Korean J. Microbiol. Biotechnol. (2013), 41(3), 278-283
http://dx.doi.org/10.4014/kjmb.1301.01004

pISSN 1598-642X elSSN 2234-7305

éKJMB

Korean Journal of Microbiology and Biotechnology

Characterization of the Thermophilic Bacterium Geobacillus
sp. Strain GWE1 Isolated from a Sterilization Oven

Correa-Llantén, Daniela’?*, Juanita Larrain-Linton', Patricio A. Mufioz"?, Miguel Castro', Freddy Boehmwald', and

Jenny M. Blamey?*

"Fundacién Biociencia, Santiago, Chile

2Doctorado en Biotecnologia, Universidad de Santiago de Chile, Facultad de Quimica y Biologia, Santiago, Chile

Received : January 8, 2013 / Revised : May 8, 2013 / Accepted : July 12, 2013

A gram-positive, rod-shaped, spore-forming, motile thermophilic bacterium was isolated from a sterilization oven. The microor-
ganism GWE1, formally named Geobacillus wiegelii identified as a member of the genus Geobacillus. GWE1 grew under aerobic
conditions of between 60-80°C (optimum 70°C), in a pH range of 3.0-8.0 (optimum pH’®C 5.8), and between 0 and 2 M NaCl
(optimum 0.3 M). The membrane polar lipids were dominated by branched saturated fatty acids, which included as the major
constituents; iso-15:0 (13.3%), 16:1(w7) (12.8%), 16:0 (28.5%), iso-17:0 (13.5%) and anteiso-17:0 (12.3%). The DNA G+C
content was 47.2 mol% (determined by HPLC). The 16S rRNA gene sequence of GWE1 showed a high similarity with Geoba-
cillus caldoxylosilyticus (97%). However, the level of DNA-DNA relatedness was only 58%. These data suggest that GWE1 is

probably a novel specie of the genus Geobacillus.
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Introduction

The genus Geobacillus was introduced by Nazina et al.
(2001) [19]. To date, 16 different species of this genus have
been reported [4].

Although the searching of thermophiles has been usually
performed in ‘hot’ environments, these thermophilic bacilli
have been also found in cool soil environments [1, 15, 16].
In particular, members of genus Geobacillus are widely dis-
tributed and not restricted to specialized nutritional environ-
ments. Oxygen is usually the terminal electron acceptor for
aerobic respiration in members of genus Geobacillus, how-
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ever, facultative anaerobes of this genus can replace oxy-
gen by nitrate.

They are Gram-positive, rod-shaped, motile cells, present
in single or short chains and includes microorganisms with
optimal growth temperature ranging between 37-75°C [19].

Geobacillus have been described as sources of interest-
ing enzymes such as proteases [3], lyases [7], esterases
[17], amylase and -galactosidase and cellulolytic enzymes
[24] among others.

This report presents the isolation of Geobacillus wiegelii
(GWE1), a microorganism isolated from a sterilization
oven, an environment where temperature can easily sur-
pass 150°C. Drastic changes in humidity and periodic
cleaning desiccation cycles of the equipment with oxidizing
solutions, organic solvents, among others, make this an
extremely hostile environment previously thought to be
unable to sustain life.

Here we described the isolation and characterization of a
a new microorganism Geobacillus wiegelii belonging to
genus Geobacillus.
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Materials and Methods

Sample collection and isolation procedure

GWET1 strain was isolated from samples consisting of a
dry, dark brown crust, aseptically collected from the corners
and cracks of a sterilization oven. Samples were cultivated
in rich liquid modified marine medium containing: 2.5 g/l
yeast extract, 2.5 g/l peptone, 0.0025 g/l citrate, 1.5 g/l mal-
tose, 0.6 g/l NH4CI, 17.5 g/l NaCl, 1.75 g/l MgSQy, 0.16 g/l
KCI, 0.38 g/l CaCly, 0.25 g/l KH,PO4, 0.025 g/l NaBr,
0.0075 g/l H3BO3, 0.0038 g/l SrCl,, 0.025 g/l KI, 0.0055 g/l
FeCls, 0.0025 g/l MnSQ4, 0.0015 g/l Na;WO,4 x 2H,0,
0.001 g/l NiCl;, 0.0005 g/l CoSO4, 0.0005 g/l ZnSQ4,
0.00005 g/l CuSQ4, 0.00005 g/l Na;MoOy4. For colony isola-
tion, medium was supplemented with Gelrite at 1.5% (w/v).
GWE1 stands for Geobacillus wiegeli. GWE1 has been
deposited in DSMZ (DSM 24745).

Morphological and biochemical characterization

Cell morphology was examined by Scanning Electron
Microscopy (SEM) using an electronic microscope JEOL
JSM-T300 (resolution up to 10 nm). Gram staining was per-
formed [2]. To determine the optimum growth conditions of
GWE1, the bacterium was grown at a temperature range
from 60-80°C, pH range from 3.0-8.0 and NaCl concentra-
tion range from 0-2.0 M. Growth was monitored in a spec-
trophotometer at 600 nm.

Gelatin degradation was determined by growing the
microorganism on media containing 15% gelatin. Oxidase
activity was detected by the method of Cowan and Steel
[5]. Under anaerobic conditions, nitrate reduction was
determined using the method of Lanyi [13]. Growth on sole
carbon source was performed by substituting yeast extract,
peptone, citrate and maltose from the medium with 0.3%
(w/w) of each of the following compounds: glucose, lactose,
xylane, arabinose, maltose, xylose, starch, fructose, galac-
tose, gluconate, mannose and cellulose. To identify some
of the enzymes produced by GWE1, the qualitative test
APYZYM (bioMérieux, Inc.) was performed. All experi-
ments were performed in triplicates.

Analysis of cellular fatty acids

Cellular fatty acids were extracted from GWE1 dry cells
by soxhlet extraction for 48 h with chloroform/methanol
(1:1, viv), methylated and then analyzed by using GC/MS
following the instructions of the Microbial Identification Sys-

tem (MIDI, Microbial ID Inc.).

Phylogenetic analyses and DNA-DNA hybridization

Genomic DNA was isolated using chloroform-isoamyl
alcohol extraction procedure [12]. The 16S rRNA gene was
amplified from genomic DNA by PCR using primers 27F
[21], E341F, E939R [22, 30] specific for bacteria, and the
universal primer 1492R [28].

Obtained sequences were assembled, analyzed, and
manually edited using ChromasPro software (Technely-
sium Pty Ltd.) for a final sequence extension of ~1400 bp.
16S rRNA sequence of strain GWE1 was aligned with
sequences from microorganisms belonging to genus Geo-
bacillus available in Genbank, using the multiple sequence
alignment program ClustalW software [10, 29]. The acces-
sion number of GenBank for the 16S rRNA gene of GWE1
is FJ598658.

Phylogenetic analyses were conducted using the soft-
ware MEGA 4 [27]. The phylogenetic tree was inferred from
the multiple-sequence alignments, after the removal of all
gaps, by Neighbor-Joining method [23, 26]. The evolution-
ary distances were computed using the Maximum Com-
posite Likelihood [26]. One thousand bootstrap replicates
were used to estimate the reliabilities of the nodes on the
phylogenetic trees [8].

The G+C content of GWE1 genomic DNA was deter-
mined at the DSMZ (Leibniz Institute, Germany) according
to the method of Mesbah et al. [18], using a HPLC system
(Shimadzu, Japan) and Bacillus subtilis (DSM 402), Xanth-
omonas campestri pv. campestris (DSM 3586") and Strep-
tomyces violaceoruber (DSM 40783) as references.

DNA-DNA hybridization was determined at the DSMZ as
described by De Ley et al. [6], considering the modifications
described by Huss et al. [11] using a model Cary 100 Bio
UV/VIS-spectrophotometer equipped with a Peltier-thermo-
statted 6x6 multicell changer and a temperature controller
with in situ temperature probe (Varian). We have performed
the DNA-DNA hybridization of Geobacillus wiegelii (GWE1)
against Geobacillus caldoxylosilyticus (DSM 12041T), Geo-
bacillus stearothermophilus (DSM 227) and against Geoba-
cillus tepidamans (DSM 16325T).

Results and Discussion

This report presents the isolation of a microorganism
from a sterilization oven, an environment where tempera-

September 2013 | Vol. 41 | No. 3



280 | Correa-Llantén et al.

ture can easily surpass 150°C. Drastic changes in humidity
and periodic cleaning desiccation cycles of the equipment
with oxidizing solutions, organic solvents, among others,
make this an extremely hostile environment previously
thought to be unable to sustain life. The isolation of thermo-
philic bacteria from anthropogenic hot environments has
only occurred recently. Geobacillus wiegelii (GWE1), a ther-
mophilic member of Geobacillus genus, was isolated from
samples consisting of a dry and dark brown crust, collected
aseptically from the corners and cracks of a sterilization
oven. Samples were inoculated in 20 ml of modified marine
medium for 22 h at 70°C and then plated on solid medium.
Colonies were pick-up and re-inoculated in fresh medium.
Serial dilution was performed on the culture until obtaining
an axenic culture with microorganisms that presents similar
morphology and growth conditions.

In solid medium, colonies of GWE1 were white-colored,
circular, convex, non-translucent with entire margins of 1.0-
2.0 mm in diameter. Cell staining revealed gram-positive
bacilli. Electron microscopy showed rod-shaped microor-
ganims with 0.8-1.0 um width and 8.0 um length (Fig. 1A,
Table 1). The formation of oval shaped terminal endospores
was only detected when fresh cultures were exposed at
—20°C. No diffusible pigments were produced on any
media tested. GWE1 grows optimally at 70°C at pH 5.8 and
0.2 M of NaCl. Moreover, this bacterium can grow in the
range of temperature between 60-80°C and pH range of
3.0-8.0. GWE1 was able to grow under microaerophilic
conditions using nitrate as final electron acceptor. These
properties are shared with some members of Geobacillus
genus. Furthermore, the ability of GWE1 to survive at
150°C is probably due to a sporulation phenomenon that is

Fig. 1. Electron microscopy of strain GWE1. It shows a rod
shaped microorganisms with a length of about 8.0 um.
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triggered at high temperatures, in desiccation conditions,
and under exposure to ultraviolet radiation of A, B and C
type. Table 1 resumes the characterization of GWE1.
GWE1 produced acid from lactose, xylose, galactose,
glucose and starch as sole carbon source. Slight acid pro-
duction was observed in the presence of arabinose. Growth
with no acid production was observed in the medium that
contained maltose as carbon source. However, no growth
was observed on fructose, gluconate, mannose, cellulose

Table 1. Characterization of the strain GWE1.
The symbols represent: +, positive reaction; —, negative reac-
tion; and w, weakly positive reaction.

Characteristic GWE1
Cell width (um) 0.8-1.0
Cell length (um) 8.0
Motility -
DNA G+C content (mol%) 47.2
NaCl range (M) 0-2.0
pH range 3.0-8.0
60-80

Temperature range (°C)
Acid production from:
Lactose

Xylose

Glucose

Galactose

Starch

Arabinose

+ o+ o+ o+ o+

=

Xylane -
Maltose -
Fructose -
Gluconate -
Mannose -
Cellulose -
Nitrate reduction to nitrite +
Enzimatic activity:

Gelatin degradation -
Oxidase -
Esterase (C4)

Lipase (C8)
o-galactosidase
B-galactosidase
Alkaline phosphatase
Acid phosphatase

+ o+ o+ o+ o+ o+ 4+

Leucine arylamidase
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and xylan. GWE1 was able to reduce nitrate under anaero-
bic conditions, suggesting that this bacterium possesses
the metabolic machinery to carry out denitrification. Nitrate

Table 2. Whole-cell fatty acid profile of GWE1.

The profile is given as percentage composition. The double bond
position was determined only for C16:1w7. Abbreviations: o, dou-
ble bond position described as the number from the methyl end
of the fatty acid.

could also be used by GWE1 as electron acceptor being
reduced to nitrite , allowing its growth under anaerobic con-
ditions.

Enzymatic activities were negative for gelatin degrada-
tion and oxidase test. Furthermore, the APl ZYM test
showed that GWE1 possesses the enzymatic activities:
lipase (C8), esterase (C4), o and -galactosidase, alkaline-
and acid- phosphatase and leucine arylamidase. Previous
studies revealed the presence of lipase, esterase, p-galac-
tosidase, alkaline- and acid- phosphatase activities from
different member of genus Geobacillus [14, 17, 25, 31, 32].

Lipid composition of GWE1 was obtained (Table 2). The
cellular polar lipids of GWE1 were identified as branched
saturated fatty acids, the double bond position was deter-
mined only for C16:1w7 (Table 2). The major cellular fatty
acids were is0-15:0, iso-16:0 and iso-17:0, as described for
the genus, but they are present in different percentage. In
GWE1 the major fatty acids represent 13.6, 28.5 and
13.5%, indicating that GWE1 possesses differences in its
lipid composition regarding other members of genus Geo-
bacillus. It was demonstrated that at higher temperatures
the percentage of iso-15:0, iso-17:0 is increased, due to

Geobacillus kaustophilus NCIMB 85477 (X60618)
Geobacillus thermoleovorans ATCC 435137 (M77488)
Geobacillus lituanicus N-3T (AY044055)

Geobacillus vulcaniDSM 131747 (AJ293805)
Geobacillus thermocatenulatus DSM 7307 (226926)
Geobacillus gargensis Ga™ (AY193888)

Geobacillus stearothermophilus DSM 227 (AJ294817)
Geobacillus uzenensis UT (AF276304)

Geobacillus jurassicus DS1T (AY312404)

Geobacillus thermodenitrificans DSM 4657 (226928)

80 L Geobacillus subterraneus 347 (AF276306)

Geobacillus caldoxylolyticus ATCC 700356 (AF067651)
Geobacillus sp. GWE1T (FJ598658)

Geobacillus thermantarcticus DSM 95727 (FR749957)

Geobacillus thermoglucosidasius ATCC 437427 X60641
Geobacillus toebii BK-1T 1 (AF326278)

Geobacillus debilis TfT (AJ564616)

Fatty acid GWE1
iso-14:0 0.5
14:0 3.1
is0-15:0 13.6
anteiso-15:0 3.6
15:.0 3.2
16:1(w7) 12.8
16:0 28.5
is0-17:0 13.5
anteiso-17:0 12.3
17:0 29
18:1 26
18:0 35
76
68
52
100
92
0.0z

Escherichia coli ATCC 117757 (X80725)

Fig. 2. Phylogenetic position of GWE1 with other validly described species of the genus Geobacillus based on 16S rRNA gene.
Escherichia coli was used as outgroup. Phylogenetic tree was inferred by Neighbor-Joining method. The percentage of replicate
trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the tree branches.
The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic
tree. The nucleotide sequence accession numbers are indicated in the tree.
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high melting points (52.2°C and 60.5°C respectively). The
contribution of iso-16:0 appears to be strain and specie
specific. For example in Thermus aquaticus, iso-16:0 is
present in higher percentage than in Thermus thermophi-
lus [20].

Phylogenetic analysis based on the 16S rDNA reveal
that GWE1 belongs to the genus Geobacillus and it is
closely related with G. caldoxylosilyticus forming a well sup-
ported cluster with this bacterium. The phylogenetic dis-
tance between them was 0.97% (Fig. 2).

The obtained data were well correlated with the biochem-
ical and microbiological data for members of the genus
Geobacillus.

The genomic DNA G+C content of GWE1 does not show
a notable difference with other members of Geobacillus
genus. GWE1 possesses 47.2 mol% of G+C content, while
this content for members of Geobacillus genus is 48.2-58
mol% [19].

Furthermore, in order to unequivocally determine the
species status of the new isolate, DNA-DNA hybridization
experiments were performed. The reassociation values
with strain Geobacillus caldoxylosilyticus DSM 120417 was
well below the threshold for species identity (58%), indicat-
ing that GWE1 is a new specie. This strain was deposited
in DSMZ (DSM 24745) in a protected way, due to its bio-
technological potential.

Acknowledgments

This work was supported by grant FA9550-06-1-0502 from the
US-Air Force Office of Scientific Research (AFOSR). Professor
Parkson Lee-Gau Chong from Temple University, Philadelphia,
USA for the lipids analysis.

References

1. Banat I, Marchant R, Rahman T. 2004. Geobacillus debilis sp.
nov., a novel obligately thermophilic bacterium isolated from a
cool soil environment, and reassignment of Bacillus pallidus to
Geobacillus pallidus comb. nov. Int. J. Syst. Evol. Microbiol.
54: 2197-2201.

2. Bergey DH, Holt J, Krieg N, Sneath P. 1994. Bergey's Manual
of Determinative Bacteriology. 9th edition ed: Lippincott Will-
iams & Wilkins.

3. Chen XG, Stabnikova O, Tay JH, Wang JY, Tay ST. 2004.
Thermoactive extracellular proteases of Geobacillus cal-
doproteolyticus, sp. nov., from sewage sludge. Extremophiles
8: 489-98.

http://dx.doi.org/10.4014/kjmb.1301.01004

4. Coorevits A, Dinsdale A, Halket G, Lebbe L, De Vos P, Van
Landschoot A, et al. 2012. Taxonomic revision of the genus
Geobacillus: emendation of Geobacillus, G. stearothermophi-
lus, G. jurassicus, G. toebii, G. thermodenitrificans and G. ther-
moglucosidans (nom. corrig., formerly ‘thermoglucosidasius’);
transfer of Bacillus thermantarcticus to the genus as G. ther-
mantarcticus comb. nov.; proposal of Caldibacillus debilis gen.
nov., comb. nov.; transfer of G tepidamans to Anoxybacillus
as A. tepidamans comb. nov.; and proposal of Anoxybacillus
caldiproteolyticus sp. nov. Int. J. Syst. Evol. Microbiol. 62:
1470-1485.

5. Cowan ST, Steel KJ. 1965. |dentification of Medical Bacteria.
Appx. D, pp. 146-165. University Press, Cambridge.

6. De Ley J, Cattoir H, Reynaerts A. 1970. The quantitative mea-
surement of DNA hybridization from renaturation rates. Eur. J.
Biochem. 12: 133-142.

7. Derekova A, Sjgholm C, Mandeva R, Michailova L, Kambou-
rova M. 2006. Biosynthesis of a thermostable gellan lyase by
newly isolated and characterized strain of Geobacillus stearo-
thermophilus 98. Extremophiles 10: 321-326.

8. Felsenstein J. 1985. Confidence limits on phylogenies: An
approach using the bootstrap. Evolution 39: 783-791.

9. Fortina MG, Mora D, Schumann P, Parini C, Manachini PL,
Stackebrandt E. 2001. Reclassification of Saccharococcus
caldoxylosilyticus as Geobacillus caldoxylosilyticus (Ahmad et
al. 2000) comb. nov. Int. J. Syst. Evol. Microbiol. 51: 2063-
2071.

10. Higgins DG, Sharp PM. 1988. Clustal:a package for perform-
ing muliple sequence alignments on a microcomputer. Gene
73: 237-244.

11. Huss VAR, Festl H, Schleifer KH. 1983. Studies on the spec-
trophotometric determination of DNA hybridization from rena-
turation rates. Syst. Appl. Microbiol. 4: 184-192.

12. Johnson JL. 1981. Genetic characterization, pp. 450-472. In
Murray RGE, RN Costilow, EW Nester, WA Wood, NR Krieg,
and GB Phillips, (ed.), Manual of methods for general bacteri-
ology. ASM, Washington, D.C.

13. Lanyi B. 1987. Classical and rapid identification methods for
medically important bacteria. Methods Microbiol. 19: 1-67.

14. Li H, Zhang X. 2005. Characterization of thermostable lipase
from thermophilic Geobacillus sp. TW1. Protein Expr. 10Purif.
42: 153-159.

15. Marchant R, Banat IM, Rahman TJ, Berzano M. 2002a. What
are high temperature bacteria doing in cold environments?
Trends Microbiol. 10: 120-121.

16. Marchant R, Banat IM, Rahman TJ, Berzano M. 2002b. The
frequency and characteristics of highly thermophilic bacteria
in cool soil environments. Environ. Microbiol. 4. 595-602.

17. Metin K, Burcu Bakir Ateslier Z, Basbulbul G, Halil Biyik H.
2006. Characterization of esterase activity in Geobacillus sp.
HBB-4. J. Basic Microbiol. 46: 400-409.

18. Mesbah M, Premachandran U, Whitman W. 1989. Precise
measurement of the G+C content of deoxyribonucleic acid by



19.

20.

21.

22.

23.

24.

25.

Geobacillus sp. Strain GWE1 Isolated from a Sterilization Oven

high performance liquid chromatography. Int. J. Syst. Bact. 39:
159-167.

Nazina TN, Tourova TP, Poltaraus AB, Novikova EV, Rigoryan
GAA, lvanova AE, et al. 2001. Taxonomic study of aerobic
thermophilic bacilli: descriptions of Geobacillus subterraneus
gen. nov., sp. nov. and Geobacillus uzenensis sp. nov. from
petroleum reservoirs and transfer of Bacillus stearothermophi-
lus, Bacillus thermocatenulatus, Bacillus thermoleovorans,
Bacillus kaustophilus, Bacillus thermoglucosidasius and Bacil-
lus thermodenitrificans to Geobacillus as the new combinations
G stearothermophilus, G. thermocatenulatus, G. thermoleo-
vorans, G. kaustophilus, G. thermoglucosidasius and G. ther-
modenitrificans. Int. J. Syst. Evol. Microbiol. 51: 33-446.
Nordstrom KM, Laakso SV. 1992. Effect of growth tempera-
ture on fatty acid composition of ten Thermus strains. Appl.
Environ. Microbiol. 58: 1656-1660.

Reysenbacha AL. 2001. Microbiology of ancient and modern
hydrothermal systems. Trends Microbiol. 9: 79-86.

Rudi K, Skulberg OM, Larsen F, Jacoksen KS. 1997. Strain
classification of oxyphotobacteria in clone cultures on the
basis of 16S rRNA sequences from variable regions V6, V7
and V8. Appl. Environ. Microbiol. 63: 2593-2599.

Saitou N, Nei M. 1987. The neighbor-joining method: A new
method for reconstructing phylogenetic trees. Mol. Biol. Evol.
4: 406-425.

Tai SK, Lin HP, Kuo J, Liu JK. 2006. Isolation and character-
ization of a cellulolytic Geobacillus thermoleovorans T4 strain
from sugar refinery wastewater. Extremophiles 8: 345-349.
Solimam NA. 2008. Coproduction of thermostable amylase
and beta-galactosidase enzymes by Geobacillus atearother-
mophilus SAP-40: aplication of Plackett-Burman design to

26.

27.

28.

29.

30.

31.

32.

283

evaluate culture requirements affecting enzyme production. J.
Microbiol. Biotechnol. 18: 695-703.

Tamura K, Nei M, Kumar S. 2004. Prospects for inferring very
large phylogenies by using the neighbor-joining method.
PNAS (USA) 101: 11030-11035.

Tamura K, Dudley J, Nei M, Kumar S. 2007. MEGA4: Molecu-
lar Evolutionary Genetics Analysis (MEGA) software version
4.0. Mol. Biol. Evol. 24: 1596-1599.

Tanner MA, Coleman WJ, Yang MM, Youvan DC. 2000. Com-
plex microbial communities inhabiting sulfide-rich black mud
from marine coastal environments. Biotechnology et alia 8: 1-
16.

Thompson JC, Higgins DG, Gibson TJ. 1994. CLUSTAL W:
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting position, specific gap
penalties, and weight matrix choice. Nucleic Acids Res. 22:
4673-4680.

Watanabe K, Kodama Y, Harayama S. 2001. Design and
evaluation of PCR primers to amplify bacterial 16S ribosomal
DNA fragments used for community fingerprinting. J. Microb.
Method. 44: 253-262.

Zhang Y, Ji C, Zhang X, Yang Z, Peng J, Qiu R, et al. 2008. A
moderately thermostable alkaline phosphatase from Geoba-
cillus thermodenitrificans T2: cloning, expression and bio-
chemical characterization. Appl. Biochem. Biotechnol. 151:
81-92.

Zhang Y, Yang Z, Huang X, Peng J, Fei X, Gu S, et al. 2008.
Cloning, expression, and characterization of a thermostable
PAP2L2, a new member of the type-2 phosphatidic acid phos-
phatase family from Geobacillus toebii T-85. Biosci. Biotech-
nol. Biochem. 72: 3134-3141.

September 2013 | Vol. 41 | No. 3



