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A Gram-positive, yellowish bacterium strain AK-1" was isolated from soil sample collected from peanut (Arachis hypogaea) crop
field and studied by using a polyphasic approach. The organism had morphological and chemotaxonomic properties consistent
with its classification in the genus Agromyces. Phylogenetic analysis of the 165 rRNA gene sequence showed that strain AK-1"
was closely related to Agromyces aurantiacus (98.6%) followed by Agromyces soli (98.3%), Agromyces tropicus (97.6%), Agromyces
ulmi (97.3%), Agromyces flavus (97.2%), and Agromyces italicus (97.0%), whereas the sequence similarity values with respect to the
other Agromyces species with validly published names were between 95.3 and 96.7 %. However, the DNA-DNA hybridization values
obtained between strain AK-1" and other related strains were well below the threshold that is required for the proposal of a novel
species. The DNA G + C content of the strain is 71.8 mol%. The above data in combination with the phenotypic distinctiveness of
AK-1" clearly indicate that the strain represents a novel species, for which the name Agromyces arachidis sp. nov. is proposed. The

type strain is AK-1" (=MTCC 10524" = JCM 19251").

1. Introduction

The genus Agromyces was first proposed by Gledhill and
Casida Jr [1] and later on emended by Zgurskaya et al.
[2]. At present, the genus Agromyces comprises 24 species
with validly published names (http://www.bacterio.net/a/
agromyces.html), and all these species have been isolated
from different environmental sources: soils from fertile
meadows, rhizosphere, and plants to rock art paintings [1-
18]. In the present study, bacterial strain AK-1, isolated from
soil sample, is described and subjected to the polyphasic
taxonomy. 16S rRNA gene sequence comparison revealed that
the isolate is Agromyces-like organism. The aim of the present
study is to determine the exact taxonomic position of the
isolate.

2. Materials and Methods

Strain AK-1" was isolated from a soil sample collected from
peanut (Arachis hypogaea) crop field, Srikakulam, Andhra

Pradesh, India (18°14'N latitude 83°58'E longitude), by the
dilution-plate technique on tryptic soy agar medium (TSA;
HiMedia) and maintained as glycerol stocks at —=70°C. The
reference strains A. aurantiacus (MTCC 11069%), A. soli
(MTCC 11074"), A. tropicus (MTCC 11075"), A. ulmi (MTCC
10783"), A. flavus (MTCC 11103"), and A. italicus (MTCC
10784") were obtained from the Microbial Type Culture
Collection and Gene Bank (MTCC), Institute of Microbial
Technology, Chandigarh, India.

Colony and cell morphologies were studied according to
standard methods [19]. The Gram reaction was determined
using the HiMedia Gram staining kit according to the
manufacturer’s instructions. Physiological tests like growth
at different temperatures ranging from 10 to 55°C and NaCl
concentrations (1-15%) were performed by growing the
strain on TSA supplemented with different concentrations
of NaCl. The pH range (5.0-12.0) and the optimum pH
for growth were examined as described by Xu et al. [20]
using TSB as basal medium. For anaerobiosis, the cultures



2 International Journal of Microbiology

TasLE 1: Differential characteristics that differentiate strain AK—lTﬂalong with the closest species AK-1T (MTCC 10524?), A. aurantiacus
(MTCC 11069"), A. soli (MTCC 11074"), A. tropicus (MTCC 11075"), A. ulmi (MTCC 10783"), A. flavus (MTCC 11103"), and A. italicus
(MTCC 107847).

AK-1" A aurantiacus A. soli A. tropicus A. ulmi A. flavus  A. italicus
Characteristics (MTCC (MTCC (MTCC (MTCC (MTCC (MTCC (MTCC
105247) 11069") 11074T) 110757) 107837) 11103T) 10784T)
Growth at
37°C + + + + - + +
42°C - - + - - - -
2% NaCl - - + + - - +
5% NaCl - - + - - - +
pH 5.0 + - - + + + +
pH 10.0 - + + + - - +
pH12.0 - - + - - +
Starch hydrolysis + + - + - + -
Casein hydrolysis - - - - - + -
Urease - + - - - - -
Catalase - + + + - + -
Acid production from carbohydrates
Salicin - + + + - +
Mannitol - - - + + -
Melibiose - - - + - - -
Galactose - - + + + - +
Arabinose + - - + - + -
Cellobiose + - + + -
Sucrose - + + + -
Xylose + - - + + + -
Inositol - - - - - + -
Rhamnose - - + + + - +
Lactose + - + - - -
Trehalose + + + + - -
Mannose - + + + + + +
Maltose - - + + + - +
Raffinose - + + + + - +
Sensitivity to antibiotics (pg/disc)
Nitrofurantoin (300) S R R S S S S
Norfloxacin (10) R S R R R S R
Polymyxin B (300) S S R S S S R
Kanamycin (30) S S R S S S R
Colistin (10) R R R S R S S
Methicillin (5) R S R S R S S
Oxacillin (5) R S R S R S S
Gentamycin (10) S R S S S S S
Trimethoprim (5) S S R S S S S
Oxytetracycline (30) S S R S S S R
Cefoxitin (30) S S R S R S S

Biochemical tests using VITEK 2GP
card

Arginine dihydrolase 1 - - - - - - +
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TaBLE 1: Continued.

AK-1" A aurantiacus A. soli A. tropicus A. ulmi A. flavus  A. italicus
Characteristics (MTCC (MTCC (MTCC (MTCC (MTCC (MTCC (MTCC
10524") 11069") 11074") 11075") 10783") 11103") 10784")
Leucine arylamidase + + + + + +
a-Glucosidase + + + + - - +
L-Proline arylamidase + + + + - + +
a-Galactosidase - + - + - - -
Alanine arylamidase + + + - +
Tyrosine arylamidase - + - - +
L-Lactate alkalinization - - - - - - +
Salicin - - - - - - +
Quinone type 1\1/{K1132 MK12, 13 MHI12 MKI12 Mi2, 11, 10 MK12 MK12, 13
Total lipid pattern DPG, PG DPG, PG DPG, PG DPG, PG DPG, PG DPG, PG DPG, PG
DNA G + C mol% 71.8 72.8 73.4 72.7 72.0 70.9 70.8

All the strains were positive at pH 8.0 and 9.0, at temperatures 25°C and 30°C, and acid production from fructose; negative at 12°C, 10%, 15% NaCl,
dulcitol, inositol, sorbitol, adonitol, citrate, methyl-red, Voges-Proskauer, indole, nitrate, and gelatin liquefaction. All the strains are negative for the following
biochemical tests using VITEK 2-GP card: D-Amygdalin, phosphatidylinositol phospholipase C, D-xylose, -galactosidase, Ala-Phe-Pro-arylamidase,
cyclodextrin, L-aspartate arylamidase, 3-galactopyranosidase, a-mannosidase, phosphatase, 3-glucuronidase, L-pyrrolldonyl arylamidase, D-sorbitol, urease,
polymyxin B resistance, D-galactose, D-ribose, lactose, N-acetyl-D-glucosamine, D-maltose, bacitracin resistance, novobiocin resistance, growth in 6.5% NaCl,
D-mannitol, D-mannose, methyl-3-D-glucopyranoside, pullulan, D-raffinose, O/129 resistance (comp. vibrio.), sucrose, D-trehalose, arginine dihydrolase
2 and optochin resistance. All the strains were sensitive to triple sulphas, kanamycin, sulfonamide, novobiocin, ampicillin, and rifampicin. S: sensitive; R:

resistance.

were streaked on TSA plates and placed in an anaerobic jar
(MART), which was evacuated and flushed with Anoxomat
unit (MART) using anaerobic gas mixture consisting of
nitrogen (85%), carbon dioxide (10%), and hydrogen (5%).
Plates were incubated at 30°C for 5 days. Catalase activity,
citrate utilization (using Simmons’ citrate agar), and urea
hydrolysis were determined as described by Cowan and Steel
[21]. The hydrolysis of casein, gelatin, Tween 80, tyrosine,
starch and indole, methyl red test, Voges-Proskauer test, and
oxidase activity were assessed as described by Smibert and
Krieg [22]. Nitrate reduction was tested as described by Lanyi
[23]. VITEK 2-GP cards were used as per the instructions
of the manufacturer (bioMérieux). Acid production from
various sugars was tested on minimal medium by using the
method described by Smith et al. [24].

For cellular fatty acid analysis, the strains were grown on
TSA medium at 30°C for 36 h; fatty acids were saponified,
methylated, and extracted using the standard protocol of
MIDI (Sherlock Microbial Identification System, version 4.0).
The fatty acids were analysed by GC (Hewlett Packard 6890)
and identified by using the TSBA50 database of the Microbial
Identification System as described by Sasser [25] and Pandey
et al. [26]. Freeze-dried cells for other chemotaxonomic anal-
yses were prepared following growth of the strains in tryptic
soy broth for 4 days at 30°C. The peptidoglycan structure
was determined by using a hydrolysate of purified cell walls,
according to Schleifer [27]. The diagnostic amino acids were
separated by single dimensional ascending TLC as described
by Schleifer and Kandler [28], with the modification that
TLC on cellulose sheets (Merck 5577) was used instead of
paper chromatography. Polar lipids and menaquinones were
extracted and analysed by using the methods described by
Minnikin et al. [29] and Kroppenstedt [30].

Genomic DNA extraction, amplification, and sequenc-
ing were performed as described previously by Mayilraj
et al. [31]. The complete sequence of the 16S rRNA gene
was aligned with those of representative related taxa using
the EzTaxon server (http://www.eztaxon.org/) [32]. The 16S
rRNA gene sequence of AK-1" and the representative of
closely related species were retrieved from the EzTaxon server
and aligned using MEGA version 5.0 [32]. Phylogenetic trees
were constructed using the neighbour-joining as well as
maximum parsimony algorithms and maximum likelihood
algorithms. Bootstrap analysis was performed to assess the
confidence limits of the branching. DNA-DNA hybridization
was performed by the membrane filter method [33]. The G+C
content of the genomic DNA was determined spectropho-
tometrically (Lambda 35; Perkin Elmer) using the thermal
denaturation method [34].

3. Results and Discussion

Detailed phenotypic properties that differentiate strain
AK-1" from closely related species of the genus Agromyces
are summarized in Table 1. Most of the chemotaxonomic
properties, including the fatty acid composition, were typical
of members of the genus Agromyces. The major menaquinone
detected for the strain AK-1" is MK-12 (54.13%), while MK-
11 (14.08%) and MK-13 (31.77%) are the other minor
components; major fatty acids are anteiso-C,s,, anteiso-
C7.9> 150-Cy5,9, and iso-C,,, (Table 2); cell wall diagnostic
amino acid is 2,4-diaminobutyric acid. Major lipids are
diphosphatidylglycerol (DPG), phosphatidylglycerol (PG),
two unknown phospholipids, and one unknown glycolipid
(Figure 2). The almost complete 16S rRNA gene sequence
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Strain AK-1" (FN868445)
-Agromyces tropicus CM9-9T (AB454378)

-Agromyces soli MJ2 L (GQ241325)

-Agromyces flavus CPCC 202695" (F]529717)
Agromyces ulmi XILO1T (AY427830)

-Agromyces luteolus TFO 16235' (AB023356)

91

72 99

"Agromyces bauzanensis Bz4al" (FJ972171)
-Agromyces neolithicus 23-23" (AY507128)
95 “— Agromyces humatus CD5' (AY618216)

Agromyces italicus CD1' (AY618215)
Agromyces lapidis CD5" (AY618217)

Agromyces allii UMS-62" (DQ673873)
Agromyces terreus DS-10" (EF363711)
Agromyces salentinus 20-57 (AY507129)

77

98

 —
0.005

Agromyces rhizospherae IFO 16236" (AB023357)

Agromyces ramosus DSM 43045 (X77447)

Agromyces subbeticus 733" (AY737778)

-Agromyces albus VKM Ac-1800" (AF503917)
Agromyces fucosus VKM Ac-1345" (AY158025)

32 | | Agromyces subsp. cerinus DSM 8595 (X77448)

Agromyces cerinus subsp. nitratus ATCC 51763" (AY277619)

Agromyces atrinae p27" (FJ607310)
Leifsonia lichenia 2Sb" (AB278552)

FIGURE 1: Phylogenetic neighbour-joining tree based on 16S rRNA gene sequences (1442 bases) showing the relationship between Agromyces
arachidis AK-1" and related members of the genus Agromyces. Leifsonia lichenia 2Sb" (AB278552) was used as an outgroup. Bootstrap values
(expressed as percentages of 1000 replications) greater than 70% are given at nodes. Filled circles indicate that corresponding nodes were also
recovered in the tree generated with maximum parsimony and maximum likelihood algorithms. Bar, 0.005% sequence variation. GenBank

accession numbers are given in parentheses.

TABLE 2: Percentage of total cellular fatty acids from strains AK-1" (MTCC 10524"), A. aurantiacus (MTCC 11069"), A. soli (MTCC 110747),
A. tropicus (MTCC 11075"), A. ulmi (MTCC 10783"), A. flavus (MTCC 11103"), and A. italicus (MTCC 10784").

A. aurantiacus

Type of fatty ~ AK-1" (MTCC A. soli (MTCC A. tropicus A, ulmi (MTCC A. flavus A. italicus
acids 105247) %;CT? 11074") (MTCC 11075%) 10783") (MTCC 11103%) (MTCC 10784")
is0-Cl4:0 0.8 0.7 0.6 3.0 25 1.4 0.6
iso-C15:0 9.4 77 6.1 3.6 15.5 2.8 6.3
anteiso C15:0 477 32.7 39.5 31.9 58.3 415 40.2
is0-C16:0 1.3 1.4 18.1 32.7 1.8 23.6 18.6
C16:0 0.9 2.8 0.6 0.5 25 0.5 0.7
is0-C17:0 33 3.0 1.8 33 3.0 0.7 1.7
anteiso C 17:0 21.86 3L6 31.2 20.6 1.6 23.7 29.2
Cl18:0 tr 0.6 tr tr 1.5 tr tr
C18:3 wée ND 0.7 ND ND 13 0.7 tr
is0-C19:0 ND tr tr ND tr 1.0 ND

Data from the present study. Fatty acids amounting to <0.5% of the total fatty acids in all strains are not shown or shown as tr: traces. ND: not detected.

of strain AK-1" (1442 bases) was determined. Phylogenetic
analysis of the 16S rRNA gene sequence showed that strain
AK-1" was closely related to A. aurantiacus (98.6%) followed
by A. soli (98.3%), A. tropicus (97.6%), A. ulmi (97.3%), A.
flavus (972%), and A. italicus (97.0%). The similarities with
respect to the type strains of the remaining species of the
genus were significantly lower (95.3-96.7%). The 16S rRNA

gene sequence-based phylogenetic analysis revealed that
strain AK-1" forms a separate branch within the lineage that
includes A. aurantiacus, A. soli, A. tropicus, A. ulmi, and A.
flavus (Figure 1); this was also evident in the phylogenetic
tree constructed using maximum parsimony and maximum
likelihood algorithms (shown as closed circles at the nodes in
Figure 1) where the strain was recovered as a separate clade.
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FIGURE 2: Two-dimensional thin layer chromatograms of the total
lipids of strain AK-1", detected with molybdophosphoric acid
(5% w/v) in absolute ethanol. Phosphatidylglycerol (PG), diphos-
phatidylglycerol (DPG), unknown phospholipid (PL), and unknown
glycolipids (GL).

The DNA-DNA hybridization values for strain AK-1" with
the closely related species were less than 56.2%, which is well
below the 70% threshold value recommended for the delin-
eation of bacterial species [35]. The levels of DNA-DNA relat-
edness between strain AK-1" and other Agromyces species
were not determined, since it has been shown that organisms
with more than 3% 16S rRNA gene sequence dissimilar
belong to different genomic species [36]. On the basis of the
polyphasic data presented previously, strain AK-1" should
be placed in the genus Agromyces within a novel species, for
which we propose the name Agromyces arachidis sp. nov.

3.1. Description of Agromyces arachidis sp. nov. Agromyces
arachidis sp. nov. (ara’ chi. dis. N. L. n. Arachis-idis, a
botanical generic name; N. L. gen. n. arachidis, of Arachis,
isolated from a peanut (Arachis hypogaea) crop field).

The cells are Gram-positive, strictly aerobic, nonspore
forming, and occurring in straight or curved rods. Colonies
are yellowish, opaque, convex, entire and 1-2 mm in diameter
on tryptic soy agar medium, and capable of growing from
25°C to 37°C, with optimum for growth at 30°C and a pH
range from 6.0 to 10.0; they can tolerate up to 1.0% NaCl.
Strain AK-1" shows positive reaction for hydrolysis of starch
and negative for casein hydrolysis, urease production, MR-VP
reaction, hydrogen sulphide production, and nitrate reduc-
tion. Acid is produced from arabinose, xylose, inulin, and
lactose; it is negative for salicin, mannitol, melibiose, galac-
tose, sucrose, rhamnose, trehalose, mannose, maltose, and
raffinose. Other detailed characteristics features are men-
tioned in Table 1. Major polar lipids are phosphatidylglyc-
erol (PG) and diphosphatidylglycerol (DPG), two unknown
phospholipids (PL), and one unknown glycolipid (GL). The
major menaquinone detected for the strain AK-1" is MK-12

(54.1%), while MK-13 (31.7%) and MK-11 (14.0%) are the other
components. The predominant fatty acids are anteiso-Cj s,
anteiso-C,,.y, is0-C, 5,5, and iso-C,¢,,. The diagnostic diamino
acid in cell wall hydrolyzate is 2,4-diaminobutyric acid. The
DNA G +C content of the strain is 71.8 mol%. The type strain,
AK-1" (=MTCC 10524" = JCM 19251"), was isolated from a
soil sample collected from peanut (Arachis hypogaea) crop
field, Srikakulam, Andhra Pradesh, India.

Acknowledgments

The authors thank Mr. Malkit Singh for his excellent technical
assistance. This work was supported by the Council of Scien-
tific and Industrial Research (CSIR Network Project NWP-
006), Government of India. This is IMTECH communication
no. 056/2013. The GenBank accession number for the 16s
rRNA gene sequence of Agromyces arachidis strain is AK-1"
FN868445.

References

[1] W. E. Gledhill and L. E. Casida Jr, “Predominant catalase-
negative soil bacterialll. Agromyces, gen. n., microorganisms
intermediary to Actinomyces and Nocardia,” Applied Microbiol-
ogy, vol. 18, pp. 340-349, 1969.

[2] H. 1. Zgurskaya, L. 1. Evtushenko, V. N. Akimov et al,
“Emended description of the genus Agromyces and description
of Agromyces cerinus subsp. cerinus sp. nov., subsp. nov., Agro-
myces cerinus subsp. nitratus sp. nov., subsp. nov., Agromyces
fucosus subsp. fucosus sp. nov., subsp. nov., and Agromyces fuco-
sus subsp. hippuratus sp. nov., subsp. nov;’ International Journal
of Systematic Bacteriology, vol. 42, no. 4, pp. 635-641, 1992.

[3] K.-I. Suzuki, J. Sasaki, M. Uramoto, T. Nakase, and K. Komagata,
“Agromyces mediolanus sp. nov., nom. rev., comb, nov., a species
for “Corynebacterium mediolanum” mamoli 1939 and for some
aniline-assimilating bacteria which contain 2,4-diaminobutyric
acid in the cell wall peptidoglycan,” International Journal of Sys-
tematic Bacteriology, vol. 46, no. 1, pp. 88-93,1996.

[4] M. Takeuchi and K. Hatano, “Agromyces luteolus sp. nov., Agro-
myces rhizospherae sp. nov. and Agromyces bracchiumsp. nov.,
from the mangrove rhizosphere,” International Journal of Sys-
tematic and Evolutionary Microbiology, vol. 51, no. 4, pp. 1529-
1537, 2001.

[5] W.-J. Li, L.-P. Zhang, P. Xu et al., “Agromyces aurantiacus sp.
nov., isolated from a Chinese primeval forest, International
Journal of Systematic and Evolutionary Microbiology, vol. 53, no.
1, pp. 303-307, 2003.

[6] L. V. Dorofeeva, V. I. Krausova, L. Evtushenko, and J. Tiedje,
“Agromyces albus sp. nov., isolated from a plant (Androsace sp.),”
International Journal of Systematic and Evolutionary Microbiol-
ogy, vol. 53, no. 5, pp. 1435-1438, 2003.

[7] R.Rivas, M. E. Trujillo, P. E. Mateos, E. Martinez-Molina, and E.
Velazquez, “Agromyces ulmi sp. nov., xylanolytic bacterium iso-
lated from Ulmus nigra in Spain,” International Journal of Sys-
tematic and Evolutionary Microbiology, vol. 54, no. 6, pp. 1987-
1990, 2004.

[8] V. Jurado, I. Groth, J. M. Gonzalez, L. Laiz, and C. Saiz-
Jimenez, “Agromyces salentinus sp. nov. and Agromyces neolithi-

cus sp.nov, International Journal of Systematic and Evolutionary
Microbiology, vol. 55, no. 1, pp. 153-157, 2005.



(9]

[10

(16]

(17]

(18]

(19]

(20]

V. Jurado, I. Groth, J. M. Gonzalez, L. Laiz, B. Schuetze, and C.
Saiz-Jimenez, “Agromyces italicus sp. nov., Agromyces humatus
sp. nov. and Agromyces lapidis sp. nov., isolated from Roman
catacombs,” International Journal of Systematic and Evolution-
ary Microbiology, vol. 55, no. 2, pp. 871-875, 2005.

V. Jurado, I. Groth, J. M. Gonzalez, L. Laiz, and C. Saiz-Jimenez,
“Agromyces subbeticus sp. nov., isolated from a cave in southern
Spain,” International Journal of Systematic and Evolutionary
Microbiology, vol. 55, no. 5, Article ID 63637, pp. 1897-1901,
2005.

V. Jurado, L. Laiz, J. M. Gonzalez, M. Hernandez-Marine, M.
Valens, and C. Saiz-Jimenez, “Phyllobacterium catacumbae sp.
nov., a member of the order Rhizobiales isolated from Roman
catacombs,” International Journal of Systematic and Evolution-
ary Microbiology, vol. 55, no. 4, pp. 1487-1490, 2005.

S.-Y. Jung, S.-Y. Lee, T.-K. Oh, and J.-H. Yoon, “Agromyces allii
sp. nov., isolated from the rhizosphere of Allium victorialis var.
platyphyllum,” International Journal of Systematic and Evolu-
tionary Microbiology, vol. 57, no. 3, pp. 588-593, 2007.

J--H. Yoon, P. Schumann, S.-]. Kang, S. Park, and T.-K. Oh,
“Agromyces terreus sp. nov., isolated from soil,” International
Journal of Systematic and Evolutionary Microbiology, vol. 58, no.
6, pp. 1308-1312, 2008.

C. Thawai, S. Tanasupawat, K. Suwanborirux, and T. Kudo,
“Agromyces tropicus sp. nov., isolated from soil,” International
Journal of Systematic and Evolutionary Microbiology, vol. 61, no.
3, pp. 605-609, 2011.

E.-J. Park, M.-S. Kim, M.-]. Jung et al., “Agromyces atrinae sp.
nov.,, isolated from fermented seafood,” International Journal
of Systematic and Evolutionary Microbiology, vol. 60, no. 5, pp.
1056-1059, 2010.

D.-C. Zhang, P. Schumann, H.-C. Liu et al., “Agromyces bauza-
nensis sp. nov., isolated from soil,” International Journal of Sys-
tematic and Evolutionary Microbiology, vol. 60, no. 10, pp. 2341-
2345, 2010.

J. Chen, H.-M. Chen, Y.-Q. Zhang et al., “Agromyces flavus sp.
nov., an actinomycete isolated from soil,” International Journal
of Systematic and Evolutionary Microbiology, vol. 61, no. 7, pp.
1705-1709, 2011.

M. Lee, L. N. Ten, S.-G. Woo, and J. Park, “Agromyces soli sp.
nov., isolated from farm soil,” International Journal of Systematic
and Evolutionary Microbiology, vol. 61, no. 6, pp. 1286-1292,
2011.

R. G. E. Murray, R. N. Doetsch, and F. Robinow, “Determinative
and cytological light microscopy,” in Methods For General and
Molecular Bacteriology, P. Gerhard, R. G. E. Murray, W. A.
Wood, and N. R. Krieg, Eds., pp. 21-41, American Society for
Microbiology, Washington, DC, USA, 1994.

P. Xu, W.-J. Li, S.-K. Tang et al., “Naxibacter alkalitolerans gen.
nov., sp. nov., a novel member of the family Oxalobacteraceae
isolated from China,” International Journal of Systematic and
Evolutionary Microbiology, vol. 55, no. 3, pp. 1149-1153, 2005.
S.T. Cowan and K. J. Steel, Manual For the Identification of Med-
ical Bacteria, Cambridge University Press, London, UK, 1965.
R. M. Smibert and N. R. Krieg, “Phenotypic characterization,”
in Methods For General and Molecular Bacteriology, P. Gerhardt,
Ed., pp. 607-654, American Society for Microbiology, Washing-
ton, DC, USA, 1994.

B. Lanyi, “Classical and rapid identification methods for med-
ically important bacteria,” Methods in Microbiology, vol. 19, pp.
1-67, 1988.

(24]

(25]

(26]

[27]

(28]

[29]

(30]

(31]

(32

(33]

International Journal of Microbiology

N. R. Smith, R. E. Gordon, and E E. Clark, “Aerobic spore
forming bacteria,” Agriculture Monograph 16, United States
Department of Agriculture, 1952.

M. Sasser, “Identification of bacteria by gas chromatography of
cellular fatty acids,” MIDI Technical Note 101, MIDI, Newark,
Del, USA, 1990.

K. K. Pandey, S. Mayilraj, and T. Chakrabarti, “Pseudomonas
indica sp. nov., a novel butane-utilizing species,” International
Journal of Systematic and Evolutionary Microbiology, vol. 52, no.
5, pp- 1559-1567, 2002.

K. H. Schleifer, “Analysis of the chemical composition and
primary structure of murein,” Methods in Microbiology, vol. 18,
pp. 123-156, 1985.

K. H. Schleifer and O. Kandler, “Peptidoglycan types of bacterial
cell walls and their taxonomic implications,” Bacteriological
reviews, vol. 36, no. 4, pp. 407-477, 1972.

D. E. Minnikin, A. G. O’Donnell, and M. Goodfellow, “An inte-
grated procedure for the extraction of bacterial isoprenoid
quinones and polar lipids,” Journal of Microbiological Methods,
vol. 2, no. 5, pp. 233-241, 1984.

R. M. Kroppenstedt, “Separation of bacterial menaquinones
by HPLC using reverse phase (RP-18) and a silver loaded ion
exchanger;” Journal of Liquid Chromatography, vol. 5, pp. 2359
2367,1982.

S. Mayilraj, P. Saha, K. Suresh, and H. S. Saini, “Ornithinimicro-
bium kibberense sp. nov., isolated from the Indian Himalayas,”
International Journal of Systematic and Evolutionary Microbiol-
0gy, vol. 56, no. 7, pp. 1657-1661, 2006.

J. Chun, J.-H. Lee, Y. Jung et al., “EzTaxon: a web-based tool
for the identification of prokaryotes based on 16S ribosomal
RNA gene sequences,” International Journal of Systematic and
Evolutionary Microbiology, vol. 57, no. 10, pp. 2259-2261, 2007.
K. Tamura, D. Peterson, N. Peterson, G. Stecher, M. Nei, and
S. Kumar, “MEGA5: molecular evolutionary genetics analysis
using maximum likelihood, evolutionary distance, and max-
imum parsimony methods,” Molecular Biology and Evolution,
vol. 28, no. 10, pp. 2731-2739, 2011.

T. P. Tourova and A. S. Antonov, “Identification of microorgan-
isms by rapid DNA-DNA hybridization,” Methods in Microbiol-
ogy, vol. 19, pp. 333-355, 1988.

M. Mandel and J. Marmur, “Use of ultraviolet absorbance-
temperature profile for determining the guanine plus cytosine
content of DNA,” Methods in Enzymology B, vol. 12, pp. 195-206,
1967.

L. G. Wayne, D. J. Brenner, R. R. Colwell et al., “International
committee on systematic bacteriology. Report of the adhoc
committee on reconciliation of approaches to bacterial system-
atics,” International Journal of Systematic Bacteriology, vol. 37,
pp. 463-464, 1987,



International Joumal of

Peptide

BioMed Stem Ce||S f | ~ International ‘ urnal of
Research International International é ( Genomics

Journal of

Nucleic Acids

Hindawi

Submit your manuscripts at
http://www.hindawi.com

Journal of e The SCientiﬁC
Signal Transduction World Journal

International Journal of Biochemistry Aqvapces in .
Mlcroblology Research International Bioinformatics

Enzyme 4 International Journal of Molecular Biology

Archaea Research Evolutionary Biology International Marine Biology




