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Introduction

Natural biotopes for the occurrence of thermophilic microorganisms are
terrestrial or marine in origin and distributed worldwide [1]. Numerous
geothermal springs of different geotectonic origin and with different physical-
chemical properties are found in Armenia [2]. Recently microbiological
investigations of some Armenian geothermal springs based on culture-
independent and culture-dependent approaches were carry out. Various
thermophilic representatives of Bacillus and related genera have been isolated
and characterized from diverse hot springs in Armenia by using phenotypic and
genotypic methods [3-5]. However, distribution of representatives of the genus
Paenibacillus in geothermal springs located in Armenia is still poor investigated.

The genus Paenibaciflus was originally established in 1993 [6] and several
time was reassessed on the basis ofpolyphasic taxonomic results. There are
134 species and 4 subspecies with validly published names in the genus
Paenibacillus (http://www.bacterio.cict.fr/p/paenibacillus.html). The members of
the genus Paenibacillus exist in many kinds of habitats and the previous
described species were mostly isolated from decomposing plant materials, soil
samples and hot springs [6-11].

During a project to isolate thermophilic bacilli strains from geothermal
spring in Armenia, a paenibacilli strain, designed as ArzA-5, was isolated and
subjected to a polyphasic taxonomic study.

Material and Methods
The location of geothermal mineral spring in Arzakan was determined
using GPS technology. Water temperature, pH and conductivity were measured
in sifu using a portative combined pH/EC/TDS/Temperature tester (HANNA
HI198129/H198130). Sediment samples of the studied springs were collected in
sterile bottles and maintained on ice until processed.
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To enrich bacilli the sediment (1g) samples were treated at 80°C for 10
min, then were inoculated in Nutrient Broth (Difco) and incubated overnight at
50°C with shaking at 240 rpm. Obtained culture was further purified by
streaking samples on the same medium supplemented with agar (2%, w/v). The
subcultures purity, cell morphology, sporulation and motility were determined by
phase-contrast microscopy of freshly prepared wet mounts.

Morphological, physiological and biochemical characteristics of the isolate
were tested using by commonly accepted methods [12].

DNA was extracted from pure isolates using GenEluteTM Bacterial
Genomic DNA Kit (Sigma) according to the manufacturer’s recommendations
and used as a template in the PCR assays. 16S rRNA genes were amplified
using universal primer pairs 27f (5'-GAGTTTGATCCTGGCTCA-3') and 1525r
(5'-GAAAGGAGGAGATCCAGCC-3') (Escherichia coli numbering) [13]. PCR
mixtures used for amplification of sequences contained 10 ng DNA, 5 pl
10xPCR buffer, 5 pl 10 mM dNTP (dATP, dGTP, dCTP and dTTP), 1 pul each
primer (25 pmol/ul), 1,5mM MgCl,, 0,2 ul 7ag DNA polymerase, 2 pl0.1%
bovine serum albumin, and sterile water up to the final volume of 50 ul. PCR
amplification was completed using an DNA Engine thermocycler (BIO RAD).
First, the templates were denaturized for 3 min at 96°C, then 30 cycles of the
following steps were completed: denaturation for 30 s at 96°C for, annealing for
30 s at 55°C, and extension at 2.5 min at 72°C. The 30 cycles were followed by
a final 10 min extension at 72°C. PCR products were purified using GenEluteT
PCR Clean-up Kit (Sigma) according to the manufacturer’s recommendations,
and were sequenced with 27f primer. Sequencing was performed on a ABI
PRISM capillary sequencer according to the protocol of the ABI Prism BigDye
Terminator kit (Perkin Elmer).

16S rRNA gene sequences were compared with those contained in the
GenBank by using BLASTn search at the NCBI web site
(http://www.ncbi.nlm.nih.gov/Blast.cgi)[14]. The assembled 16S rRNA gene
sequences were aligned with a representative set of 16S rRNA gene
sequences obtained from the GenBank database. The sequences were edited
and aligned with EditSeq and MegAlign 5.1. Phylogenetic reconstructions were
produced using the neighbor-joining tree-building algorithm. Confidence in
branching points was determined by bootstrap analysis (1000 replicates) [15].
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Results and Discussion

The Arzakan geothermal spring is located at 40° 27' 36.10” N, 44° 36'
17.76" E, at 1490 m above sea level with a temperature of "44°C, pH 7.0-7.2,
and a conductivity of 4378.3 uS/sm. Arzakan spring belongs to the category of
hot springs from low-temperature fields and is characterized by neutral to
alkaline pH and high concentration of dissolved minerals and gases. The
studied spring is related to the hydrocarbonate sodium class of mineral springs
(>20% is HCO3 and >20% is Na®) [2].

Sediment samples were analyzed to evaluate the bacilli abundance. A
moderate thermophilic paenibacilli strain designed as ArzA-5 with optimum
growth temperature 45-50°C were isolated and further identified.

Colonies grown for 48 h at 45°C on NB agar are circular, convex,
creamcolored, opaque and usually 1-=3 mm in diameter (Fig. 1). Cells are
Gram-positive sporeforming rods (1.2—1.6 by 3.2—4.1um) (Fig. 2). Subterminal
oval endospores are formed in slightly swollen sporangia.

Optimum growth pH is 7.5. Oxidase and catalase positive. Nitrate is
reduced to nitrite, citrate or propionate is not utilized. Does not produce gas
from glucose. Acid is produced from various carbohydrates. Voges-Proskauer
reaction is negative, indole or hydrogen sulfide is not produced. Produces
gelatinase, amylase, lipase but not caseinase, phenylalanine deaminase or
dihydroxyacetone. The morphological, physiological and biochemical
characteristics of strain ArzA-5 and some related type strains are presented in
Table 1.

Fig. 1.The strzin AraA-5 zrown on ME Fig. 2 F.od shaped cslls of the strain
azar for 48 b at 50°C, zhowing cinoolar, ArrA-5 stained with methylens blue
convax, oreamoolored opague colomdes. {20000
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Table 1.

Differential characteristics comparison of strains ArzA-5 and the related

type strains of Paenibacillus specieas.

Phenotypic
characteristics

ArzA-5

XIL14

WP-I

DSM 24"

Cell size [um]
Width
Length

1.2-1.6
3.2-4.1

1.5-1.55
3.9-4

0.6-0.8
2.5-3.5

0.8-1.3
2.7-4.2

Motility

Endospore
Form
Location

Oval
Subterminal

Oval
Subterminal

Ellipsoidal
Terminal

Oval
Subterminal

Sporangium swell

+

+

+

Optimum temperature

45-50°C

42-45°C

37°C

Optimum pH

75

6.5-7.0

7.5

Oxidase

+

NA

Voges-Proskauer test

Nitrate reduction to
nitrite

+

+

Acid from
D-Glucose
L-Arabinose
D-Manitol

Gas from glucose

Hydrolysis of
Casein
Gelatin
Starch
Tweens

NA
NA

Utilization of Citrate

Formation of
Indole
Dihydroxyacetone

NA

Species listed are as follows: ArzA-5, P. xylanilyticus XIL14, P. thermophilus WP-I" and
P. macerans DSM 24". Data of ArzA-5 were determined in the present study. Data for P.
xylanilyticus X1L14, were obtained from Revas et al. [16], P. thermophilus WP-I" and ~.

macerans DSM 24" were obtained from Zhou et al. [11].

Symbols in the table: +, positive; -, negative; NA, not available.

16S rRNA gene from the extracted DNA of the isolate was successfully
amplified by PCR and further sequenced. BLAST results based on 16S rRNA
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gene sequences was shown the closest relative of the isolate was P.
xylanilyticus (JQ649398) with the sequence similarity rates of 97%. Neighbour-
joining phylogenetic analysis based on 16S rRNA gene sequences showed that
strain ArzA-5 has the closest affinity to the type strain of P. xylanilyticus
(JQ649398) with high level of bootstrap support (Fig. 3).

S0 StrainArzA-5
P. xylanilyticus(TQ649398)

Paenibacillus sp. (DQ497239)

P amylolyticus(AYS509232)

P. pabuii (EF156993)

P illinoisensis(HQ256551)

P durus(JQ236815)

E. coli(APD12306)

0.05

Fig. 3. Phylogenetic tree based on 16S rRNA gene sequence analysis,
constructed using the neighbor-joining method showing the position of strain ArzA-
5. Numbers on branch modes are bootstrap values (1000 resamplings, only values
above 50% are shown). Bar 0.05 substitution per nucleotide position.

The polyphasic taxonomic study results indicated that the moderate
thermophilic strain ArzA-5 probably represents a novel species or subspecies
within genus Paenibacillus. Obtained results show the importance of further
investigation to determine exact taxonomic position of the isolate.
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2uoUdNN PEPUNDPL MUELPRUSPLUSPL TSUU UUNHUUSYUS urauLluuh
(3U3UUSUL) 6NUNrURENUU3PL IULRUSPL UNP3NHPHS

3. 3. dULNU3UL
YbGuwpwlwlhwl ghunnipynlGG6nh pllGuwont,
nngtilwn, M3 wnnpbunp,
QN3 YGouwpwlnipywl, tyninghuyh U
wenng wuynbjwhbpyh wiphnt,
&N dwiplwpwlnipywl, dwlntGbph U pnyubinh YGlGuwinbfuling nghuyh
wdphnl

Upqupwh Gpypwebtipdwjhl hwlpwjhG wnpjniphg dEynuwgyb b ArzA-5 wGjw-
Gwynsywé swihwynp ptindndh) wwbGhpwghiwjhb Ynipinnepw: UGYntuwgywé Ynepnne-
pwh 16S nNLE-h gtiGh GniytinnhnuwihG hwenpnwlwbnepyniGltiph  hwibdwwnnudp
GenBank-h wnyjwiltph pwqwjnid weyw hwonpnwlwbnepyniGGEph hGwin pnyp £ ndbg
npwlg 97% Gowbnipjwip OGnyGwlywhgltp Paenibacillus xylanilyticus intuwyhG: Utynt-
uwgywd Ynipinnipwih wnihdwquiyhl nwpunGndhwlwb Jbppnednepyniip Jyugnid £
npw Paenibacillus gtinh Gnp nbuwyh Yuwd Ghpwnbuwyh wwnywbtbhnipjwb dwuhG:

Pwluyh pwnrbn - Paenibacilles, tnynwobinduyhl wnpninlbn, ptndnppy G
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YMEPEHHbIW TEPMO®UNbHbIA NAEHUBALMNAPHbIN
LUTAMM, U3ONUPOBAHHbIA U3 TEEOTEPMAJIBHOIO
MWUHEPAINbHOINO UCTOYHUKA AP3AKAHA (APMEHMUSA)

0. A. NAHOCAH

KaHnOudam buonoeuyeckux Hayk, doueHm, npogpeccop TY,

kaghedpa buonoauu, akosio02uu u 300poeo2o obpasa XusHu ITY,

kaghedpa bakmepuonozauu u buomexHonoaul pacmeruli u 6akmeput EI'Y

N3 reoTepmanbHOro MmHepanbHOrO UCTOYHMKA Ap3akaH U3onvMpoBaHa
yMmepeHHasi TepMmodmnbHas naeHnbaunnsapHasa KynbTypa obo3HaveHHas Kak
ArzA-5. CpaBHeHune nocneposaTensHocTen 16S pAHK nsongarac Hykneotua-
HbIMW nocnegoBaTenbHocTAMM 6a3bl AaHHbIX GenBank’a ykasbiBaeT Ha ero
99% cxopcTteo ¢ Paenibacillus xylanilyticus. TlonndasHbli TAKCOHOMUYECKNIA
aHanu3 usonsdta CBUAETENCTBYET ero NpUHaaneXxHoCTb K HOBOMY BUOY Unn
noasuay pona Paenibacillus.

Knroyeenie cnoea: Paenibacillus, czeomepmasibHble UCMOYHUKU, mep-
mMobusbl
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