACGGG
CAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGG
AACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGA
ACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCAACATTCCACGT
TGTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAA
GGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTA
CCAAGGCTTGACATACACCGGAAACGTCCAGAGATGGGCGCCCCCTTGTGGTCGGTGTACAGGTGGTG
CATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGT TAAGTCCCGCAACGAGCGCAACCCTTGTCCC
GTGTTGCCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGTCACTCGGAGAAAGGG
GGGACGACGTCAAGTCATCATGCCCCTTATGTCT TGGGCTGCACACGTGCTACAATGGCCGGTACAAT
GAGCTGCGATACCGCGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAAC
TCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGG
CCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGTGGCCCAACCC

>VC1-03 (1351 nt)
TCGGTGGGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCC
CTGGAAACGGGGTCTAATACCGGATACTGAGCTACTTGGGCATCCAAGTGGTTCGAAAGCTCCGGCGG
TGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTCACCAAGGCGACGACGGGTAG
CCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCA
GTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCG
GGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAAC
TACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCT
CGTAGGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATACGGGC
AGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGA
ACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAA
CAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCAACATTCCACGTT
GTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAG
GAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTAC
CAAGGCTTGACATACACCGGAAACGTCCAGAGATGGGCGCCCCCTTGTGGTCGGTGTACAGGTGGETGC
ATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCG
TGTTGCCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGETCAACTCGGAGGAAAGT
GGGGACGACGTCAATCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCCGGTACAAT
GAGCTGCGATACCGCGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGT TCGGATTGGGGTCTGCAAC
TCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGG
CCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGETGEGCCCAACCC
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>VC1-04 (1362 nt)

ATGAACACT TCGGTGGGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTG
GGACAAGCCCTGGAAACGGGGTCTAATACCGGATACTGAGCTACTTGGGCATCCAAGTGGTTCGAAAG
CTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTCACCAAGGCGAC
GACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGG
GAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGA
CGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCG
CCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCG
TAAAGAGCTCGTAGGCGGCTTGTCACGTGGTTGTGAAAGCCCGGGGCTTAACCCCCGGTCTGCAGTCG
ATACGGGCAGGCTAGAGT TCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATAT
CAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGETGG
GGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCAACAT
TCCACGTTGTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAA
ACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGCT TAATTCGACGCAACGCGAAG
AACCTTACCAAGGCTTGACATACACCGGAAACGTCCAGAGATGGGCGCCCCCTTGTGGTCGGTGTACA
GGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC
TTGTCCCGTGTTGCCAGCAGGCCCTTGTGGTGCTGGGGACTCACGGGAGACCGCCGGGGETCAACTCGG
AAGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAATGGC
CGGTACAATGAGCTGCGATACCGCGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGEG
GTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATAC
GTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGTGGCCCA
ACCCC

>PP1-01 (1342nt)
TTCGGGGTACTCGAGCGGCGAACGGGTGAGTAACACGTGAGCAACCTGCCCCAGGCTTTGGGATAACC
CCGGGAAACCGGGGECTAATACCGAATATGACCTCCGATCGCATGGTTGGTGGTGGAAAGTTTTTCGGC
TTGGGATGGGCTCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCTACCAAGGCGACGACGGGTAGC
CGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAG
TGGGGAATATTGCACAATGGGCGGAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGG
GTTGTAAACCTCTTTCAGCAGGGACGAAGCGTAAGTGACGGTACCTGCAGAAGAAGCGCCGGCCAACT
ACGTGCCAGCAGCCGCGGTAAGACGTAGGGCGCGAGCGTTGTCCGGATTTATTGGGCGTAAAGAGCTC
GTAGGCGGCTTGTCGCGTCGACTGTGAAAACCCGCAGCTCAACTGCGGGCCTGCAGTCGATACGGGCA
GGCTAGAGT TCGGTAGGGGAGACTGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAA
CACCGGTGGCGAAGGCGGGETCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAAC
AGGATTAGATACCCTGGTAGTCCACGCTGTAAACGTTGGGCGCTAGGTGTGGGGGGCCTCTCCGGETTC
CCTGTGCCGCAGCTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGG
AATTGACGGGGGCCCGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGCGAAGAACCTTACC
TGGGTTTGACATGGCCGCAAAACTGTCAGAGATGGCAGGTCCTTCGGGGGCGGTCACAGGTGGTGCAT
GGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTCGATG
TTGCCAGCGCGTTATGGCGGGGACTCATCGAAGACTGCCGGGGTCAACTCGGAGGAAGGTGGGGATG
ACGTCAAGTCATCATGCCCCTTATGTCCAGGGCTTCACGCATGCTACAATGGCCGGTACAATGGGCTG
CGATACCGTGAGGTGGAGCGAATCCCAAAAAGCCGGTCTCAGT TCGGATCGGGGTCTGCAACTCGACC
CCGTGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGT
ACACACCGCCCGTCACGTCACGAAAGTCGGCAACACCCGAAGCCGGTGGCCCAA
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>PP1-03 (1393nt)
GACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCGGAAAGGCCCTTCGGGGTACTCGAGCG
GCGAACGGGTGAGTAACACGTGAGCAACCTGCCCCAGGCTTTGGGATAACCCCGGGAAACCGGGGELT
AATACCGAATATGACCTCCGATCGCATGGTTGGTGGTGGAAAGTTTTTCGGCTTGGGATGGGCTCGLG
GCCTATCAGCTTGTTGGTGGGGTGATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCEG
ACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCAC
AATGGGCGGAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTC
AGCAGGGACGAAGCGTAAGTGACGGTACCTGCAGAAGAAGCGCCGGCCAACTACGTGCCAGCAGCCG
CGGTAAGACGTAGGGCGCGAGCETTGTCCGGATTTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCG
CGTCGACTGTGAAAACCCGCAGCTCAACTGCGGGCCTGCAGTCGATACGGGCAGGCTAGAGTTCGGTA
GGGGAGACTGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAG
GCGGGTCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCC
TGGTAGTCCACGCTGTAAACGTTGGGCGCTAGGTGTGGGGGGCCTCTCCGGTTCCCTGTGCCGCAGCT
AACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGC
CCGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGCGAAGAACCTTACCTGGGTTTGACATG
GCCGCAAAACTGTCAGAGATGGCAGGTCCTTCGGGEGCGGETCACAGGTGGTGCATGGCTGTCGTCAGC
TCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTTCGATGTTGCCAGCGCGTT
ATGGCGGGGACTCATCGAAGACTGCCGGGGTCAACTCGGAGGAAGGTGGGGATGACGTCAAGTCATC
ATGCCCCTTATGTCCAGGGCTTCACGCATGCTACAATGGCCGGTACAATGGGCTGCGATACCGTGAGG
TGGAGCGAATCCCAAAAAGCCGGTCTCAGTTCGGATCGGGGTCTGCAACTCGACCCCGTGAAGTCGGA
GTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGT
CACGTCACGAAAGTCGGCAACACCCGAAGCCGGTGGCCCAAC

>PP1-04 (1301nt)
AGCGGAAGGCCCTTCGGGGTACTCGAGCGGCGAACGGGTGAGTAACACCTTAGCAACCTGCCCCAGG
CTTTGGGATAACCCCGGGAAACCGGGGCTAATACCGAATATGACCTCCGATCGCATGGTTGGTGGTGG
AAAGTTTTTCGGCTTGGGATGGGCTCGCGGCCTATCAGCT TGTTGGTGGGGTGATGGCCTACCAAGGC
GACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTA
CGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGGAAGCCTGATGCAGCGACGCCGCGTGAGGGA
TGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGACGAAGCGTAAGTGACGGTACCTGCAGAAGAA
GCGCCGGCCAACTACGTGCCAGCAGCCGCGGTAAGACGTAGGGCGCGAGCGTTGTCCGGATTTATTGG
GCGTAAAGAGCTCGTAGGCGGCTTGTCGCGTCGACTGTGAAAACCCGCAGCTCAACTGCGGGCCTGCA
GTCGATACGGGCAGGCTAGAGT TCGGTAGGGGAGACTGGAAT TCCTGGTGTAGCGGTGAAATGCGCAG
ATATCAGGAGGAACACCGGTGGCGAAGGCGGGETCTCTGGGCCGATACTGACGCTGAGGAGCGAAAGC
GTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGTTGGGCGCTAGGTGTGGGGG
GCCTCTCCGGTTCCCTGTGCCGCAGCTAACGCATTAAGCGCCCCGCCTGGGGEAGTACGGCCGCAAGGC
TAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGC
GAAGAACCTTACCTGGGTTTGACATGGCCGCAAAACTGTCAGAGATGGCAGGTCCTTCGGGGGECGGETC
ACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAA
CCCTCGTTCGATGTTGCCAGCGCGTTATGGCGGGGACTCATCGAAGACTGCCGGGGETCAACTCGGAGG
AAGGTGGGGATGACGTCAAGTCATCATGCCCCTTATGTCCAGGGCTTCACGCATGCTACAATGGCCGG
TACAATGGGCTGCGATACCGTGAGGTGGAGCGAATCCCAAAAAGCCGGTCTCAGTTCGGATCGGGGTC
TGCAACTCGACCCCGTGAAGTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTT
CCCGGGCCTTGTA
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