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Abstract

The diversity of Actinobacteria associated with ants that do not grow fungi was determined in the
Guanica subtropical dry forest. Actinobacteria produces secondary metabolites used as
antibiotics antifungals and antivirals. A preliminary survey of the abundance and diversity of
Actinobacteria in common ants from two different environments in Puerto Rico was conducted.
Cambalache rain forest and Guanica dry forest were the locations selected for this purpose. The
preliminary results indicated that Guénica Dry Forest had the largest number of morphospecies
of Actinobacteria. The diversity of Actinobacteria associated with three dominant species of ants
(Dorymyrmex sp., Solenopsis sp. and Paratrechina sp.) in the Guanica dry forest was assessed
using culture-dependent methods. Streptomyces, Actinomadura, Nocardia, Pseudonocardia
were associated with Solenopsis sp. ants, while Streptomyces, Nocardia and Nocardiopsis were
found in association with Dorymyrmex sp. ants. The diversity of Actinobacteria associated with
the ant Paratrechina sp. and its nest surrounding soil were determined using culture-
independent methods. We integrated the results obtained with dependent and independent
culture methods in Paratrechina sp. Streptomyces, Actinomadura, Nocardia,
Ornithiniimicrobium, Tsuamurella, Brevibacterium, Saccharopolyspora, Nocardioides,
Microbacterium, Leifsonia, Pseudonocardia, Corynebacterium, Geodermatophilus,
Amycolaptosis and Microtetraspora were associated with this ant. Streptomyces and
Actinomadura genera were the most abundant with both methodologies. We concluded that the
diversity of Actinobacteria associated with ants that do not grow fungus (Solenopsis sp.,
Dorymyrmex sp. and Paratrechina sp.) in the subtropical Guanica Dry Forest was specific for
each ant species. We compared the community of Actinobacteria associated with Paratrechina
sp. ants and the soil. We established that the community associated to the ant is consistent and

clearly different from the community found in the soil in which the ant lives.



Resumen

La diversidad de Actinobacterias asociadas a las hormigas que no cultivan hongos fue
determinada en el Bosque Seco de Guanica. Las Actinobacterias producen metabolitos
secundarios que son utilizados como antibioticos, antifingicos y antivirales. Se llevd a cabo un
estudio preliminar de la abundancia y la riqueza de Actinobacterias en hormigas comunes de
dos ambientes diferentes en Puerto Rico. El bosque humedo de Cambalache y el bosque seco
de Guanica fueron los lugares elegidos para este propdsito. Los resultados preliminaries
indicaron que el Bosque Seco de Guanica tuvo el mayor numero de morfoespecies de
Actinobacterias. La diversidad de Actinobacterias asociada con tres especies comunes de
hormigas (Dorymyrmex sp., Solenopsis sp. y Paratrechina sp.) en el bosque seco de Guanica
se evalud utilizando métodos dependiente de cultivo. Los géneros Streptomyces, Actinomadura,
Nocardia y Pseudonocardia se encontraron asociados con Solenopsis sp., mientras que
Streptomyces, Nocardia y Nocardiopsis se encontraron en Dorymyrmex sp. La diversidad de
Actinobacterias asociadas a la hormiga Paratrechina sp. y a su suelo circundante se determiné
utilizando métodos independientes de cultivo. Streptomyces, Actinomadura, Nocardia,
Ornithiniimicrobium,  Tsuamurella, Brevibacterium,  Saccharopolyspora, Nocardioides,
Microbacterium, Leifsonia, Pseudonocardia, Corynebacterium, Geodermatophilus,
Amycolaptosis y Microtetraspora fueron los géneros asociados con Paratrechina sp. al integrar
los resultados obtenidos con los métodos de cultivo dependientes e independientes.
Streptomyces y Actinomadura fueron los generos mas abundantes en ambas metodologias. En
base a los resultados, se concluye que la diversidad de Actinobacterias asociados a las
hormigas (Solenopsis sp., Dorymyrmex sp. y Paratrechina sp.) fue especifica para cada
especie. Se comparo la comunidad de Actinobacterias asociada con la hormiga Paratrechina
sp. y el suelo. Se establecié que la comunidad asociada a la Paratrechina sp. es consistente y

claramente diferente de la comunidad se encuentra en el suelo en el que la hormiga vive.
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1. Introduction

The Actinobacteria is a group of filamentous Gram-positive bacteria with high genotypic
and phenotypic variability. They are characterized by a high content of guanine and
cytosine (Stakebrandt, 1991; Stach et al. 2003). Most of these microorganisms are
aerobic in nature, although some species are capable of fermenting organic compounds
(McCarthy and Williams, 1990). These bacteria live in the sea, freshwater (Goofellow et
al. 1990) and soil (Hayakawa et al. 2000), where they participate with other
microorganisms in the decomposition of organic substances such as starch, cellulose,
hemicellulose, lignin, pectin, keratin, chitin and humus. Products from the degradation of

these compounds return to the soil (Vobis and Chai, 1998; Stakebrandt, 1991).

The Actinobacteria are ecologically important because they contribute to the flow of
materials and energy for ecosystem conservation. They produce a wide variety of
bioactive secondary metabolites that have applications in agriculture, medicine and
industry. These bacteria produce enzymes such as proteases that are used in the
detergent, food, pharmaceutical, diagnostics, and fine chemical industries (Kumara and
Takagib, 1999), others like chitinases potents inhibitos de fungal growth in plants
(Schlumbawn et al., 1986) and glucose isomerases that has the largest market in the
food industry because of its application in the production of high-fructose corn syrup
(HFCS) (Bhosales and Rao, 1996), as well as other compounds like polyenes and
ciclohexamides (Tanaka and Omura, 1990). More than half of the antibiotics used by

humans come from soil Actinobacteria, as well as anti-tumor agents and enzyme



inhibitors (Stach et al. 2003; Cundliffe, 2006). Some Actinobacteria are pathogens of
plants, animals and humans (Trujillo and Goodfellow, 2003). Some species fix
atmospheric nitrogen in association with non-leguminous plants (Tjepkema et al. 2002)
while others are insect symbionts (Cafaro et al. 2011, Currie, 2001). Examples of such
associations are the Pine beetle that uses a Actinobacteria (Strepromyces sp.) to protect
its fungal food source from a competing fungus-(Scott et al. 2008) and, the beewolf
larvae, which are protected from fungal infestation by another symbiotic Actinobacteria
(Kaltenpoth et al., 2005). Recently Patil et al. (2010) reported the presence of an
Actinobacteria of the genus Nocardiopsis, in the gut of the honey bee (Apis mellifera),
which has inhibitor activity against Bacillus strains native to bees and some Gram-

positive human pathogenic strains.

The most studied example is the fungus-growing ants (Attini) that form large colonies
with a fungal monoculture. The ants have developed a symbiosis with Actinobacteria as
a mean to control disease and protect their fungal crops (Fernandez-Marin, 2006).
These ants cut leaves, collect in their nest decomposing plant material or feces of
insects, then chew and process them into 1 to 2 mm long pieces, which serve as
substrate for the fungal cultivars, rich in lipids and carbohydrates and are the sole
source of food for the ant larvae and the queen. In leaf-cutter ants, the cultivated fungus
is a clone, which is vulnerable to the attack of pathogenic microorganisms (Currie,
2001). The transmission of the symbiotic Actinobacteria occurred by a lateral transfer
between ant colonies and possibly by the recruitment and selection of strains from the

environment (Cafaro et al., 2011).



The relationship between Actinobacteria and fungus-growing ants has been widely
documented (Currie, 2001; Fernandez-Marin, 2006; Poulsen et al., 2007; Little and
Currie, 2008). However, there is little knowledge about the association between

Actinobacteria and other groups of ants.

The only study about non fungus-growing ants was made by Kost et al. (2007), who
isolated several Actinobacteria from two temperate ant species that do not grow fungi
(Lasius flavus and Myrmica rugulosa). The authors evaluated the inhibition effects of the
bacterial isolates against the growth of the attine ant fungal parasite Escovopsis and
found that more than 80% of these strains inhibited its growth, suggesting that
Actinobacteria can be acquired from the environment. Under this scenario, an
investigation was carried to determinate the diversity of Actinobacteria associated with
ants that do not cultivate fungi in a subtropical area and their relationship to local soil

microbial community.



2. Hypothesis

The Actinobacteria community associated with tropical ants is similar to the community

found in the soil in which it lives.

Objetives

General Objective

To determine the diversity of Actinobacteria associated with the most common species

of ants that do not cutivate fungi in Guénica tropical dry forest and to compare it with the

surrounding soil.

Specific objectives

1. Characterize and identify Actinobacteria associated with the ants Dorymyrmex sp.,

Solenopsis sp. and Paratrechina sp. using culture-dependent methods.

2. Characterize and identify the Actinobacteria diversity associated with the ant

Paratrechina sp. nest and its surrounding soil, using culture-independent methods.

3. Compare the community of Actinobacteria associated with Paratrechina sp. nest and

its surrounding soil.



3. Literature review

3.1 The Actinobacteria

The Actinobacteria are Gram-positive bacteria characterized by their high content of
guanine and cytosine <70% (Ventura et al., 2007). These bacteria form a phylum that is
composed of 30 families. In the past, they were known as Actinobacteria because they
form branching filaments resembling the hyphae of fungi (mycelium) at some stage of
development (Raja and Prabakarana, 2011). Actinobacteria shapes include coccus
(Micrococcus), rod-coccus (Arthrobacter), fragmenting hyphal forms (Nocardia) and in
the genus Streptomyces a permanent and highly differentiated branched mycelium
(Goodfellow and Williams, 1983). Most of the Actinobacteria form spores or propagules
to withstand desiccation and heat. The shape of the spores varies and is a criterion used

to separate taxonomic groups (Mardigan et al., 2009).

3.2 Ecology of the Actinobacteria

The Actinobacteria are distributed across various ecological habitats, including soil, the
rhizosphere, plant material, ponds, lakes and in marine sediments and coastal
environments including sand beaches (Suzuki et al., 1994, Okasaki, 2006, Nakashima

et al., 2009, Hasegawa et al., 2006). Most of these bacteria are harmless commensals,



and saprophytes, but some are plant and animal pathogens while others are known to

form symbiotic relationships with plants and insects (Mardigan et al., 2009).

The Actinobacteria are found in metabolically active and inactive states in their natural
environments. For genera such as Streptomyces, these states can be easily
distinguished by morphological differences between the hyphae and spores. Other
groups such as nocardioforms have a transitory mycelium, while for Arthrobacter and
Rhodococcus few to none cell shape changes are observed when they are in nutrient-

poor environments (Goodfellow and Williams, 1983).

The Actinobacteria are involved in ecological processes such as decomposition of
organic matter in soil (saprophytic) and also of high molecular weight compounds such
as hydrocarbons in contaminated soil. They participate in soil environments by fixing
nitrogen in association with plant roots by the production of various secondary

metabolites (Suzuki et al., 1994).

Actinobacteria in soil

Actinobacteria grow extensively in soils (over 1 million cells per gram). They are a
significant component of the microbial soil population (McCarthy and Williams,1992).
The abundance of Actinobacteria is higher in soils containing rich organic matter
(Nakashima et al., 2009). They colonize particulate organic substrates such as the
fragments of roots and dead fungal hyphae on which their mycelium grows. The
Actinobacteria produce spores that are carried by wind and rain, while the dispersion
between soils occurs by arthropods and water movement. Hydrophobic spores of the

6



genus Streptomyces adhere easily to the cuticle of arthropods. The distribution of the
Actinobacteria in soil depends on environmental factors such as nutrient availability,
temperature and humidity, but the pH is the main factor controlling their distribution ( pH
7.0-8.0.) Halophilic and halotolerans actinobacteria can grow a pH of 6.0 to 10 (Tang et

al., 2002)

Some representatives of the genus Streptomyces, are good producers of cell wall
degrading enzymes such as cellulases, hemicellulases, chitinases, amylases and
glucanases. Other species produce enzymes that degrade lignin and cell wall materials
of higher plants, making them major contributors to the materials and energy flow in solil

(Hasegawa et al., 2006).

The major source of antibiotic and secondary metabolite-producing Actinobacteria is
found in soil. Antibiotic production is highly variable between individuals of the same
species in terms of quantity and quality. Similarly, the resistance to antibiotics is highly
specific to individual microbial strains (Vining, 1990). The antibiotics produced by
Actinobacteria inhibit the growth of soil borne microbes including both, Gram-positive

and Gram-negative bacteria and many fungi (Davelos et al., 2004).

Actinobacteria in aquatic environments

The Actinobacteria are widely distributed in aquatic habitats. Many of the strains found
in these environments have also been identified in surrounding terrestrial habitats,
suggesting that they are transported from soil to the marine and fresh water

environments. After being deposited in mud and/or sediments, spores or resting



propagules can survive for long periods of time. Some of the genera commonly reported
in fresh water environments are Micromonospora and Rhodococcus. In the marine
environment a greater number of genera have been identified such as Streptomyces,
Actinoplanes, Geodermatophilus, Mycobacterium, Nocardia, Streptoverticilum and
Streptosporagium. Marine Actinobacteria differ from their soilcounterparts in their
capacity to grow under high salt concentrations (halotolerant) and at high hydrostatic

pressures like those in the ocean bed (Goodfellow and Williams, 1983).

Actinobacteria as pathogens

Some Actinobacteria species are human pathogens. An example is Mycobacterium
tuberculosis, a species responsible for Tuberculosis disease (Mardigan et al, 2009).
Other common and highly studied diseases are caused by Actinobacteria, such as
leprosy and diphtheria. Nocardia strains cause primary pulmonary diseases and

infections in skin and soft tissues (Georghiou and Blacklock, 1992).

Some Actinobacteria also cause plant diseases. Potato scab is caused by Streptomyces
scabies, and it is characterized by the disfigurement of potato tubers with shallow or
deep lesions. This disease lowers the economic value of potatoes in USA (Woodruff,
1989). In other plants, Corynebacterium causes a variety of diseases such as toxin
production, plant withering and decay, galls formation and, biosurfactants in the surface

of leaves (Goodfellow and Williams, 1983).



Actinobacteria as symbionts in plants

The Actinobacteria in the genus Frankia are symbionts of non-leguminous plants
(actinorhizal plants) that induce nitrogen fixation in root nodules (Clawson et al., 2004)
Non leguminose plants are important for ecological succession, and in land reclamation
and remediation. Frankia species live in the soil and they have nitrogenase-containing
vesicles with multilaminated lipids forming an envelope (Berry et al., 1993). These
vesicles are modified by the plant in the symbiosis to promote nitrogen fixation (Benson
and Silvester, 1993). Frankia host plants are colonizers of nutrient-poor soils such as
forests, bogs, sand dunes, arid soils and mine waste lands. The rate of nitrogen fixation
in actinorhizal plants is similar to those of legumes. The total fixed nitrogen is released

into the soil in a long term after the plant dies (Goodfellow and Williams, 1983).

Other groups of Actinobacteria as Microbispora and Streptomyces also grow as plant
endophytes (Matsumoto et al., 1998). They obtain nutrition and protection from the host
and in return, they produce bioactive metabolites that confer bacterial, fungal or
herbivore resistance to the plant; hence increasing its fithess. Some species produce
other compounds that behave as plant growth promoters that accelerate the formation of

adventicious roots (Hasewaga et al., 2006).

Importance of Actinobacteria

The Actinobacteria produce secondary metabolites that have become drugs and

commercial organic chemicals. In nature, these bacteria produce antibiotics to compete



with fungi and other bacteria for resources in the environment. Streptomyces species
have been used to generate antifungals, antibacterial and chemotherapy drugs (cancer)
(Raja and Prabakarana, 2011) and many other active products such as
immunosuppressive compounds, animal health products, growth promoters and
enzymes with academic and commercial value. The genus Streptomyces is one of the
most important in industry due to its vast reservoir of secondary metabolites (Hashimoto,

2007).

The most bioactive compounds with a wide versatility and structural diversity in the
structure have been identified from the Actinobacteria. Approximately 10,000
compounds have been isolated from these filamentous bacteria, of which 7600 are
derived from Streptomyces and 2500 from so called rare-Actinobacteria. This represents
45% of total isolated microbial active metabolites. Some of the genera of rare-
Actinobacteria  (Micromonospora, Actinomadura, Nocardia, Streptoverticillum,
Actinoplanes, Streptosporagium and Saccharopolyspora) have produced excellent

antibacterial antibiotics with low toxicity (Raja and Prabakarana, 2011).

Typically, antifungals derived from Streptomyces species are macrolide polyenes (Miller,
1973) such as nystatin, which was the first antifungal compound used in human health
and it was isolated from S. noursei (Lamped et al., 1959). Other important antifungals
are amphotericin, which was obtained from S. nodosus from Venezuelan soil (Oroshnik

and Mebane, 1963) and natamycin extracted from S. natalensis (Pedersen, 1992).

Species in the genus Streptomyces produce two thirds of the natural antibiotics used in

medicine today such as neomycin and cloranphenicol (Kieser et al 2000). The
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aminoglycoside antibiotics are also extracted mainly from this genus, some examples
include streptomycin, neomycin and kanamycin isolated from S. griseus, S. fradius and
S. kanamyceticus, respectively (Regna and Hansen et al., 2002 Murphy, 1950;
Umezawa,1958) . Other notoriously important antibiotics are erithromycin obtained from
S. erythraea, tetracycline extracted from S. rimosus and vancomycin produced by S.

orientalis (Moellering 2006).

Menbers of the genus Streptomyces also produces antibiotics that are toxic to humans
and continuously dividing cells such as those that cause cancer. These compounds
have been reinvented as chemotherapeutic drugs. Compounds derived from S.
peuticeus and S. chartreusis have been used as enzymatic inhibitors and antitumor
agents (Sugiura et al., 2005). Staurosporine and rebeccamycin are natural antitumoral
compounds produced by a rare Actinobacteria in the genus Lechevaliera (Onaka, 2006).
Derivatives from S. roseosporeus and S. higrocopicus are used to treat inflammatory

skin diseases (Fenton et al., 2004; Gupta and Chow, 2003).

Some Actinobacteria species produce antivirals such as the fattiviracins, which are
produced by S. microflavus. This particular species is known to produce at least 13
fattiviracin derivatives showing potent activity against enveloped DNA viruses belonging

to Herpes and Influenza families (Uyeda, 2004).

The genus Rhodococcus has been used in practical applications in bioconversion and
bioremediation due to its enzymatic diversity and tolerance to various organic solvents,
their ability to metabolize recalcitrant organic compounds and to degrade xenobiotic

pollutants (Hashimoto, 2007). Also, compounds used in agriculture against gram
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positive pathogens such as ziracin, dalbavacin, spynosin derive from rare Actinobacteria

as Micromonospora (Berdy, 2005).

Several investigations have described the use of Actinobacteria in agriculture as
biocontrol agents and the production of disease resistant plants by inoculating
endophytic Actinobacteria (Hasewaga et al., 2006). An example Streptomyces
hygroscopicus, is known to control Rhizoctonia root rot of pea by production of
geldanomycin, an antibioticactive against Rhizoctonia solani, and capable of reducing its
saprophytic growth (Rothrock and Gottlieb, 1984). Other species of Actinobacteria such
as Actinoplanes philippinensis, Microbispora rosea, Micromonospora chalcea and
Streptomyces griseoloalbus are effective in controlling Pythium aphanidermatum, the

disease agent in the cucumber rot (El-Tarabily, 2006).

Symbiosis in Insects

Insects are the most abundant animals on the planet; they have developed a wide
variety of symbiotic relationships with various microorganisms (Chaves et al.,2009).
These relationships generate different benefits for the host as (l) direct or indirect
nutrition, (i) protection against other organisms, and (iii) improvements in development,
reproduction and communication. In return, the microorganisms obtain stable
environmental conditions for growth, dispersion and protection. The microsymbionts of
insects include fungi, bacteria, nematodes, mites and other micro arthropods. The type
of symbiotic relationship developed can range from mutualism, commensalism,

competition to parasitism (Klepzig et al. al., 2009). The development of symbiotic
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relationships has allowed insects to colonize new and adverse environments (Chaves

and Teneiro, 2009).

Symbiosis between bacteria and insects

Many insects have symbiotic relationships with bacteria that are maternally transmitted.
Some associations have an ancient and obligated origin, while others are facultative
(Ferrari ansd Vavre, 2011). The symbiosis between insects and intracellular bacteria is
usually obligate and provides the host with essential nutritional factors that are absent in
its environment. On the other hand, insects also have facultative bacterial symbionts

which are also characterized by their ability to infect new hosts (Pontes and Dale, 2006).

Recent research shows that some symbionts that are vertically transmitted protect their
hosts against pathogens or predators (Brownie and Johnson, 2009). They also protect
their nutrition sources in a process called "symbiont-mediated protection” (Brownie and
Johnson, 2009). In these cases, if the host does not survive long enough to reproduce,
then the microbe will not survive to pass to the next generation either. This process has
been investigated in plants, mice and insects (Brownlie and Johnson, 2009). An
example in insects is the Drosophila CVD virus that causes mortality in larvae and
pupae in Drosophila melanogaster. The virus is transmitted both, vertically and
horizontally, and is found in laboratory as well as in natural populations. Laboratory
experiments showed that fly populations without the endosymbiont Wolbachia

accumulate the virus particles faster and have increased mortality, in comparison with
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genetically identical flies that were infected with Wolbachia. The mechanism by which
Wolbachia reduces mortality from CVD virus is unknown (Teixeira, 2008).

Another example is the endosymbiont bacteria Regiella insecticola that protects the pea
aphids from the fungus Pandora neoaphidis, whose spores penetrate the cuticle of the
aphid; killing it by producing spores in insect body (Scarborough et al. 2005). Aphids
infected with R. insecticola are five times more resistant to the fungus and will produce
10 times fewer spores; hence protecting the entire aphid population. Apparently, the
bacteria produce antifungal molecules, but the exact defense mechanism has not yet

been determined (Brownlie and Johnson, 2009).

Symbiosis between Actinobacteria and insects

The Actinobacteria are involved in more than half of the cases in which an insect host or
its food source are protected by a symbiotic bacterium from attack by other
microorganisms, while their participation in nutritional symbiosis is scarce (Kaltenpoth,
2009). One insect that has an endosymbiotic relationship with Actinobacteria is the
kissing bug Triatoma infestans (Hemiptera: Reduviidae). Durvasula et al. (2008)
identified a Corynebacter species as endosymbiont of T. infestans, the main vector of
Chagas disease in South America. This microorganism was isolated from an insectary
colony of T. infestans as a monoculture and it is essential for the maturation of the
triatomid bug.

Rhodnius prolixus (Hemiptera: Reduviidae) is a bug that has a symbiosis with a strain of
the genus Rhodococcus. The symbiont has been shown to play a role in providing the

host with essential B-complex vitamins (Hill et al., 1976). Recently, Kaltenpoth et al.
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(2009) determined that Coriobacterium glomerans is a symbiont of the fire bug
Pyrrhocoris apterus (Hemiptera: Pyrrhocoridae). This bacterium was found in the
intestine, the feces and hemolymph of adult individuals. The authors determined that the
symbiont is vertically transmitted from the female to the egg surface. The function of this

symbiont is still unknown.

Streptomyces species have also been isolated from the gut of honey bees; (Patil, et al.,
2010). The antibiotic activity of Streptomyces isolates was tested against indigenous
strains of Bacillus from the bees and Escherichia coli. The results indicate a defensive
interaction rather than nutritional. The authors also studied the behavior of
Actinobacteria populations in honey bees during the four seasons of the year and found
that 70% of the bees had at least a CFU of Actinobacteria. Of the 401 Actinobacteria
isolated colonies, 163 showed activity against Bacillus marisflavus, an indigenous strain
of the bees. In addition, some strains showed activity against B. subtilis and human
pathogens such as vancomycin-resistant Enterococcus faecium and Staphylococcus
aureus (Patil, et al., 2010). Also, the authors found that a strain similar to Nocardiopsis
alba was present in the gut of bees during the four seasons. This strain produces
phenazine-like, redox-active molecules, which allow the bacteria to survive anoxic

conditions as in the gut of bees (Patil et al., 2010).
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Termites specialize in lignocellulose degradation as a primary source of nutrition. Some
groups of termites have developed a symbiosis with multiple prokaryotes in the gut.
However, the degree in which the host and the symbionts are involved in the
degradation of plant polymers is still poorly understood (Scharf, 2001). Several studies
confirm the presence of Actinobacteria as a minor part of the community of
microorganisms in the termite gut. Different strains of this source have been cultivated
and have the ability to degrade cellulose and other plant polymers such as xylan and

starch (Hungate, 1946; Khucharoenphaisan et al., 2011; Pasti et al., 1999).

Some Actinobacteria families reported in the gut of termites are Propionibacteriaceae,
Streptomycetaceae, Cellulomonodaceae, Corynebacteriaceae and Rubrobacteraceae
(Lefebvre et al., 2009). All these studies suggest a role of Actinobacteria in the nutrition
of termites. However, there is still no evidence showing a specific taxa symbiosis and
termites. Apparently, Actinobacteria communities in termites depend more on

geographical location than on a termite taxonomic affiliation (Kaltenpoth, 2009).

Another case of symbiosis between Actinobacteria and insects is the wolf wasp
Philantus triangulum (Hymenoptera: Crabronidae), who builds its nests in soil. Females
hunt honey bees and use them as food for their larvae. The latter develops inside a
cocoon for nine months with the bee prey causing moisture conditions that favors
infestation by fungi or bacteria. The wasp has developed an association with an
Actinobacteria of the genus Streptomyces, which the female cultivates in the glands of
the antennae. The bacteria are observed as a white substance, which spreads inside

the walls of the cocoon before oviposition. The bacterium (Streptomyces philanti)
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produces antibiotics; that protect the larva against attack by other microorganisms

(Kaltenpoth et al., 2005).

Observations made by Kaltenpoth et al. (2005) show that the larva eats the white
substance (bacteria), suggesting a transfer of bacteria from mother to daughter.
Bioassays in which the bacteria were removed from inside the cocoon showed a high
mortality rate in the larvae (94.3%) before emerging (Kaltenpoth et al., 2005).
Furthermore, the Actinobacteria isolated from Philantus triangulum has been found in
more than 30 species of the genus Philantus and the symbionts form a phylogenetic
clade suggesting that this bacterium is an obligate symbiont of the wasp (Kaltenpoth et

al., 2009).

The female wasps of the species Trachypus boharti and T. denticollis from South
America have structures in their glands that contain bacteria very similar to those found
in Philanthus spp. Molecular techniques confirmed the presence of strains related to
Streptomyces philanthi in the two wasp species suggesting that transmission of the
symbionts occurs horizontally and there are new acquisitions from the environment
(Kaltenpoth et al., 2010). Thus, it is shown that Actinobacteria are symbionts of at least

two closely related excavator wasps.

The pine beetle Dendroctonus frontalis (Curculionidae: Scolytinae) cultivates the fungus
Entomocorticium sp., which is the larval food source. In return, the fungus is carried by
the beetle in a specialized structure in the adult’s body called mycangium. Once the

beetle has excavated a hole in the pine tree, the fungus symbiont is deposited into it.
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However, Entomocorticium sp. is attacked by Ophiostoma minus disrupting normal
development of larvae (Scott et al, 2008). Streptomyces mosacchari produces a
secondary metabolite called mycangymicin suppressing the growth of the antagonist
fungus and has no inhibitory effect on mutualist fungus. The Actinobacteria is located at
the mycangium and the galleries of the tree where the beetle symbiont fungus grows

(Scott et al, 2008).

The herbivorous beetle Dendroctonus rufipennis uses different kinds of bacteria found in
its oral secretions as a defense, which are dispersed in the galleries within the host tree.
The beetle defends its cultivar against four species of antagonistic fungi: Leptographium
abietinum, Aspergillus fumigatus, A. nomius, and Trichoderma harzianum, which invade
the galleries and decrease reproduction and survival. Micrococcus luteus was isolated
from the oral secretion of the beetle and presents inhibitory activity against three of the

four antagonistic fungi (Cardoza et al., 2006).

Symbiosis between Actinobacteria and fungus-growing ants

The fungus-growing ants belong to the monophyletic group of the tribe Attinii, which is
composed of 12 genera and approximately 210 species (Currie, 2001). These ants have
an obligate symbiosis with a fungus (Agaricales: Lepiotaceae: Leucocoprineae and
Pterulaceae), which serves as a source of food for the larvae and the queen. In return,
the ants create the conditions for growth of the fungus, provide protection against
competitors and become the way of dispersion. When the new queens leave the

mother’s nest to form new colonies, they carry a piece of symbiont fungus in their mouth
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structure, which is planted in the new nest. The new queen feces are used as fertilizer
for the growth of fungus. Subsequently, the new soldiers are responsible for construction
and maintenance of the nest, taking care of the new fungus and getting new substrates

for its growth (Currie, 2001).

Some ants use as a substrate for their fungus cultivar, leaves and flowers, while others
use decaying plant material, dead insects and feces. The colony size can vary from
small, localized colonies under stones and leaves, to supercolonies of millions of

workers such as in the genus Atta (Currie, 2001).

The transmission of the fungus occurs vertically, meaning that it is taken from the parent
colony to the daughter colony. This suggests that the fungus spreads like an asexual
clone, to avoid loss of productivity in the generation of reproductive structures and it is
totally dependent on the survival of the ant (Zucchi et al., 2010). Ant species cultivate a
specific fungal species, but in some genera, there is a fungus lateral transfer between

colonies.

The success of the large colonies of Attini ants lies in their ability to maintain the fungus
cultivar clean and healthy because new microorganisms are constantly entering the nest
from the substrate used for cultivation (Currie, 2001). Fungi in the genus Escovopsis sp.
(Ascomycota: anamorphic Hypocreales) parasitize the ants' cultivar and may cause the
destruction of the colony (Reynolds and Currie, 2004). This fungus has developed
parallel to the symbiosis between ants and their cultivar and has co-diversified between

them (Currie et al., 2003). Attini ants have developed various defense mechanisms to
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protect their crops against attack by pathogens such as grooming, weeding, metapleural

gland secretions and Actinobacteria associations (Currie, 2001 and Cafaro et al., 2011).

Recent research shows that fungus-growing ants have developed a symbiosis with
Actinobacteria as a strategy to defend their fungus cultivar. The most common genera
isolated from the exoskeleton of ants are Pseudonocardia and Streptomyces. However,
other genera like Kitassatospora and Propionicimonas, and Microbacterium have also
been reported (Currie, 2001; Poulsen et al., 2002; Cafaro and Currie, 2005; Haede et
al., 2009; Zucchi et al., 2010; Mueller et al., 2008; Cafaro et al., 2011). The
Actinobacteria produce antibiotics that control the growth of the parasite Escovopsis and
do not affect the mutualistic fungus. Symbiotic bacteria are located in the integument of
the ant in specialized structures that facilitate their growth and maintenance and spread
throughout the cultivar (Currie et al., 2006). In some genera, the bacteria are located on
the front legs while in others, in the cervicolateral plates of the propleura (Currie et al.,
1999). The symbiont Actinobacteria Pseudonocardia is vertically transmitted and can
also be acquired from the environment such as soil, plants or exchange between

colonies (Cafaro et al., 2010; Mueller et al., 2008, Shoenian et al., 2010).

Actinobacteria in ants that do not grow fungi

The only research about the Actinobacteria associated with ants that do not grow fungi
was made by Kost et al., 2007. The authors were focused on determining if the
Actinobacteria also exist in ants that do not grow fungi and if these strains are capable

of inhibiting the growth of Escovopsis weberi, the parasite of fungus-growing ants. To
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answer these questions, they collected individuals of Myrmica rugulosa and Lasius
flavus, species of temperate climate, in a private garden at the University of

Kaiserslautern, Germany.

They isolated mycelia-forming Actinobacteria from the cuticle of the ants, in six of the
seven M. rugulosa individuals collected and two of the six L. flavus ants. Seventeen
different strains from M. rugulosa and only two strains from L. flavus were isolated. Over
80% of the strains isolated from non fungus-growing ants inhibited the growth of
Escovopsis weberi suggesting that Actinobacteria are also acquired from environments
such as soil. However, the inhibition varied considerably between strains. The presence
of fungicide-producing bacteria in non-fungus growing ants may be beneficial due to a
high density of individuals in the nest, the interaction between them as the grooming and
trophallaxis (transfer liquid mouth to mouth)(Richard and Errard, 2009), and their
underground life style. These characteristics make them susceptible to
entomopathogenic fungi (Schmid, 1998). However, few pathogens have been reported
for fungus-growing ants (Hughes, 2004), possibly, the presence of antibiotics in the
exocrine glands can help to maintain these ants healthy (Poulsen et al., 2002). It has
been suggested that a community of Actinobacteria that produces fungicidal secondary
metabolites may protect non fungus-growing ants from entomopathogenic fungal

attacks.
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Ecological characteristics of studied ants

Solenopsis: A genus in the subfamily Myrmicinae with worldwide distribution (Martins et
al., 2012). These ants are omnivorous, feed on insects, animals and plant material.
Nests are usually built on the ground, but are also found under rocks, logs or leaf litter

(www.dpi.gld.gov.au).

Paratrechina: A genus in the subfamily Formicinae distributed in all continental areas of
the world. The genus is more diverse in Australia and tropical Asia, but these ants were
transported to the Americas by commercial boats. Typically, Paratrechina species live in
dry areas and select hollow trees or palm litter for nesting. These ants prefer a high

protein diet mainly composed of dead animals (Trager, 1984).

Dorymyrmex: A genus in the subfamily Dolichoderinae and it is distributed in the
Neotropics. The genus has 90 described species although some are poorly defined.
Typically, these ants live in dry and disturbed soils without vegetation. Dorymyrmex

species present high endemicity and specialized habitats (Cuezzo and Guerrero, 2012).
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4. Selection of sampling area and pre-sampling of Actinobacteria

associated with ants.

The information about the presence and association of Actinobacteria in ants that do not
grow fungus is limited to a single study conducted by Kost et al. (2007), which was
developed in a temperate climate. We conducted a preliminary sampling was carried out
to determine the abundance of Actinobacteria associated with non-growing-fungus ants
in dry vs. wet environments in tropical areas of Puerto Rico. The Cambalache Forest
was chosen as the wet environment. It is classified in the life zone of subtropical
rainforest, and is located in the karst zone of northern Puerto Rico (Figure 1). The
average annual rainfall is 60 inches and the average temperature is 25.5C (DNRA,
2008). On the other hand, the Guanica Forest belongs to the subtropical dry life zone
(Ewel and Whitmore, 1973), which is located on the southwest coast of Puerto Rico
(Figure 1), in the driest part of the island, with annual rainfall of 30 inches, and

temperature range between 26.6 and 37.7C (DNRA, 2 008).

Field sampling

Two field trips to collect ants were performed to Cambalache and Guanica forests in
July 2009. The ants found in these forests were identified by visual inspection in a 250
meters transect looking at ground litter, epiphytes, understory vegetation, decaying logs
and twigs or dry and hollow standing trees (Armbrecht and Chacon de Ulloa, 1997).

When possible, the nests were found by following the path of ants.
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Cambalache

Gudnica

Figure 1. Location of Cambalache and Guanica Forests, PR

Ants were collected with sterile forceps and stored in sterile Falcon (50 ml) plastic tubes.
Seven ant nests in Cambalache forest and five nests in Guanica Dry Forest were
sampled. The location with the highest number of Actinobacteria isolated colonies was

chosen as the sampling area for later studied.

Laboratory work

Five ants were transferred to a sterile tube with 500 pl of sterile distilled water, vortexed
for 30 seconds and then macerated. 100 pl of the solution was plated on chitin medium
(Appendix 1) and incubated for 15 days at 25C. Actinobacteria colonies were
transferred to YMEA (Appendix 1) medium and kept at room temperature until the
growth of colonies was observed. The number of colonies was recorded for each nest
as well as the number of Actinobacteria strains isolated from each sampling area. Some

ants were stored in 70% ethanol for further identification.
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For identification of Actinobacteria isolates, genomic DNA extraction and PCR
amplification of 16S rRNA gene with primers 27F y 1492R (Lane, 1991) were performed.
Sequencing was done at Nevada Genomic Center (Reno, NV). Sequences were edited
in the program Sequencher (Genecodes, MI) and analyzed with the BLASTn algorithm

(NCBI) (Altschul et al., 1990) to identify closely related species.

Results
The identification of the ant genus and the number of Actinobacteria isolated strains per

nest from each of two sampling areas is presented in Tables 1 and 2.

The largest number of Actinobacteria isolated per nest was registered in the Guéanica
Dry forest, although the number of ant genera collected was lower. In this forest, 45
strains of Actinobacteria were isolated in total, from two ants morphospecies, while in
the Cambalache forest, 19 Actinobacteria strains were isolated from six ant
morphospecies. Streptomyces and Nocardia strains were isolated from the ants in the
Guanica Dry forest, while only Streptomyces were identified in Cambalache forest. The
identity of Actinobacteria associated with ants in these two environments is shown in

Tables 3 and 4.
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Table 1. Number of Actinobacteria strains isolated per nest in Guanica Dry Forest.

Nest Ant genus Actinobacteria isolates
Nest 1 Solenopsis sp.1 8
Nest 2 Dorymyrmex sp.1 16
Nest 3 Dorymyrmex sp.1 14
Nest 4 Solenopsis sp.1 5
Nest 5 Solenopsis sp.1 11

Table 2. Number of Actinobacteria strains isolated per nest in Cambalache wet Forest.

Nest Ant genus Actinobacteria isolates
Nest 1 Paratrechina sp. 2
Nest 2 Pheidole sp. 1 3
Nest 3 Brachymyrmex sp. 5
Nest 4 Pheidole sp. 2 2
Nest 5 Unidentified Attini 2
Nest 6 Pheidole sp. 2 4
Nest 7 Paratrechina sp. 6
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Table 3. Actinobacteria associated with ants in Guanica Forest.

kunmingensis

Closely related species Maximum
Ant Gene bank code _ ) Source
(BLASTN) identity (%)
JQ819728 Streptomyces bikiniensis 99 Beach sand
Streptomyces Wheat
, EF017712 97 _
Solenopsis sp. venezuelae rhizosphere
Streptomyces sp 08 Marine
CNR881 PLO4 sediment
GQ376163 Nocardia caishijiensis 99 Sall
Human
AB636656 Nocardia nova 98
pathogen
Streptomyces
AM999927 o 98
roseoverticillatus
Streptomyces sp HBUM
GF608476 99
171361
Dorymyrmex
Sp. Streptomyces sp SHX- 08 Potato scab
101 infected tuber
Streptomyces Sewage
FJ461617 B 99 S
corchorusii irrigation
JQ819728 Streptomyces bikiniensis 99 Beach sand
Streptomyces
AB184597 97
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Discussion

The genus Streptomyces represented 88% of the identified strains in Guanica Dry forest
and 100% in Cambalache forest. These Actinobacteria are typically found in soil and
decaying vegetation (Madigan and Martinko, 2005). They produce over two-thirds of the
clinically useful antibiotics of natural origin and numerous antifungal compounds of
medical importance (Watve et al., 2001). The genus Pseudonocardia and Streptomyces
are associated with fungus-growing ants. They defend the ant-cultivated fungi against

pathogenic microorganisms (Haedera et al., 2009; Currie, 2001).

The results indicate a higher number and diversity of Actinobacteria associated with ants
in the Guéanica Dry forest. They are important members of the soil community especially
in condition of high pH, water stress (860 mm/yr) and high temperature (37°)
(Goodfellow and Williams, 2003; Maier and Gerba, 2009, Murphy and lugo, 1986) such
as the conditions found in the Guéanica Dry forest. Therefore, this location was chosen
as the sampling area for a larger project, consisting ooon the analysis of three species
of ants using both, culture-dependent and independent methods, to establish whether

Actinobacteria are acquired from the soil or are potential symbionts of the ants.
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Table 4. Actinobacteria associated with ants in Cambalache Forest.

_ Maximum
Closely related species _ _
Ant Gene Bank Code identity Source
(BLASTN)
(%)
FJ481059 Streptomyces chartheusis 99 Soill
Pheidole sp 1
AJ781326 Streptomyces lateritus 99
, Streptomyces sp ACT-
Pheidole sp 2 GQ924535 97 Root
0095
Pheidole sp 3 EUO54375 Streptomyces sp 8-1 99 Saoll
Streptomyces ]
AB184597 _ _ 97 Soill
Brachymyrmex kunmingensis
SP- Streptomyces )
AJ399490 , 100 Soill
luteogriseus
Unidentified _
o FJ054375 Streptomyces sp 8-1 100 Saoll
Attini
FJ5792582 Streptomyces virginiae 97
Paratrechina :
AJ308573 Streptomyces sp Nu40 98 Saoll
sp.
FJ481059 Streptomyces chartheusis 99 Saoll
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5. Materials and Methods

5.1 Sampling area: Guanica Dry Forest

The Guanica Dry forest has an extension of 4000 ha and has been protected since 1930
(Murphy and Lugo, 1990). Currently, it is an International Biosphere Reserve. This forest
is characterized by high evapotranspiration rates and low annual rainfall (860 mm/yr)
(Ewel and Whitmore, 1978, Murphy and lugo, 1986), which is caused by the shadow
effect of the rain in the Cordillera Central, a mountain range that runs east-west through
Puerto Rico (Castilleja 1991). The climate is seasonal with a prolonged dry period from
December to April and a shorter dry period between June and August (Murphy and

Lugo, 1990).

The topography in the Guéanica Dry forest is undulate with elevations ranging from sea
level up to 228 m (Murphy, 1995). Most of the forest is on a limestone formation, which
influences the formation of soils (Lugo et al., 1996). The latter are classified within the
order Mollisol and they are characterized by a dark to grayish brown color, an alkaline
pH (7.8) and high organic matter content (18-23%). The soils are rich in nutrients;
however, the availability of phosphate and potassium is low (Murphy and Lugo, 1986).
Soil depth varies depending on the proximity to the limestone base, which explains the
great diversity of plants found in the area (Lugo et al., 1996). The vegetation in the

Guanica Dry forest is characterized by different associations of plants, like scrub forest,
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deciduous forest, deciduous and semi transition entre-evergreen forest and mahogany

plantations (Lugo et al., 1978).

The nest location and ant collection were performed in three different areas of the
Guanica Dry forest. Ant workers from Solenopsis sp. and Dorymyrmex sp. were
collected in Jaboncillo beach (17° 57.222 N, 066° 54.252 W). Paratrechina sp. ants were
captured in the road to the Guayacan Centenario (17°57.727 N, 066°51.979 W) and in

the forest near Tamarindo beach (17° 57.060 N, 066° 50.627 W).

5.2 Field sampling

Two samplings were performed in the Guanica Dry forest. The first sampling was
conducted in October 2009 during the rainy season and the second sampling in March
2010 during the dry season. Several field trips were made before the first sampling to
locate nests and optimize the best way to collect ants. Honey and tuna baits were used
to locate nests. In each sampling, two nests from each ant species were collected
(Solenopsis sp., Paratrechina sp., and Dorymyrmex sp.).

Dorymyrmex sp. nests were found near the sandy beach in an area covered by grasses
in the first sampling. The two sampled nests were two meters away from each other.
Solenopsis sp. nests were found on a hillside with forest cover and were separated by
five meters.

A large nest of Paratrechina sp. was located right in the trunk of the Guayacan
Centenario (Fig. 2) while the other nest was found several kilometers away, in the
Tamarindo beach area under forest cover (Fig. 2). All nests were marked with flags and

fluorescent tape with the aim of sampling again; however, the ants moved to other

31



location for the next sampling period, except for the Paratrechina sp. nest in the

Guayacan Centenario tree.

We carried a field stereomicroscope and a collection of previously preserved ant
specimens in 70% ethanol to the field in order to make correct identification of the
sampled species. Solenopsis sp. and Dorymyrmex sp. nests were collected again in
Jaboncillo beach, but the Tamarindo beach area under forest cover had recently been
burned. The nearest nest was found 250 meters from the original location, under a

Coccoloba uvifera tree.

Solenopsis sp. ants were captured with sterile forceps using tuna baits, which were
placed a meter away from the nest entrance. When the ants left the nest, attracted by
the smell of tuna, they were taken with sterile forceps. Also Dorymyrmex sp. and
Paratrechina sp. ants carried dead animals, such as scorpions and geckos, to their

nests, which were used as natural baits.

Sixty to Seventy individual ants were collected from each sampled nest. After capturing
the ants with heat-sterilized metal tweezers, they were stored alive in sterile plastic
Falcon (50 ml) centrifuge tubes. At the same time, soil samples surrounding the nest

were collected in sterile plastic Falcon (15 ml) tubes for culture-independent analyses.
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Figure 2. (A) Paratrechina sp. nest near Tamarindo beach during second sampling. (B)
Solenopsis sp. nest. (C) A view of Jaboncillo beach. (D) Dorymyrmex sp. nest. (E)
Paratrechina sp. nest near Tamarindo beach during first sampling. (F) Nest in the
Guayacan Centenario tree. The arrows indicate the entrance to the nests.
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5.3 Culture-dependent techniques

Processing of samples

Ten ants were processed in the laboratory immediately after their capture; they were
handled with heat-sterilized metal tweezers. Two individual ants were placed in a 1.5 ml
tube with 500 ul of sterile distilled water, then vortexed for 30 seconds, and macerated
with a plastic mortar. The suspension was spread in the middle of a plate containing
chitin medium (Appendix 1) using a sterile triangular spreader. Actinobacteria growth on
chitin plates was monitored for a month at 25<C; co lonies were transferred and purified
in Yeast Malt Extract Medium (YMEA) and incubated for several days at 25°C or until

they presented growth.

Pure colonies in YMEA were described macroscopically in terms of color of the
substrate, color of the aerial hyphae, edge, shape, and diffusible pigmentation (Shirling
and Goittli, 1969). Photographs of the morphology of the colony were taken for the

record.

Molecular characterization of isolates

Extraction of genomic DNA
Different representative morphotype Actinobacteria strains were chosen for molecular
identification. The extraction of genomic DNA was accomplished using the modified

CTAB (hexadecyltrimethylammonium bromide) method (Cafaro et al., 2011). The aerial
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part of the bacterial colonies in YMEA medium was scraped with a sterile lancet and
macerated with a plastic mortar in EDTA solution (50uM) and digested with 120 pl of
lysozyme (20mg/ml) at 37°C. DNA extraction was performed with the CTAB method,
with a chloroform extraction step and followed by isopropanol (-20°C) precipitation. The
pellet was washed with 70% ethanol. The DNA was re-suspended in buffer TE 1/10X
(Tris-EDTA, pH 8). The presence and quality of DNA was assessed on 1% agarose gel

stained with ethidium bromide.

Polymerase Chain Reaction (PCR) and gel electrophor  esis.

For the molecular identification of the bacterial strains, the 16S rRNA gene was
amplified with universal primers 27F (5-AGAGTTTGATCCTGGCTCAG-3') and 1492R
(5-GGTTACCTTGTTACGACTT-3") (Lane, 1991). The PCR master mix consisted of
ddH,O, 5X colorless GoTag® Reaction Buffer (Promega Corp., Madison, WI), MgCl,
3mM, dNTPs 1.2mM, primer forward and primer reverse 0.6uM and Taqg polymerase
1ul/200ul reaction mix. The final reaction volume was 25ul. The cycling temperatures for
the PCR reaction were 95°C for 3 minutes for an initial denaturalization step. thirty
cycles consisted of 95°C for 45 seconds for denaturalization, 50°C for 45 minutes for
annealing, 72°C for 1:30 seconds for polymerization. A final extension step of seven
minutes at 72°C. Amplification products were electrophored in 1% agarose gel stained
with ethidium bromide. The PCR product was cleaned with Wizard SV Gel and PCR
clean Up System kit (Promega Corp., Madison, WI), for removing the excess of

nucleotide and primers.
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DNA Sequencing

Clean PCR products were sent for sequencing at the HighThroughput Genomic Unit,
University of Washington in Seattle. The samples were prepared according to the
requirements of this institution. The primers used for sequencing were 27F (Lane, 1991)

and U519F (5"-CAGCMGCCGCGGTAATWC-3") (Baker et al., 2003).

Phylogenetic analysis

The sequences were edited to obtain high quality data in the program Sequencher
(GeneCodes Corp., Ann Arbor, Ml), then they were analyzed using the GenBank Public
database and the BLASTn algorithm (Altschul et al., 1990) to identify closely related
species. Afterwards, the obtained sequences and closely related strain sequences were
aligned with the Clustal W program (multiple sequence alignment) (Thompson et al.,

1994).

The phylogenetic trees were constructed using the Neighbor-Joining method (Saitou
and Nei, 1987). Bootstrap test (1000 pseudoreplicates) was performed and support
values were shown as the percentage of replicate trees in which taxa clustered together
(Felsenstein, 1985). The tree was drawn to scale, with branch lengths in the same units
as those of the evolutionary distances used to infer the phylogenetic tree. Jukes-Cantor
method was used for establishing the evolutionary distance (Jukes and Cantor 1969).
The construction and the edition of the trees were made in the program Mega 5 (Tamura

et al., 2011).
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5.4 Culture-independent techniques

Processing of samples for total DNA extraction
Ants and soil samples were frozen at -20°C upon collection until their processing in the

laboratory. Only Paratrechina sp. samples were analyzed with these techniques.

Ants : The procedure used for extracting total DNA from Actinobacteria associated with
ants followed the manufacturer’s instructions of the Fast DNA Spin Kit for Soil (MP
Biomedicals, Solon, OH); however, the protocol was modified in the step one to nine as
follows. Ten ants were macerated in 300ul TE 1/10 buffer with a plastic sterile mortar in
a 1.5 ml tube, then the content was transferred to MULTIMIX 2 Tissue Matrix Tube with
900ul Sodium Phosphate buffer and 122ul MT solution. The tubes were vortexed in
Fastprep Instrument for five minutes at full speed and centrifuged at 10000x g for ten
minutes. Six hundred ul of supernatant were transferred into a clean tube with 250ul

Protein Precipitation Solution (PPS). The tube was mixed by hand ten times.

The tubes were centrifuged at 14000x g for 15 minutes. The supernatant transferred to a
clean 15 ml tube with binding matrix suspension, then it was placed on the shaker at
120 rpm for ten minutes and let it stand in a rack for six more minutes. The DNA was re-
supended in 100 ul TE buffer 1/10X and heated at 95°C for 30 minutes to inactivate
nucleases.

Soil: Ten soil sub-samples collected from around each nest of Paratrechina sp. were

combined to form a single composite sample. 5 grams were placed in a petri dish in a
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chemical hood for 10 hours to dry the sample in a temperature of 18°C. Subsequently,
the samples were macerated with a sterile syringe plunger to form a dust, with the aim
to break the soil structure. Fast DNA Spin Kit for Soil was used for DNA soil extraction.
The protocol was followed as described in the previous section. 800 mg of soil (dust)

were added to a Multimix 2 Tissue Matrix Tube.

PCR amplification and gel electrophoresis

Actinobacteria specific primers Act283F (5-GGGTAGCCGGCCUGAGAGGG-3) and
ACT1360R (5-CTGATCTGCGATTACTAGCGACTCC-3) (McVeigh, 1996) were used
for amplification of the 16S rRNA gene in both ant and soil samples. The master mix and
the conditions of the PCR reactions were the same as described before (see culture
dependent techniques). PCR products were separated by electrophoresis in a 1%
agarose gel and excised with a sterile scalpel. Then they were purified with Wizard SV

Gel and PCR clean Up System kit (Promega Corp., Madison, WI).

Cloning of PCR products

The purified PCR products were linked into pGEM-T cloning vector and transformed in
to Escherichia coli JIM109 high efficiency competent cells recovered in SOC medium.
Cells were plated in LB medium with ampicillin (100 pg/ml) with X-Gal (50mg/ml) and
IPTG (100mM). The procedure was done according to pGEM®-T Easy Vector Systems

kit instructions (Promega Corp., Madison, WI).
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Separation and Purification of clones

Positive white colonies were separated and ordered in a new LB medium with ampicillin
(concentration). The colonies were picked randomly with a sterile toothpick and
suspended in 20 ul of ddH20. 5 pl of this solution were used as a template for colony-

PCR. This technique was used to confirm the presence of inserts in clones.

Restriction Fragment Length Polymorphism (RFLP)

Positive colony-PCR products were characterized by digestion with restriction
endonuclease Hinf I, and subsequently with Hae Il. The RFLP technique was performed
to find out how many different genotypes existed in our samples and to select which
samples to sequence. Representatives of each restriction pattern for both enzymes

were selected for amplification with universal primers T6 and SP7 and sequencing.

DNA Sequencing

Before sequencing selected PCR products, they were cleaned with Wizard SV Gel and
PCR clean Up System kit (Promega Corp., Madison, WI). After product concentration
assessment, they were sent for sequencing at the High Throughput Genomic Unit,

University of Washington in Seattle.

Phylogenetic analysis
After Paratrechina sp. sequences were edited with Sequencher (GeneCodes Corp., Ann
Arbor, MI), they were checked for chimeric sequences using Bellerophon (Huber, 2004)

and seven were excluded from further analysis. Sequences were analyzed in BLASTn
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and in the Ribosomal Data Base (Cole et al., 2009) to identify closely related species.
Subsequently, all sequences were aligned using the Clustal W program (Thompson et
al., 1994). The alignment was imported into Mega 5 (Tamura et al., 2011). Phylogenetic
trees were constructed using the Neighbor Joining methods. The Jukes-Cantor method
was used for establishing the evolutionary distance. The quality of the branching
patterns of the trees was assessed by bootstrap resampling of the data sets with 1,000

pseudoreplications.

5.5 Diversity Index

A distance matrix with Jukes-Cantor correction was constructed with the DNADIST
program (Felsentein, 1981). Richness estimator, diversity index and rarefaction curves
were estimated with the Dotur program (Schloss and Handelsman, 2005) based on the

number of operational taxonomic unit (OTUs) observed.

5.6 Comparison between ant OTUs and soil OTUs

To compare the OTUs isolated from Paratrechina sp. ant with the OTUs from their nest
surrounding soil, The Unifrac program was used (Lozupone et al., 2006). This program
compares microbial communities using phylogenetic trees and is based on sequence
divergence before analysis (Lozupone et al., 2006). The P-test significance was used in
this study and their values were corrected for multiple comparisons multiplying it by the
number of  comparisons that were made (Bonferroni correction)
(http://bmf.colorado.edu/unifrac/help.psp#phylo_test). The program uses a phylogenetic
tree of bacterial sequences as input file of at least two environments and determines

whether there are significant differences between microbial communities.
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6. Result

6.1 Results from culture-dependent methods

6.1.1 Results from Solenopsissp.

Fourty-three Actinobacteria strains from Solenopsis sp. were identified using molecular
methods. In the rainy season, we isolated six strains from nest 7 (SN7) and six other
from nest 8 (SN8). Ten strains were isolated from nest 11 (SN11) and 21 from nest 12
(SN12) in the dry season. We found four genera of Actinobacteria in association with
Solenopsis sp. (Streptomyces, Nocardia, Pseudonocardia, and Actinomadura).
Streptomyces was the most abundant genus (74.42%). The number of strains identified
by molecular methods per nest was generally low; therefore the diversity of
Actinobacteria was not compared between dry and rainy seasons. The morphological
characteristics of the identified strains are described in appendix 2b. The colony
morphology and appearance of some representative strains are shown in figures 5,6

and 7.

Separate Neighbor-Joining trees were constructed for Streptomyces strains and for all
other genera. The Streptomyces tree presents ten different clades (Figure 3). Strains
SN1209, SN1208, SN1221, SN1201, SN1213 and SN1219 are related to S.
nitrosporeus, S. badius and S. griseoplanus. The largest clade is composed of strains

SN701, SN810, SN821, SN820, SN807, SN1212, SN1222 and SN1203 which are
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associated with S. zaomeyoticus, S. lateritus, S. bikiniensis, S. gulbarensis, a strain
isolated from soil and, S. omiyaensis isolated from sand. This clade is not resolved,
presenting a polytomy because the 16S rDNA gene lacks enough phylogenetic signal to
separate Streptomyces species (see Appendix 5). SN1110 strain forms an independent

clade with S. chartreusis and S. coralus.

SN1125 is a close relative of Streptomyces sp. CTDF1, which was isolated from
deepsea sediments and together with Streptomyces aculeolatus and strains SN1228,
SN1202, SN1230, N12-28 form a monophyletic clade. SN1114 is associated with
Streptomyces sp. RSF18 isolated from saline agriculture farm soil and forms a separate
clade. SN1226 belongs to a group that contains S. labedae, S. variabilis and an
unidentified Streptomyces. The latter clade is a relative sister group to a monophyletic
clade containing S. caelestis plus isolates SN1210 and SN1204 in one branch and
another unresolved group with strains SN702, SN1101, SN1216, SN1218 associated
with S. parvulus, S. tendae, S. malachitospinus, S. collinus and S. rochei. Eight clades
in this tree are associated with described species while two clades are associated only
with undescribed Streptomyces species. One independent lineage is represented by the

isolate SN710. We were unable to isolate a common strain in the four sampled nests.
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SN1209
A Streptomyces nitrosporeus NRRL B 1316(T) (EF178680)
SN1208
Streptomyces sp. A23 Ydz XM (EU368807)
Streptomyces sp. 0 3 (FJ959370)
SN1221
— SN1201
Streptomyces badius NRRL B 2567(T) (AY999783)
Streptomyces sp. 195019 (GU263883)
Streptomyces griseoplanus AS 4 1868 (T)(AY999894)
75 | |sn1219
Streptomyces sp. 13638J (EU741132)
SN1213
Streptomyces chartreusis NBRC 12753 (AB184839)
SN1110
84 | Streptomyces coralus cfcc3136 (FJ883746)
Streptomyces sp. CA131 (EF494220)
99 SN701
Streptomyces gardneri NBRC 12865(T) (AB249908)
Streptomyces omiyaensis NRRL B-1587 (EF178697)
SN810
SN821
Streptomyces lateritius LMG 19372 (T) (AJ781326)
Streptomyces zaomyceticus NRRL B 2038(T) (EF178685)

SN820
9? Streptomyces bikiniensis DSM40581(T) (X79851)
SN8o7
Streptomyces gulbargensis(T) (DQ317411)
SN1212
SN1222
Streptomyces sp. SDYM9 (GQ357978)
SN1203
Streptomyces narbonensis NRRL B 1680(T) (DQ445794)
SN710
SN709
Streptomyces tateyamensis (AB473555)
SN805
Streptomyces sioyaensis NRRL B 5408 (DQ026654)
SN1108
SN1123

Streptomyces paraguayensis (AB184423)
Streptomyces sclerotialus DSM 43032T(T) (AJ621608)
83| SN1125
Streptomyces sp. CTDF1 (GQ169067)
N12 28
99 | streptomyces aculeolatus strain NBRC 14824(T) (AB184624)
SN1202
SN1230

Figure 3. Neighbor-Joining tree based of 16S rRNA gene sequences (1000-1350pb)
from cultured Streptomyces isolated from Solenopsis sp. ant and closely related species
found in GenBank (accession number in parethesis). The numbers at the nodes indicate
bootstrap support values (>50%) based on analysis of 1000 pseudoreplicates. Scale bar
represents 0.01 substitutions per nucleotide. All positions containing gaps and missing
data were eliminated. Actinomadura was used as outgroup.
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To part A _ SN1114 B

1 Streptomyces sp. RSF18 (EU294139)

SN1226

Streptomyces sp. DA08605 (FJ797602)

56 Streptomyces labedae NBRC 15864(T) (AB184704)

Streptomyces variabilis NRRL B 3984(T) (DQ442551)
64 | Streptomyces caelestis(T) (X80824)

== ~| SN1210
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SN702
Streptomyces parvulus NBRC 13193(T) (AB184326)
83 Streptomyces tendae (T) (D63873)
SN1101
Streptomyces malachitospinus NBRC 101004 (AB249954)
Streptomyces rochei NBRC 12908(T) (AB184237)
N12 16
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Streptomyces collinus NBRC 12759(T) (AB184123)
r— Actinomadura nitritigenes(T) (AY0359)
99 | Actinomadura bangladeshensis(T) (AB331652)

0.01

Figure 3. continued.

Nocardia was the second most abundant genus associated with Solenopsis sp. ants and
was represented by six different isolates. SN803 strain was closely related to Nocardia
sp. PS39-4 isolated from temperate peat swamp forest soil. SN1109 and SN1206
belong to the genus Nocardia, however they are not closely related to any described
species. The isolates SN1207, SN705, SN703 were closely related to N. brasiliensis, N.
niigatensis and N. carnea, respectively (Figure 4), including strains isolated from human

lungs. Nocardia strains were isolated in all four sampled nests.
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93— SN803
20 Nocardia sp PS39-4 (AB649128)
SN1109
Nocardia asteroides DSM 43757(T) (AF430019)

o
I_\

SN1207
100 | Nocardia brasiliensis CDC W7503(T) (AF430047)

100 {SN?‘M
100 Nocardia niigatensis IFM 0330(T) (AB092563)
— SN1206

93 100 _{ SN703
99 ! Nocardia carnea DSM 43397(T) (AF430035)

Pseudonocardia zijingensis strain 6330(T) (NR028805)
100| r SN1124
72— Pseudonocardia sp CNS004 PL04 (DQ448727)

67 SN1122
|-|: Actinomadura bangladeshensis HBUM174800 (EU841643)
52 SN1204

100
Actinomadura rudentiformis strain HMC1(T) (DQ285420)

82 Actinomadura fulvescens DSM 43923 (NR042115)
SN1214
100 ' SN1215
— Streptomyces fragilis NRRL 2424(T) (AY999917)

100 L—— Streptomyces nodosus NRRL B-2371 (DQ026661)

Figure 4. Neighbor-Joining tree based of 16S rRNA gene sequences (1000-1350pb)
from cultured Actinobacteria isolated from Solenopsis sp. ant and closely related
species found in GenBank (accession number in parethesis).The numbers at the nodes
indicate bootstrap support values (>50%) based on analysis of 1000 replicates. The
scale bar represents 0.01 substitutions per nucleotide. All positions containing gaps and

missing data were eliminated. Actinomadura was used as outgroup.

associated with described species isolated from soll

The genus Pseudonocardia is represented in the tree by isolate SN1124. Other
Pseudonocardia species have been isolated from attine ants (Cafaro et al 2011), but the
closest relative to this isolate is found in marine sediments. In our isolates we also

recovered representatives from the genus Actinomadura. SN1112 and SN1104 were

rudentiformis, respectively), while SN1214 and SN1215 are affiliated with A. fulvescens,
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which was also isolated from soil. Bacterial groups different to Actinobacteria were
isolated and identified during this study, but not included in the results (see Appendix

3a).

6.1.2 Results from Dorymyrmex sp.

Thirty-five Actinobacteria strains from the ant Dorymyrmex sp. Eleven strains were
isolated from nest 6 (DN6) and two strains from nest 9 (DN9), both sampled during the
rainy season. Eigth strains were identified from nest 13 (DN13) and other fourteen from
nest 14 (DN14) in the dry season. The genera of Actinobacteria present in association
with Dorymyrmex sp. were Streptomyces, Nocardia, and Nocardiopsis. Streptomyces
was the most abundant genus (88.57%). The number of strains identified in each nest
was low; therefore the diversity of Actinobacteria is not compared between dry and rainy
seasons. The morphological characteristics of the strains identified are described in

Appendix 2c. The external appearance of some of the isolates is shown in Figure 10.
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Figure 5. Colony morphology of Streptomyces bacteria isolated from Solenopsis sp.
ants. A: Strain SN713, B: Strain SN1110, C: Strain SN1123, D: Strain SN1119, E: Strain
SN1116, F: Strain SN1222.
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Figure 6. Colony morphology of Streptomyces bacteria isolated from Solenopsis sp.
ants. G: Strain SN1201, H: Strain SN1226, I: Strain SN1202, J: Strain SN1219, K: Strain
SN1216, L: Strain SN1114.
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Figure 7. Colony morphology of the Actinobacteria isolated from Solenopsis sp. ants.
A: Nocardia sp. strain SN1109, B: Nocardia sp. strain SN1206, C: Actinomadura sp.
strain SN1204, D: Actinomadura sp. strain SN1214.

The phylogenetic relationships of these sequences were determined by constructing
Neighbor-Joining tree from multiple sequence aligments. A separate phylogenetic tree
was made for Streptomyces using Actinomadura as an outgroup and another tree for
the other genera. Eleven different clades were recognized in the Streptomyces tree
(Figure 8). The largest clade was comprised of nine strains DN1312, DN1310, DN1317,
DN1403, DN1405, DN608, DN906, DN904, DN1303 which were related to S.

bikiniensis, S. cineoruber, S. violaceoerectus and
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Figure 8. Neighbor-Joining tree based of 16S rRNA gene sequences (1000-1350pb)
from cultured Streptomyces isolated from Dorymyrmex sp. ant and closely related
species found in GenBank (accession number in parethesis).. The numbers at the
nodes indicate bootstrap support values (>50%) based on 1000 pseudoreplicates. The
scale bar represents 0.01 substitutions per nucleotide. All positions containing gaps and
missing data were eliminated. Actinomadura was used as outgroup.
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Streptomyces sp. DA10201 isolated from soil. This clade is not resolved, presenting a
polytomy because the 16S rDNA gene lacks enough phylogenetic signal to separate
Streptomyces species (see Appendix 5). Representative strains isolated from each of

the four sampled nests were in this clade.

Strains DN618, DN616, DN615, DN605, DN1402, DN612 and DN1307 were not related
to any described species or sequence deposited in GenBank. On the other hand, strains
DN621 and DN607 were more closely related to S. tanahiensis. Strain DN1321 formed a
well-supported clade (bootstrap value >70) with S. termolilacinus while DN1419 did the
same with S. paraguayensis. In a weakly supported clade, DN61501, DN617 and
DN1413 were each associated with S. nodosus, S. ambofaciens and S. fragilis,
respectively. DN1306 and DN606 were associated with undescribed Streptomyces
species. DN1306 was closely related to Streptomyces sp. 195018 isolated from a
magnetite mine while DN606 was associated with Streptomyces sp. DA08605. The
strains DN1407, DN1406, DN1404, DN1316, DN1304 and DN1301 belong to a clade

containing S. rochei and S.mutabilis.

The genus Nocardia was the second most abundant associated with Dorymyrmex ants.
DN1314 and DN1414 strains formed a close group with N. cyriacigeorgica, which was
isolated from bronchial secretion. Meanwhile DN1410 is a close relative of N.
cahishijiensis isolated from soil. DN1318 is the only strain belonging to the genus
Nocardiopsis (Figure 9). Other bacterial groups were also isolated and identified during

this process (Appendix 3b).
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78, Nocardia cyriacigeorgica DSM 44484(T) (AF430027)
100 | DN1414
100 DN1314

Nocardia caishijiensis(T) (AF459443)
100 L pNn1410

Nocardiopsis alba DSM 43377(T) (NR 026340)
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821 Nocardiopsis sp. DRL385 (FJ853211)
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Figure 9. Neighbor-Joining tree based of 16S rRNA gene sequences (1000-1350pb) from
cultured Actinobacteria isolated from Dorymyrmex sp. ants. in GenBank (accession number
in parethesis).The numbers at the nodes indicate bootstrap support values (>50%) based on
analysis of 1000 pseudoreplicates. The scale bar represents 0.01 substitutions per nucleotide.
All positions containing gaps and missing data were eliminated. Actinomadura was used
as outgroup.

6.1.3 Results from Paratrechina sp.

Fifty Actinobacteria strains were identified from Paratrechina sp. ants using molecular
methods. Eleven strains were isolated from nest 2 (PN2) located in the forested area of
Tamarindo Beach, thirteen strains were obtained from nest 4 (PN4) located in the
Guayacan Centenario. Both nests were sampled in the rainy season. During the dry
season, fourteen strains were also isolated from nest 4 (PN42) and twelve isolates were
recovered from nest 10 (PN10) located on the Tamarindo beach under Coccoloba

uvifera.
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There were four genera isolated from Paratrechina sp. ants: Streptomyces,
Actinomadura, Amycolaptosis and Microtetraspora. The genus Streptomyces was the
most abundant (82%). The number of strains identified in each nest was low; therefore
the diversity of Actinobacteria is not compared between dry and rainy seasons. The
morphological characteristics of the isolated strains identified are described in Appendix
2a. Macromorphological characteristics of selected isolates are shown in Figure 13 and

14.

The phylogenetic relationships of isolates were determined by Neighbor-Joining analysis
of 16S rDNA sequences. Actinomadura, Amycolaptosis and Microtetraspora isolates
were analyzed together (Figure 12). A separate phylogenetic tree was made for most

abundant genus Streptomyces (Figure 11).

Actinomadura was the second most abundant genus of Actinobacteria associated with
Paratrechina sp. (14%). The strain PN409 was a close relative of A. atramentaria, like
PN414 was with Actinomadura pallida (Parvopollispora) (Tamura and Kazunori, 1998).
PN4221 and PN4223 are related to A. hibisca while PN422 and PN426 were close
associated with A. nitrigenes. The strain PN425 belongs to the genus Actinomadura, but
was not closely related to any described species. PN225 is the only representative of
the genus Microtetraspora spiralis, PN411 was a close relative to Amycolaptosis
echigonensis, which was isolated from soil. Other bacterial groups were isolated and

identified during this study, but were not analyzed (Appendix 3c).
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Figure 10. Colony morphology of Actinobacteria isolated from Dorymyrmex sp. ants. A:
Streptomyces sp. strain DN1403, B: Streptomyces sp. strain DN1316, C: Streptomyces
sp. strain DN1405, D: Streptomyces sp. strain DN1404, E: Nocardia sp. strain DN1410,
F: Streptomyces sp. DN1410
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Twenty-tree different clades were identified in the Streptomyces tree (Figure 11a). All
clades are associated with described species except for isolates grouping with
Streptomyces sp. DA08605 and Streptomyces sp. M MN 1. PN203 isolate grouped as a
separate lineage, while isolates PN1015, PN1014, PN1001 and PN1003, PN403 formed

two different clades no related to any known species of Streptomyces.

The Guayacan Centenario nest (nest 4) was the only nest sampled during both dry and
rainy seasons. Only one clade had strains from both season: PN4207, PN4203, PN401,
PN402, PN423, PN4201 belong to Streptomyces sp. DA08605 branch figure 11 b, this
strain was isolated from soil. Strains PN205, PN214, PN1013, PN1005, PN1007 were
related to S. parvulus. PN210 was associated with S. spectabilis while PN416 formed a
branch with S. variegatus in the same cluster. PN202 eas affiliated with S. fragilis and
the strains PN211, PN212, PN4205 PN4220 were related to S. tendae, which was

isolated from potatoes (Figure 11 b).

PN1005 and PN1016 strains belong to the clade formed by S. griseus, S. tanahiensis
and S. californicus isolated from soil. PN201, PN204 and PN215 were close relatives of
S. prunicolor, S. xantholiticus and S. waerraensis, respectively. PN2409 was related to
S. cinereoruber, while PN207 belonged to the clade formed by S. venezuelae and S.
castaneus. PN1009 is closely related to S. seoulensis and PN1018 to S. kumimgensis,
which was isolated from soil. PN410 was associated with S. escleroctiatus while
PN1004 is related to S. catenulae and PN219 was a close relative of S. albiaxis. PN421
and PN422 formed a branch with S. sahachiroi and S. carpinensis, both strains isolated

from soil. PN4224 is associated with S. levis and S. purpurascens (Figure 11a).
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Figure 11. A. Neighbor-Joining tree based of 16S rRNA gene sequences (1000-
1350pb) from cultured Streptomyces isolated from Paratrechina sp. ants and closely
related species found in GenBank (accession number in parethesis). The numbers at
the nodes indicate bootstrap support values (>50%) based on neighbor-joining analysis
from 1000 pseudoreplicates. The scale bar represents 0.01 substitutions per nucleotide.
All positions containing gaps and missing data were eliminated. Actinomadura was used

as outgroup.
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Figure 11 B. continued.
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Figure 12 . Neighbor-Joining tree based of 16S rRNA gene sequences (1000-1350pb)
from cultured Actinobacteria isolated from Paratrechina sp. ants and closely related
species found in GenBank (accession number in parethesis). The numbers at the nodes
indicate bootstrap support values (>50%) based on neighbor-joining analysis from 1000
pseudoreplicates. The scale bar represents 0.01 substitutions per nucleotide. All
positions containing gaps and missing data were eliminated. Actinomadura was used as
outgroup.
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Figure 13. Colony morphology of the Actinobacteria isolated from Paratrechina sp. ants. A:
Streptomyces sp. strain PN212, B: Streptomyces sp. strain PN4206, C: Streptomyces sp. strain
PN1003, D: Streptomyces sp. strain PN1006, E: Streptomyces sp. strain PN1009, F:
Streptomyces sp. strain PN1018
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Figure 14 . Colony Morphology of Actinobacteria isolated from Paratrechina sp. ants. G:
Streptomyces sp. strain PN1004, H: Streptomyces sp. strain PN1007, I: Streptomyces
sp. strain N1009, J: Actinomadura sp. strain PN4223, K: Streptomyces sp. strain
PN4219.
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6.2 Results from culture-independent methods

6.2.1 DNA extraction and PCR amplification

Soil and ant-associated actinobacteria genomic DNA were extracted with the Fast DNA
Spin Kit for Soil (MP Biomedicals, Solon OH). The amount of DNA obtained for
Paratrechina sp. ants was limited, in contrast to the large amount of DNA obtained for

soil (Figure 15).

Paratrechina sp. Soil

Figure 15. Genomic DNA from Paratrechina sp. ants of each sampled nest and its surrounding
soil.

The 16s rDNA gene was amplified using actinobacteria-specific primers Act283F and
Actl369R (McVeigh, 1996). We used 25ng DNA and dilution (1:5, 1:10, 1:20) for
amplification (Figure 16). Moreover, genomic DNA from soil was purified with Elu Quik
DNA Purification Kit® (Whatman, UK). The amplicon obtained was approximately

1100bp (Figure 17).
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1500pb
1000pb
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Figure 16 . Amplification of 16S rDNA with the primers Act 283F and Act1369R of Actinobacteria
associated with Paratrechina sp. in the four sampled nests.

1500pb
1000pb

Figure 17. Amplification of 16S rDNA with the primers Act 283F and Act1369R of Actinobacteria
in surrounding nest soil of Paratrechina sp.

Four ant-associated Actinobacteria clone libraries were created from each Paratrechina
sp. nest (PN2, PN4, PN4-2 and PN10) and other four from the surrounding soil (SN2,

SN4, SN4-2, and SN10). The presence of insert in the clones was verified by colony
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PCR. Approximately 80% of the clones contained insert. 1631 clones were studied in

this investigation. The number of clones analyzed for each library is shown in Table 5.

Table 5. Number of clones analyzed in each clone library

Source Clone library Clones Analyzed
Ant PN2 241
Ant PN4 201
Ant PN4-2 220
Ant PN10 158
Soll SN2 229
Saoll SN4 231
Soll SN4-2 181
Saoll SN10 170

6.2.2 Restriction Fragment Length Polymorphism (RFL  P)

Ants

A large number of enzyme restriction patterns were found in the DNA of the ant-
associated Actinobacteria in the four nests and the soils. We found 15 patterns for the
enzyme Hinfl and 14 for the enzyme Haell. Several patterns were common to the four
nests while some were specific to each nest. The nest PN4-2 had the highest number of
different enzyme restriction patterns. Figure 18 and 19 shows some of the restriction

patterns found for both enzymes.
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Three clones were randomly chosen from each restriction pattern and were sequenced
to verify their homogeneity. We found more than one genus present in some restriction
patterns. We sequenced 144 clones with primers T7 to check identity. Of these, 57 were
re-sequenced with reverse primer SP6. Close relatives of the 144 sequences were
identified using GenBank and the DNA database Ribosomal Database Project Il (RDP)

(http://rdp.cme.msu.edu/). We were unable to obtain the complete sequence (1100bp)

for all restriction patterns found in isolated from Paratrechina sp. Only 1100bp long
sequences were used for phylogenetic analysis. Some of the sequenced clones belong

to other bacterial phyla and were not analyzed (Appendix 4a).

Soils

Eight restriction patterns were found with the enzyme Hinfl for soil around nest 2 (SN2)
and seven with Haell. Fourteen restriction patterns were reported with Hinfl and seven
with the enzyme Haell for nest 4 surrounding soil (SN4). Nine restriction patterns were
generated with Hinfl and six with Haell in soil SN4-2. In the soil around nest N10, ten
restriction patterns were reported with the enzyme Hinfl and five with Haell. Figure 20
and 21 shows some restriction patterns generated with the enzymes Hinfl and Haell in

soils.
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Figure 18. Arrows indicate restriction patterns of representative clones from
Paratrechina sp. with Hinfl. A: Nest PN4-2. B: Nest PN10. C: molecular marker 100bp.
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Figure 19. Arrows indicate restriction patterns of representative clones Paratrechina sp.
with Haell. A: Nest PN4, B: Nest PN10. C: molecular marker 100bp.

Three randomly chosen clones for each restriction pattern were sequenced to verify
their homogeneity. This study found more than one genus present in some restriction
patterns. We sequenced 147 clones with primer T7 and 79 with the reverse primer SP6.
Close relatives of the 147 sequences were identified in GenBank and the DNA database

Ribosomal Database Project Il (RDP) (http://rdp.cme.msu.edu/). We were unable to
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obtain the complete sequence (1100bp) for all restriction patterns present in surrounding

nest soils. Some of the sequenced clones (29) belong to other bacterial phyla and were

not included in the analysis (Appendix 4b).

1500pb
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100pb

1000pb
500pb

200pb
100pb

Figure 20 . Arrows indicate restriction patterns of representative clones from soil with
Hinfl. A: SN4, B: SN42. C: molecular marker 100bp.
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Figure 21. Arrows indicate restriction patterns of representative clones from soil with
Haell. A: SN10, B: SN42. C: molecular marker 1 Kb

70



6.2.3 Phylogenetic analysis of clones in  Paratrechina sp.

We performed phylogenetic analysis on 57 partial 16S rDNA sequences of bacteria
associated with Paratrechina sp. (approximately 1110bp). Sequences obtained by
culture-independent methods were combined with those derived from cultures for an
overall analysis. We combined 17 clones from ants from nest 2 (PN2H), 22 clones from
nest 4 (PN4H) and 18 clones from nest 4-2 (PN42H). No clone from nest 10 was

incorporated in the analysis because sequences were incomplete.

The phylogenetic relationships of sequences were determined by neighbor-joining
analysis. Nine genera of Actinobacteria were found associated with Paratrechina sp.
ants only with culture-independent methods. The most abundant genus was
Streptomyces (74%); hence it was analyzed separately. Among the other genera
recovered in the ants, Actinomadura was the second most abundant with 14
representatives. Sequences PN42H138, PN2H22, PN4H263 and PN42H103 clustered
with an uncultured bacterium clone-BICP1099, which is associated with Actinomadura
blangladensis, isolated from soil. Also, this clade has two sequences from nest 4, in the
Guayacan Centenario, recovered in the two sampled seasons. PN24H123 is associated
with an uncultured actinobacterium clone HGJO1138 isolated from rhizosphere of
cucumber. PN4H262 is a close relative of clone PN414 and both are related to

Actinomadura (Parvopollispora) pallida (figure 22).
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Figure 22. Neighbor-joining tree based of 16S rRNA gene sequences (1000-1350bp)
from cultured Streptomyces isolated from Paratrechina sp. ants by culture independent
and dependent methods and closely related species found in GenBank (accession
number in parethesis) Asterisk indicates sequences obtained by culture-independent
methods. The numbers at the nodes indicate bootstrap support values (>50%) based on
Neighbor-joining analysis from 1000 pseudoreplicates. The scale bar represents 0.01
substitutions per nucleotide. All positions containing gaps and missing data were

eliminated. Streptomyces was used as outgroup.
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Clone PN42H108 was closely related with uncultured bacterium clone P7f140k isolated
from undisturbed tall grass prairie (topsoil 5cm). Clone PN4H258 was associated with
Ornithinimicrobium pekinensis isolated from activated sludge. Clone PN42H99 was a
close relative of Microbacterium koreense, a strain isolated from a shrimp rearing tank.
PN42H133 was phylogenetically close to Geodermathophilus sp. OSI-28, a strain
isolated from cactus rhizosphere. PN2H29 and PN2H53 clones were associated with
Saccharopolyspora antimicrobica, which was isolated from beach sand. PN42H110 a
close relative of Corynebacterium kroppenstedtii, a strain isolated from blood culture.
PN4H276 was associated with Nocardia carnea, while PN42H122 was a close relative

of N. harenae, a strain isolated from soil (Figure 22).

The Streptomyces phylogenetic tree has nine monophyletic groups which were
numbered according to figure 23. Nine clades had most of the recovered clones and
isolated strain except two, PN1001 and PN203, which represent independent lineages.
The groups 3, 4, 5 and 7 are formed by the isolate from culture dependent methods that
were explained in a previous section. The group 1 has two subgroups, the first is
composed of clone sequences that are related to Streptomyces sp DA08605 and in the
second group, PN410 PN4H272 are associated with Streptomyces sclerotialus and

Streptomyces kunmingensis.

We observed a clade composed by clones that are not closely related to any described
species of Streptomyces in the group 2. The group 6 is comprised by clones PN2H15,
PN4H141, PN4H267, PN4H274, PN4H271, PN4H268 PN4H2107 and isolated strain
PN422 which are related with Streptomyces seoulensis and Streptomyces lucensis. The

group 8 contains two subgroups, one is formed by clones that are associated with
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Figure 23 . Neighbor-joining tree based of 16S rRNA gene sequences (1000-1350pb)
from cultured Actinobacteria isolated from Paratrechina sp. ant ant and closely related
species found in GenBank (accession number in parethesis). The numbers at the nodes
indicate Bootstrap support values (>50%) based on Neighbor-joining analysis from 1000
replicates. The scale bar represents 0.01 substitutions per nucleotide. All positions
containing gaps and missing data were eliminated.
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Figure 23 . Continuation
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Streptomyces venezuelae, Streptomyces casteneus and Streptomyces omiyaensis. The
other group is composed by isolated strains on which their phylogenetic relationship was
described previously, except for PN4209 and PN42H104 that are associated with
Streptomyces cinereoruber. PN2H5 is a close relative of Streptomyces flavoviridis in

group 9 (figure 23).

6.2.4 Actinobacteria genera found in each of the ne  sts of Paratrechina sp.

and their surrounding soil

All clone data, sequenced with one (T7) or both primers (SP6 and T7), identified as
Actinobacteria, were used to analyze Actinobacteria frequency and distribution in
association with ant nests and their surrounding soil. We used 139 clones asssoiated

with the ants and 118 clones from soil.

Actinobacteria associated to Paratrechina sp. ants in nest PN2 included five genera:,
Actinomadura, Brevibacterium, Saccharopolyspora, Streptomyces and Tsukamurella.
The most abundant genera were Streptomyces and Actinomadura (67% and 23%,
respectively) (Figure 24). Brevibacterium and Tsukamurella were not included in the
phylogenetic analysis because they were sequenced only with a single primer (T7). The
genera of Actinobacteria found in the surrounding soil of nest PN2 were significantly
different (Figure 25) with the genus Nocardioides as the most abundant (22%).
Streptomyces represents only 7% of the clones while Actinomadura was not detected in

the soil.
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The genera of Actinobacteria associated with Paratrechina sp. ants in the Guayacan
Centenario nest (PN4) during the rainy season were Streptomyces, Ornithimicrobium,
Actinomadura and Nocardia (Figure 26). Again the genus Streptomyces was the most
abundant (85%). More than 20 genera of Actinobacteria were found in the soil adjacent
to the nest (Figure 27). Mycobacterium was the most abundant (22%) while
Streptomyces and Actinomadura represent only 4% of the clones. Nocardia and

Ornithimicrobium were not detected in the clones sampled for this soil.

During the dry season, the genera of Actinobacteria associated with the ants at the
Guayacan Centenario nest (PN4-2) were more diverse including Streptomyces
Actinomadura, Brevibacterium, Corynebacterium, Geodematophilus, Leifsonia,
Mycobacterium, Nocardia, Nocardioides and Pseudonocardia. Streptomyces (56%) and
Actinomadura (15%) were the most abundant genera. Pseudonocardia was not included
in the phylogenetic analysis because its sequence was less than 900bp. We found 12
genera of actinobacteria in the soil adjacent to the Guayacan Centenario (PN4-2)
(Figure 28). Uncultured actinobacteria was the most abundant category (20%).
Geodermatophilus, Microbacterium, Pseudonocardia, Streptomyces and Nocardiopsis
are common genera associated with ants and soil. Streptomyces represents only 2% of

the clones identified in the soil (Figure 29).

Streptomyces and Actinomadura were the only genera of Actinobacteria associated with
ants in nest PN10 (Figure 30). Streptomyces was the most abundant genus associated
with the ants (91%). Eight genera of Actinobacteria were detected in the soil (SN10)

(Figure 31). Uncultured actinobacteria was the most abundant category (25%).
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Figure 24. Frequency of the Actinobacteria genera found associated with Paratrechina
sp. ants in nest PN2. Analysis based on 49 clones.
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Figure 25. Frequency of Actinobacteria found in surrounding soil of nest 2 (SN2).
Analysis based on 27 clones.
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Figure 26. Frequency of the Actinobacteria genera found in Paratrechina sp. ants in
nest PN4 at Guayacan Centenario in the wet season. Analysis based on 27 clones.
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Figure 27. Frequency of the Actinobacteria genera found in the adjacent soil of
Guayacan Centenario (SN4). Wet season. Analysis based on 44 clones.
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Figure 28. Frequency of the Actinobacteria genera found in Paratrechina sp. ants in
nest PN4-2. Dry season. Analysis based on 39 clones.
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Figure 29. Frequency of the Actinobacteria genera found in the soil SN4-2 in dry
season. . Analysis based on 25 clones.
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Figure 30. Frequency of the Actinobacteria genera found in Paratrechina sp. ants in
nest PN10. Analysis based on 24 clones.
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Figure 31. Frequency of the Actinobacteria genera found in the soil SN10. Analysis
based on 21 clones.
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Figure 32. Frequency of the Actinobacteria genera found in Paratrechina sp. ants in all nests.
Analysis based on 139 clones.

Streptomyces and Actinomadura were not identified in the surrounding soil of nest 10
(SN10)(Figure 31). Figure 32 summarizes the frequency of 13 genera of Actinobacteria
associated with Paratrechina sp. ants in all nests sampled. Streptomyces (71%) and
Actinomadura (15%) were the most abundant genera in this study. Soils samples were

different for all Paratrechina sp. nests and were not pulled together for analysis.

6.2.5 Diversity indices in  Paratrechina sp.

We calculated diversity indices and rarefaction curves using 130 Actinobacteria
sequences identified in the four nests of Paratrechina sp. Dotur program was used for
these calculations (Schloss and Handelsman, 2005). A Jukes-Cantor distance matrix
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was generated with the DNADIST program of PHYLIP (Felsenstein, 1981). The matrix
was the DOTUR input file.  The Dotur program distributes sequences in OTUs at
different distances. The method used to allot sequences to an OTU was furthest
neighbor. This methods assigns a sequence to a group of sequences only if this
sequence is similar to all sequences in the group that is being formed (Schloss and
Handelsman, 2005). We found 32 OTUs at 3% distance (or 97% similarity) in this study.
Simpson and Shannon Diversity indices were calculated in Dotur. Nonparametric
richness estimators including ACE (abundance-based coverage) (Chao, 1992), Chaol
(Chao, 1984, Chao et al., 1993) and Jacknife (Burnham and Overton 1979 and Smith,
1984) were also calculated. These indices and richness estimators compare the
complexity of two or more communities and help estimate the completeness of sampling

a community (Schloss and Handelsman, 2005).

The Simpson index or the concentration of dominance (S') is based on the probability of
drawing a pair of individuals of the same species. Dominance values range from O to 1,
where values close to 1 indicate few species dominatelf few species dominate (Brown
and Bowman, 2001). The value of S'in this study was 0.098 indicating a high diversity of
OTUs. The Shannon-Weaver index value H'varies from 0 for communities with a single
OTU to high values for communities that have many OTUs (Brown and Bowman, 2001).

The value of H' for this study was 2.68.

The estimated richness of ant-associated Actinobacteria in Guanica dry forest was

extrapolated from the data using the models of Chao 1, Jacknife, and ACE. The values
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are presented in Table 6. The rarefaction curve (Figure 33) indicates the need for more

sampling effort.

Table 6. Richness estimators calculated on all sequences obtained from Paratrechina
sp. ants in all four nest sampled. Number of sequences: 130. OTUs were determined by
a similarity = 97%.

Richness estimator Average 95% Confidence Interval

ACE 86.4 51.1-187

Chaol 70 44.2-150

Jacknife 70.4 47.1-93.7
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Figure 33 . Rarefaction curve calculated on Actinobacteria associated with Paratrechina
sp. ants in all nests sampled. OTUs were determined by a similarity = 97%.
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6.2.6 Comparison between ant-associated and soil Ac tinobacteria

communities

Each Paratrechina sp. nest (PN2, PN4, PN4 and PN10-2) was considered as a different
environment as well as their surrounding soils (SN2, SN4, SN4-2, and SN10).
Actinobacteria communities were compared among the four ant nests. We found no
significant differences (Table 7) indicating that the community of Actinobacteria is similar
among Paratrechina sp. nests located in different parts of Guanica Dry forest and during
different seasons. We also compared the Actinobacteria community associated with
each ant nest versus each surrounding soil. The results indicate that there are
significant differences (Table 8) between these two environments, in each of the four
sampled nests. We also compared the Actinobacteria communities associated with soil
among the four nests and no significant differences were found (Table 9).

Table 7. Matrix showing Bonferroni corrected P-values comparing Actinobacteria

communities between Paratrechina sp. ant nests. Colors indicate the significant
difference between each pair on a scale defined by Unifrac.

Ants Color Description
N10 N2 N4 N4-2 (< 0.001) Highly significant
N10 <=0.06 |0.7200 [<=0.06 (0.001-0.01) Significant
N2 =006 I0.1800 (0.01-0.05) Marginally significant
(0.05-0.1) Suggestive
N4 1.0000 (> 0.1) Not significant
N4-2
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Table 8. Matrix showing Bonferroni corrected P-values comparing Actinobacteria
communities between each Paratrechina sp. ant nest and its surrounding soil. Colors
indicate the significant difference between each pair on a scale defined by Unifrac.

Ants Soil
N2 N2
Ants N2 <=0.01
Soil N2
Ants Soil
N4 N4
Ants N4 <=0.01
Soil N4
Ants Soill
N4-2 N4-2
Ants N4-2 <=0.01
Soil N4-2
Ants Soil
N10 N10
Ants N10 <=0.01
Soil N10
Color Description

(< 0.001) Highly significant
(0.001-0.01) Significant
(0.01-0.05) Marginally significant
(0.05-0.1) Suggestive
(> 0.1) Not significant
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Table 9. Matrix showing Bonferroni corrected P-values comparing Actinobacteria
communities between nest soils. Colors indicate the significant difference between each
pair on a scale defined by Unifrac.

Color Description
Soils Soil Soil Soil Soil (< 0.001) Highly significant
N10 N2 N4 N4-2 (0.001-0.01) Significant
Soil N10 <=0.06 [<=0.06 |0.1200 (0.01-0.05) Marginally significant
0.05-0.1) Suggestive
Soil N2 0.0600 [1.0000 ( ) Suggestiv
(> 0.1) Not significant
Soil N4 1.0000
Soil N4-2

We constructed a phylogenetic tree including all Actinobacteria sequences associated
with the ant Paretrechina sp. and their nest soils plus close relatives identified by
BLASTn . The results show that there are clades formed solely by sequences that
belong to the ants and clades formed exclusively by sequences that are present in soils
(Figure 34). Some clades are formed by sequences belonging to both, the ants and the
soil. PN2H15, PN4H271, PN42H107, SN42350, PN4H268, PN4H274, PN4H141,
PN4H267, PN4H251 are affiliated to Streptomyces sahachiroi. PN42H123, SN4204,
PN425, PN42H103, PN42H138, PN2H122, PN4H263 belong to the clade of
Actinomadura nitrigenes and A. bangladensis. PN42H133 and SN42314 are associated
to Geodermatophilus sp. OSI-28. SN42289, SN42293, SN42349, SN4217 and
PN42H199 are closely related to Microbacterium koereense. The sequences SN4224,
SN42287, SN4230, PN42H122 and PN4H276 belong to the clade containing Nocardia

carnea and N. harenae.
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Figure 34 . Neighbor-joining tree based of 16S rDNA gene sequences (1000-1350bp).
Sequences isolated from Paratrechina sp. by culture independent and dependent
methods, sequences isolated from soil around the nest and closely related species
found in GenBank (accession number in parethesis). The numbers at the nodes indicate
bootstrap support values (>50%) based on Neighbor-joining analysis from 1000
pseudoreplicates. The scale bar represents 0.01 substitutions per nucleotide. Orange
color indicates Actinobacteria clades only associated to Paratrechina sp. ants, blue for
Actinobacteria clades only associated with soil and purple for clades formed by
sequences from both, soil and ants. All positions containing gaps and missing data were

eliminated.
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7. Discussion

This study describes the diversity of Actinobacteria associated with ants that do not
grow fungi in a subtropical area with culture-dependent and independent methods. The
Actinobacteria associated with Solenopsis sp., Paratrechina sp., and Dorymyrmex sp.
ants were studied with culture-dependent methods. Our results showed that the
Actinobacteria community is specific for each ant species; however, some common
trends were observed in all three species. Streptomyces was the most abundant

Actinobacteria identified in all ant species.

Some strains isolated from different ant species are closely related to already described
Streptomyces species in GenBank. For example, S. rochei and S. bikiniensis are
associated with Solenopsis sp. and Dorymyrmex sp. ants. Streptomyces tendae, S.
parvulus, and S. sclerotialus are associated with Paratrechina sp. and Solenopsis sp.
ants, whereas S. fragilis. S. cineoruber and S. nodosus are present in Paratrechina sp.
and Dorymyrmex sp. Streptomyces bikiniensis, a species isolated from soil, is
characterized by the production of streptomycin, a potent antibiotic (Johnstones and
Waksman, 1948). Streptomyces fragilis produces azaserine, an antibiotic that inhibits
purine synthesis (Kaplan et al 1959). Streptomyces tendae generates a wide range of
low molecular weight antibiotics and secondary metabolites, which have antitumor
activity and inhibit chitin synthetases conferring fungicide, insecticide and acaricide
activities (Bormann et al., 1999). Streptomyces nodosus produces amphotericin B, a

potent antifungal with activity against fungi, some viruses and protists (Carey et al.,
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2001). Streptomyces cinereoruber produces chitinases capable of degrading Aspergillus
niger cell walls (Katsuichiro and Tagawa, 1991). The broad spectrum of secondary
metabolites with antibacterials and antifungals properties found in these species suggest
a defensive role of Actinobacteria associated with ants; hence some of the isolates in
this study are potential candidates for inhibition assays against pathogenic
microorganisms. Future work should establish if the role of these Actinobacteria is

beneficial to the ants or they are mere transient associations.

Our research is a follow-up exploration on the results of Kost et al. (2007), who show
that Actinobacteria associated with two species of temperate ants that do not grow fungi
had an inhibitory effect on the growth of the fungus-growing ant specific parasite
Escovopsis weberi. The same authors also determine that the identity of the isolated
Actinobacteria associated to leaf-cutter ants (Acromyrmex octopinosus) belong to the
genus Streptomyces. Other researches on fungus-growing ants showed Streptomyces
as a member of the Actinobacteria community associated with fungus-growing ants.
Zucchi et al. (2010) isolated 20 strains from the integument of Ac. subterraneus of which
17 were Streptomyces. Muller et al. (2008) isolated a single Streptomyces associated
with another fungus-growing ant in the genus Atta. Haeder et al. (2009) also isolated
Streptomyces strains from three fungus-growing ants species (Ac. octospinosus, Ac.
echinatior and Ac. volcanus), which were very similar to S. albidoflavus and S. griseus.
One strain of Streptomyces (A010) was present in all three ants and strongly inhibited
the Escovopsis growth. The substance responsible for inhibiting the pathogen’s growth
was reported as candicidin (Haeder et al. 2009). We isolated two Streptomyces strains,

PN1005 and PN1016, closely related to S. griseus, which is also a candicidin producer
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(Gil and Campelo-Diaz, 2003). Thus, we believe that these strains associates with

tropical ants might have unknown defensive roles against other microorganisms.

We cannot confirm the identity of our all isolates, since many of the Streptomyces
clades in our study have low support to assign a species name. In this sense, Labeda et
al. (2012) indicate the high similarity in the 16S rRNA gene sequence within
Streptomyces favors the construction phylogenetic trees with weak statistical support.
The authors specifically highlight the inability to determine an unknown strain to a
described species with this gene. On the other hand, we also have several strains
isolated in this study are not related to any described Streptomyces species indicating
an increase in potential new species. Therefore it is necessary to conduct new
phylogenetic analysis with other markers such as house keeping genes as atpD, syrB,

recA rpoB, trpB (Rong and Huang, 2010) to further determine their identity.

The second most abundant cultures in two ant species were Actinomadura and
Nocardia strains. The soil is the main source of microorganisms belonging to the genus
Actinomadura. Some strains are pathogenic to humans causing actinomycetomas. The
role of Actinomadura in nature is poorly known, but its widespread distribution suggests
an important role in soil ecology (Quintana et al., 2003). Strains closely related to A.
rudentiformis were isolated in this study, which exhibits antibiosis against Entorococcus
faecium and some Mycobacterium pathogenic species (Le heroes and Meyer, 2007).
Additionally, Actinomadura hisbisca produces polyenoles called pradamicin that have

antifungal and antiviral activity (Park et al., 2011).
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The genus Nocardia is distributed in terrestrial habitats, especially in soils with high
organic matter and decomposed plant material (Khan et al., 1997). Some species are
pathogenic to humans. Nocardia carnea, N. brasiliensis and N. niigatensis and N.
ciryageorgica, which are closely related to strains isolated in this study, cause
pulmonary and systemic nocardiopsis in humans (Watanabe et al., 2006, Khan et al.,
1997). Some Nocardia species use hydrocarbons as energy sources, while others are
involved in the degradation of sandstone monuments (Palla et al., 2002). Based on the

literature review the role of Nocardia associated with ants is unclear.

Only the Actinobacterial community associated with Paratrechina sp. was studied with
culture-independent methods. We were able to identify thirteen genera of Actinobacteria
and several uncultured clones in GenBank. The contrasting number against only four
genera identified by culturing suggest that this technique allowed us to get a better
understanding of the diversity of the community. The chitin medium used for isolation of
Actinobacteria presents a bias that favored growth of Actinomadura, Nocardia and
Streptomyces strains, especially the latter. Muller et al. (2008) mentioned a bias in the
chitin medium favoring the genus Pseudonocardia; however only one Pseudonocardia

strain was isolated in association with Solenopsis sp.

Our working hypothesis expected us to find high similarity between the Actinobacteria
community in soil and the one associated with ants that do not grow fungi because
these do not have a fungal culture to defend against pathogens. Furthermore,
Actinobacteria isolated from the ants would represent transient and casual associations

from soil dwellers. However, our results showed that each ant species has a specific
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Actinobacteria community associated with it, which is different than the one from the
surrounding soil. Although, four nests of Paratrechina sp. were sampled in different
locations in the Guanica Dry forest and in different seasons, we found a consistent
Actinobacteria community that is clearly different from the community associated with
the soil. This assertion was tested statistically using the program UniFrac, which
supported our findings. Additionally, no significant differences between ant-associated
Actinobacteria communities among the four ant nests were found. The other hand, the
value H’, for the actinobacteria associated to Paratrechina sp ants in this study was
2.68. This value is low in comparison to other studies for the bacteria diversity in soils
(H=7.17, 6.612, 4.78) (Dunbar et al., 1999, Hayakawa et al, 2010, Srinivas et al, 2011).
This indicate that the ants probably reclute Actinobacterias from soil or other

enviroments.

Integrating the results with dependent and independent culture-methods, the
Actinobacteria associated with Paratrechina sp. is composed of 15 different genera.
Streptomyces and Actinomadura were most abundant in each nest. Although,
Streptomyces was identified in the soil, it was never the most abundant genus. Similarly,
Actinomadura was only detected in one soil sample, but this does not mean that it is not

present in the other soils. More clones should be screened to determine its abundance.

Genera such as Ornithinimicrobium, Tsuamurella, Brevibacterium, Saccharopolyspora,
Leisfonia and Corynebacterium were identified in some Paratrechina sp. nests at low

frequencies, and could be considered as environmental contaminations. However, none
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of these genera was identified in soils suggesting occasional or less consistent
association with the ants and their role should be investigated in future works. Some
clones in this study were closely related to Saccharopolyspora antimicrobica, which was
isolated from soil and is characterized by microbial activity against Staphylococcus

aureus and Escherichia coli (Yuang et al., 2008).

Genera such as Arthrobacter, Micromonospora, Krasilnikovia, Actinopolymorpha,
Isoptericola,  Blastococcus, Actinocorallia,  Actinomycetospora, Actinoplanes,
Actinosinema,  Aeromicrobium, Cellulomonas, Lechevaliera, Planomosnopora,
Saccharothirx and Sporichthya were exclusively associated with soil, while
Streptomyces, Actinomadura, Nocardia, Pseudonocardia, Microbacterium,
Nocardioides, Geodermatophilus and Amycolaptosis were identified in association with
ants and with soil. The presence of Streptomyces, Actinomadura and Nocardia was
consistent throughout our sampling and this may be the result of adaptation of these
genera to the ant microenvironment. Microbacterium and Pseudonocardia were found
intermittently, although these genera have been previously associated with fungus-
growing ants (Mueller et al., 2008, Cafaro and Currie 2005). Pseudonocardia is a
symbiont that produces secondary metabolites that inhibit the growth of the parasite
Escovopsis (Cafaro et al., 2011), while Microbacterium has been identified in cultivars of
the Atta and other Attini ants species. Microbacterium could play a role as disease
suppressor or its transient presence could due to degradation of plant material in the
nest; however its real function is yet to be established (Muller et al., 2008).
Pseudonocardia and Microbacterium are also found in environments such as in soil and

plants (Lee et al., 2006, Muller et al., 2008, Madigan and Martinko, 2009).
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Nocardioides is commonly found in soils (Prauser, 1976). Amycolaptosis produces vast
numbers of antibiotics (Everest and Meyers, 2009) and Geodermatophilus is a genus
mainly isolated from soils (Luedemman, 1968). The intermittent presence of these
genera in ants may be due to environmental contamination or they are colonizing
bacteria found in soil and have succeeded in establishing a habitat on the ants. Future

research should clarify this question.

95



8. Conclusions

The Actinobacteria communities associated with ants that do not grow fungi in the
subtropical Guanica Dry Forest are different between ant species and their environment.
In the species Solenopsis sp., Dorymyrmex sp. and Paratrechina sp. each community is
specific to the ants. Solenopsis sp. and Dorymyrmex sp. were studied only with culture
dependent methods. We recovered four genera in culture for both, Solenopsis sp. and
Paratrechina sp., while only three in Dorymyrmex sp. All ants have Streptomyces as the
most abundant genus. Actinomadura was the next abundant recovered in association
with the ants Solenopsis sp. and Paratrechina sp., but not with Dorymyrmex sp.
Nocardia was present in Dorymyrmex sp. and Solenopsis sp. Each ant species have at
least one unique genus to their community, Pseudonocardia (Solenopsis sp.),

Nocardiopsis (Dorymyrmex sp.) Amycolaptosis and Microtetraspora (Paratrechina sp.).

In order to obtain a broader view on the diversity of Actinobacteria associated to
Paratrechina sp., we integrated the results obtained by independent and dependent
culture methods. Fifteen genera of Actinobacteria were associated with this ant
(Streptomyces,  Actinomadura, Nocardia, Ornithiniimicrobium, Tsuamurella,
Brevibacterium,  Saccharopolyspora, Nocardioides, = Mycobacterium, Leifsonia,
Pseudonocardia, = Corynebacterium,  Microtetraspora, = Geodermatophilus  and
Amycolaptosis). Streptomyces and Actinomadura were the most abundant genera with

both methodologies.

We established that the community of Actinobacteria associated to Paratrechina sp. is
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consistent and clearly different from the community found in the surrounding soil on the
Guanica Dry forest. This is the first attempt to study of Actinobacteria diversity
associated with ants that do not grow fungus in a subtropical area and to establish their
relationship with the environment. Future research will explore the role of Actinobacteria

in the ants.
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9. Recommendations

To compare the diversity of Actinobacteria in ants species that inhabit both wet and dry
forests and establish how the environment influence it. For example, by comparing the

Cambalache rainforest with the Guanica Dry forest

To include other culture media for the Actinobacteria isolation to obtain a greater

diversity of cultivated strains.

Perform inhibition assays between the most common Actinobacteria isolates from ants
and their fungal pathogens to establish whether the Actinobacteria have a defensive and

beneficial role for the ants.

To construct 16S rRNA clone libraries for Solenopsis sp. and Dorymyrmex sp. to expand

the knowledge of the diversity of Actinobacteria associated with these ants.

Strains with antibiotic and antifungal properties must be tested against human

pathogens and biological control for agriculture.
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Appendix 1. Media recipes

Chitin medium

11. Appendixes

Components Amounts
Agar 15g
Chitin 39
K;HPO, 0.575¢g
MgSO, X 7H20 0.375¢g
KH2PO, 0.275¢g
FeSO, X 7H20 0.0075¢g
MnCL, X 4H20 0.00075¢g
ZnS0, X 7H20 0.00075¢g
H.0 750 ml

Antifungals: Nystatin 20ml/L

Ciclohexamide: 0.05g/L

Both antifungals must be added just before pouring plate

YMEA medium (Yeast Malt Extract Agar)

Components Amounts
Yeast extract 49

Malt extract 10g
Dextrose 49

Agar 20g
H,O 1000m|

Antifungals: Nystatin 20ml/L

Ciclohexamide: 0.05g/L

Both antifungals must be added just before pouring plate
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Appendix 2

Appendix 2a. Colony morphology of isolates from Paratrechina sp. ants.

Nest Color Color of the Diffusible
Season Code form of the substrate aerial Surface Margin ;
Pigments
Hyphae hyphae
N2 Rainy PN201 Irregular translucent White Dusty Entire No
cream
N2 Rainy PN202 Irregular Brown White Dull Filiform Brown
N2 Rainy PN203 Irregular yellow No data Dull Undulate No
N2 Rainy PN204 Irregular Yellow Graysv;:/;éTswhne Dusty Entire Yellow
N2 Rainy PN205 Irregular Yellow White and gray Dusty Entire Yellow
N2 Rainy PN206 Irregular Yellow No data Glistening Undulate No
N2 Rainy PN207 Irregular translucent White Dull Entire Yellow
yellow
N2 Rainy PN208 Irregular Yellow White Dull Entire Yellow
N2 Rainy PN209 Irregular Yellow White Glistening Entire Yellow
N2 Rainy PN210 Irregular Yellow White Dull Undulate Yellow
N2 Rainy PN211 Irregular Yellow White Dusty Undulate Yellow
N2 Rainy PN212 Irregular Yellow Purple Dusty Entire No
N2 Rainy PN213 Irregular Yellow White Dusty Entire Yellow
N2 Rainy PN214 Irregular Yellow White Dusty Filiform No




ARBSEENZ2a. COMMiHAAIREN

Na Rainy PN223 Irregular Yellow Graél\é\fciéﬁ;ewnh DOugity Feliforen Y éllow
N4 Rainy PN423 Irregular Betlow wr% %ng\rgég\{hs Dusty Feliforen Betlowy
N4 Rainy PN4@23 Irregular Bedionw \Gite Dusty Feliforen Bedioww
NM42 Rargy PN4024 Irregular ety Gray Dusty Feliftren No
N\M42 Ramgy PN408 I@eguikar Brown Reraje Dusty Feliforen Y éllow
N\M42 Ramgy PN403 Irregular ety Giay GIixtsting Feliforen Y éllow
NM42 Rargy PN400 Irregular DaCkegmeen Grayvihitevhite Dusty Feliftren GhNen
NM42 Rargy PN40% Irregular Darklygreen \Witzte Dusty Feliftren Bidavn
NM42 Ramgy PN418 Irregular Bitlok \Ghate Dusty Filiform Y dllow
N\d42 Ramgy PN412 I@eguikar Darklpreen White Dusty Feliforen Y dllow
NM42 Raigy PN419 I@iecuikar Bediow PaMhigemy Dusty Filiform Yéllow
NM42 Raigy PN426 Irregular Pa¥esthoawvn N loigetar Dusty Filiform Yellow
N\M42 Ramgy PN42% Irregular Tetlam White Dgity Urilifolahe Bidavn
Gray and
Nga2 RafMy BN428 |Fregular e Wh 3 the rRidly Unghdiaie Brewn
edge
7 Ray PN4%3 |Fregular vafiS NS5 e Eilifarm PLRon
N4-2 Dry PN424 Circular Pale yellow Gray and white Dusty Filiform Yellow
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Appendix 2a. Continuation

N4-2 Dry PN425 Irregular Dark Brown No data Dull Filiform Yellow
N4-2 Dry PN426 Circular Brown White and gray Dusty Filiform No
N10 Dry PN1003 Irregular Cream Gray Dusty Filiform No
N10 dry PN1004 Irregular Orange White Dusty Undulate Yellow
N10 Dry PN1005 Irregular Purple Cream Dusty Undulate No
N10 Dry PN1006 Irregular Dark yellow v(\%?t)é stggt Dusty Undulate Yellow
N10 Dry PN1007 Irregular Dark yellow V(\irﬁ)é stggt Dusty Filiform Yellow
N10 Dry PN1009 Circular Pale yellow Dark gray Dusty Entire Yellow
N10 Dry PN1010 Irregular Yellow White Dusty Filiform Yellow
N10 Dry PN1012 Irregular Tra;r;sulgvcvent White Dusty Filiform Yellow
N10 Dry PN1014 Irregular Yellow White Dusty Filiform No
N10 Dry PN1015 Irregular yellow Gray Dusty Filiform Yellow
N10 Dry PN1016 Irregular Purple White Dusty Filiform No
N10 Dry PN1018 Irregular Cream Gray Dusty Filiform No
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Appendix 2b. Colony morphology of isolates from Solenopsis sp. ants.

Color Color of the Diffusible
Nest Season Code form of the substrate aerial Surface Margin .
Pigments
Hyphae hyphae
N7 Rainy SN701 Irregular Yellow Gray and white Dusty Filiform Yellow
N7 Rainy SN702 Irregular Yellow Gray Dusty Filiform No
N7 Rainy SN703 Irregular Pink Gray Dusty Filiform No
N7 Rainy SN705 Irregular Pink Pale pink Dusty Filiform No
N7 Rainy SN707 Irregular Yellow No data Glistering Undulate No
N7 Rainy SN709 Irregular Yellow White Dull Undulate No
N7 Rainy SN712 Irregular Irregular Gray vsv;)tgtWhne Dusty Filiform No
N7 Rainy SN713 Irregular Irregular white Dull Undulate No
N8 Dry SN801 Irregular Yellow Gray-Blue Dusty Filiform No
N8 Dry SN803 Irregular Pink Pink Dusty Filiform No
N8 Dry SN805 Irregular Yellow Gray and white Dusty Undulate No
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Appendix 2b. Continuation

N8 L
Dry SN806 Irregular Yellow Whltesvrx)/g? gray Dusty Filiform No
N8 Dry SN807 Irregular Cream No data Dusty Filiform No
N8 Dry SN808 Irregular Yellow White Dusty Filiform No
N8 Dry SN810 Irregular Red Pink Dusty Filiform No
N8 Dry SN811 Filiform Brown White Dusty Filiform No
N8 Dry SN815 Irregular Yellow White Dusty Undulate No
Dry
N8 SN820 Irregular Yellow White Dull Undulate No
Dry
N8 SN821 Irregular Yellow Gray and white Dusty Undulate No
N11 Dry SN1101 Irregular Yellow Gray Dusty Filiform No
N11 Dry SN1106 Irregular Pale Gray Gray Dusty Filiform No
N11 Dry SN1108 Circular Black Wh'tg(\)’;’:tgdark Dusty Irregular No
N11 Dry SN1109 Circular Pink Pink Dull Filiform No
N11 Dry SN1110 Irregular Orange White Dull Undulate No
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Appendix 2b. Continuation

N Dry SN1112 Irregular Pale yellow Cream Dusty Filiform No
N11 Dry SN1114 Irregular Dark yellow Gray Dusty Undulate Yellow
N11 Dry SN1116 Circular Yellow Pink Dusty Entire Yellow
N11 Dry SN1122 Irregular Red No data Glistening Filiform No
N11 Dry SN1123 Circular Brown White Dull Filiform No
N11 Dry SN1124 Irregular Yellow No data Wrinkled Undulate No
N11 Dry SN1125 Irregular White Gray and white Dusty Filiform No
N12 Dry SN1201 Circular Translucent White Dusty Filiform No
N12 Dry SN1202 Circular Black White Dull Filiform Dark brown
N12 Dry SN1203 Irregular Translucent White Dusty Filiform No
N12 Dry SN1204 Irregular Pale yellow No data Glistening Lobate No
N12 Dry SN1206 Irregular Red Pink Dusty Undulate No
N12 Dry SN1207 Circular Orange Pink Dusty Filiform No
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Appendix 2b. Continuation

Nz Dry SN1208 Irregular Pale yellow Gray with white Dusty Filiform No
N12 Dry SN1209 Irregular Transluscent White Dull Undulate No
N12 Dry SN1211 Irregular Transluscent No data Dusty Undulate Yellow
N12 Dry SN1212 Irregular Transluscent VF\’/[;]riE[:);es\F/)vci)tg Dusty Undulate No
N12 Dry SN1213 Irregular Pale yellow White Dusty Filiform No
N12 Dry SN1214 Circular Red Pink Dull Entire No
N12 Dry SN1215 Irregular Transluscent No data Dusty Entire Dark yellow
N12 Dry SN1216 Irregular White No data Dusty Filiform No
N12 Dry SN1217 Irregular Dark yellow Purple Dusty Filiform No
N12 Dry SN1218 Circular Pale pink Pink Dusty Filiform No
N12 Dry SN1219 Irregular White White Dusty Filiform Yellow
N12 Dry SN1221 Irregular Brown White Dusty Filiform Yellow
N12 Dry SN1222 Irregular Cream Gray and white Dusty Filiform Brown
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Appendix 2b. Continuation

N12

: Gray with a .
Dry SN1226 Circular Brown White edge Dusty Filiform No
N12 Dry SN1228 Irregular Dark brown No data Dull Lobate No
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Appendix 2c. Colony morphology of isolates from Dorymyrmex sp.

Color Color of the
Nest Season Code form of the substrate aerial Surface Margin Pigments
Hyphae hyphae

N6 Rainy DN601 Irregular Grey White Dull Undulate Brown
N6 Rainy DN602 Irregular Yellow White Dull Undulate Yellow
N6 Rainy DN603 Irregular Yellow White Dusty Filiform Yellow
N6 Rainy DN604 Irregular Yellow No data Glistering Undulate Yellow
N6 Rainy DN605 Irregular Brown White Glistering Filiform Brown
N6 Rainy DN607 Irregular Yellow White Dusty Undulate Yellow
N6 Rainy DN606 Irregular Yellow White Dusty Filiform Yellow
N6 Rainy DN608 Irregular Brown Gray év(ijtgeWhite Dull Filiform No
N6 Rainy DN610 Irregular Yellow White Glistering Filiform Yellow
N6 Rainy DN611 Irregular Yellow Gray Dusty Filiform Yellow
N6 Rainy DN612 Irregular Yellow White Dusty Filiform Yellow
N6 Rainy DN614 Irregular Yellow White Glistering Filiform No
N6 Rainy DN615 Irregular Yellow Gray Dusty Filiform Yellow
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Appendix 2c. Continuation

Ne Rainy DN616 Irregular Yellow Gray ;/\[/)iglsWhite Dusty Filiform Brown
N6 Rainy DN617 Irregular Yellow Gray-blue Dusty Filiform Yellow
N6 Rainy DN618 Irregular Yellow White Dusty Filiform Brown
N6 Rainy DN620 Irregular Yellow Dark gray Dusty Filiform Yellow
N6 Rainy DN621 Irregular Yellow White Dusty Filiform Yellow
N6 Rainy DN625 Irregular Yellow Purple Dull Filiform Yellow
N6 Rainy DN628 Irregular Yellow White Dusty Filiform Brown
N6 Rainy DN629 Irregular Yellow Whitesr\;\gttr; dark Dusty Filiform Yellow
N9 Rainy DN901 Irregular Dark yellow No data Wrinkled Entire Brown
N9 Rainy DN902 Irregular Dark yellow White Dusty Filiform Brown
N9 Rainy DN903 Irregular Dark yellow No data Wrinkled Filiform Brown
N9 Rainy DN904 Irregular Dark yellow No data Wrinkled Filiform No

N9 Rainy DN906 Irregular Dark yellow No data Wrinkled Filiform Yellow
N9 Rainy DN907 Irregular Dark yellow White Wrinkled Filiform No

N13 Dry DN1301 Irregular Yellow White Dusty Filiform No

N13 Dry DN1303 Irregular Pink White Dusty Filiform No

125




Appendix 2c. Continuation

N13 Dry DN1304 Circular Yellow White and gray Dusty Filiform No
N13 Dry DN1306 Irregular Yellow Gray Dusty Filiform No
N13 Dry DN1307 Irregular Yellow Gray vsvggtWhite Dusty Filiform No
N13 Dry DN1309 Irregular Tre;r1eslsll(1)1\<l:vent White Dull Filiform No
N13 Dry DN1310 Irregular Tra;nesnlg\cl:vent White and gray Dusty Filiform No
N13 Dry DN1312 Irregular Orange No data Dusty Undulate No
N13 Dry DN1314 Circular Pink Pink Dusty Filiform No
N13 Dry DN1316 Irregular Yellow Gray Dusty Filiform No
N13 Dry DN1317 Irregular Yellow No data Dull Undulate Yellow
N13 Dry DN1318 Circular Cream White Dusty Filiform No
N13 Dry DN1319 Irregular Yellow Pink Dusty Undulate No
N13 Dry DN1321 Irregular Yellow Pink Dusty Filiform No
N14 Dry DN1402 Irregular Dark yellow Gray Dull Filiform No
N14 Dry DN1403 Irregular Pink Gray Dusty Undulate No
N14 Dry DN1404 Irregular Yellow Gray Dull Undulate No
N14 Dry DN1405 Irregular Yellow Gray and white Dusty Undulate No
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N14 Dry DN1406 Circular Yellow Gray Dusty Filiform No
N14 Dry DN1407 Irregular Yellow Gray Dusty Filiform No
N14 Dry DN1410 Circular Pink Gray Dusty Filiform No
N14 Dry DN1414 Circular Pink Pink Dusty Entire No
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Appendix 3

Appendix 3a. Non-Actinobacteria cultures identified from Solenopsis sp. ants.

Code | Gene Bank number Closely related species Percentage of identity Source Phylum
SN1211 GU323365.1 Bacillus pumilus strain HS3 100 Firmicutes
SN1112 AB586071.1 Burkholderia sp. JCM 20553 99 Proteobacteria
SN1106 GU144371.1 Burkholderia funggjr-gm strain UFLAO4- 97 Old second forest soil Proteobacteria
SN815 DQ520809.1 Bradyrhizobiaceae bacterium NR111 97 Soil Proteobacteria
SN802 GQ249215.1 Burkholderia sp. Ixb-5 99 Coking plant soil with hihg | 0 12 cteria

concentration of PAHs

SN712 AY691400.1 Rhizobium sp. tpud22.2 99 Host of Mimosa pudica Proteobacteria

Appendix 3b. Non-Actinobacteria cultures identified from Dorymyrmex sp. ants.

Code | Gene Bank number Closely related species Percentage of identity Source Phylum
DN603 HM113360.1 Burkholderia fungorum strain DBT1 99 Oil refinery wastewater Proteobacteria
treatment plant
DN901 AJ549086.1 Devosia riboflavina 99 Endosimbiont of marine ciliate | Proteobacteria
Burkholderia fungorum strain . .
DN902 GU144371.1 UELA04-219 100 Old second forest soil Proteobacteria
Burkholderia fungorum strain . .
DN903 GU144371.1 UELA04-219 99 Old second forest soil Proteobacteria
DN907 DQ530647.1 Cupriavidus sp. cmp2 99 Host of Mimosa asperata Proteobacteria
DN1319 FJ763645.1 Bacillus pumilus strain X22 99 Wastewater of silk industry Firmicutes
DN1412 FJ763645.1 Bacillus pumilus strain X22 99 Wastewater of silk industry Firmicutes
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Appendix 3c. Non-Actinobacteria cultures identified from Paratrechina sp. ants.

Code | Gene Bank number Closely related species Percentage of identity Source Phylum
PN206 AF514702.1 Bradyrhizobium sp. La5-8 99 Host of Lonchocarpus | o, 10 hacteria
atropurpureus
PN4212 FJ763645.1 Bacillus pumilus strain X22 99 Wastewater of silk industry Firmicutes
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Appendix 4

Appendix 4a. Non-Actinobacteria sequences identified from Paratrechina sp. ants by culture-independent methods.

Nest Clone Gene Bank Closely related species Perpenta_\ge of Source Phylum
code number identity
N4-2 H100 JF947351.1 Enterococcus canis strain 2104 97 Dorsal patch Firmicutes
N4-2 H106 HM059721.1 Geobacillus sp. 99 Compost Firmicutes
Uncultured bacterium clone . unknown

N4-2 H129 JF135243.1 ncd1556d09c1 96 Skin, volar forearm classification
N4-2 H143 HM241101.1 Uncultured bacterium clone LIM33 96 Limestone rock Acidobacteria

N10 H152 JF825503.1 Uncultured Geobacillus sp. clone 89 Asparagus straw compost Firmicutes

ASC135
Appendix 4b. Non-Actinobacteria sequences identified from soil by culture-independent methods.
Clone Gene Bank . Percentage
Nest code number Closely related species of identity Source Phylum

N4-2 S284 EU132454.1 Uncultured bacterium clone FFCH9382 95 Soil Acidobacteria
N4-2 s285 EU132325.1 Uncultured bacterium clone FFCH10450 97 Soil Acidobacteria
N4-2 S305 GQ287576.1 Uncultured bacterium clone P1s-141 98 Soil Acidobacteria
N4-2 S307 JF718677.1 Uncultured bacterium clone CK2 97 Soil Acidobacteria
N10 S336 AY493926.1 Uncultured soil bacterium clone 539 96 Soil Acidobacteria

Uncultured Acidobacteriales bacterium . . . .
N10 S354 EU276448.1 clone Plot03-2D01 97 Agricultural soil Acidobacteria
N4 S188 HMO062484.1 Uncultured Acidobacteria 99 Soil Acidobacteria
N4 S191 HM062484.1 Uncultured Acidobacteria 99 Soil Acidobacteria

Uncultured Acidobacteria bacterium . . .
N4 S194 HMO062397.1 clone KBS T1 R4 149264 96 Soil Acidobacteria
N4 S218 HQ864092.1 Uncultured bacterium clone TP-SL-B-33 97 Soil samples from Acidobacteria
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Appendix 2b. Continuation

permafrost
N4 S221 EU202822.1 Uncultured Acidobacteriales bacterium 97 Agricultural soil Acidobacteria
N4 S226 AM935718.1 Uncultured Acidobacteriaceae 95 Hydrocarbor;—oci:)ntammated Acidobacteria
N4 S228 AM935718.1 Uncultured Acidobacteria bacterium 99 Limestone rock Acidobacteria
N4 S242 FJ889253.1 Uncultured Acidobacteriales bacterium 99 Agricultural soil Acidobacteria
N4 S199 EU132283.1 Uncultured bacterium clone FFCH3185 93 Soil f“’”.‘ an undisturbed Acidobacteria
mixed grass
N4S S196 FJ478812.1 Uncultured bacterium clone p9el170k 95 Agricultural soil Acidobacteria
N4S S225 FJ479574.1 Uncultured bacterium clone p5i060k 97 Und'StuLerﬁitea" grass Acidobacteria
N4S S207 FM873930.1 Uncultured bacterium partial clone 95 Mattress dust Acidobacteria
MBO3E09
N4S | S210 EU132325.1 | Uncultured bacterium clone FECH10450 97 Soil from an undisturbed | 5 .q0hacteria
mixed grass
N4S S200 JF718677.1 Uncultured bacterium clone CK2 97 Soil Acidobacteria
N4S S214 EU132325.1 Uncultured bacterium clone FFCH10450 97 Soil f“’”.‘ an undisturbed Acidobacteria
mixed grass
N4S S235 HM131976.1 Uncultured soil bacterium clone D1B28 98 Banana wilt farm soil Acidobacteria
N4S S211 HQ397556.1 Uncultured bacterium clone BSS62 98 Coastal saline soil Acidobacteria
N4S S192 JF809791.1 | Uncultured bacterium clone 2M1S-B100 92 Medea hypersaline basin, | A iqohacteria
Mediterranean
N2S S92 AM935448.1 Uncultured Acidobacteria bacterium 99 Pilot-scale bioremediati-on Acidobacteria
N2S S91 JF718677.1 Uncultured bacterium clone CK2 99 Soil microbe in exogenous Acidobacteria
rare Earths
N2S S63 GQ214125.1 Uncultured bacterium clone P958 95 Loess Acidobacteria
N2S S72 HQ397556.1 Uncultured bacterium clone BSS62 99 Agricultural soil Acidobacteria
N2S S85 AY921944.1 Uncultured Acidobacteria bacterium 97 Farm soil adjacent to a Acidobacteria

silage storage
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Appendix 5 . Multiple sequence aligment of Streptomyces strain isolated from Dorymyrmex sp. and related closely

species found in Genbank.

AY999771.1 Streptomyces ciner

HE616
treptomyces wviolaceorectus HB
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ACEARCECTEECEECETGCTTARCRCATGCATGTCEANCEATGAAG
CGRACGATGAAG,
LEAGRT TERTCC TG REnGEACEARCGC TEECEECETECTTARCACATGCARGTCEANCEATENAG,
CGRACGATGAAG,

TGCTTACRCATGCARETCERACEATGAAGECC,
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TECTTRACCATGCARGTCGRACGATGRAAGHCC
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GCGAGTCERACGRTGRR - CCACT)

BE6CAAGCEEG6AGCT TACACATGCARGTCGARCGATGAR - CCACT,
GTGCGAGTCGRARCGATGAAGCCECT,

TGCRRGTCGRRCGATGRARAGCC -CT,

ARGCECT,
ACGAACECTGECGECETGCT TARCACAT GCARGTCEARCGATGARGCYCT,
CACT|

GCTGGCGECETGCTTARCACAT GCARGT CEARCGATGRARCCACT,
AIGCARGTCGRACEATGRAGECC,
CTRCCATECAAGTCEACEATGAAGYCC

TECAGTCGACEATGRAGECC)

RTGCAGTCGACGRTERICCALCT,
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TR GEACEARCECTEECEECETECTTRACACATGCARETCGRACGATGRAACAC
ATECAETCERAACGATGANCYNC

AGQTTEATCCTE, ACEIRCECTEECEECETECTTAACACRTGCARGTCERACEAT GARC YAC
GRTTCTG, ACEARCECTEECEECETECTTAACACRTGCARETCERRCEATGARC AC
ATGCAGTCGARCEATGRACCRYCT

TGCAGTCEACGATGRRCCCECT
GCTEGCEECETGCTTARCACRTGCARGTCGARCERTEAACCCECT,
TTARCACATGCAAGTCGABCGEARRGGCCHCT,
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A¥999771.1 Streptomyces ciner

H616
treptomyces wiolaceorectus HB

|H0418168.1 Streptomyces DA1020
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GGATEAGCCCGCGGCCTATY
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IDHGD 5 157
H615 170
H618 168
AY999771.1 Streptomyces ciner Z06

H616 1
Streptomyces violaceorectus HB Zl14 GITGGTG, !

T

IHD£118468. 1 Streptomyces DA1020 1350 GITGGTE, TH
lSt.rept,mrm::es bhikiniensis DSM40 235 GITGGTG, TH
N9 4 180 NEEESIEGERY
HY9 & 165 NEWEEEG ERY
Streptomyces tanashiensis HBUM 197 GITGGTG, TH
167 GITGGTG, T

170 GITGGTE, THh

XAS585 196 GITGGTE, THh

163 GITGGTE, T

187 GTTGGTHIGGTH

DAOSG0S 210 GTTGGTGHSGT L
191 GITGGTE, T

TRI 10 7B448718 138 GITGGTE, T,
170 GTTGGTHIGGTA

I]S)treptmrlyt:es nodosus HBRC 1289 =14 GTTGGTE“SGT
IDH6 17 169 GTTGGTGHSGT y
Streptomyces ambofaciens HBRC 209 GTTGGTGHSGT
H1310 188 GITGGTE,
H1312 192 GITGGTE,
H1317 135 GITGGTG,
H1301 189 GITGGTG
H1316 AR LA G TTGGT GGG TR

Streptomyces rochei HERC 12908 Z15 & TTGGTGHSGT
Streptomyces BW222 237 GTTGGTI}'“SGT
Streptomyces mutabilis HRBL IS 217 1§ TTGGTGHSGT

195018 191 GTTGGTGHSGT

Hol 352 DQ7T17851 Zz05 GITGGTE,

thermolilacinus H 214 I}TTEGT[H’“SGT
lSt.rept,mrlyl::es heteromorphus AB 221 GITGGTGGETR
IDN14 13 137 GTTGGTGHSGT L

Streptomyces fragilis HRRL 242 233 GITGGTHIGETR
|5treptomyces humidus WBRL B 31 220 GTTGCTGGGTA

H1307 139 GTTGGTHIGGT
14 19 1s8 GITGGTE, T
Streptomyces paraguayensis HER Z11 GITGGTG, T,
Il\l:h' a nitritigenes T 137 GITGGTG, T,
Ilh:l-i dura bangladeshensizs T 218 GITGGTE, T,

IClust,al Consensus
T
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AY¥Y9991171.1 Streptomyces ciner
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ACTACGTGCCAGCAGCCGCGETAATACGTAGGECGCRRGCETTGTCCGGAR
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTGCCAGCAGCCGCGETAATACCTAGGGCGC G TTCICGGART|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCRRGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
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ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
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ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
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ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGC ERGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGC ERGCETTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
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ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGC ERGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGC ERGCETTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT)

500 510 520 550

540

550
PP I P I
ATTGEGCGTARRGAG
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAG
ATTGEGCGTAREGAG
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR
ATTGEGCGTARRGAR

! CT]\CGTGCC]\GC]lGCCG(‘GGTMT]lCGT]lGGGCGCMGCGTTGESGMTCT‘I‘I’CTG]ITRTTGGGCGTWG]I

ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACHTGCCAGCAGCCGCGETAAT ACET ADGGCGC BRGCGTTGTCCGGART)|
-CTncsTGccnscnsccGCGGTnnTncsTngggHgg GCGTTGTCCGGRAT|
ACTACGTGCCAGCAGCCGCGGTRATACGT A GCGTTGTCCGGRAT|
ACTACGTECCAGCAGCCGCGGTRATACGT AGGECGCARGCGTTGTCCEGRAT|
ACTACGTGCCAGCAGCCGCGGTRRT ACGT AGGECGCARGCETTGTCCEGRAT|

ATTGEGCGTARAGRG
ATTGEGCGTARAGRG
ATTGEGCGTARAGRG
ATTGEGCGTARAGRG
ATTGEGCGTARAGRG
ATTGEGCGTARAGRG
ATTGEGCGTARAGRG
ATTGEGCGTARAGRG
ATTGEGCGTARAGRG
ATTGEGCGTARAGRG
ATTGEGCGTARAGRG
ATTGEGCGTARAGRG
ATTGEGCGTARAGRG
ATTGEGCGTARAGRG
ATTGEGCGTARAGR
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GATACGGGCAGGCTAGAG
GATACGGGCAGGCTAGAG
GATACGGGCRAGCCTAGRAG

AGGCGECTTETCRCGTCCG ETGT GARRAGCCCEEELCTTARCCCCGGET CTGCR
RGGCGGCTTGTC&GTCGG!TGTGmGCCCGGGGCTTMCCCCGGGTCTGC !
RGGCGGCTTGTC&GTCGG!TGTGmGCCCGGGGCTTMCCCCGGGTCTGC !
RGGCGGCTTGTC&GTCGG!TGTGmGCCCGGGGCTTMCCCCGGGTCTGC !

RGGCGGCTTGTC&GTCGG!TGTGmGCCCGGGGCTTMCCCCGGGTCTGC !
RGGCGGCTTGTC&GTCGG!TGTGmGCCCEGGGCTTMCCCCGGGTCTGC !
RGGCGGCTTGTC&GTCGG!TGTGmGCCCEGGGCTTMCCCCGGGTCTGC !
llGGCGGCTTGTC& 'CCEEEFCTTARCCCCGGGTCTGCA

AGGCGGCTTGTCICGTCEGE ST GTERAAAGC CCEHEHCTTARCCCCGHGTCTGCA
lGGCGGCTTGTCHCGTCGG GCIGARAGCCCGEEECTTARCCCCGGETCTGCR
RGGCEGCTTGTCHCGTCGG!TGTGNNRGCCCEGGGCTTNRCCCCGGGTCTGC'
lGGCEGCTTGTCHCGTCGG GCTGARAGCCCGGGGCTTARCCCCGGGTCTGCR
RGGCGGCTTGTCHCGTCGG!TGTGHHRGCCCGGGGCTTHRCCCCGGGTCTGC'
lGGCGGCTTGTCHCGTCGG GIGARAGCCCGEEGCTTARCCCCGGGTCTGCR
AGGCEGCTTGT CIMCGTC CIGARAGCCCGELEECTTARCCCCGGETCTGCR
MWGGCEECTTGTCCGTCH GIGARAGCCCGEEGCTTARCCCCGGGTCTGCR
AGECEECTTGTCECGTC GCIGAAAGCCCGEEECTTARCCCCGGET CTRCR
AGGCGECTTGTCECGTC GIGAAAGCCCGEEECTTARCCCCGGETCTGCR
AGGCEECTTGTCIMCGTC GCIGARAGCCCGEEECTTARCCCCGGETCTGCR
RGGCGGCTTGTCEEGTC GIGAAAGCCCGEEECTTARCCCCGGETCTGCR
MWGGCEECTTGTCCGTCH GIGARAGCCCGEEGCTTARCCCCGGGTCTGCR
AGGCGGCTTGT CIMCGTC GIGARAGCCCGEEECTTARCCCCGGETCTGCR
AGGCGECTTGT CRCGTCGE AT CTGRARAAGC CCGGEECTTARCCCCGEGTCTGCR
lGGCGGCTTGTCHCGTCGG CIGARAGCCCGELEECTTARCCCCGGETCTGCR
RGGCEGCTTGTCHCGTCGG GIGAAAGCCCGEEECTTARCCCCGGETCTGCR
AGGCEECTTGTCIMCGTC GCIGARAGCCCGEEECTTARCCCCGGETCTGCR
AGGCGECTTGTCLICGTC GIGAAAGCCCOEEGCTTARCCCCGGETCTGCR
AGGCGGCTTGTCICGTC GCTGARAGCCCGGGGCTTARCCCCGGGTCTGCR
AGGCGGCTTGT CLICGTC GIGAAAGCCCGEEECTTARCCCCGGETCTGCR
MWGGCEECTTGTCCGTCH GIGARAGCCCGEEGCTTARCCCCGGGTCTGCR
AGGCGGCTTGT CCGTCGE BT GTGRARAAGC CCEGEGCTTARCCCCGGGTCTGCA
MWGGCEECTTGTCCGTCH GIGARAGCCCGEEGCTTARCCCCGGGTCTGCR
AGECEECTTGTCECGTC GCIGAAAGCCCGEEECTTARCCCCGGET CTRCR
AGGCGECTTGTCECGTC GIGAAAGCCCGEEECTTARCCCCGGETCTGCR
AGGCEECTTGT CICGTCGERT CTGARAGC CCGEEECTTARCCCCGEGTCTGCR
RGGCGGCTTGTCHCGTCGG!TGTGHHRGCCCGGGGCTTHRCCCCGGGTCTGC'
lGGCGGCTTGTCHCGTCGG GIGARAGCCCGEEGCTTARCCCCGGGTCTGCR
lGGCGGCTTGTCHCGTCGG GIGARAGCCCGEEECTTARCCCCGGETCTGCR
MWGGCEECTTGTCCGTCH GIGARAGCCCGEEGCTTARCCCCGGGTCTGCR
AGGCEGCTTGT CIMCGTC CIGARAGCCCGELEECTTARCCCCGGETCTGCR
AGGCEECTTGTCRICGTC GIGAAAGCCCGEEECTTARCCCCGGETCTGCR
AGGCEECTTET CECCTCGEIT CTGARAAGC CCGEEECTTARCCCCGEGTCTGCR
AGGCGECTIGTC .GTCGGHTGTGNNRGCCCGGGGCTTNRCCCCGGGTCTGC'
AGGCGGCTTGTC ECGTC GCTGARAGCCCGGGGCTTARCCCCGGGTCTGCR
AGGCGGCTIGTCECGTC GIGAAAGCCCGEEECTTARCCCCGGETCTGCR
MWGGCEECTTGTC ECGTCH GIGARAGCCCGEEGCTTARCCCCGGGTCTGCR
lGGCGGm[GTC GTCEGRT GCTGARAGCCCEGEGCTTARCCCCEGETCTGCR
ADGCGECTTGTC .GTCE}RﬁGTGmGCCCGGGG(‘TTﬂCCCCGGGTCTGC
AGGCEGEC¥TET C ECCT CGEIT CTGARMGC CCGEEECTTARCCCCGEGTCTGCR
AGGCEEC UTGTC .GTCGGHTGTGnthCCCEGGGCTTNRCCCCGGGTCTGC'
AGEC TGETC ECCTCUGILMCTGARAGC CCMEGL TTARC MGG TCTGC
AGGC TGTCECGTC !TC TGARAGCCCIMEGCTTARCC BGGETCTGC
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GATACGGECAGGCTAGAG'

AGGCEGCTTGTCIRCGTC G ETGTGARAGC CCGEEGCT TARCCCCGEETCTGCR
hGGCGGCTTGTCHCGTCGG GTGARAGCCCGEGECTTARCCCCGEGTCTGCH
hGGCGGCTTGTCHCGTCGG GTGARAGCCCGEGECTTARCCCCGEGTCTGCH
hGGCGGCTTGTCHCGTCGG GTGARAGCCCGEGECTTARCCCCGEGTCTGCH
AGGCEGCTTGTCIICGTC GTGARAGCCCGEGECTTARCCCCGEGTCTGCH
GTGARAGCCCGEGECTTARCCCCGEGTCTGCH

AGGCEGCTTGTCIICGTC

T e e T e T T T T T T |

GEGEAGATCGEARTTC CTGETGTAGCGET GAAAT GCECAGAT ATCAGGAGGARCACCGET GLCGARGGCGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGGEAGATCEGARTTCCTGET CTAGCHET GAART GCGCAGAT AT CAGGAGEARCACCGET GECEGANGGCGERT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
AGGEEAGATCEGARATTC CTGETGTAGCGGTGARAAT GCGCAGAT AT CAGGAGGARCACCGET GECEARGECGGAT
GECGARGECGGAT
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AGGGGAGAT CGGARTT CCTGGTGTAGC GG TGAAAT GCGCAGATATCAGGAGGAACACCGGTGHCGAAGGCGGAT
AGGGGAGAT CGGARTT CCTGGTGTAGC GG TGAAAT GCGCAGATATCAGGAGGAACACCGGTGHCGAAGGCGGAT
AEGGEAGAT CGGARTT CCTGETGTAGCGETEAAAT GCGCAGATATCAGGAGEAACACCEGTCHECCARAGGCEGAT
AEGGEAGAT CEGGARTTCCTGGTGTAECGETEAAAT GCGCAGATATCAGGAGCAACACCEGTGHCCARGGCEGAT
AEGGEAGAT CEGGARTTCCTGGTGTAECGETEAAAT GCGCAGATATCAGGAGCAACACCEGTGHCCARGGCEGAT
AGGGEAGAT CGGARTTCCTGGTGTAGCGETGAAAT GCGCAGATATCAGGAGGAACACCEGT GHCGAAGGCEGAT
AGGGEAGAT CGGARTTCCTGGTGTAGCGETGAAAT GCGCAGATATCAGGAGGAACACCEGT GHCGAAGGCEGAT
AGGGEAGAT CGGARTTCCTGETGTAGCGETEAAAT GCGCAGATATC AGGAGGAACACCEGT GHCGAAGGCEGAT
AGGGEAGAT CGEARTTCCTGET GTAGC GETERAAAT GCGCAGATATC AGGAGGAACAC CELT GHCGARAGGCGGAT
AGGGEAGAT CGEARTTCCTGET GTAGC GETERAAAT GCGCAGATATC AGGAGGAACAC CELT GHCGARAGGCGGAT
AGGGGAGAT CGGARTTCCTHGTGTAGCGGTGARAT GCGCAGATATCAGGAGGAACACCGGT GHCGARAGGCGGAT!
AGGGGAGAT CGGARTTCCTHGTGTAGCGGTGARAT GCGCAGATATCAGGAGGAACACCGGT GHCGARAGGCGGAT!
AGGGGAGAT CGGARTTCCTHGTGTAGCGGTGARAT GCGCAGATATCAGGAGGAACACCGGT GHGCGAAGGCGGAT!
AGGGGAGAT CGGARTT CCTGGTGTAGC GG TGAAAT GCGCAGATATCAGGAGGAACACCGGTGHCGAAGGCGGAT
AGGGGAGAT CGGARTT CCTGGTGTAGC GG TGAAAT GCGCAGATATCAGGAGGAACACCGGTGHCGAAGGCGGAT
AEGGEAGAT CEGGARTTCCTGGTGTAECGETEAAAT GCGCAGATATCAGGAGCAACACCEGTGHCCARGGCEGAT
AEGGEAGAT CEGGARTTCCTGGTGTAECGETEAAAT GCGCAGATATCAGGAGCAACACCEGTGHCCARGGCEGAT
AGGGEAGAT CGGARTTCCTGGTGTAGCGETGAAAT GCGCAGATATCAGGAGGAACACCEGT GHCGAAGGCEGAT
AGGGEAGAT CGGARTTCCTGGTGTAGCGETGAAAT GCGCAGATATCAGGAGGAACACCEGT GHCGAAGGCEGAT
AGGGEAGAT CGGARTTCCTGETGTAGCGETEAAAT GCGCAGATATC AGGAGGAACACCEGT GHCGAAGGCEGAT
AGGGEAGAT CGEARTTCCTGET GTAGC GETERAAAT GCGCAGATATC AGGAGGAACAC CELT GHCGARAGGCGGAT
AGGGEAGAT CGEARTTCCTGET GTAGC GETERAAAT GCGCAGATATC AGGAGGAACAC CELT GHCGARAGGCGGAT

AGGGGAGATCGEARTTCCTGGTGTAGCGETGAAATGCGCAGAT ATCAGGAGGARCACCHGTCHCHAAGGCGGAT
AGEGEAGAT CGEART TCCTGETCTAGCEET GRAAT CCECAGAT AT CAGGAGEANCACCECTGECCRAAGGCGGAT
AGGGGAGAT CGEART TCCTGETGTAGCGET GRAATCCECAGAT AT CAGGAGEARACACCEGTGECGRAAGGCGGAT
AGGGGAGATCGGART TCCTGGTGTAGCGETGARAATGCGCAGAT ATCAGGAGGARCACCEGTGHCGAAGGCGGAT
AGEGEAGAT CGEART TCCTGETCTAGCEET GRAAT CCECAGAT AT CAGGAGEANCACCECTGECCRAAGGCGGAT
AGGGGAGAT CGEART TCCTGETGTAGCGET GRAATCCECAGAT AT CAGGAGEARACACCEGTGECGRAAGGCGGAT
AGGGGAGATCGGART TCCTGGTGTAGCGETGARAATGCGCAGAT ATCAGGAGGARCACCEGTGHCGAAGGCGGAT
AGEGEAGAT CGEART TCCTGETCTAGCEET GRAAT CCECAGAT AT CAGGAGEANCACCECTGECCRAAGGCGGAT
AGGGGAGAT CGEART TCCTGETGTAGCGET GRAATCCECAGAT AT CAGGAGEARACACCEGTGECGRAAGGCGGAT
AGGGGAGATCGGART TCCTGGTGTAGCGETGARAATGCGCAGAT ATCAGGAGGARCACCEGTGHCGAAGGCGGAT

AGEGEAGAT CGEART TCCTGETCTAGCEET GRAAT CCECAGAT AT CAGGAGEANCACCECTGECCRAAGGCGGAT
AGGGGAGAT CGEART TCCTGETGTAGCGET GRAATCCECAGAT AT CAGGAGEARACACCEGTGECGRAAGGCGGAT
AGGGGAGATCGGART TCCTGGTGTAGCGETGARAATGCGCAGAT ATCAGGAGGARCACCEGTGHCGAAGGCGGAT
AGEGEAGAT CGEART TCCTGETCTAGCEET GRAAT CCECAGAT AT CAGGAGEANCACCECTGECCRAAGGCGGAT
AGGGGAGAT CGEART TCCTGETGTAGCGET GRAATCCECAGAT AT CAGGAGEARACACCEGTGECGRAAGGCGGAT
AGGGGAGATCGGART TCCTGGTGTAGCGETGARAATGCGCAGAT ATCAGGAGGARCACCEGTGHCGAAGGCGGAT
AGEGEAGAT CGEART TCCTGETCTAGCEET GRAAT CCECAGAT AT CAGGAGEARCACCECTGECGRAAGGCGGAT

TGTAGCGETGARATGCGCAGATATC,
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| | | | | | | | | | | | | |
ACTGACGCTGH AGCGARAGCGTGEGGAGCCRACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
ACTGACGCTCAAGGAGCGARAGCGTGEGGAGCCRAACAGGAT TAGAT ACCCTGGTAGTCCRACGCCGT AR
ACTGACGCTGH AGCGARRGCGT GEHGAGCGRAACAGEAT TAGATACCCTGETAGT CCACGCCGT AR
ACTGACGCTGH AGCGARRGCGTGELGAGCCAACAGEAT TAGATACCCTGGCTAGT CCACGCCGT AR
ACTGACGCTGH AGCGAAAGCGTGEEGAGCCAACAGEAT TAGATACCCTGETAGT CCACGCCGT AR
ACTGACGCTGH AGCGARAGCGTGEHGAGCCAACAGEAT TAGAT ACCCTEETAGT CCACGCCGT A
ACTGACGCTGH AGCCARAGCGTGEEGAGCCAACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
ACTGACGCTGH AGCGARAGCGTGEGGAGCCAACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
ACTGACGCTGH AGCGARRGCGT GEHGAGCGRAACAGEAT TAGATACCCTGETAGT CCACGCCGT AR
ACTGACGCTGH AGCGARRGCGTGELGAGCCAACAGEAT TAGATACCCTGGCTAGT CCACGCCGT AR
ACTGACGCTGH AGCGARRGCGTGELGAGCCAACAGEAT TAGATACCCTGGCTAGT CCACGCCGT AR

W ACTGACGCTGH AGCGAARGCET GGG RNGCGARCAGGAT TAGATACCCTGGTAGTCCRCGCCGTAR
WIACTGACGCTGH AGCCARAGCGTGEEGAGCCAACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
WTIACTGACGCTGH AGCGARAGCGTGEGGAGCCAACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
Cruy

ACTGACGCTGH AGCGARAGCGT GEGGAGCGAACAGEAT TAGATACCCTGETAGT CCACGCCGT AR
ACTGACGCTGH AGCGARRGCGT GEHGAGCGRAACAGEAT TAGATACCCTGETAGT CCACGCCGT AR
ACTGACGCTGH AGCGARRGCGTGELGAGCCAACAGEAT TAGATACCCTGGCTAGT CCACGCCGT AR
ACTGACGCTGH AGCGARAGCGTGEHGAGCCAACAGEAT TAGAT ACCCTEETAGT CCACGCCGT A
ACTGACGCTGH AGCCARAGCGTGEEGAGCCAACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
ACTGACGCTGH AGCGARAGCGTGEGGAGCCRACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
ACTGACGCTGH AGCGARAGCGTGEGGAGCCAACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
ACTGACGCTGH AGCGARRGCGT GEHGAGCGRAACAGEAT TAGATACCCTGETAGT CCACGCCGT AR
ACTGACGCTGH AGCGARRGCGTGELGAGCCAACAGEAT TAGATACCCTGGCTAGT CCACGCCGT AR
ACTGACGCTGH AGCGAAAGCGTGEEGAGCCAACAGEAT TAGATACCCTGETAGT CCACGCCGT AR
ACTGACGCTGH AGCGAAAGCGTGEEGAGCGIACAGEAT TAGAT ACCCTEETAGT CCACGCCGT A
ACTGACGCTGH AGCCARAGCGTGEEGAGCCAACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
ACTGACGCTGH AGCGARAGCGTGEGGAGCCAACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
ACTGACGCTGH AGCGARRGCGT GEHGAGCGRAACAGEAT TAGATACCCTGETAGT CCACGCCGT AR
ACTGACGCTGH AGCGARRGCGTGELGAGCCAACAGEAT TAGATACCCTGGCTAGT CCACGCCGT AR
ACTGACGCTGH AGCGAAAGCGTGEEGAGCCAACAGEAT TAGATACCCTGETAGT CCACGCCGT AR
ACTGACGCTGH AGCGARAGCGTGEHGAGCCAACAGEAT TAGAT ACCCTEETAGT CCACGCCGT A
ACTGACGCTGH AGCCARAGCGTGEEGAGCCAACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
ACTGACGCTGH AGCGARAGCGTGEGGAGCCAACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
ACTGACGCTGH AGCGARRGCGT GEHGAGCGRAACAGEAT TAGATACCCTGETAGT CCACGCCGT AR
ACTGACGCTGH AGCGARRGCGT GEHGAGCGRAACAGEAT TAGATACCCTGETAGT CCACGCCGT AR
ACTGACGCTGH AGCGARRGCGTGELGAGCCAACAGEAT TAGATACCCTGGCTAGT CCACGCCGT AR
ACTGACGCTGH AGCGARAGCGTGEHGAGCCAACAGEAT TAGAT ACCCTEETAGT CCACGCCGT A
ACTGACGCTGH AGCCARAGCGTGEEGAGCCAACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
ACTGACGCTGH AGCGARAGCGTGEGGAGCCAACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
ACTGACGCTGH AGCGARAGCGT GEGGAGCGAACAGEAT TAGATACCCTGETAGT CCACGCCGT AR
ACTGACGCTGH AGCGARRGCGT GEHGAGCGRAACAGEAT TAGATACCCTGETAGT CCACGCCGT AR
ACTGACGCTGH AGCGARRGCGTGELGAGCCAACAGEAT TAGATACCCTGGCTAGT CCACGCCGT AR
ACTGACGCTGH AGCGARAGCGTGEHGAGCCAACAGEAT TAGAT ACCCTEETAGT CCACGCCGT A
ACTGACGCTGH AGCGAAAGCGTGEEGAGCGIACAGEAT TAGAT ACCCTEETAGT CCACGCCGT A
ACTGACGCTGH AGCGARAGCGTGEGGAGCCRACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
ACTGACGCTGH AGCGARAGCGTGEGGAGCCAACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
ACTGACGCTGH AGCGARRGCGT GEHGAGCGRAACAGEAT TAGATACCCTGETAGT CCACGCCGT AR
ACTGACGCTGH AGCGARRGCGTGELGAGCCAACAGEAT TAGATACCCTGGCTAGT CCACGCCGT AR
ACTGACGCTGH AGCGAAAGCGTGEEGAGCCAACAGEAT TAGATACCCTGETAGT CCACGCCGT AR
ACTGACGCTGH AGCGARAGCGTGEHGAGCCAACAGEAT TAGAT ACCCTEETAGT CCACGCCGT A
ACTGACGCTGH AGCCARAGCGTGEEGAGCCAACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
ACTGACGCTGH AGCGARAGCGTGEGGAGCCAACAGEAT TAGATACCCTGETAGTCCACGCCGT AR
ACTGACGCTGH AGCGARAGCGT GGHGAGCGRACAGEAT TAGATACCCTGETAGT CCACGCCGT AR
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ACAGGTGGTGCH

COCCTTETEETCOET T RCAEETEETCOR
CCCOTTOTEETCEET I ACREFTEETECR
COCCTTETEETCOET TACEETEETECH
COCCTTETEETCOET TACEETEETECH
CCCCTTETEETCOET TACREETEETEER
COCCTTETEETCOET JTRCREETEETEOR
CCCOTTOTEETCEET I ACREFTEETECR

CCCCTTGTGET CGETRTACAGETEGTGCH
COCCTTETEETCOET TACEETEETECH

CCCCTTETEETCOET TACREETEETEER
CCCCTTETEETCOETJTACREETEETECR

COCCTTETEETCOET T RCAEETEETCOR
CCCOTTOTEETCEET I ACREFTEETECR
COCCTTETEETCOET TACEETEETECH
COCCTTETEETCRET STACAEETEETECH

 CCCCTTOTEETCOOT IACAEETGETECH

CCCCTTOTEETCOOT IACAEETEETECH
CCCCTTOTEETCOOTTACAEETEOTECH
CCCCTTETETCO0T STACHECTEGTECH
CCOCTTOTEETCOET IACAEETGETECH

 CCCCTTOTEETCOOT IACAEETGETECH
CCCCTTOTEETCOOTRIACAEETEETECH

CCCCTTOTEETCOOTTACAEETEOTECH
CCCOTTOTEETCEET I ACREFTEETECR
CCCCTTGTGGTCGGTEMC]\GGTGGTGC -
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GTCGTCAGCTCETGTCGTGAGAT T TEEGT TRAGTCCCGCARCEGAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT GI TEEGT TAAGT CCCECARCEAGCGCARCCCTTGTCC
GCTCGTCAGCTCETGTCCTGAGAT GI TGEGT TRAGT CCCGCARCEGAGCGCARCCCTTGTCC
GTCGTCAGCTCETETCGTGAGAT T TEGGT TRAGTCCCGCARCGAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT T TEEGT TRAGTCCCGCARCEAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT GI TEEGT TAAGTCCCECARCERGCGCARCCCTTGTCC
GCTCGTCAGCTCETGTCCTGAGAT GI TGEGT TRAGT CCCGCARCEGAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT BT TEGGT TRAGTCCCGCARCEAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT T TEEGT TRAGTCCCGCARCEGAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT GI TEEGT TAAGT CCCECARCEAGCGCARCCCTTGTCC
GCTCGTCAGCTCETGTCCTGAGAT GI TGEGT TRAGT CCCGCARCEGAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT BT TEGGT TRAGTCCCGCARCEAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT T TEEGT TRAGTCCCGCARCEGAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT GI TEEGT TAAGT CCCECARCEAGCGCARCCCTTGTCC
GTCGTCRAGCTCETGTCGTGAGAT GI TGEGT TRAGT CCCGCARCGAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT BT TEGGT TRAGTCCCGCARCEAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT T TEEGT TRAGTCCCGCARCEAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT GI TEEGT TAAGTCCCECARCERGCGCARCCCTTGTCC
GTCGTCRAGCTCGTGTCGTGAGAT GI TGEGT TRAGT CCCGCARCEGRAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT BT TEGGT TRAGTCCCGCARCEAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT T TEEGT TRAGTCCCGCARCEGAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT GI TGEGT TAAGTCCCGCARCGAGCGCARCCCTTGTCC
GTCGTCRAGCTCETGTCGTGAGAT GI TGEGT TRAGT CCCGCARCGAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT BT TEGGT TRAGTCCCGCARCEAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT T TEEGT TRAGTCCCGCARCEGAGCGCARCCCTTGTCC
GTCGTCAGCTCETGTCGTGAGAT GI TGEGT TAAGTCCCGCARCGAGCGCARCCCTTGTCC
GTCGTCRAGCTCETGTCGTGAGAT GI TGEGT TRAGT CCCGCARCGAGCGCARCCCTTGTCC
GTCGTCAGCTCETETCGTGAGATET TEGET TARGTCCCGCARCEAGCGCARCCCTTETC
GTCGTCAGCTCETGTCGTGAGAT T TEEGT TRAGTCCCGCARCEGAGCGCARCCCTTGTCC
GTCGTCAGCTCGTGTCGTGAGATGT TEGET TARGTCCCGCARCGAGCGCRACCCTTRITCC,
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US MDKL LZ0¥  LUo% [ oEig BCOOACTUNC SOGAHECBUC GOt TCCCHE GGG T DOO

. i HTCH
T 'GGGGRACTCAC AGACCECCEHEGTCANCT CEEAGGAAGET GEGERACEACGTCAAGTCAT CAT!
T 'GGGGACTCAC, AGACCECCELEECTCARCT CCERAGGAAGET GECERACEACCTCAAGTCATCATI
TGRTEEGEACT CACEGGAGACCECCGGEGT CANCT CEEAGGAAGGT GECEACGACGTCAAGTCATCATI
TERTGEEERCT CACRIGEAGAC CECCEHEGT CARCT CEEAGGAAGET GEGEACEACGTCAAGTC AT CAT
TEﬁl‘GGGG]\(‘TC]\Cr' AGACCECCGGEGTCAACT CEEAGGARAGETGEGEACGACGTCAAGTCATCATI
TGITGEEERCTCAC AGACCECCGHEGT CANCT CEEAGGANGET GEGERACEACGTCAAGT CAT CATI
TGITGEEERCTCAC AGACCECCGHEGTCARCT CGERAGGAAGET GECERCEACGTCAAGTCATCATI
TGHTGGGERACTCAC AGACCECCGGEGTCARCT CEEAGGAAGETGEGEACGACGTCAAGTCATCATI
TGHTGEEERCTCAC AGACCECCEHEGTCANCT CEEAGGAAGET GEGERACEACGTCAAGTCAT CAT!
TGHTGEEERCTCAC AGACCECCELEECTCARCT CCERAGGAAGET GECERACEACCTCAAGTCATCATI
TGRTEEGEACT CACEGGAGACCECCGGEGT CANCT CEEAGGAAGGT GECEACGACGTCAAGTCATCATI
TGSTGEHERCTCAC AGACCECCEHEGT CARCT CGEAGGAAGET GEGEACEACGTCAAGTCAT CAT!
T 'GGGGACTCAC, AGACCECCGGEGTCAACT CEEAGGARAGETGEGEACGACGTCAAGTCATCATI
T GGGEACTCAC AGACCECCGHEGT CANCT CEEAGGANGET GEGERACEACGTCAAGT CAT CATI
GUTEGHEACT CACHIGGAGACCECCGHEGT CAACT COEAGGANGET GEGEACEACGTCARGTCAT CAT!
Eﬁl‘GGGG]\CTC]\ HSG]'IGHCCGCCGGGGTCMCTCEG]\GGM\EGTEGGG]\CGI\CGTCMGTCi\TCi\T
TGP*[‘GGGG]\(‘T(‘-]\ ‘SG]\GRCCGC(‘GGGGTCMCTCGG]IGGMGGTGGGG]\CGI\CGTCMGTCl\TCl\T
'l'GI“l‘GGGG]\CTC]\Cr' AGACCECCELEECTCARCT CCERAGGAAGET GECERACEACCTCAAGTCATCATI
TGHTGGGERACTCAC AGACCECCGGEGTCANCT CEEAGGAAGET GECEACGACGTCAAGTCATCATI
TGSTGEHERCTCAC AGACCECCEHEGT CARCT CGEAGGAAGET GEGEACEACGTCAAGTCAT CAT!
TGHTGGGERACTCAC AGACCECCGGEGTCAACT CEEAGGARAGETGEGEACGACGTCAAGTCATCATI
TGITGEEERCTCAC AGACCECCGHEGT CANCT CEEAGGANGET GEGERACEACGTCAAGT CAT CATI
TGITGEEERCTCAC AGACCECCGHEGTCARCT CGERAGGAAGET GECERCEACGTCAAGTCATCATI
TGHTGGGERACTCAC AGACCECCGGEGTCARCT CEEAGGAAGETGEGEACGACGTCAAGTCATCATI
TGHTGEEERCTCAC AGACCECCEHEGTCANCT CEEAGGAAGET GEGERACEACGTCAAGTCAT CAT!
TGHTGEEERCTCAC AGACCECCELEECTCARCT CCERAGGAAGET GECERACEACCTCAAGTCATCATI
TGRTGGGERCTCACE ]\G]lCﬂ;CCEGGGTCMCTCEG]IGGMEGTEGGG]\CGI\CGTCMGTCiITCiIT

'GGGGRCTCAC AGACCECCEHEGT CARCT CGEAGGAAGET GEGEACEACGTCAAGTCAT CAT!
33!" 'GGGGACTCAC, AGAC 'CGEGETCARCTCEEAGCAAGGT CEEEACGACGTCAAGTCATCAT
TG ETGGGERCTCAC, AGACHECCGGEGTCANCT CEEAGGAAGET GEGEACGACGTCAAGTCATCATI
A G‘[‘GGGG]ICT(‘ {(FGGAGACCECCGHEGT CARCT CCEAGGAAGET GEGE RN EACGTCAAGTC AT CATI

'GGGGACT CAREGGAGACCECCGHEGTCARCT CGEAGGAAGG T GHGGAGACGTCARAGTCATCAT

T
T

2210 2220 2250 2240 2250
[ el 1. ol

AGCGAATCTC!

AGCGAATCT CARRA
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BT GG T CTCNET TCEGAT TREEETCTECARC TCERCCCCATGANGTCE6AG TG CTAGTARTCECAGAT CRECATT
EEI GG T CTCAGT TCEGRAT TEEEETRTGCARC TCERCCCCATEARGTCE6AG TG CTAGTARTCECAGRAT CRECATT!
MEX Y R GGTCTCAGT TCRGATTEEEETCTECARCTCERCCCCATGANGTCE6AGT NG CTAGTARTCGCAGRATCRGCATT!
MM B GG TCTCART TCRGAT TEGEETCTECARCTCERCCCCATGANGTCE6AGTMGCTAGTARTCECAGRT CRECATT!
MY B 66T CTCART TCEGATTREEETCTECARCTCERCCCCATGARGTCE6AGTMGCTAGTARTCECAGRT CRECATT
BN B GG T CTCART TCEGRTTEGGETCTECARCT]

BT GG TCTCRGT TCEGRATTEEEETCTECARCT|

M= RCGETCTCAGTTCEGAT TEEE6TCTECARCTCERCCCCATGRAAGTCGERGT|
1195

1179

MGG TCTCAGTTCEGAT TEEEETCTECARCTCERCCCCATGRARGTCGERAGT|

BRELRCGGTCTCAGTTCEGATT
1067

ML RCCCTCTCAGTTCEGAT TEEEET CTECARCTCERCCCCATGRARGTCGERGT,
1220

AR B GGTCTCAGTTCEGAT TE665TCTECARCTCGACCCCATEARGTCGEAGT MGCTAGT ARTCGCAGATCAGCATT
SR EERCGGTCTCAGTTCEGATTE665TCTECARCTCEACCCCATEARGTCEEAGT M6CTAGTARTCGCAGATCAGCATT
SR GGTCTCAGTTCEGATTEE6GTCTECARCTCERCCCCATEARGTCGEAGT MGCTAGTART CECAGAT CAGCATT
PR EERCCCTCTCAGTT

ML RCCCTCTCAGTTCEGAT TEEEET CTECARCTCERCCCCATGRAAGTCGERGT,
1218

1210

1206

1218

1202

" TAGTARTCGCAGATCRGCATT
TAGTARTCGCAGATCAGCATT
CTAGTARTCGCAGATCRAGCATT

GETCTCAGT TCGEATTEEEETCTGCARCT CGRACCCCATGAAGT CGEAGT
GGTCTCAGT TCEGAT TEEGETCTGCARCTCGACCCCATEAAGT CEEAGT,
GGTCTCAGT TCGGATTGEGGTCTGCARCT CGRACCCCATGAAGT CGGAGT,

GGTCTCAGT TCGEATTEEGGTCTECARCT CGRACCCCATGAAGT CGLEAGT

TAGTARTCGCAGAT CRGCATT

1188
1197
1220
MEXPRCGGTCTCAGTTCEGAT TEE66TCTECARCTCGRCCCCATGRRGTCGERAGT|

GGTCTCAGT TCGEAT TEEEGTCTECARCT CGACCCCATGAAGT CGEAGT
“GGTCTCAGT TCGGAT TEEEGTCTGCARCT CGACCCCATGAAGT CGEAGT,

TAGTARTCGCAGATCAGCATT
- TAGTARTCGCAGRATCAGCATT
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H606 1067

Streptomyces DROEG0S PRI TGART ACGTTCCC)
H612 1243

CTTGTRCACACCGCCCETCACGTCACGRAAGT CEETARCACCCLARGCCEGTGLCC

Streptomyces TRI 10 TRB448718 1297 CTTCTRCACACCGCCCETCACGTCACGRAAGT CEETARCACCCEARGCCEET GG,
HG61501 1279

Streptomyces nodosus HERC 1289 1323 { ' CTTGTACACACCGCCCETCACET CACGAAAGT CGGTARCACCCHARGC CELTGHCC
H617T 1z08

IStreptomyces ambofaciens HBRC 1319
H1310 1230

H1312 1210
H1311 1206

Streptomyces rochei HBRC 1290% ! " CTTGTRCACACCGCCCETCACGTCACGRAAGT CEETARCACCCLEARGCCEGTGLCC
Streptomyces BWr222 i C CITGTRACACACCGCCCETCACGTCACGRAAGT CHETARCACCCHARGCCEGTGLCC
Streptomyces mutabilis HRRL IS CTTCTRCACACCGCCCETCACGTCACGRAAGT CEETARCACCCEARGCCEGTGHCC

195018 BRI T GART ACGTTCCC) CTTGTACACACCGCCCETCACET CACGAAAGT CGGTARCACCCHARGC CELTGHCC

CTTGTRCACACCGCCCETCACGTCACGRAAGT CGETARCACCCGARGCCEGTGLCC

lanz

1194

120l

lzoe

thermolilacinus H 1323 SEREARTESELEEE CTTGTACRCACCGCCCETCACGTCACGRAAGT CEETARCACCCOARGCCEGTGLCC
TGARTACETTCCC

HO1 352 DOT1T851 1314 SERRVETEE g ieey

|Streptomyces heteromorphus BB 1330 CTTGTRCACACCGCCCETCACGTCACGRARGTCEETARCACCCGANGCCEETGHCT
H1113 1199
Il;treptmﬂyces fragilis HERL 242 1342 BOTNEIEEGGEY CTTGTACACACCGCCCETCACET CACGRARGTCEETARCACCCGAMGCCEETGHCT
|Streptonyces humidus HERL B-31 1340 §Unvhules ides CTTETRCRCACCECCCETCACETCACERARGTCRETARCACCCEANGCCEETGEC
H1307

14 19
Streptomyces paraguayensis HER GTTCC CTTRTRCACACCGCCCETCACETCACERARGTCRETARCACCCEANBCCEETGEC
|Actinomadura nitritigenes T
|Actinomadura bangladeshensis T
IClustal Consensus

HE05
H615
H61§

R¥999711.1 Streptomyces ciner

AGGGAGCTGT CGARGGTGGERC)

GATTGGEACGAAGT CGTARCAAGETAGCCGTACCGGANG
CATTGEEACGAAGT CCTARCAAGETAGCCGTACCGGANG

H6 16
IIS)t.reptolrlyces violaceorectus HB
|}0418468.1 Streptomyces DA1020
|Streptomyces bikiniensis DSMA0
94
N9 6

Streptomyces tanashiensis HBUM 1356 eyt AGGGAGCTGTCOARGGTGHERCHIGCGATTGEGRACGAAGTCCTARCARGIEIH

AGGEAGCTGT CEARGGTGHERC)

Streptomyces XAS335 1385 Seyiel AGGGAGCTGTCOGARGGTGLERC Y .GRTTEGI}]ICI}MGTCGI"

H60§ 1217
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1318

CTTGTRCACACCGCCCETCACETCRACGARRGT CEGTARCACCCGARGCCGETRGCC

CTTGTACACACCGCCCETCRCETCACGAARGT CHGT ARCACCCEAAGCCHETHGCC
CTTGTACACACCGCCCHTCRCGTCACGAARGT CHGT ARCACCCGAAGCCGETGGCC

TGRATACGTTCCC|
TGRAATACGTTCCC|
TGRATACGTTCCC| CTTGTRCACACCGCCCETCACETCACGARRGT CEETARCACCCGARGCCGETRGCC
TGRATACGTTCCC| CTTGFTACACACCGCCCHTCRCGTCACGAARGT CHGT AACACCCHAAGCCHETHGCC

TGRATACGTTCCC| CTTGTACACACCGCCCETCRCGTCACGAARGT CHGT ARCACCCHAAGCCHETHGCC

145 146 40 FET S 149, 158 1580
1z09
1191
1183
FEREE crror
1071
1403 AGGGAGCTOTCORAGOTOG6A
1389
AGGGAGCIETCORALGTGGGA
1239
1224
GUAGGAG TG COAAGGTV0E A U TGUCACG ARG COTAACAA
1z02
1179
e BGUAGOGAGCTET CORAGGTE0GAC G ATTGGACEAADT Coet
1217
1067
198 TR e o coc e
1243
1337
Lan2
1209
1350
1230
1210
1206
1223
1z02
1403 AGGGAGCTGTCGARGGTGGGRC) GATTGGGACGARGT CGTARCARGGTAGCCGTACCH
1425 AGGGAGCTGTCGARGGTGGERC
1405 AGEGAGCTGTCGARGGTEGERC) "GATTGEGRACCARGT CGTARCARGETAGCCETACCEGANG
1226
1227
1239
1189
1197
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Streptomyces HO1 352 DO717851 1393 GGGAGEGAGCTETCGRARGETEGGACHY
H1104 la0z
H1106 1194

H1107 1201
H1321 1208
Streptomyces thermolilacinus H 1402 E
|streptomyces heteromorphus RB 1409 SMgimd AGEGAGCTETCEANGETGEEACH
H1113 1133
I];trept,umyl:es fragilis HRRL 242 1421 WWGLel AGGGAGCTGTCGAAGGTGGGAC] E
|streptomyces humidus HRRL B-31 1419 Ssgim| AGEGAGCTETCEANGETGEEACH
H1307 1230
11 19 1252
Streptomyces paraguayensiz HER 1400 E
|cti dura nitritigenes T 1378 cE
Jacti lura bangladeshensis T 1399 4CE

Clustal Consensus

1550 1540
] | EEETEPE ]

H605 1203 1209
H615 1191 1191
H6 18 1153 1183
AY999771.1 Streptomyces ciner 1425 1425
Imls1s 1071 1a71
Streptomyces wviolaceorectus HE 1477 1477
|HO418468. 1 Streptomyces DA1020 1331 1381
|Streptomyces bikiniensis DSK40 1501 DOGUEENCACHTCCTY 1517
H9 4 1233 1239
H9 6 1224 1224
Streptomyces tanashiensiz HBUM 1445 1445
1z02 lz02
1173 1179
XAS585 1440 1440
1217 1217
1067 1087
DROEG05 1433 1433
1243 1243
TRI 10 RB448718 1420 1420
I]) 1337 1337
Streptomyces nodosus HBRC 1289 1475 1478
IDNGIT 1203 1209
Streptomyces ambofaciens HBRC 1464 1464
H1310 1230 1230
H1312 1210 1210
H1317 1208 1206
H1301 1223 1223
H1316 1z02 lz02
Streptomyces rochei HBRC 12908 1472 1472
ISt,rept,um_vl::es BW222 1503 WCM@'CM@ 1523
Streptomyces mutabilis HERL IS 1483 EE 1454
1228 1226
1227 1227
1233 1239
195018 1434 1434
1183 1189
1137 1197
1zza 1220
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153 154

I
H605 1208 1209
H615 1191 1191
H6 18 1133 11383
AY999711.1 Streptomyces ciner 1425 1425
Imlus 1071 1071
Streptomyces wviolaceorectus HB 1477 1437
IHII418468.1 Streptomyces DR1020 1331 1381
|Streptomyces bikiniensis DsMAD 1501 ERGUEEHCRCErCCTR 1517
H9 4 1239 1239
96 1224 1224
Streptomyces tanashiensis HBUM 1445 1445
lz02 lanz
1178 1179
XAS585 1440 1440
1217 1217
1087 1087
DROS60T 1433 1433
1243 1243
TRI 10 AB448718 1420 1420
1337 1337
IlS)trept.mn_w::es nodosus HERC 1289 1475 1475
H617 1208 1209
I]SJtreptmnyces ambofaciens HERC l4g4 lagd
H1310 1230 1230
H1312 1210 1210
H1317 1206 lang
H1301 1223 1223
H1316 lzo2 lanz
Streptomyces rochei HBRC 12908 1472 1472
Streptomyces B5W222 1503 WCM@'CM@ 1523
Streptomyces mutabilis HRRL IS 1433 gY 1434
1226 1226
1227 1227
1238 1239
195018 1434 1434
1158 1159
1197 1197
1220 1220
HO1 352 DOQ17851 1461 1461
1202 la0&
1194 1194
lz0l laol
1206 lz06
thermolilacinus H 1478 1478
|streptomyces heteromorphus #B 1453 1433
IDN1413 1198 1199
Streptomyces fragilis HRBL 242 1493 E 1500
|Streptomyces humidus HRRL B-31 1495 1495
H1307 1230 la30
14 19 1252 1252
Streptomyces paraguayensis HER 1463 lags

JActi a nitritigenes T 1454 TCRCRICCT 1463
Jncti dura bangladeshensis T 1478 TCRSCTCCEERY 1497

Clustal Consensus
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Appendix 5. Multiple sequence aligment of Streptomyces strain isolated from Solenopsis sp. and related closely species
found in Genbank.

SH701

Streptomyces gardneri HBRC 128
Streptomyces omiyaensis HRRL B
SH810

SH821

Streptomyces lateritius LMG 19
Streptomyces zaomyceticus HRRL
SH820

Streptomyces bikiniensis DSM40
SH807

Streptomyces gulbargensis T
Streptomyces chartreusis HBRC
|su709

Streptomyces tateyamensis AB4
SH710

SHB05

Streptomyces sioyaensis HRRL
SH702

Streptomyces parvulus HBRC 131
Streptomyces tendae T  D6387
SH1101

Streptomyces malachitospinus H
SH1104

SH1108

SH1123

Streptomyces paraguayensis
SH1212

Streptomyces rochei HBRC 12908
Streptomyces caelestis T X8

|s1z10

H12 16

SH1218

SH1222

Streptomyces

SH1203

Streptomyces narbonensis HRRL
Streptomyces variabilis HRRL B
Streptomyces labhedae HBRC 1586
Streptomyces collinus HBRC 127
SH1125

Streptomyces CTDF1  GQ169067
Streptomyces sclerctialus DSM
SH1213

Streptomyces 13638J EU741132
SH1219

Streptomyces griseoplanus AS 4

|Streptomyces 195019 GU263583
Streptomyces badius HRRL B 256
SH1201

SH1221

Streptomyces 0 3 FJ959370
Strentomvnes A23 Ydz ¥M_ FU3AR
.

R N s s s T T e e e e e e e e e e N i s Sl S S S e e
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10 20 S0 a0 0 a0
N E B .

| | I .
accanCeClGEUEGCONENTT A CACLIHETTH Y
5GACERACHCUGEMEG COIHMTTEA CACI LTI
caceanceclicedEGColIEuTT A CACLH{HVAH Y

T 1 o 5 C L A TG CARTC

E\GR 6T TTRATECTGGCT CABGACERACECIGHMEG CGUEUT TA CACKURLEN S Y

CRAACGETGECEGCETECT TAACLIIT GCALGT CGA
A T{EEC TGC| TECARGTC

crecerfaeeaceracelreecEecErEcr 1A dXEATECARETCRA

TnecaceancerescEecErfcr nadirecaneT oG

ACGAACGCHGEY 16 CERAIA TECARGTC
ca Tl Gn 6T T TEAT[NCT GG CT CAGGACEAACECIG B oy YT TECARGTC
AGT

GACGAACECHGEMEGC ORI TECARGTC

CATGCABTC

CTTACEATECAGTCE

lechiGede CopleldT Tida ca cLRLEN Y

TECAGT

-‘ cmmcscn- GilEnTECARETC

FICAGT I TEATHCTEGCT CAGGACGAACECHGEY TG CYIA XA T GCARETC
TGCABTC

TGCABTC

TGCABTC

BuMEnreca erC

TGCABTC

A GT T TEATCTEGCT CAGGACGARCECHGEY 16 CERAIA TECARGTC
T6ATHCTEGCTCABGACRAACECHGES r6ctg P TECARETC
ol N A TECARETC

e 16 clE PR TECARETC

ATGCAABTC

ABTC

TS o o [T T cancTe

TGCABTC

[rocCTCaGGA Caan COTE TGO T T ACAC
TECAGT

G TNEATGCARGTC

THTACCATGCAGT

CTGEGCTCAGGACGAACECIGEMEGCGIHT TRACA CLAN YTy
TECAGT

cTECATECABTC

mncnqdﬂ'rmcm'mmm

RTRCAT.INTRA T RCARRT C



treptomyces 0 3 FJ959370 1 Han e TIEREATCACCATGOAGT
Streptomyces A23 ¥dz XM EU368 1 BTG 'lm.uscmm'rc
sH1zos 1 TGCABTC
sH1209 1 TGCAGT
Streptomyces nmitrosporeus HRRL 1 l66aceancECHBGHEsCoINT T CACTIETA N
sHii10 1 GCTTEACATGCRETC
Streptomyces coralus cfcc3l36 1 EceEanrcecflErechl X T6cansTC
Streptomyces CA131 1 TGCARBTC
sH1114 1 6eTPECATGCABTC
Streptomyces RSF18 EU294139 1 c¥cEecEeceTach TECA BTC
sH1226 1 JLCATGCABTC
Streptomyces DAOS60S 1 sEecanecEeenccfi¥RanTecaneTC
H12 28 1 TGCABT
Streptomyces aculeolatus strai 1 ErEE el eI r6caRETC
sH1202 1 TGCABTC
sH1230 1 TGCABTC
Actinomadura nitritigenes T 1 B EE A T6CARGTC
acti a hangl is T 1 [ B@mcmms’rc

Clustal Consensus
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Streptomyces gardneri HBRC 128 50 Ar
CHTC

Streptomyces omiyaensis HRRL B 51 GG
SH810 1 GGl
SHB21 1 GG
Streptomyces lateritius IMG 19 50O T
Streptomyces zaomyceticus HRRL 56  CPTCEGH
SHE20 20 T
Streptomyces hikiniensis DSM40 70  CUTCEGH
SHE07 1
Streptomyces gulbargensis T 50
Streptomyces chartreusis NBRC 49 TCEGT
SH709 £
Streptomyces tateyamensis AB4 61

SH710 1 CEEG
SHE0S5 4
Streptomyces sioyaensis HRRL 56 THCE
SH702 1 1
Streptomyces parvulus HBRC 131 49 T 1]
Streptomyces tendae T _ D6387 79  CQTCEGT]
SH1101 17 T 1|
Streptomyces malachitospinus N 50  CHTCEGT
SH1104 24 T 1|
SHi108 235

SH1123 10 THCGET G
Streptomyces paraguayensis 45 TRCEETG
SH1212 20 T
Streptomyces rochei HBRC 12908 45  CPTCEGT]
Streptomyces caelestis T X8 70 TCEGT
sHizio 1

H12 16 21 T
SH1z18 21 CRTCERT
SH1222 21 T
Streptomyces 26 i
SH1203 21 T
Streptomyces narbonensis HRRL 76 T
Streptomyces variabilis HRRL B 66
Streptomyces labedae WBRC 1586 37 THCE
Streptomyces collinus HBRC 127 40  CQTCEGT]
SH1125 25 THCGET G
Streptomyces CTDFi GQ169067 0 TRCEETH
Streptomyces sclerotialus DSM 48 THCGET G
SH1213 z2 TRCEETH
Streptomyces 136380 EU741132 60  TWCGETG
SH1z19 z1  TRCEETH
Streptomyces griseoplanus AS 4 32 T
Streptomyces 195019 GU263883 29  TRCEETH
Streptomyces bhadius HRRL B 256 61 THCGETG
SH1zo1 z1  TRCEETH
SH1221 28 TRCGETG
Streptomyces 0 3 FJ959370 35 TRCEETH
Streptomyces A23 Ydz XM EU368 35 THCGETG
SH1208 2z THCGET G
SH1209 20 T

Strentomvees mitrosporeus NRRL 51 T
f
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UGGATTAGTGGCEAACGGETERAGTAACACGTGGECAATCTGCCCTHCACT CTGHGA

CACTCTGGGA

CACTCTGGGA

[CACTCTGGGA

CACTCTGGGA

(CACTCTGGGA

AGTAACACGETBGECAATCTGCCCT]

RG6CEAACEEETCRAGTAACACETERECARcTECC /RN,

Streptomyces nitrosporeus HRRL 51  CQTCEGE
SH1110 25 CUTCEGT]
Streptomyces coralus cfcec3136 47  CUTCEGT]
Streptomyces CA131 27 CUTCEGT]
SH1114 31 THC

Streptomyces RSF18 EU294139 45 THCEEGA
SH1226 27 curclEsT]
Streptomyces DAOS60S 44 CPTCEGT]
Hiz 28 2z TRCBECC
Streptomyces aculeolatus strai 44  THCBECC
SH1202 23 TWCEECC
SH1230 23 TRCBECC
lActinomadura nitritigenes T 3z TNCEEGE,
Inctinomadura bangl is T 5z Tl

Clustal Consensus

GGCEMCGGGTGGBGTMCBCGTGHGC ACTGCCCHeAC
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180 130 zo0 zi0 zz0

170
P B e S Dy poey L P |
sH701 EERNGG G T CTAATACCEGATAIA Cldeeldd lddc cn T[leuteetay 1] GT
Streptomyces gardneri WBRC 128 129 [HHCERSINLLIILEY dliceoccTeTHEMGEAGECT] WEAAAGCT CCGECEBT
<tromtrmunee amivaeneie WRDT R 130 anzo o Mccorrre M cceeeT Seean oM

3] Note: Thisis a print preview. It may copy ta the cipboard slightly lerge. To show control panel, press the red amaw fupper lef
SHB21 TE
Streptomyces lateritius IMG 19 129

135

EE]
Streptomyces bikiniensis DSM40 149
SHE07 50
Streptomyces gulbargensis T 129 GTTCGEEAGREMCTCCTGEA ()
Streptomyces chartreusis NBRC 128 .
SH709 85 T
Streptomyces tateyamensis AB4 140 T
SH710 78 i
SHE0S a3 T
Streptomyces sioyaensis NRRL 135 i
SH702 74

Streptomyces parvulus HBRC 131 128
Streptomyces tendae T _ D6387 155
sm1101 Bl
Streptomyces malachitospinus B 129
SH1104 103

505

Streptomyces paraguayensis 124
sH1212 EE]
Streptomyces rochei HBRC 12908 128
Streptomyces caelestis T X8 149

HEAT ceTCRCRGEERICTECRAG]
@CATCTTG {288} CCAAGET|

)

clERT T CBCA GIENIC TG CBEH]
Bl corcocncii®icreceeg

Streptomyces narbonensis HRRL 155
Streptomyces variabilis HRRL B 145
Streptomyces labedae NBRC 1586 116
Streptomyces collinus HERC 127 115
SH1125 104
Streptomyces CTDFi GQ169067 L]
Streptomyces sclerotialus DSM 127
SH1213 101
Streptomyces 136380 EU741132 139
SH1z19 100
Streptomyces griseoplanus AS 4 111
Streptomyces 195019 GU263883 105
Streptomyces bhadius HRRL B 256 140

GTIEAARGCTCCOECEETEY

srflennancercesscesrlag
sifleanacerceoscosreliad
srflennancercesscesrlag
sifleanaccrcesscasreliag
srflenancercesscesrcliag
G TWEAARGCTCCRGCEETEEA
srflenancercesscasrcliag
G TWEAARGCT CCEGCEET AT

Streptomyces 0 3 FJ959370 117
Streptomyces A23 ¥Ydz XM EU368 114

Streptomyces nmitrosporeus NRRL 130
SH1110 108
Streptomyces coralus cfec3l36 126
Streptomyces CA131 LI GG T CTARTACCGGATAL
.

Streptomyces CA131 FUL N GG T CTAATACCGGATAN
SH1114 110 c
Streptomyces RSF18 EU294139 124 c
SH1226 106 c
Streptomyces DAOS60S 123 c
Hi2 28 101 G
Streptomyces aculeolatus strai 123 G

102 G

102 G

111 T

fRcI-B GG T CTAATACCGGATAN

Clustal Consensus
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250 270 280 220 200

By
sH701 ER I TA T CAGCTTGTTGET
Streptomyces gardneri HBRC 128 207 [NLUATREEAEEIR
Streptomyces omiyaensis HRRL B 205 [CNQWATRLEAE T
swa10 PN TA T CAGCTTGTTEET
SWa21 FEENTA T CAGCTTGTTGET
Streptomyces lateritius IMG 19 207 (oSQ@lele gy gy

fl

SHE20 FERN T T CAGCTTGT TG T GEGHTY

Streptomyces bikiniensis DSM40 227 (CREETETd L B IelE leGclden

SHE07 PRl I TA T CAGCTTGTTGGT! I6GCMMA.CCARGBCGACGACGEGTAGCCEGCCTGABAGGECEA
Streptomyces gulbargensis T EL TS T CAGCTTGTTEET BGC[MA.CCARGBCEACBACBEETAGCCEECCTRABAGGECEA
Streptomyces chartreusis NBRC 206 (ESEEAEldgieficaiza AT GGCIMAC CARGGCEACGACEEGTAGCCEGCCTGABAGGECEA
SH709 FE N A T CAGCTTGT TEGTEEGETEAT GG CY

Streptomyces tateyamensis AB4 219 (eREEAEld ST BT GeloicE A i C

SH710 FEE N TR T CAGCTTGT TEGTEEGETEAT GG CY

SHE05 ALERNTA T CAGCTTGTTEGT IaT6GCHY
Streptomyces sioyaensis NRRL EEENTA T CAGCTTGT TEGT TE6CY
SH702 153 IAT6GCWEA CCARGECGACGACEEGTAGCCEGCCTGAGAGGECEA
Streptomyces parvulus WBRC 131 207 rarcaccrrerresreliceiaTecciia
Streptomyces tendae T  D6387 237 rarcaccTTerTEsTONGETIATEC OIS

sW1101 175 [INDNOTICTITON, M. e M
Streptomyoes malachitospinus B 205 (RGN it e
sH1104 182 mrmsuﬁsnsamﬂumﬂmmc cd
sWiio8 FE I TA T CAGCTTGT TGGTBEGETEATEGC
sW1123 IR TA T CAGCTTGT TGGT BEGETEATEGCS
Streptomyces paraguayensis ELE R 15 T CAGCTTGT TG TEEGETEATEGCY
SH1212 C - CACCTTGT TGO TELGRT AT GECY

Streptomyces rochei HBRC 12908 207 (wAETelein/bi{eehd ‘GGT‘HAEGGCI

Streptomyces caelestis T P4 - TA T CAGCTTGT TGGT! AT GG eA

SH1210 1

H12 16 PR TAT CAGCTHGT TGGT GGG TIAMGG CiNeA C CAAGGCGACBACGEGTAGCCEECCTGAGAGGECGA
sw1z1s PR« cao e roe Mo aloe CBin COARG 6 COACEACEEG TAGC CEECCTOABRGEECEA
SH1222 R TAT CAGCTTGT TG T GEGETEAT GG CMEA C CAAGGCGACBACGEGTAGCCEGCCTGAGAGGECGA
Streptomyces BB 5. T CAGCTTGT TGGT GGTHJ\TGG(‘ c

SH1203 PR - TAT CAGCTTGTTGGT! 'ATGGC@WACCARGGCGACGACGGGTAGCCGGCCTGAGAGGGCGA

rarcacerrerrestcliceMarcody
rarcacerrertecteloeniaToocly
rarcaccrrertesTeiceTiaTeoC
rarcacerrertectelocnXErcocy

Streptomyces narbonensis NRRL 233
Streptomyces variabilis HRRL B 224
Streptomyces labedae NBRC 1586 195
Streptomyces collinus HBRC 127 195

SH1125 PEERNTA T CAGCTTGTT GG T GEGGTEAT GGCIBIACCARGECOACGACEEGTAGCCEGCCTGAGAGGGCEA
Streptomyces CTDF1 GQ169067 FR LB TAT CAGCTTGTTGGT GEGETIATGGCY
Streptomyces sclerotialus DSM 205 ArSYEXEG P Bl corlarcody
SH1213 P . T CAGCTTOT TGO TE 6T A6 Ol A C ARG GCGACEACEEETAGCCBECCTOABAGEECCA
Streptomyces 136380 EU741132 217 (rSYEXCa P il IATE6 A CCARGECOACGACGEGTAGCCEECCTGAGAGGECEA
SH1219 PR . T CAGCTTGT TGO TE 6T IATEE A C CAAGGCCACBACEGETAG CCBEC CTGABAGEECA
Streptomyces griseoplanus AS 4 187 (rSYEXEG PN IATE6 A CCARGECOACGACGEGTAGCCEECCTGAGAGGECEA
Streptomyces 195019 GU263883 166 ANUXGE{ il cerllareocy
Streptomyces badius HRRL B 256 215 jrSYEXCadis il IATE6 A CCARGECOACGACGEGTAGCCEECCTGAGAGGECEA
SH1201 PES .. caccrrorTeaTelEsTIATER Ol
SH1221 FELINTA T CAGCTTGTTEGT IATE6 A CCARGECOACGACGEGTAGCCEECCTGAGAGGECEA
Streptomyces 0 3 FJ959370 PE . caccrrorTeeTelsTiaTeRCly
Streptomyces A2?3 ¥dz XM EU368 192 (AYEXClaRiE BN IAT6GCHIA CCARGECGACGACGEGTAGCCEGCCTGAGAGGECEA
SH1208 PES . r caccrrorTeeTelesTiaTeR Y
SH1209 E R B TA T CAGCTTGTTGGT GEGGTEAT GG CMIACCARGECOACEACEEGTAGCCEGCCTGAGAGGGCGA
Streptomyces nitrosporeus RRRL 205 (ANASERE b RGN C
SH1110 PN TA T CAGCTTGTTGGTGIGET ARG G ol
Streptomyces coralus cfec3136 204 hereaccrrertesrcleeiaTeschy
Streptomyces CA131 PEP . T caccTToTTeoTelER T ATEG ClY
SH1114 JEERNTA T CAGCTTGTT GG T GEGGT EATGGCY
Streptomyces RSF18 EU294139 EI TR T CAGCTTGT TGGTEEGETEAT 66 CIA CCARGECGACGACEEGTAGCCEGCC TGAGAGGECEA
SH1226 bR TA T CAGCTTGTT GG T CNGGTIAT GG CYMA CCAAGGCOACGACEEGTAGCCEGCCTGAGAGGGCGA

SH1226 FEL T T CAGCTTGT TG T GGG THAT GG Cien C CAAGGCGACGACEEETAGCCBGCCTGAGAGGGCEA
Streptomyces DAOB605 202 TATCAGCTTGTTGGTGHGGTHAEGGC

H12 28 FA - T T CAGCTTGT TG TGEGHTEAT GG CIA CCAAGGCGACGACEEGTAGCCEGCCTGAGAGGGCEA
T e TR DT R RT3 Tt SR E R T T CAGC T TG TT 66T BEGETEAT GG CMIAC CARGECEACGACEEETAGCCEECC TOABAGGECEA
SH1202 F=L TR T CAGC TTGT TGGTBEGHT EAT GG CIA CCARGECOACGACEEETAGCCBGCCTOAGAGGECEA
SH1230 FE- TR T CAGCTTGT TG TEEGETEAT GG O CCARGECOACGACEEGTAGCCEECCTEAGAGGECEA
ctinomadura nitritigenes T FE-BTA T CAGCTTGTTEGT GEGETEAT GG CHIA CCARGECOACGACEEETARCCEECCTGAGAGGECEA
cti bangl FPR POl s, 1 CaGCTTOTT GETERG T A TCE CRERC ARG ECEACEACECETA ICCEGCCTEAGREGECCA

Jc1ustal Consensus
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SH701 240
Streptomyces gardneri WBRC 128 257
Streptomyces omiyaensis HRRL B 289
SWe10 234
SHE21 234
Streptomyces lateritius IMG 19 257
Streptomyces zaomyceticus HRRL 293

sHB20 257
Streptomyces bikiniensis DSM40 307

30 340 550 380 E T 580
P I P [ U I IO [P [P [P U P Iy
|CTGABACACGECCCABACT CCTACGGEAGGCAGCAGT GEEGARTATT GCACRAT GGECEIARGT!
T GAGR.CACEECCCABACTCOTACEEEAGECAGCAGT GEEGARTAT TG CACAATB6GCOIARGE:
CTGAGRCACGECCCABACT CCTACGGEAGGCAGCAGT GEGGARTATT GCACRAT GGECELARGT!
T 6AGR.CA.CEECCCABACT CCTACEEEAGECAGCAGT GEGGARTAT TG CACRAT GGG COMARGC:
CTGAGACACGECCCAGACT CCTACGGEAGGCAGCAGT GEGGARTATT GCACRAT GGECELARGC!
T 6AGR.CACEGCCCABACT CCTACEEEAGECAGCAGT CEEGARTAT TG CACRAT 666 COMARGC
CTGAGACACEECCCABACT CCTACGEEAGGCAGCAGT GEGGARTATTGCACAAT GGECGIARGC!

3] Note: Thisis a print preview. It may copy ta the cipboard slightly lerge. To show control panel, press the red amaw fupper lef]
T

Streptomyces gulbargensis
Streptomyces chartreusis NBRC 286

su709 244
Streptomyces tateyamensis AB4 299
sH710 237
SHBOS z42
Streptomyces sioyaensis HRRL 294

sH702 233
Streptomyces parvulus HBRC 131 287
Streptomyces tendae T _ D6387 317
sH1101 255
Streptomyces malachitospinus N 285
SH1104 262
sWiio8 267
SH1123 248
Streptomyces paraguayensis 283
SH1212 257
Streptomyces rochei HNBRC 12908 257
Streptomyces caelestis T X8 308

H12 16 259
sn1z18 259
SH1222 255
Streptomyces 263
SH1z03 255
Streptomyces narbonensis FRRL 313
Streptomyces variabilis HRRL B 504
Streptomyces labedae NBRC 1586 275
Streptomyces collinus HBRC 127 275
SH1125 263
Streptomyces CTDFi GQ169067 255
Streptomyces sclerotialus DSM 286
SH1213 259
Streptomyces 136380 EU741132 297
sn1z19 258
Streptomyces griseoplanus AS 4 269
Streptomyces 195019 GU263883 266
Streptomyces bhadius HRRL B 256 298
sn1zo1 258
SH1221 266
Streptomyces 0 3 FI959370 275
Streptomyces A23 ¥Ydz XM EU368 272
sn1zo8 259
SH1z09 257
Streptomyces nitrosporeus HRRL 288
sHiii0 ZE6
Streptomyces coralus cfoc3l36 284
Streptomyces CA131 Z64
SH1114 268
Streptomyces RSF18 EU294139 z82
SH1226 265
Streptomyces DAOB6DS 282
H12 28 259
Streptomyces aculeolatus strai 281

Streptomyces aculeolatus strai 281

SH1202 z60
SH1230 z60
lActinomadura nitritigenes T z69
acti hangl is T 290

Clustal Consensus

GAGACACGGCCCAGACTCCTACGGEAGGCAGCABT GEEEAATATTGCACAAT GGG CBIARGC
o7 6468 CACEECCCABACTCCTACGEEABGCAGCAGTGEGEARTAT TG CACAAT BEGCEARGE
o7 6AGA CACEGCCCABRCTCCTACGEEAGECAG CABTGEGEARTAT TG CACRATGEGCEAAAGE
CTGABACACGECCCAGACT CCTACGGEAGGCAGCAGT GEGGARTATT GCACAAT EGGCRLARGT!
CTGABACACEECCCABACT CCTACGGEAGGCAGCAGT GEEGARTATTGCACRAT BGEC! i:.nn
CTGAGACACGECCCAGACT CCTACGGEAGGCAGCAGT GEEGARTATT GCACRAT GEECELARGT!
o7 GAGA CACE GCCCABRCTCCTACEEEAGE CAG CABTGEGEARTAT TG CACRATGEGCEMARGE
oT6AGA CACEECCCAERCTCCTACEEEAGECAGCAETGEGEARTATTGCACRAT GEGCEAAGE
CT G GR CALCE G CCCRGACTCCTACGERAGGCAG CAGT CEECARTAT TOCACRAT EGECEIALGE
CT6AGA CACEECCCAERCTCOTACGEEAGECALCAETGEGEARTATTGCACRAT GEGCEAAGE
CT GAGA CACE G CCCAGACTC CTACGERAGGCAG CAGT GEECARTAT TGCACRAT BEGCEIARGE
CT6AGA CACEECCCAERCTCOTACGEEAGECALCAETGEGEARTATTGCACRAT GEGCEAAGE
CT GAGA CACE G CCCAGACTC CTACGERAGGCAG CAGT GEECARTAT TGCACRAT BEGCEIARGE
CT6AGA CACEECCCAERCTCOTACGEEAGECALCAETGEGEARTATTGCACRAT GEGCEAAGE
CTGABACACGGCCCABACT CCTACGGEAGGCAGCAGT GEGGARTATT GCACAAT GHGC! E%‘\AG(‘
CTGAGACACEECCCABACT CCTACGGEAGGCAGCAGT GEEGARTATT GCACAAT BEECRLARGC!
CTGAGACACGECCCABACT CCTACGGEAGGCAGCAGT GEGGARTATT GCACAAT GGGCRLARGT!
o7 GAGA CACE G CCCABRCTCCTACEEEAGECAG CAGTGEGEARTAT TG CACRATGEGCEAAAGE
o7 6468 CACEECCCABACTCCTACEEEAGGCAGCABTGEGGARTAT TG CACAAT GGG CHIARGE

[CTGABACACGECCCABACT CCTACGGRAGGCAGCAGT GEGGAATATT GCACAAT BGGCEIAAGC!
o7 6AGA CACEGCCCABRCTCCTACGEEAGECAG CABTGEGEARTAT TG CACRATGEGCEAAAGE
oT6AGA CACEECCCAERCTCCTACEEEAGECAGCAETGEGEARTATTGCACRAT GEGCEAAGE
o7 GAGA CACE GCCCABRCTCCTACEEEAGE CAG CABTGEGEARTAT TG CACRATGEGCEMARGE
CT6AGA CACEECCCAERCTCCTACEEEAGECAGCAETGEGEARTATTGCACRAT GEGCEAAGE
CTGAGACACEECCCABACTCCTACGEEAGGCAGCAGT GEGGARTATTGCACRATGGEGEARGT
CTGAGACACGECCCAGACT CCTACGGEAGGCAGCAGT GEEGARTATT GCACRAT BEGCELARGT!
CT GAGA CACE G CCCAGACTC CTACGERAGGCAG CAGT GEECARTAT TGCACRAT BEGCEIARGE
CT6AGA CACEECCCAERCTCOTACGEEAGECALCAETGEGEARTATTGCACRAT GEGCEAAGE

CTGAGACACGECCCAGACT CCTACGGEAGGCAGCAGT GEEGARTATT GCACRAT BEGCEIARGC!
o T6AGA CACEECCCABACTCCTACGEEABGCAGCAGTGEGGARTAT TG CACAAT GGG CEARGE
o7 GAGA CACE G CCCABRCTCCTACEEEAGECAG CAGTGEGEARTAT TG CACRATGEGCEAAAGE
o T6AGA CACEECCCABACTCCTACGEEABGCAGCAGTGEGGARTAT TG CACAAT GGG CEARGE
o7 GAGA CACE G CCCABRCTCCTACEEEAGECAG CAGTGEGEARTAT TG CACRATGEGCEAAAGE
CTGABACACGECCCABACT CCTACGGRAGGCAGCAGT GEGGAATATTGCACAATBGGCEY o
o7 6AGA CACEGCCCABRCTCCTACGEEAGECAG CABTGEGEARTAT TG CACRATGEGCEAAAGE
oT6AGA CACEECCCABACTCCTACEEEAGGCAGCABTGEGEARTAT TG CACAAT BEGCEIARGE
o7 GAGA CACE GCCCABRCTCCTACEEEAGE CAG CABTGEGEARTAT TG CACRATGEGCEMARGE
oT6AGA CACEECCCAERCTCCTACEEEAGECAGCAETGEGEARTATTGCACRAT GEGCEAAGE
o7 GAGA CACE GCCCABRCTCCTACEEEAGE CAG CABTGEGEARTAT TG CACRATGEGCEMARGE
CTGAGACACGECCCAGACT CCTACGGEAGGCAGCAGT GEEGARTATT GCACRAT GEECELARGT!
CT G GR CALCE G CCCRGACTCCTACGERAGGCAG CAGT CEECARTAT TOCACRAT EGECEIALGE
CT6AGA CACEECCCAERCTCOTACGEEAGECALCAETGEGEARTATTGCACRAT GEGCEAAGE
CT GAGA CACE G CCCAGACTC CTACGERAGGCAG CAGT GEECARTAT TGCACRAT BEGCEIARGE
CT6AGA CACEECCCAERCTCOTACGEEAGECALCAETGEGEARTATTGCACRAT GEGCEAAGE
CT GAGA CACE G CCCAGACTC CTACGERAGGCAG CAGT GEECARTAT TGCACRAT BEGCEIARGE
CT6AGA CACEECCCAERCTCCTACGEEAGECALCAETGEGEARTATTGCACRAT GEGCEAAGE
CTGAGA CACEECCCATACTCCTACCERAGECAG CAGT GEECARTAT TGCACRAT BEGCEIARGE
CTGAGRCACERC: (‘(‘AEA(‘ TCCTACEGEAGECAGOAGTGEEOAATATTC CACRATGOGCOIAREE

CTGABACACGECCCABACT CCTACGGEAGGCAGCAGT GEEGARATATTGCACRAT GGG CREAN

|CTGABACACGGCCCABACT CCTACGGEAGGCAGCAGT GEGGARTATT GCACAAT GGG C!
CTGABACACEECCCABACT CCTACGGEAGGCAGCAGT GEEGARTATTGCACRAT BGEC!
CTGAGRCACGECCCAGACT CCTACGGEAGGCAGCAGT GEEGARTATT GCACRAT GGGC!

CTGAGACACGECCCABACT CCTACGGGAGGCAGCAGT GEGGARTATT GC[ICAAT GGGC!
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sw701 EEL NG CGT6AGEEATEACEECCTTCHE6TTGTARACCT CTTT CAGCAGGGARGAAGCGARAGTGACES!
et L R e O AL .U Y T Ml G 5T GA GG EA T BACGECCT TCEET T GTARACCT CTTT CAGCAGGGARGAAGCGARAGTGACES!
T T R P Tl A T Ml G 5 T GA GGBA T BACBECCT TCGERT TR TARACCT CTTT CAGEAGGEAAGAAGCGAEAGTGACEE
sHB10 314 (24 EACEECCTTCEEETTETARACCTCTT I CAGCAGGEAAGARGCGAAABTGACEE!
SHE21 314 (24 EACEECCTTCEEETTETARACCTCTT T CAGCAGGGAAGARGCGAAABTGACEE!
et R P A R SRR b (IR T BT Ml C 5 T GA GEGA T BACGECCTTCEEETTGTARACCT CTTT CAGCAGGGAAGAAGCGARAGTGACEE!
T T Tl s TR G 5 T GA GEGA T 6ACGECCTTCEEETTGTARACCT CTTT CAGCAGGEAAGALGCGARAGTGACEE!

SHB20 kR lGCCTGRGEEATEACEECCTTCGEETT G TAAACCTCTTTCAGCAGGGARGAAGCERAAGTGACEE
T e et Pt R R PR3 1o T L Y G G T GAGEGAT BACGECCTTCEEETTGTARACCT CTTT CAGCAGGEAR GARGC GAAGTGACEE
SHE07 F=EIG G TGAGGGATGACGECCTTCGEETT GTRAACCTCTT T CAGCAGGGARGAAGCGARAGTGACEE

Streptomyces gulbargensis T G G T GAGGEATGACGECCTTCGEETT GTRALCCTCTT T CAGCAGGEARGAAGCGARAGTGACEE
T T T e L e T 1 -V LTI G C G T GA GG GAT GACGECCTTCGHETT GTAAACCTCTTT CAGCAGGGARGAAGCGARAGTGACEE
cwina ana

i

k3G CGTGAGEEATEACEECCTTCEEETTGTAAACCT CTTT CAGCAGGGARGAAGCEEAAGTGACGE'
EEFIG CCTGRGEEATEACEECCTTCGEETT G TARACCT CTTTCAGCAGGGARGAAGCEARAGTGACEE
sioyaensis WRRL EXEMGCGTGRGEEATEACEECCTTCGEETT G TAAACCT CTTTCAGCAGGGARGAAGCEAEAGTGACEE
[RENNGCGTGRGEEATEACEECCTTCGEETT G TARACCT CTTTCAGCAGGGARGAAGCEARAGTGACEE
Pt AERD:) ol B T Ml - C G T GA GG GAT GACGECCTTCEEETTETAAACCT CTTT CAGCAGGGARGARGCGARAGTGACEE'
[T Er O B YT F RNl C G T GAGEGAT GACGECCT TCEEETTETARACCT CTTT CAGCAGGEARGARGC GARAGTGACEE
EEI-AlGCCTGRGEEATEACEECCTTCGEETT G TAAACCT CTTTCAGCAGGGARGAAGCEARAGTGACEE
IS KNS (SRR S ERS LI G C G T GAGGGAT GACGECCTTCGE6TT GTAAACCT CTTT CAGCAGGGAAGAAGCEARAGTGACEE
[EEIGCCTGRGEEATEACEECCTTCGEETT G TARACCT CTTTCAGCAGGGARGAAGCEARAGTGACEE
kXSG CGTGAGEEATEACEECCTTCEEETTGTAAACCT CTTT CAGCAGGGARGAAGCEEAAGTGACGE'
kMG CGTGRGEEATEACEECCTTCGEETT G TAAACCT CTTTCAGCAGGGARGAAGCEARAGTGACEE
paraguayensis EXE G CCTGAGEGATGACGECCTTCEEETTGTARACCT CTTT CAGCAGGEARGARGCEEAACTCACEE!
[k MlcCoTGAGECAEEACEECCTTCEEETTGTARACCT CTT T CAGCAGGGARGARGCEARAGTGACGE'
PI YA ) Lo Pl Il C G T GAG G GAT GACGECCTTCEEET TG TAAACCTCTT T CAGCAGGGARGARGC GARAGTGACGE!
PES LT s B <R GG TGAGEGAT GACGECCTTCEEETTGTAAACCTCTTTCAGCAGGGARGARGC GARAGTGACGE!

[ENGC 6T GAGGEATGACGECCTTCGGETTETARCCT CTT I CAGCAGGGARGARGCGARAGTGACGE'
[ENGC 6T GAGGEATGACEECCTTCGGETTETARMCCT CTT I CAGCAGGGARGARGCGARAGTGACGE'
[-E MG C 6T GAGGEATGACEECCTTCGGETTETARCCT CTT I CAGCAGGGARGARGCGARAGTGACGE'
EL G C 6T GAGGEATGACEECCTTCGGETT6TARACCT CTT T CAGCAGGGARGAAGCGARAGTGACGE'
EEEINGCGT6AGEEARGACGECCTTCOEETTGTARACCT CTTT CAGCAGGGAAGALGCGARAGTGACEE!
FLEYDN TR i AL B C G T GA GG GAT GACGECCTT CGE6TT GTAAACCTCTTT CAGCAGGGAAGAAGCGAAAGTGACEE!
T SO ET U A L 6 C G T GA GG GAT GACGECCTT CGEETT GTAARCCTCTTT CAGCAGGGARGAAGCGAAAGTGACEE!
RS EI 15 (o ET TR e C G T GA GG GAT GACGECCTT CGE6TT GTAAACCTCTTT CAGCAGGGARGAAGCGAAAGTGACEE!
PrSEE T U (O CY M-I G C G T GAGGGAT GACGECCTTCGEGTTETAAACCTCTT T CAGCAGGGAAGARG CGARAGTGACGE
343
CIDF1 60169067 338
sclerotialus DSM 365
339
136380 EU741132 377
338
griseoplanus AS 4 343
195019 GU263883 346
badius HRRL B 256 378

338
346
0 3 FJ959370 355
A23 Ydz XM EU368 352
339
337
nitrosporeus NRRL 368
346
coralus cfecc3136 364
CcA131 344
348
RSF18 FU294139 362
345
DAOBEOS 362
339
aculeolatus strai 361
340
340
nitritigenes T 349
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SH701

Streptomyces gardneri NBRC 128
Streptomyces omiyaensis HRRL B
SH810

SHB21

Streptomyces lateritius LMG 19
Streptomyces zaomyceticus HRRL
SHE20

Streptomyces bikiniensis DSM40
SHE07

Streptomyces gulbargensis T
Streptomyces chartreusis NBRC
SH709

Streptomyces tateyamensis AB4

_+| Mote: This is a print preview. |t may copy to the clipboard slightly large. To show control panel, press the red amow [upper l=ft)
AACTA RGCR AR

Streptomyces sioyaensis HKRL
SH702

Streptomyces parvulus HBRC 131
Streptomyces tendae T D6387
SH1101

Streptomyces malachitospinus H
SH1104

SH1108

SH1123

Streptomyces paraguayensis
SH1212

Streptomyces rochei NERC 12908
x8

SH1z22

Streptomyces

sH1z03

Streptomyces narhonensis NRRL
Streptomyces variabilis HREL B
Streptomyces labedae WBRC 1586
Streptomyces collinus HERC 127
SH1125

Streptomyces CTDFi GQ169067
Streptomyces sclerotialus DSH
SH1213

Streptomyces 136387 EU741132
SH1z19

Streptomyces griseoplanus AS 4
Streptomyces 195019 GU263883
Streptomyces hadius HRRL B 256
sH1zo1

sH1221

Streptomyces 0 3 FI959370
Streptomyces A23 ¥dz XM _EU368
sn1zos

sn1zos

Streptomyces nitrosporeus HRRL
sm1110

Streptomyces coralus cfcc3lse
Streptomyces ca131

sm1114

Streptomyces RSF18 EU294139
sn1226

Streptomyces DAOS605

ni2 28

Streptomyces aculeolatus strai
Sn1zo2

sH1230
Inctinomadura nitritigenes T
ncti I is T

430 s00 510 s20 520 540

B B B B B D By By DDy Py
399 GCCEECTAACTACBTECCAGCAGCCRCEETAATACGTABEECGCIAGCETTBTCCREAATTA
446 CCO0CTAACTACETGCCABCAGCCOCGRTAATACGTAGEECGCAGCOTTOTCCEORATTA
447 [ CCBECTAACTACETECCARCARCCECERTARTACETACEECECAGCETTETCCEEAATTA
393 CCE6CTAACTACETGCCABCAGCCECOETAATACGTAGEECEC AGCETTETCCEERATTA
393 [ CCOECTAACTACETECCARCALCCECERTARTACETACEECECAGCETTETCCEEAATTA
446 B CCE6CTAACTACETOCCABCAGCCECEETAATACETAGEECEC AGCETTETCCERRATTA
452 ECCOECTAACTACETECCAG CAGCCECEETARTACETAGEECECAGCETTETCCEERATTA
416 6 CCB6CTAACTACETECCAGCABCCECERTARTACRTAGEECECAGCBTTGTCCREAATTA
466 CCO6CTAACTACETGCCABCAGCCOCETAATACGTAGEECGC AGCETTETCCEORATTA
367 6 CCB6CTAACTACETECCAGCABCCECERTARTACRTAGEECECAGCBTTETCCREAATTA
446 CCO0CTAACTACETGCCABCAGCCOCGRTAATACGTAGEECGCAGCOTTOTCCEORATTA
445 £ CCBECTAACTACETECCARCARCCECERTARTACETACEECECAGCETTETCCEEAATTA
403
458
EEL HCCEGCTACTACETGCCAGCAGCCECGETARTACGTAGRGYGCEAGCETTETCCEGALTTA
an1 pacTo acen pataccTa i patTo

453 A A
G(‘(‘GG("l'iu\("l'n(‘G’l'l}(‘(‘AG(‘AGC(‘E(‘GGTMTA(‘GTAGGGCG(‘EAG(‘ETTGT(‘CGEMTTA
GCCEECTAACTACETGCCAGCAGCCECGETAATACGTAGEGCGCIAGCETTGTCCEGAATTA
60 CE6CTARCTACETECCAGCABCCECGETAMTACGTAGEECECIAGCETTGTCCHRAATTA
60 CE6CTARCTACETECCAGCABCCECGETAMTACGTAGEECECIAGCETTGTCCHRAATTA

60 CE6CTARCTACETECCAGCABCCECGETAMTACGTAGEECECIAGCETTGTCCHRAATTA

415 6CCEECTAACTACETECCAGCAGC CECEETAATACGTAGEECGCIAGCETTGTCCEGAATTA
415 50 CB6CTAACTACETGCCAGCAGCCOCEETRATACGTAGEECECAGCOTTGTCCHGAATTA
417 50 CB6CTAACTACETGCCAGCAGCCOCEETRATACGTAGEECECAGCOTTGTCCHGAATTA
0 CEGCTAACTACETECCAGCAGCCOCEETRATACETAGEECECAGCOTTETCCEGAATTA

428 GCCEECTAACTACETECCAGCAGCCECEETAATACGTAGEECECIAGCETTETCCEERAATTA
449 50066 CTRACTA CETECORGCARCCECEETAATACGTAREECECHARCOT TG TCCRERATTA
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sH701 LY CGTAGECEECT 6T CACGTCEGETBTGARAGCC CEEGGCTTAACCCCOEETCT GCAIUCGATACH
Streptamyces gardneri NBRC 128 525 et L p T LT LR R RIRAERRN | SO
Streptomyces omiyaensis NREL B 526 i L p e T LT TR RIS | e
SHe10 PEPSN. 12 cocoacTETCn T COO 6T RAAABCC CEEEGCTTARCCCCREETCTRCAIQCOATACE
SHe21 PERIN. 12 cocoacTTETCCn T CO TG T6AAARCC CEEEECTTARCCCCEETCTGCAITCOATACE
Streptomyoes lateritins LMG 19 525 EtoaE e L oL L EARrOh R PRI E RN | S
e pa g RPN, 1., C66CT 6T G T CB G AT 6T BAAABCCCBEEGCTTAACCCCEETCTGCAIQCOATACE
PRV, 12 coCoacTTETCCE T COO TG T6AAABCC CEEEECTTARCCCCEETCTGCAITCOATACE
PRI 1 66 C6aCTTETCCET CBO T 6T BARAGCCCEEGECTTARCCCCGRETCTGCAICOATACH
POPRN. c1acococcrterclnTco IO TEAAAGCCCEEERCTTARCCCCEEETCTRCAITCEATACE
gulbargensis T PR i cococerTerclnT Co IO EAAARCCCEEEBCTTARCCCCEEETCTECAITCOATACE
Streptomyces chartreusis FBRC 524 il L oL LT r PRI S SRR | R
FEERNCGTAGGCEECT TETCECGTCEGATETEARAGCCCEEEGCTTARCCCCEEETCT GCANICEATACH
Streptomyoes tateyamensis ABA 537 el L L R PRI S SRR | | R
475 (MEINEd Lt il U o1 ce oMo TEARAGCCCEEBRCTTARCCCCOEETCTECAGICEATACT
480
Streptomyces sioyaensis HRRL 532
471
Strentomyces narvnins HRRC 131 525 M AR T
.

3 Note: Thisis a print preview. It may copy to the cipboard slightly large. To show contiol panel, press the red armow: fupper lsfi
streptomyces tenuae I . oy i

coTacecEseTTETClCOTCROTGTRARAECCCEREGCTTARCCCCERETATR

SH1101 493

Streptomyces malachitospinus F 526 CGTAGGCGGCTTGTCHCGTCG WTGTGAAAGCCCEEEGCTTAACCCCGGETCT GO
SH1104 /G TA GG CEECTTRT CECET CEGIUT GT GARAGCCCEERGCTTAACCCCGRETCTRC)
SN1108 ENECGTAGGCEECTTETCECETCECUTGT GARAGCCCEREGCTTARACCCCGGETCTGC)
SH1123 PEPIN 1 coconcToTclicoTCE G ITC TR ARAGCCCEEEGOTTARCCCCERETCTE
Streptomyces paraguayensis EERRNCGTAGE CGECYTETC| CGTCGGHTG'l‘GAMGCCCGGGGCTTMCCCCGGGTCTGC
SH1212 EELANCGTA GG CEECTTRT CACGT CEGETGT GARAGCCCEEREGCTTAACCCCRGETCTRC)

CGTAGGCGGCTTGTCHCGTCG [TGTGAAAGCCCEEGECTTAACCCCORETCTEC
CGTABGCEECTTRT CECET CEGUTGT GARAGCCCEEEGCTTAACCCCGRETCTRC

Streptomyces rochei WBRC 12908 525
Streptomyces caelestis T X8 546

SN1210 15 ICGTAGGCEECTTETCECETCEGNTGT GAAAGCCCEEEGCTTAACCCCGGETCTGC)
H12 16 EEN N CGTA GG CEECTTRT CACGT CEGIT GT GARAGCCCEEREGCTTAACCCCGGETCTRC)
SN1218 427 CGTAGGCGGCTTGTCHCGTCG [TGTGAAAGCCCEEGECTTAACCCCORETCTEC
SH1222 PEFRN 1 coconeTToTClCETCEGTC TR ARAGCCCEEEGCTTARCCCCERETCTG
Streptomyces 501 CGTAGGCGGCTTGTCHCGTCG TGTEAAAGCCCEEGECTTARACCCCGRETCTEC
SH1203 PEPIN G 1ncoConeTTOTCICETCEGTC TR ARAGCCCEEEGCTTARCCCCERETCTE

CGTAGGCGGCTTGTCHCGTCG TGTEAAAGCCCEEGECTTARACCCCGRETCTEC
coTacecEseTTETClCOTCROTGTRARAECCCEREGCTTARCCCCERETATE
CGTAGGCGGCTTGTCHCGTCG [TGTGAAAGCCCEEGECTTAACCCCORETCTEC
coTacecEseTTETClCOTCROTGTRARAECCCEREGCTTARCCCCERETATR

Streptomyces narhonensis NRRL 553
Streptomyces variabilis HRRL B 542
Streptomyces labedae NBRC 1586 513
Streptomyces collinus HBRC 127 G516

SN1125 LR CGTAGGCEECTTETCECETCECUTGT GARAGCCCEREGCTTARACCCCGGETCTGC)
Streptomyces CTDF1 GQ169067 PEPIN G 1ncoConeTTOT OO TCE G T TR ARAGCCCEEEGCTTARCCCCERETCTE
Streptomyces sclerotialus DSH LR NCGTAGGCGECTTETC) CGTCGGHTG'l‘GAMGCCCGGGGCTTMCCCCGGGTCTGC
SH1213 PERIN G 1ncoconeTToTCiCETCE G TCTEARAGCCCEEEGOTTARCCCCERETCTE

CGTAGGCGGC'l‘TG’I'CHCGTCGGHTG'l‘GAMGCCCGGGGCTTMCCCCGGGTCTGC
coaceceserTeTcleoTCEa TG TRARAECCCEREGCTTARCCCCERETATE
CGTAGGCGGC'l‘TG’I'CHCGTCGG‘HTG'l‘GmGCCCGGGGC’I"I‘MCCCCGGGTCTI}C
coTaceceserTeTclCoTCEE TG TRARAECCCEEEECTTARCCCCERETATE
CGTAGGCGGC'l‘TG’I'CHCGTCGG‘HTG'l‘GmGCCCGGGGC’I"I‘MCCCCGGGTCTI}C
coTaceceserTeTclCoTCEE TG TRARAECCCEEEECTTARCCCCERETATE
CGTAGGCGGC'l‘TG’I'CHCGTCGG‘HTG'l‘GmGCCCGGGGC’I"I‘MCCCCGGGTCTI}C
coTaceceserTeTclCoTCEE TG TRARAECCCEEEECTTARCCCCERETATE
CGTAGGCGGC'l‘TG’I'CHCGTCGG‘HTG'l‘GmGCCCGGGGC’I"I‘MCCCCGGGTCTI}C
coTaceceserTeTclCoTCEE TG TRARAECCCEEEECTTARCCCCERETATE
CGTAGGCGGC'l‘TG’I'CHCGTCGG‘HTG'l‘GmGCCCGGGGC’I"I‘MCCCCGGGTCTI}C
coTaceceserTeTclCoTCEE TG TRARAECCCEEEECTTARCCCCERETATE
CGTAGGCGGCTTGTCHCGTCG TGTGARAGCCCEEGECTTAACCCCGRETCTEC
coTaceceseTTETClCOTCRETGTRARAECCCEEEECTTARCCCCERETATE
CGTAGGCGGCTTGTCHCGTCG TGTGARAGCCCEEGECTTAACCCCGRETCTEC

Streptomyces 136387 EU741132 535
SH1219 496
Streptomyces griseoplanus AS 4 507
Streptomyces 195019 GU263883 504
Streptomyces badius HRRL B 256 536
SH1201 496
SH1221 504
Streptomyces 0 3 FI959370 513
Streptomyces A23 ¥Ydz XM EU368 510
SH1208 497
SH1209 495
Streptomyces nitrosporeus NERL 526
SH1110 504
Streptomyces coralus cfcc3136 522

Streptomyces CA131 502

SH1114 506 CETAGE(‘GGCTTGTCHCETCG [TGTGAAAGCCCEEGGCTTARCCCCGGETCTGC
Streptomyces RSPLE EU204139 520 iRl TR O e e e
SH1226 503 CETAGE(‘GGCTTGTCHCETCG [TGTGAAAGCCCEEGGCTTARCCCCGGETCTGC
Streptomyces DA08605 PP TacoCoeCTTOTC 0T CORTETAARAGCCCOEORCTTAACCCCOEOTCTRG
H12 28 497 (CGTCGGATGTGAAAGCCCEEGGCTTARCCCCGGETCTEC
Streptomyces aculeolatus strai 519 corcocoreanacccceoaaeTTARCCCCRORTOTEE
SH1202 498 CET(‘GI}HTETEAMECC(‘GGEDCTTMC(‘CCEGGTCTEC
sH1230 498 carcecroreanacccce

IActinomadura nitritigenes T 507

Acti bhangl is T 528

Clustal Consensus 15
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swiios

SH1123

Streptomyces paraguayensis
SH1212

Streptomyces rochei NERC 12908
Streptomyces caelestis T X8
sHi210

Hi2 16

SHi1218

SH1222

Streptomyces

SH1203

Streptomyces narbonensis HREL
Streptomyces variabilis HRRL B
Streptomyces labedae WBRC 1586
Streptomyces collinus HBRC 127
SH1125

Streptomyces CTDF1 6169067
Streptomyces sclerotialus DSM
sH1213

Streptomyces 136387 EU741132
sH1219

Streptomyces griseoplanus AS 4
Streptomyces 195019 GU263883
Streptomyces hadius HRRL B 256
sH1z01

sH1221

Streptomyces 0 3 FT959370
Streptomyces A23 Yaz XM EU368
sH1208

sH1z09

Streptomyces nitrosporeus HRRL
sW1110

Streptomyces coralus cfcc3lde
Streptomyces CA131

SH1114

Streptomyces RSF18 EU294139
SH1226

Hi2 28
Streptomyces aculeolatus strai
sw1202
swi1230

ctinomadura nitritigenes T

cti hangl is T

IClustal Consensus

SH701

sHB10

Streptomyces gardneri WBRC 128
Streptomyces emivaensis NRRL B

558

H=EAlGGTAGGGEAGATCGEAATTCCTGETGTAGCEGTGARAT GCGCAGATAT CAGGAGGAACACC
L AlGGTAG6G6AGATCGEAATTCCTGETGTAGCEGTGARAT GCGCAGATAT CAGGAGGAACACC
NG TAGGGGAGAT CEEARTTCCT GG TG TAGCGET GAART GCGCAGATAT CABGAGEAACACC]
i AlGGTAGGGEAGATCEEARTTCCTGETGTAGCEGTGARAT GCGCAGATAT CAGGAGGAACACC
MG TAGGGGAGAT CEEARTTCCT GG TG TAGCGET GARRT GCGCAGATAT CABGAGEAACACC]
LI G TAGGGGAGAT CEEART TCCT GG TG TAGCGET GAART GCGCAGATAT CABGAGGAACACC]
LR GG TAGGGEAGATCGEARTTCCTGETGTAGCEGTGARAT GCGCAGATAT CAGGAGGAACACC
kGG TAGGGEAGATCEEARTTCCTGETGTAGCEGTGARAT GCGCAGATAT CAGGAGGAACACC
kGG TAGGGEAGATCEEARTTCCTGETGTAGCEGTGARAT GCGCAGATAT CAGGAGGAACACC
GG TAG6GEAGATCGEARTTCCTGETGTAGCEETGARAT GCGCAGATAT CAGGAGGAACACC
=E GG TA GG GEAGATCGEARTT CCTEETGTAGCEETGARAT GCGCAGATAT CAGGAGGAACACC
GG TAG6GEAGATCGEARTTCCTGETGTAGCEETGARAT GCGCAGATAT CAGGAGGAACACC
I G TA GG GEAGAT CGEAAT TCCTGETGTAGCEET GAAAT GCGCAGATAT CAGGAGGAA CACC]
=BG TA GG GEAGAT CGEAAT TCCTGETGTAGCEET GAAAT GCGCAGATAT CAGGAGGAA CACC]
EEEIMGGTAGGG6AGATCGGARTT CCTG6TGTAGCEBTGARAT FCGCABATAT CABGAGGAACACC
EEIIGGTA666G6AGATCGGARTT CCTGETGTAGCEBTGARAT FCGCABATAT CABGAGGAACACC
L=E GG T4 6666AGATCGGARTT CCTGET GTAGCEBTGARAT FCGCABATAT CABGAGGAACACC
il G G5 6666AGATCGGARTT CCTGETGTAGCEBTGARAT FCGCABATAT CABGAGGAACACC
[ E MGG TAGGGEAGAT CEEAATTCCT GETGTAGCHGET GAAAT GCGCAGATAT CABGA BGAA CACC]
GG T4 6666AGATCGGARTT CCTGGT GTAGCGGTGAAAT GCGCAGATAT CABGAGGAACACC
[ GG TAGGGEAGAT CGGAAT TCCT GETGTAGCHGT GAAAT GCGCAGATAT CAGGAGGAA CACC]
Ll GG TA6666AGATCGGARTTCCTGGT GTAGCGGTGAAAT GCGCAGATAT CABGAGGAACACC
=R G G TAGG6G6AGATCGGARTT CCTGGT GTAGCGGTGAAAT GCGCAGATAT CABGAGGAACACC
EE Rl G6TAGGG6AGATCGGARTT CCTGGT GTAGCGGTGAAAT GCGCAGATAT CABGAGGAACACC
[N GG TAGGGEAGAT CGEAATTCCT GETGTAGCHGT GAAAT GCGCAGATAT CAGGAGGAA CACC]
el GG TAG666AGATCGGARTTCCTGGT GTAGCGGTGARAT GCGCAGATAT CAGGAGGAACACC
LBl G6TAGGGEAGATCGGARTT CCTGGT GTAGCGGTGARAT GCGCAGATAT CAGGAGGAACACC
EEBGGTAGGGEAGATCGGARTT CCTGGT GTAGCGGTGARAT GCGCAGATAT CAGGAGGAACACC
EELINGGTAGGG6AGATCGGARTTCCTGGT GTAGCGGTGARAT GCGCAGATAT CAGGAGGAACACC
GG TAG6G6AGATCGGARTT CCTGGT GTAGCGGTGARAT GCGCAGATAT CAGGAGGAACACC
Il GG TA GGG 6AGATCGGARTT CCTGET GTAGCGGTGARAT GCGCAGATAT CAGGAGGAACACC
(I G TAGGGEAGAT CGGART TCCT GETGTAGCGET GARRT GCGCAGATAT CAGGA GGAA CACC]
=L MGG TAGGG6AGATCGGARTT CCTGET GTAGCGGTGARAT GCGCAGATAT CAGGAGGAACACC
[ R GG TAGGGEAGAT CGGART TCCT GETGTAGCGET GARRT GCGCAGATAT CAGGA GGAA CACC]
L=FIG G TA GGG GAGATCGGARTT CCTGET GTAGCGGTGARAT GCGCAGATAT CAGGAGGAACACC
=161 6666A6ATCGEAATTCCTGETGTAGCEGTGARAT GCGCAGATAT CAGGAGGAACACC
[ MG TA GG GEAGAT CEEART TCCT GG TETAGCGET GAAAT GCGCAGATAT CABGA GEAACACC]
=56 T GGGEAGATCEEAATTCCTGETGTAGCEETGARAT GCGCAGATAT CAGGAGGAACACC
[ MG TA GGG EAGAT CEEART TCCT GG TG TAGCGET GAART GCGCAGATAT CABGA GEAACACC]
ekl G T4 GGGEAGATCERARTTCCTGET G TAGCEETG!

=R GG TA GG GEAGATCERART T CCTGET G TAGCGET G

L BlGGTAGGGEAGATCGEAATTCCTGETGTAGCEET

L BlGGTAGGGEAGATCGEARTTCCTGET GTAGCEET G

557
NG TAGGGGAGARIGGART TCC 6 TG TAGCGET GAART GCGCAGATAT CEGGA GEAACACC]
73

M CT o660 CTAC TEACGC T GAGEAGCEARAGCGT BEGGAGCGARCAGGAT TAGATACCCTGETAR
684
685
L ERCT GG GC CONTAC TGACGCTGAGEAGCEARAGCGT GEGGAGC GARCAGGATTAGATACCCTGETAR
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LT G66aC TAGETGTHEGCGACATTCCACGT WG TC]
B cooiactacererlisoceacarTeencatliord
LT G6enCTAGETGTHEGCEACATTCCACGTEGTC]
BrcccactacererfjeccoacarTceaccTlerd
BrcccincTaceTeTeccoacATTC CACETRETd
BrcccacmacererfjeccoacarTceaccliend
Proocllacracerenfjesceacarrceacstliord

d ACATTCCACGTNGT C¥GTGCCGCAGCTAACGCAT TRAGT
d oe e CATTCCACOTIET ChBTECCECAGCTARCECATTARET
d oe e CATTCCACOTIET ChBTECCECAGCTARCECATTARET
d

A CTAGGTGTIGGCEACATT CCACGTMGT CEGTGCCGCAGCTAACGCAT TRAGTHCCCCH
B G 6 GA CTA GETOTHEG COACATT COACETHETC e TECCRCAG CTARCECAT TAAETHCCCCH
B G 6 GA CTA GETOTHEG COACATT COACETHETC e TECCRCAG CTARCECAT TAAETHCCCCH
B G 6 GA CTA GETOTHEG COACATT COACETHETC e TECCRCAG CTARCECAT TAAETHCCCCH

IACTAGGTGT,
B ceaiacTacEToT
B oo oA CTaGETOT IEGCEACATT CORCE T T (e TECCRCAG CTAACECAT TRAGTHCCCCT
B ceaiactaeeToTlieccencaTTconce e
Br Ge oA CTAGETOTHEGCOACATT CORCETRET ]
Br Ge oA CTAGETOTHEGCOACATT CORCETRET ]
Br Ge oA CTAGETOTHEGCOACATT CORCETRET ]
Br Ge oA CTAGETOTHEGCOACATT CORCETRET ]
Br Ge oA CTAGETOTHEGCOACATT CORCETRET ]
Br Ge oA CTAGETOTHEGCOACATT CORCETRET ]
Br G e oA CTAGETOTHEGCOACATT COACOTRET ]
B 66 oA CTAGETOTHEGCOACATT COACOTRET ]
B 66 oA CTAGETOTHEGCOACATT COACOTRET ]
B 66 oA CTAGETOTHEGCOACATT COACOTRET ]
B 66 oA CTAGETOTHEGCOACATT COACOTRET ]
B 66 oA CTAGETOTHEGCOACATT COACOTRET ]
T GEEACTAGETE T {EGCEACATTCCACTT SETC
oA CTAGETE T PG CBACATTCCACRTIETC
oA CTAGETE T PG CBACATTCCACRTIETC
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CGCARGGCTAARACT CAEAGBAATTGACGG666CCCECACAABCHGCGGABCATGTGBCT TAAT'
C6 CARGE CTRARACT CARAGGARTTOACOEEEECCCGCACAAGCGCEOAGCATOTGECTTART
C6CARGECTRARACT CRAAGEARTTGACEEEEECCCECACAAGCECEEAGCATGTGECTTART
C6 AR GG CTRARACT CARAGGARTTGACOEEEECCCGCACAAGCBCEOAGCATOTGECTTART
C6CARGECTRARACT CRAAGEARTTGACEEEEECCCECACAAGCECEEAGCATGTGECTTART
C6CARE 6 CTRARACT CARAGGAR TT GACOOEEECCCECACRAGCIGCBGAECATETGECTIART

C6CARGECTRARACT CRAAGEARTTGACEEEEECCCGCACAAGCIBCGEAGCATBTGECTTART
C6CARE 6 CTAARACT CARGEAR TTGACEOEEECCCECACAAGC G BGARCATETGECTIAAT
M6 CCOAECATETEECTTART

CGCARGGCTAARACT CARAGBAATTGACGGEE6CCCECACAABCIGCGGABCATGTGBCT TAAT'
66 CARE G CTAARACT CARAG GAR TTGA CEOEGEC CCECACRAGC GO GRABCAT GTGECTTAAT
CGCARGGCTAARACT CARAGBAATTGACGGEE6CCCECACRABCHGCGGABCATGTGECT TART!
66 CARE G CTAARACT CARAG GAR TTGA CEOEGEC CCECACRAGC GO GRABCAT GTGECTTAAT
CGCARGGCTAARACT CARAGGARTTGACGGEEGCCCECACRAGCHGCGGAGCAT GTGECT TART!
6 CARE G CTAARACT CARAG GARTTGA CEOEGEC CCECACRAGCIGCGRABCAT GTGECTTART
CGCARGGCTAARACT CARAGGARTTGACGGEEGCCCECACRAGCHGCGGAGCAT GTGECT TART!
C6 CARE G CTAARACT CARAGEAR TTGA CEOEGECCCECACAAGC IGCBRAECATBTGECTTAAT

CGCARGGCTAARACT CARAGGARTTGACGGGEECC! CGCACMGCHGC GGAGCATGTGECTTAAT
C6 CARE G CTAARACT CARAGEAR TTGA CEOEGECCCECACAAGC IGCBRAECATBTGECTTAAT
[CGCAAGGC TAARACT CAAAGGAAT TGACGGREGCC CGCACMGCHGC GGAGCATGTGGCTTAAT

[CGCAAGGCTAARACT CAAAGGAAT TGACGGEEGCCCOCACAAGCHGC GGAGCATGT GECTTAAT!
C6CARE G CTAARACT CARAGEAR TTGA CEOEGECCCECACAAGC IGCBRABCATBTGECTTAAT
[CGCAAGGCTAARACT CAAAGGAATTGACGGREGCC CGCACMGC*GC GGAGCATETGGCTTAAT

CGCARGGCTAARACT CARAGGART T GACGGGEGCCCGCACRAGC]
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T

P E WG CTETCGTCAGCTCETGTCETGAGATGTT GEET TAAGTCCCGCARCEAGCBCARCCCTTETC)

LG CT G TCGTCAGCTCGTETCET GAGAT GTTGE6T TARGT CCCECAACBAGCECAACCCTTGT WG
LG CT 6 TCETCAGCTCETETCETGABAT TTGEET TARGT CCCRCARCBAGCECARCCCTTRT WCHE
FLE N ECTETCGTCAGCTCET BT CETGAGATGTT GEETTAAGT CCCGCAACEAGCBCAACCCTTET Yl
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100z
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553
555

BCTETCETCAGCTCETETCETGABAT FTTGEET TARGT CCCBCARCBAGCECARCCCTTRT WCHH
BCTETCETCAGCTCETETCETGABAT FTTGEET TARGT CCCBCARCBAGCECARCCCTTRT WCHH
BCTETCETCAGCTCETETCETGABAT FTTGEET TARGT CCCBCARCBAGCECARCCCTTRT WCHH
BCTETCETCAGCTCETETCETGABAT FTTGEET TARGT CCCBCARCBAGCECARCCCTTRT WCHH
BCTETCETCAGCTCETETCETGABAT FTTGEET TARGT CCCBCARCBAGCECARCCCTTRT WCHH
BCTETCETCAGCTCETETCETGABAT GTTGEETTARGTCCCECAACBAGCECARCCCTTRTHCNH

BCTETCGTCAGCTCETETCETGABAT GTTGEETTALGT CCCECARCEAGCECARCCCTTGTHCHE
BCTETCETCAGCTCETETCETGABAT GTTGEETTARGT CCCECARCEAGCECARCCCTTRTHCHH
BCTETCETCAGCTCETETCETGABAT GTTGEET TALGT CCCECAACEAGCECARCCCTTETHCNE

FERGCTETCGT CAGCTCETGT CBTGAGAT GTTGEGT TAAGT CCCECAACBAGCECAACC CTTRTHCHH
777
FL NG C TG TCGTCAGC TCET BT CETGAGATETT GEET TAAGT C CCGCAACEAGCBCARCCCTTRTHCHH

EEEC C TG TCGTCAGCTCETETCETGAGAT GTTGEGT TAAGT CCCECARCEAGCECAACCCTTRTHCHH
BCTETCGTCABCTCETETCETGABAT GTTGEET TAAGT CCCECAACBAGCECAACCCTTRTHCNE
LI C TG TCGT CAGCTCETETCETGAGAT GTTGEGT TAAGT CCCECARCEAGCECAACCCTTRTHCH
ELEEMNGCT 6 TCGT CAGCTCETETCETGABAT GTTGEET TAAGT CCCBCAACBAGCRCAACC ClTETMcHH
PRI C TG TCGT CAGCTCETETCETGAGAT GTTGEGT TAAGT CCCECARCEAGCECAACC CYTGT Schd
ELEEG TG TCGT CAGCTCETETCETGABAT GTTGEET TAAGT CCCECAACBAGCECAACCCTTRT SokE
EECINGCT6TCGTCAGCTCETETCETGAGAT GTTGE6T TAAGT CCCECARCEAGCECALCCCTTRT SCE
X IlGCT 6 TCGT CAGCTCETETCETGABAT GTTGEET TAAGT CCCECAACBAGCECAACCCTTRT SCHH
EECINGCT6TCGTCAGCTCETETCETGAGAT GTTGE6T TAAGT CCCECARCEAGCECALCCCTTRT SCHE
Rl AlGCT 6 TCGTCAGCTCETETCETGABAT GTTGEET TARGT CCCECAACBAGCECARCCCTTRT SCHE
EElIlG 16 TCGTCAGCTCETETCETGAGAT GTTGE6T TAAGT CCCECARCEAGCECAACCCTTRT SCHH
ELEEMGCT 6 TCGT CAGCTCETETCETGABAT GTTGE6T TARGT CCCECAACBAGCECAACCCTRGT O
GCTETCGTCAGCTCETETCETGAGAT GTTGEET TAAGT CCCECARCEAGCECAACC CTRGTHCWY
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T

1054 GGIGAT GGEGACT CACIGGAGACHGC CGEGET CAACT CGRAGGAAGET GHEGACGA
1062 GGTGH’I' GGGGACTCACHGGAGACGCCGGGGT CAACTCEGAGEAAGETGGEGACGA
1080 NTGGECACT CACHGGAGACRECCGEEET CAACT CGRAGGAAGGT GEGLACGA
1060 GGTGH’I' GGGGACTCACHGGAGACGCCGGGGT CAACTCEGAGEAAGETGGEGACGA
1063 GGGGACTCACHGGAGACGCCGGGGTCMCTCGGAGGMGGTGGGGACGA
1077 GGGGACTCACHGGAGACGCCGGGGTCMCTCGGAGGMGGTGGGGACGA
1061 (GGAGACRGCCGEGETCAACTCGRAGGAAGET GGELACGA!
1078 (GGAGACRGCCGEGETCAACTCGRAGGAAGET GGELACGA!
1055 GGAGACHGC CGEGETCAACTCGGAGGAAGET GGELACGA!
1077 GGAGACHGC CGEGETCAACTCGGAGGAAGET GGELACGA!
1056 GGAGACHGC CGEGETCAACTCGGAGGAAGET GGELACGA!
1056 GGAGACHGC CGEGETCAACTCGGAGGAAGET GGELACGA!
1062 GGAGACHGCCGEGET CAACTCECAGGAAGET GHER,
1054 (GGAGACRGC CGEGETCAACTCGRAGGAAGET GG ELANGA!
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ICCCTTATGTCTTGGECTGCACACGTGCTACAAT GECCGLTACAR

GAGCTGCGAT,
ICCCTTATGTCTTGGECTGCACACGTGCTACAAT GECCGLTACAANGAGCTGCGAT] il

ICCCTTATGTCTTGGECTGCACACGTGCTACAAT GECCGETACARARGAGCTGCGAT,
CCCTTATGTC'l'TGGGCTGCACACGTGCTACMTGGCCGGTACMHGAGCTGCGAT
CCCT’I'A'l‘G’I'C'l‘TGGGC’I'GCACACG’I'GCTACM’I'GGCCGG’I‘ACMHGAGCTGCGAT
CCCT’I'A'l‘G’I'C'l‘TGGGC’I'GCACACG’I'GCTACM’I'GGCCGG’I‘ACMHGAGCTGCGAT
ICCCTTATGTCTTEGECTGCACACGTGCTACAATGECCGOTACAARGAGCTGCGAT,
CCCT’I'A'l‘G’I'C'l‘TGGGC’I'GCACACG’I'GCTACM’I'GGCCGG’I‘ACMHGAGCTGCGAT
CCCTTATETCTTEGECTGCACACETGCTACAAT GECRGETACARNGAGCTBCEATICC

[CCCTTATGTCTTEGECTGCACACGTGCTACAATGGCCGETACARNGAGCTGCGATICC!

[CCCTTATGTCTTEGECTGCACACGTGCTACAATGGCCGETACAR GAGCTGCGATECC

[CCCTTATGTCTTEGECTGCACACGTGCTACAATGGCCGETACARNGAGCTGCGATICC!
[CCCTTATBTCTTEGECTECACACBTRCTACAATRBCCGETACAR GBG(‘TECGBTH(‘(‘
[CCCTTATBTCTTEGECTECACACBTRCTACAATRBCCGETACAR GBG(‘TECGBTH(‘(‘
CCCTTATGTCTTEGECTECBCRCETECTACMATEGCCGGTAC"TEAGCTECEBTHCC
CCCTTATGTCTTEGECTECBCRCETECTACMATEGCCGGTAC"TEAGCTECEBTHCC
CCCTTATGTCTTEGECTECBCRCETECTACMATEGCCGGTAC"TEAGCTECEBTHCC
CCCTTATGTCTTEGECTECBCRCETECTACMATEGCCGGTAC"TEAGCTECEBTHCC
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CCCTTATGTCTTEGECTGCACACGTECTACAATEGCCGGTAC"TEAGCTECEATHCC
CCCTTATGTCTTEGECTGCACACGTECTACAATEGCCGGTAC"TEAGCTECEATHCC
CCCTTATGTCTTGGECTGCACACBT GCTACAAT GBCCGHTACAA EAGCTECEATECC
CCCTTATETCTTEEECTGCACACET GCTACAATGECCGETACAANGAGCTECGATICC!
CCCTTATETCTTEEECTGCACACETGCTACAAT GECCGETAC) EAGCTECGAT!CC
cCCTTATETCTTEEECTECACACETGCTACAATGECCERTAC EAGCTECGAT!CC
CCCTTATETCTTEEECTGCACACETGCTACAAT GECCGETAC)
CCCTTATETCTTEGEECTGCACACETGCTACART GECCGETAC)
CCCTTATETCTTEGEECTGCACACETGCTACAATGECCGETACAANGAGCTECGAT|
CCCTTATETCTTEGEECTGCACACETGCTACAATGECCGETACAANGAGCTECGAT|
CCCTTATETC T TE6ECTGCA CACETGOTACAATGECCGETACAAGAGCTECGAT
C(‘CT’I'ATG’l'(‘TTGGGCTGCACACG’l'GCTACMTGGCCGGTACMHGAGCTGCGAT
[CCCTTATGTCTTGGECTGCACACGTGCTACAAT GGCCGETACAAMIGAGCTGCGATICC!
[CCCTTATGTCTTGGECTGCACACGTGCTACAATGGCCGETACAA GAGCTGCGATHCC
[CCCTTATGTCTTGGECTGCACACGTGCTACAATGGCCGETACAR GAGCTGCGATHCC

C
C

PR CCCTTATGTCTTGGGC TGCACACGTGCTACAAT GGCCGETACAANGA!
PR EERCCCTTATGTCTTGGGC TGCACACGTGCTACAAT GGCCGETACAANGA!
PR LR CCCTTATGTCTTGGGC TGCACACGTGCTACAAT GECCGETACAANGAGCTGCGATICC
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SH1226

Streptomyces DAOB60S

H12 28

Streptomyces aculeolatus strai

SH1230
cti a nitritigenes T
cti bangl sis T

Clustal Consensus

1171
1132
1143
1140
1172
1132
1140
1149
1146
1133
7

1162
1140
1158
1138
1135
1149
1138
1155
1135
1157
1134
1134
1135
1155

CCCTTATBTCTTBE6CTECACACETBCTACAAT BECCEETACAANGAGCTGCRAT|
CCCTTATBTCTTBEEECTECACACETGCTACAATGECCEETACAANGAGCTECEAT|
CCCTTATGTCTTGEECTECACACETGCTACAAT GECCEETACAANGAGCTGCEAT]
CCCTTATBTCTTBEEECTECACACETGCTACAATGECCEETACAANGAGCTECEAT|
CCCTTATGTCTTGEECTECACACETGCTACAAT GECCEETACAANGAGCTGCEAT]
CCCTTATBETCTTBEECTECACACETECTACAATBECCEETACAANGABCTECEAT|
CCCTTATGTCTTGEECTECACACETGCTACAAT GECCEETACAANGAGCTGCEAT]
CCCTTATETCTTEEECTECACACETECTACAAT BECCEETACARNGAGCTECGAT|

CCCTTATETCTTBEEECTECACACETGCTACAAT BECCEETACARNGA BCTGCEANNC
CCCTTATETCTTEEECTECACACETBCTACAATGECHEETACAANGABCTECEATICE
CCCTTATETCTTEEECTECACACETECTACAATEECGETACRRYEACCTECEATIICE
CCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCEGGTAC"TGAGCTGCGAT“CC
CCCTTATETCTTEEECTECACACETECTACAAT BECCEETACARNGABCTECEATIACC
CCCTTATET CTTEEECTECACACETECTACAATEECCOETACAANBAGCTECEATICC
CCCTTATETCTTEEECTECACACETECTACAATEECCOETACARYGABCTECEATICC

CCCTTATET CTTEEECTECACACETECTACAATEECCOETACAANBAGCTECEATICC
CCCTTATETCTTBEEECTECACACETGBCTACAATBECCEETACARNEABCTECEATEC
CCCTTATET CTTEEECTECACACETECTACAATEECCOETACAANBAGCTECEATICC
CCCTTATETCTTEEECTECACACETECTACAATEECCRETACARLBABCTECRATICC
CCCTTATGT CTTEEEOTEOACACETGCTACAATEECCHETACARNBAGCTECEATICC
CCCTTATBTCTTEEECTECARNACHITECTACAATGGCCEETAC,
ccermatererrosscrocaliacirecracanroscessracs
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SH1202 RN CCCTTATGTCTTGGGCTGCACACGTECTACAATGGCCGETACAANGAGCTGCBATIICC
SH1230 PSRN CCCTTATGTCTTG6GCTBCACACGTGCTACAATGGCCBGTACA EAECTECEATHCC
actinor nitritigenes T PP ccrrarorerroeecTocalacirecTacanresccesTacAicEecToceaTice
cti bangl is T 1155 CCCTTATETCTTEEECTECA"ACHTECTACMTEECCEETAC r ECTECEAT"CC

iz90 1800 1810 i8z0 1850 1820

B L e e e e
sH701 959
TSt A O L TR T By MR EF A A G CCEETCTCAGT TCEEAT TGEGG@TCTECAACT CEACCCCATGAAGT CEEAGTHECTAGTAA
Tt e T A R ER A A G CCEETCTCAGT T CEEAT TGGEGRT CTECAACT CEACCCCATGAAGT CEEAGTHECTAGTAA
SHB10 1049
SHBZ1 1087
T A e R T R 0 P L MR EF A A G CCEETCTCAGTTCEEAT TGEGG@TCTECAACT CEACCCCATGAAGT CEEAGTHECTAGTAA
AT T T S T TR U M ER el 1. 6.CCEET CTCAGT T CBEAT TGGGGRT CTGCAACT CEACCCCATGAAGT CEEAGTHECTAGTAA
smB20 1207
TS at e SRS P 1 O U M Xl A G CCEETCTCAGT T CEEAT TGGEG@T CTECAACT CEACCCCATGAAGT CEEAGTHECTAGTAA

SHB07 1162
Streptomyces gulbargensis T PEE S AL GCCGETCTCAGTTCGEATTGGGERT CTECAACT CGACCCCATGAAGT CEGAGTHGCTAGTAA'
Streptomyces chartreusis HBRC 1240 T(‘TG(‘AA(‘T(‘GA(‘(‘(‘(‘ATGAAGT(‘GGAGT
SH709 919

Streptomyees eateyamensiz aps 1259 frerucancreuncecearmavTcomavTiicTaGTART
SH710 11920
SHB05 1196
Streptomyces sioyaensis HRRL PR RANGCCGGTCTCAGTTCGGATT GGG
SH702 PR RS RANGCCGETCTCAGTTCGEBATTGEE
Streptomyces parvulus HBRC 131 1240
Streptomyces tendae T De387 1z70
SH1101 PG RANGCCEGETCTCAGTTCGGATT GGG
Streptomyces malachiteospinus H P S ALGCCEETCTCAGTTCGEGATTGEE
SH1104 PER AN GCCGGTCTCAGTTCGGATT GGG
SH1108 PR AL GCCEETCTCAGTTCGBATTGEE
SH1123 1z0z2
Streptomyces paraguavensis PR AL G CCEETCTCAGTTCGEGATTGEE
SH1212 1211
Streptomyces rochei HNBRC 12908 PR RAN GCCEGETCTCAGTTCGEGATTGEE
Streptomyces caelestis T X8 1261
SH1210 729 EHCEETCTCAETTCEEATTEEE
H12 16 1212
SH1218 PR QAN CCCGETCTCAGTTCGGATT GGG
SH1222 1212
Streptomyces PR AN CCCGGTCTCAGTTCGGATT GGG
SH1203 1212
Streptomyces narbonensis HRRL PR A=RANGCCGGTCTCAGTTCGGATT GGG
Streptomyces variabilis NRRL B 1257
Streptomyces labedae HBRC 1586 PEEL-RANGCCGGTCTCAGTTCGGATT GGG
Streptomyces collinus NBRC 127 PR AL GCCGETCTCAGTTCGEBATTGEE
SH1125 PR AN CCCGGTCTCAGTTCGGATT GGG
Streptomyces CTIDF1 GQ169067 PR AL G CCEETCTCAGTTCGEBATTGEE
Streptomyces sclerotialus DSM 1240
SH1213 1z13
Streptomyces 13638J FEU741132 P RAL CCCEETCTCAGTTCGGATTGEG!
SH1219 PR AL G CCEETCTCAGTTCGEBATTGEE
Streptomvces driseobplanus AS 4 1223

TCTECAACTCEACCCCATGAAGTCEEGA
TCTECAACTCEACCCCATGAAGT CEGAGTHECTAGTAA'

TCTECAACTCEACCCCATGAAGT CEGAGTHGCTAGTAL'
TCTECAACTCEACCCCATGAAGT CEGAGTGCTAGTA

TCTECAACTCEACCCCATGAAGT CEGAGTHGCTAGTAA'
TCTECAACTCEACCCCATGALGT CEGAGTGCTAGTAL'

TCTECAACTCEACCCCATGAAGT CEGAGTHGCTAGTAA'
TCTECAACTCEACCCCATGAAGT CEEAGTECTAGTAA'
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Streptumyves 1y
Streptomyces badius NRRL B 256
SH1201

SH1221

Streptomyces 0 3 FJ959370
Streptomyces A23 Ydz XM EU368

UL

nitrosporeus NRRL

coralus cfce3l36
CA131

REF18 EU294139
DADBEDS
aculeolatus strai
ctinomadura nitritigenes T

cti a bangl is T
Clustal Consensus

SH701

Streptomyces gardneri NBRC 128
Streptomyces omiyaensis NRRL B
SHE10

SHB21

Streptomyces lateritius LME 19
Streptomyces zaomyceticus NRRL
SHE20

Streptomyces bikiniensis DSM40
SHEDT

Streptomyces gulbargensis T
Streptomyces chartreusis HBRC
SH709

Streptomyces tateyamensis AB4
SH710

SHEDS

Streptomyces sioyaensis NRRL

H702
Streptomyces

parvulus HBRC 131
tendae T D63B7T

SH1104
SH1108
SH1123
Streptomyces
SH1212
Streptomyces
Streptomyces
SH1210
H12 16
SH1218
SH1222
Streptomyces

paraguayensis

rochei HERC 12908
caelestis T X8

SH1203
Streptomyces
Streptomyces
Streptomyces
Streptomyces
SH1125

narbonensis HRRL
variabilis HRRL B
labedae HBRC 1586
collinus HBRC 127

Streptomyces
Streptomyces
SH1213
Streptomyces
SH1z18
Streptomyces
Streptomyces
Streptomyces
ECTETE
.

CTDF1 GQ169067
sclerotialus DSM

136387 EU741132

griseoplanus AS 4
195019 GU263883
badius HRRL B 256

Streptomyces
SH1101
Streptomyces malachitospinus N

1252
1z1z
1z2z20
1zz9
1226
1213
7

1z4z
1zz0
1236
1218
1215
1zz9
1216
1235
1215
1237
1214
1214
1215
1235

959
1320
1321
1049
1067
1320
1326
1207
1339
1207
1320
1319
919
1332
1190
1247
1327
1220
1319
1349
1260
1320
1276
1274
1250
1316
1251
1319
1340
758
1243
1243
1245
1296
1250
1348
1336
1307
1310
1246
1291
1319
1250
1330
12389
1302
1299
1331
1234

1370
I A

[CTECGETGAATACGTTCCC]
[CTBCBBTBAATACGTTCCC]
[CTECGETGAATACGTTCCC]
[CTBCBBTBAATACGTTCCC]

[CTBCBBETBAATACBTTCC
[CTBCBBTBAATACBTTCCC]
CTGCGGTGAATACGTTCCC]
C
[CTBCBBETBAATACBTTCC

[CTBCBBTBAATACGTTC
CTGCGGTGAATACGTTCCC]
C

TGCGGTGAATACGTTCC

TGCGGTGAATACGTTCC

CTGCGGTGAATACGTTCC

[
C]
(]
C]
C]
[CTECGETGAATACGTTCCC]
[CTBCBBTBAATACGTTCCC]

CTECEETEAATACGTTCCC)

CTECEETEAATACGTTCCC)
[CTBCBBTBAATACBTTCCC]
CTECEETEAATACGTTCCC)

AAGCCBETCTCAGTTCGGATTGGE
AAGCCGETCTCAGTTCEGEATTEEE

AAGCCGETCTCAGTTCEGEATTEEE
AAGCCBETCTCAGTTCGGATTGGE
AAGCCEETCTCAGTTCEEATTEEE

AAGCCEETCTCAGTTCEGGATTEEE

AAGCCBETCTCAGTTCGGATTGGE
AAGCCGETCTCAGTTCEGEATTEEE
AAGCCBETCTCAGTTCGGATTGGE
AAGCCGETCTCAGTTCEGGATTEEE

AAGCCEETCTCAGTTCEGGATTEEE

1380

1 RCTIN
lGCTAGTAL'

TCTECAACTCGACCCCATGAAGT CGEAGTIGCTAGTARL'
TCTBCAACTCBACCCCATBAAGTCBBABTIGCTAGTAL'

TCTGCAACTCGACCCCAT]

TCTBCAACTCBACCCCATBAAGTCBBAGT)

TCTECAACTCEACCCCATGAAGT CGGAGTIGCTAGTAL'
TCTECAACTCEACCCCA

TCTBCAACTCBACCCCATBAAGTCBBAGTIGCTAGTAL'
TCTECAACTCGACCCCATGAAGT CGEAGTIGCTAGTAL'
TCTBCAACTCBACCCCATBAAGTCBBAGTEGCTA
TCTGCAACTCGACCCCATGAAGT CGGAGTEGCTAGTAL'

TCTGCAACTCGACCCCATGAAGT CGEAGTEGCTAGTAL'

TCTECAACTCBACCCCATGAAGTCGEAGTEGCTAGTAL'

FEL] 1401 141,

1421
[ e

GEECCTTETACACACCECCCETCACGT CACGAAAGT CGGTALCA
BEECCTTETACACACCECCCBTCACBTCACBAAALGT CGGTAMLCA

GEECCTTETACACACCECCCETCACGT CACGAAAGT CGGTALCA
BEECCTTETACACACCECCCBTCACBTCACBAAALGT CGGTAMLCA

BEECCTTETACACACCECCCBTCACBTCACBAAALGT CGGTAMLCA

BEECCTTBTACACACCBCCCBTCACBTCACBALALGT CBGTALCA
GEECCTTETACACACCECCCETCACGT CACGAAALGT CGGTAMCA

GEGCCTTETA CCECCCETCACGTCACGAAAGT CGGTALCA!

BEECCTTETACACACCECCCBTCACBTCACBAAALGT CGGTAMLCA

BEECCTTBTACACACCBCCCBTCACBTCACBALALGT CBGTALCA
GEECCTTETACACACCECCCETCACGT CACGAAALGT CGGTALCA

GEECCTTETACACACCECCCETCACGT CACGAAALGT CGGTALCA

CCECCCETCACGTCACGAAAGT CGGTALCA!

GEGCCTTETA

GEECCTTETACACACCECCCETCACGT CACGAAAGT CGGTALCA
BEECCTTETACACACCECCCBTCACBTCACBAAALGT CGGTAMLCA

EEECCTTETA CCECCCGTCACGTCACGARAGT CEGTAACA

BEECCTTETACACACCECCCETCACGTCACGARAGT CEGTAACA
BEECCTTBTACACACCBCCCBTCACBTCACBALALGT CBGTALCA
BEECCTTETACACACCECCCETCACGTCACGARAGT CEGTAACA!

CTECEETGAATACGTTCCC]

[CTECEETGAATACGTTCCC
CTECEETEAATACGTTCCC)

CTECEETEAATACGTTCCC)

CTECEETEAATACGTTCCC)
[CTGCGGTGAATACGTTCCC)

CTECEETEAATACGTTCCC)

GEECCTTETACACACCECCCETCACGTCACGAAAGT CGGTALCA!

[EGECCTTGTACACACCHCCCETCACGT CCEAAANT CGETARCA
BEECCTTETACACACCECCCETCACGTCACGARAGT CEGTAACA!

BEECCTTETACACACCECCCETCACGTCACGAAAGT CEGTAACA

BEECCTTETACACACCECCCETCACGTCACGARAGT CEGTAACA

GEECCTTETACACACCECCCETCACGTCACGAAALGT CGGTALCA!
EEECCTTETACACACCECCCETCACGTCACGARAGT CEGTAACA!

166



‘=i
3] Mote: Thisis a print preview. It may copy ta the cipboard slightly lerge. Ta show control panel, press the red amaw fupper lef]
1239

SHI
Streptomyces 0 3 FJ959370 PRl ENCTGCGGTGARTACGTTCCCREGEECCTTBTACACACCECCCGTCACETCACGAAAGT CEETARCA
I Vel CH =T QL BN C T G CGGT GARTACGTTCCCREGECCT TETACACACCGCCCETCACETCACGAAAGT CEETARCA
SH1208 1255
SH1209 777

AT T A e FR UL TR L)1) AR NN C' T G CGGT GAATACG T TCC CREGECCT TETACACACCGCCCGT CACGT CACGAALGT CGGTARCA

SHi110 1261

T T a el TN et e B i T SRR C T G CGGT GARTACGTTCC CREGECCT TETACACACCGCCCET CACETCACBAAAGT CEETARCA
Streptomyces CA131 bR C TG CGGTGAATACGTT CCCRGGECCTTGTACACACCECCCGT CACGT CACGAARGT CGETAACA

SH1114 1273
Streptomyces RSF18 EU294139 PENERCTGCGGTGAATACGT TCCCRGGECCTTGTACACACCGCCCGTCACET CACGAAAGT CGETARCA
SH1226 1246
H12 28 1234

SH1202 1z51

SH1230 1251

lActinomadura nitritigenes T LR RCTGCGGTGAATACGTTCCCRGGHGCCTTGTACACACCGCCCGTCACGTCACGAAAGT CGH AR
a bangl PERE R CTGCGGTGAATACGTTCCCCEEECCTTGTACACACCGCCCGTCACGT CACGAAAGT CGGAR

Clustal Consensus
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148 1460 1470 1480 1450 1500
B I I el el PRI el

SH701 EEE]

Streptomyces gardneri NBRC 128 1399 [TRTINERGT 66AGEEAGCHGT CGALGGT GEGACTGECEAT TGGEACGAAL

I L Tl o Al L sl 2.4 CCCC T T B 6 6 6A G EGAGCNG T COAAGG T 6GGACNGCGATTGGGACGAAGT C GTAACAA

SH810 1049

SHeZ1 1087

Streptomyces lateritius IMG 19 1399 WEIHEde§iGT GGGAGGEEAGCHGT CGAAGGT GGGACTGGCGATTGGGACGAAGT CGTAACAR
Streptomyces zaomyceticus HRRL 1405 CCCCT TR 6 66A 66 GARCHG T CGAAGGTEECACTEGCEAT TGEGACGARGT CETARCAD
SH820 1z07

Streptomyces bikiniensis psua0 115 ERNIEEEEer  HET ERET N  Ye  ETT e
sHB07 1207

Streptomyces gulbargensis T 1399 CCCCT TG 66A B66AGCHGTCGAAGGTEEGACTEECEAT TGEGACGAAGT CGTARCAD
T L IR S T T LU VTN CAn C CC CTT N 6 6 6/ GG6AGCIGT CEAR GG T 6EGACTGECGAT TGEGACGARGT CGTARCAA
sH709 91s

Streptomyces tateyamensis AB4 1411 EFNIRSTRere - [MRueEafccercenncerfsBacresclarresfaceanereer

sH7i0 1190

SHB05 1247

Streptamyees sioyaensis weRL  1ens EXYREEECT - EEENEETM IR PRI
SH702 1220

Streptomyces parvulus HBRC 131 1358 G’l‘ E6GAGEEARCWET CEARGGTEEGACTEGCEATTGEGACGARGT CETAACAL

Streptomyces tendae T D6387 1425 (RGBT (HgTN0oo Ny TN g (gD Xy (e Y {e] X P (I VNN
SH1101 1ze60

Streptamyoes malachitospinus N 1390 [EXEEETTo: TS ERET T T YR VTR WYy
SH1104 1276

sH1108 1274

SH1123 1250

Streptomyoes paraguayensis 1395 EXXEEHECHToT oEEETAT R A W T TR YO
SH1212 1251

Streptomyces rochei WBRC 12908 1358 CCCCTT GG 6AEE6AGCHGT COALGGT FEGACTGECGAT TGGEACCARGT CETAACAA
T I LT T LA STRE SR R P38 1.0, C CC C T TR 6 6 GA GEEAGCGT COANGG T 6EGAC TGECGAT TGGGACGARGT CGTARCAA
swiz210 755

H12 16 1243

sHi218 1243

sH1222 1245

Streptomyces 1375 [EFIEEsRcTe cEaEeEaT

sH1203 1250

Rt T P NI NS I ) A EECH CA.A CCCCTT B 6 6 6A 66 6A GCG T COARGETEEEACTGGCEAT T GEEACGAAGT CBTARCA
Streptomyces variabilis HRRL B 1415 CRGUSSGT - HEo ety G LS oSV T W P VS I T
Streptomyces labedae NBRC 1586 1356 EAGEGS§GT GGGAGGEAGCHGT CGAAGGT GGGACTGGCGAT TGGGACGAAGT CGTAACAR
T R L B U T TR R ELE CA.) C CC C T T B 6 6 6A GG GAGCIG T COAAGGT GEGACTEGCGAT T GGEACGAAGT CGTAACA
SH1125 1246

Streptomyces CTDF1  GQ169067 1370 1E ETRINE 6 66A 666AIKG T CEAAGET G6X0Y

Streptomyces sclerotialus DSM_ 1398 wm GTCGMGGTGGGACTGGCGATTGGGACGm;mcs’mn(‘

SH1213 1250

Streptomyces 195019 GU263883 1375 @EAIUdeiGT
Streptomyces badius NRRL B 256 1410 GEUJGdegiGT

SH1219 1239
Streptomyces griseoplanus AS 4 1351 WEIHEde§GT
6GGAGEGAGCHGT CGAAGGTGGGACTGGCGATTGGGACGAAGT CHgA SN
GGGAGFEGAGCHGT CGAAGGT GGGACTGHCGAT TGGGACGARGT CGTARCAR
1239
1239
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SH1208 1255
SH1209 777

Streptomyces nitrosporeus HRRL 1400 [FYXSUQUGT ([HEREXers  ETqe Y X O T e T U g LT Vel T N e Y XY
SH1110 1261

Streptomyces coralus cfoc3l3s 1396 [FFIEEECITGT GEAGGEAGCHGT CGAAGETGGEACTECCCAT IGERACGARGTC F
Streptomyces CA131 pRcr N CAACCCC TN e FGGABGEABCHGTCGAAGGT GEEACTEFCGAT TGEGACGAAGT CHsALHY

SH111a 1273
Streptomyces RSF18 EU294139 1357 [E¥NLdETeecacenfecTcEaiEseEalccer

SH1226 1z46

Streptomyces DADS605 1393 [EYNIEqREGT - [T racaReE aEn 1 cecHETe

|H12 28 1234

Streptomyces aculeolatus strai 1355 [FXGRETHET [66RG6EARCHGTCEARGETEEEACTGECGAT TEEGEACGAAGTCETANLCAA
SH1202 1251

SH1230 1z51

|Actinomadura nitritigenes T 1373 (R E T ET GGEAGCEGTCEGAAGET GG SEGCGATTGECACGAAGT CGTAACAN
Inctinomadura bangl 15 T 1394 (EAenBCRTET GT| GGGAGCEGTCERAAGHT GERECEGGCEATTGEGACGAAGT CTAN CAA

Clustal Consensus

SH701 959 959

Streptomyces gardneri HBRC 128 1451 1451
Streptomyces omiyaensis NRRL B 1477 1452
SH510 1043 1043
sHs21 1057 1057
Streptomyces lateritius LMG 19 1476 & 1478
Streptomyces zaomyceticus NRRL 1482 § 1487
SH520 1z07 1z07
Streptomyces bikiniensis DSM40 1455 1517
SH807 1z07 1z07
Streptomyces gulbargensis T 1475 E 1477
Streptomyces chartreusis HBRC 1475 & 1477
sH709 o139 o139
Streptomyces tateyamensis AB4 1465 1465
sH710 1190 1190
SH805 1247 1247
Streptomyces sioyaensis HRRL 1470 1470
SH702 1220 1220
Streptomyces parvulus HBRC 131 1475 1478
Streptomyces tendae T D6387 1505 & TCH 1530
SHilol 1260 1260
Streptomyces malachitospinus H 1468 1468
SH1l04 1278 1278
SH1108 1274 1274
SH1123 1250 1250
Streptomyces paraguayensis 1468 1468
SH1212 1251 1251
Streptomyces rochei HERC 12908 1472 1472
Streptomyces caelestis PR EELN A 66T 6C6GCTEEATCACCTCCTT] 1518
SH1210 758 758

1243 1243

1243 1243

1245 1245

1394 1394
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SH1Z2186 1a4d 1a4d
SH1222 1245 1245
Streptomyces 13594 13594
SH1203 1250 1250

Streptomyces narbonensis NRRL 1504 1510
Streptomyces variabilis HRRL B 1492 1499
Streptomyces labedae NBRC 1586 1454 1454
Streptomyces collinus NBRC 127 1459 1459
SH1125 1246 1246
Streptomyces CTDF1 6169067 1409 1409
Streptomyces sclerotialus DSM 1475 [NIQIOUUOOTHTNITRIGIIRRT — 1498
SH1213 1250 1250
Streptomyces 136387 EU741132  14s6 [Ereceffc 1493
SH1219 1239 1239
Streptomyces griseoplanus AS 4 1401 1401
Streptomyces 195019 GU263883 1438 1438
Streptomyces badius NRRL B 256 1487 1496
SH1201 1239 1239
SH1221 1239 1239
Streptomyces 0 3 FJ959370 1421 1421
Streptomyces A23 Ydz XM EU368 1452 1452
SH1208 1258 1258
SH1209 777 777
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SH1110 1261 1261
Streptomyces coralus cfcec3136 1473 & 1473
Streptomyces CA131 1441 1441
SH1114 1273 1273
Streptomyces RSF18 FEU294139 1418 1418
SH1226 1246 1246
Streptomyces DADB60S 1433 1433
H12 28 1234 1234
Streptomyces aculeclatus strai 1455 1455
SH1202 1z51 1z51
SH1230 1z51 1z51
cti a nitritigenes T 1448 GTECGECTGGATCACCTCCT] 1469
cti a bangl sis T 147Z GTECGECTGEATNEEA Claiy Cle THES TR E=lry

Clustal Consensus
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