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Introduction. Lipases (E.C. 3.1.1.3) catalyze the hydrolysis of acyl-
glycerol long chains. They are widely present in nature amdoand in plants,
animals and microorganisms [1]. Bacterial and fungal lipasesised in food,
detergent, drugand cosmetics productions due to the unique ability of
performing chemical biotransformation [2-4]. Bacterial lipaaes stable and
active in organic solutions, do not require co-enzymes, they have hegbeof
enantomeric excess and have wider range of substrate seleatiprared to
inorganic catalyzers [5, 6].

Many representatives of the geracillus and related genera isolated from
diverse extreme environments like terrestrial geotherpahgs and marine
hydrothermal vents have been reported as the main source of ttaimost
lipases [7, 8]. Lipases from bacilli are easily produced arsglaidj high
tolerance toward organic solvents, proving them useful in thbesistof esters
for food industry, cosmetics and biodiesel production. Many of therserve
their activity at extreme temperatures and pH, and therdfeyectin be applied
in laundry formulations [9]. Thermostable enzymes are ablbrave high
temperature, thus endow longer half-life to the biocatalyleirTability to
conduct various reactions to higher process rates because e&s@cin
substrate diffusion coefficient and reduce viscosity at higleenperatures
makes them a preferred choice over mesophilic sources [1@tiésobf more
thermostable lipase producers from high temperature environsgetisas hot
springs is required in order to satisfy the need for thermozymes.

The aim of the presented work was the screening activeslipasiucers
among the thermophilic bacilli strains isolated from differgaothermal
springs of Armenia, their identification based on phenotypic chaistats, as
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well as the estimation of the effects of temperature andopHheir lipase
production and activity.

Materials and methods. Enrichment and selection of active lipase
producers The 72 thermophilic bacilli strains used in this study have been
previously isolated from the geothermal springs distributed in Arméaija [

All isolates were preliminary screened for their lipaactivity in the solid
medium containing Tween 80 (1%), Ca(D.1%), peptone (0.5%), NacCl
(0.5%) and agar (1%), pH 7.0 [12]. The plates were incubating at 5.
lipase activity was measured by the diameter of the mtatgd area formed
around the colony after 72 h of incubation. The lipase activity intdéx) (
value, which represents the ratio between the halo diamedetha microbial
colony diameter, were used to evaluate the production level of lipase.[7, 13]

Phenotypic characteristics of selected isolatelécrobial colonies were
described by color, size, shape, surface and margins on nutrient(Hih
agar. The cell morphology, sporulation and motility were detemininelight
microscope (Motic 10).

The temperature range for growth was determined after irionbaf
isolates at temperature from 25 to 65°C with 10°C intervals. pHe
dependence of growth was tested at pH range from 5 to 10. The anaerob
growth, catalase and oxidase activity, reduction of nitrate titenitvoges-
Proskauer reaction, formation of dihydroxyacetone and indol weeenteed
according to [14]. The utilization of citrate and different stdies as carbon
sources (D-glucose, L-arabinose and D-mannitol) was determined tirging
Simmon’s and Hugh Leyfsona’s medium, correspondingly [12]. The casein,
starch and gelatin hydrolyses were tested by streak flask technidue [12

The identification of microorganisms was performed accordingh&®
Bergey's manual [15].

Effect of temperature and pH on lipase productibine optimal conditions
for enzyme production were tested in an inducing medium with pH froh®.0
containing 1% Tween 80 as a substrate [16]. The plates were timgulod
temperatures from 25 to 65 °C with 10°C intervals. The lipasigity index
(LAI) was collaborated to find the optimal conditions for lipase production.

Determination of crude lipase activity at different pH and tempeeat
Lipase activity was measured by titrating free fattylaceleased by hydrolysis
of tween [12, 17]. Bacteria were cultured in the enrichment medantinciing
1% tween 80 overnight with shaking (150 rpm) at 55°C. The cultures wer
centrifuged at 9000 rpm for 5 min and supernatant was used aserrzyglae
source. Reaction mixture containing 1.0 ml tween 80, 5.0 ml buffer (50 mM
sodium acetate buffer (pH 5), 50 mM phosphate buffer (pH 6.0 and 7.0), 50
mM Tris—HCI (pH 8.0 and 9.0) or 50 mM sodium bicarbonate buffer (pH 10))
and 1.0 ml of crude enzyme was incubated with shaking (150 rpm) at
temperature ranging between 25°C and 65°C with 10°C intervals3@or
minutes. The reaction was terminated by adding 1 ml ethaddiiteated with
0.1 N potassium hydroxide using phenolphthalein (0.1%) as an indicator. The
control contained the same ingredients, but the reaction wanéteahiprior to
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addition of the crude enzyme. One unit of lipase activity (U5 defined as the
release of luimol of fatty acid per min under mentioned conditions.
Statistical analysisThe standard deviation, standard error and mean values
were calculated using Microsoft Excel 2010, R-Project. Thealpes were
calculated using the R-Project online resource for statisttomputing
(http://www.r-project.org/).
Results and discussion. Detection of active lipase producets order to detect
the lipase producing strains all bacilli cultures were eaféd on medium
containing tween 80 as carbon and energy source. From 72 stalidll
strains 20 were detected to be lipase producers. The correspoeslitig are
represented in Table 1.
Tablel
Number of lipase producer s among screened bacilli isolates
in the media containing Tween 8

0

(hoot“s?r;rr]ing Numbgr of Number of Iipase

location ) screened isolates| producer strains
Jermuk 15 4
Uyts 16 4
Akhurik 10 6
Gyl 3 2
Arzakan 10 1
Qarvachar 10 4
Hangavan 6 2
Darayurd 1 1
Bjni 1 0

Two most active lipase producers designed as strains Akhurikah@6
Ackurik 107 were selected for further studies. The LAl vafieesAkhurik 106
and Akhurik 107 were 2.0 cm and 1 cm, respectively (Fig. 1).

Fig. 1. Lipase production by the studied strains {Gaalts of fatty acids precipitation
zones around the colonies indicate lipase produoctiBor the others to this and the
other figures, see Materials and methods.
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Phenotypic characteristics of selected isolatén solid NB the strain
Akhurik 106 formed irregular, white colored, opaque, flat, smooth syrface
lobate margin, homogenous colonies, while the strain Akhurik 107 formed
circular, milky colored, umbonate, homogenous colonies (Fig. 2).

Fig. 2. Colonies and morphological characteristicékhurik 106 and Akhurik 107

Table2
Some phenotypic characteristics of the studied isolates

Phenotypic characteristics Akhurik 106 Akhurik 107 B. subtilis*
Cell size [um]

Width 1.5-2.0 1.0-2.0 0.7-0.8

Length 4.0-5.0 4.0-5.0 2.0-3.0
Motility + + +
Endospore

Form Ellipisoidal Ellipisoidal Ellipsoidal

Location Central Central Subterminal

Swell sporangia - - -
Optimum temperature 55°C 55°C 28-30°C
Optimum pH 6.5-7.0 7.0-8.0 5.5-8.5
Oxidase + i +/-
Voges-Proskauer test - + +
Nitrate reduction to nitrite - + =
Acid from

D-Glucose + + +

L-Arabinose + + +

D-Manitol + + +
Gas from glucose - - -
Hydrolysis of

Casein - - +

Gelatin + + +

Starch + + +
Utilization of citrate - - +
Formation of

Indole - - NA

Dihydroxyacetone - + NA

*B. subtilis was chosen as a reference strain [Bergey's MamfialSystematic
Bacteriology, 2009].
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Cells of the strains were Gram positive, motile rod shapedngain length
between 4.0 to 5.0m and in width between 1.0 to 2uth (Fig. 2).

The cells formed central ellipsoid endospores. The strahudk 107 was
positive according to Voges-Proskauer test, formed dihydroxgaeetnd
reduced nitrite from nitrate. The isolates hydrolyzed starchgatatin, but did
not use citrate and did not form gas from glucose. Some phenotypic
characteristics of the isolates are displayed in the Table 2.

The both strains showed ability to growth in the different raofe
temperature. The optimal temperature value was 55°C. The pH rangevitin g
of strains Akhurik 106 and Akhurik 107 was from 6.0 to 9.0 with the optimum
pH at 6.5-7.0 and 7.0-8.0, correspondingly.

Following to the criteria of Bergey’'s manual the isolatesewdentified as
Bacillus sp. (Akhurik 106) andBacillus licheniformis(Akhurik 107). The
identification of the studied isolates up to species shouldbfirmed by 16S
rDNA analysis.

Effect of temperature and pH on lipase productibime enzyme production
by microorganisms depends on environmental conditions such as tamperat
and pH, and presence of inductors or repressors [16]. The pH of the medium
plays a critical role for the optimal physiological perfarmes of the bacterial
cell and the transport of various nutrient components acrosthmembrane
aiming at maximizing the enzyme yields. In an order to optimizedhditions
for lipase production by selected bacilli the LAl were evadah Petri dishes
containing the inducing medium with pH from 5.0-10. Incubation was
performed at optimum growth temperature of the strains. &&ts indicated
that the strains able to produce lipase from wide range dfrpkh 5.0 to 10),
but the highest lipase production (LAl 1.4) of tlBacillus licheniformis
Akhurik 107 occurred in the medium with pH 7.0. For the stBagillus sp.
Akhurik 106 the highest lipase production (LAl 1.5) observed at pHr&l(r 0
(Fig. 3). Willerding A.L. et al. [16], showed the highest lipasedprction for 24
different bacterial strains observed at pH 8.0 and 30°C. The dgioduction
of lipase by Bacillus strain J33, B. megaterium AKG-1 and B.
thermocatenulatu®SM 730 was also reported at pH 8.0, 7.0-8.0 and 7.4,
respectively [18, 19]. Even though the activity values are comparable to the data
from literature, the lipases produced by the studied strains rentaie imcwide
pH range.

The lipase production levels at optimal pH varied depending on the
temperature and incubation time. The lowest value of LAl wasidete
at 25°C temperature after 24 hours incubation. The LAI values reached
its maximum (1.5 and 1.6 fdBacillus sp. Akhurik 106 andBacillus
licheniformis Akhurik 107, correspondingly) at 55°C temperature after
48 h of incubation (Fig. 4).
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Fig. 3. Lipase production rates at different pHuesl by the studied bacilli expressed
with LAI.
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Fig. 4. Lipase activity index (LAI) up to 72 howasdifferent temperatures.

Sidhu et al. 1998 [20] showed that thermostabile lipase production by
thermophilic Bacillus sp. RS-12 was growth-associated and at the medium
contained 0.5% Tween 80 gave a maximal yield of the enzyme at 50°C
cultivation temperatureB. thermoleovoran$D-1, isolated from hot springs in
Indonesia, showed high extracellular lipase production at 65°CTh2]results
indicated that optimal conditions for lipase production of theérstBacillussp.
Akhurik 106 andBacillus licheniformisAkhurik 107 were pH 6.0-7.0 and 55°C
cultivation temperature.

Effect of pH and temperature on lipase activity.order to optimize the
lipase activity of the strains the effect of the pH and teatpee on lipase
activity of the strains was determined. The crude lipaseitgctiias studied at
the different range of pH (5-10) and optimal growth temperaifithe strains.

The highest lipase activity levels (0.89 U/amd 0.75 U/ml for the strains
Bacillus sp. Akhurik 106 andacillus licheniformisAkhurik 107, respectively)
were defined at pH 6.5 - 7.0 (Fig. 5).
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Fig. 5.Effect of the different pH on thgase activity of studied strains. The maximal

enzymatic activity (0.89 U/ml) at pH 7.0, fBacillussp. Akhurik 106 was defined as
100%.

Assuming that enzyme is stable at elevated temperaturepratectivity
of the reaction can be enhanced greatly by operating at aveslatigh
temperature. Therefore, the optimal lipase activity teatpee has been
determined. The temperature optimum for lipase activity amektfoptimal pH
coincides with the growth optimal temperature of the strdihas, the highest
lipase activity for both strains was displayed at 55°@.(B), but the crude
enzyme remained active in temperature range of 25 to 65°C.
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Fig. 6. Effect of the different temperature on tligase activity of studied strains. The

maximal enzymatic activity (0.89 U/ml) fdacillus sp. Akhurik 106 at 55°C, pH 7.0
was defined as 100%.
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The maximum values of crude enzyme activity were 0.89 @fdl 0.75
U/ml for Bacillus sp. Akhurik 106 andBacillus licheniformisAkhurik 107,
respectively in temperature of 55°C and pH 7.0.

The lipase activity of different bacterial groups at widege of pH and
temperature has been reported [7]. Lee et al. 1999 [12] determopiagdal
lipase activity ofB. thermolevorandD-1 at pH 7.5. The thermostabile lipase
produced byBacillussp. J 33 had a high activity at pH 7.6 and 55°C [21]. One
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of the comparably notable thermostabile lipase was isolyewang et al.
1995 [22] from aBacillus strain. This enzyme had maximum activity at 60°C.
An extracellularBacillus lipase isolated by Sidhu et al. 1998 [19] had an
activity optimum at 50°C. The crude lipase from the studieadnsty compared
to the literature data, has an advantage of operating atramde of pH and
temperature.

The results indicated that studiBacillus strains might be prospective for
various biotechnological applications and industry as lipases producers
Purification and more detail investigation of the isolated bhalgdhse are
planning to be performed.
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Characterization of Lipase Producing Thermophilic Bacilli I solated
from Armenian Geothermal Springs

72 bacilli strains previously isolated from diffategeothermal springs of Armenia
were screened for their lipase production. Two naxgtve lipase producing bacilli
strains designed a3acillus sp. Akhurik 106 andacillus licheniformisAkhurik 107
were selected and characterized based on morphalpgiultural, biochemical and
physiological properties. The temperature of 55f@d pH 6.5-7.0 were defined to be
the optimal conditions for lipase production. Ttati\aties of crude enzymes of these
strains were 0.89 U/maind 0.75 U/ml at the optimum pH and temperaturgpeetively.
These strains might be used as lipase producers.

Q. U. Cwhpiywl, 2. Z. Pwinyub, 22 FUU
pHpwyhg winud U. Z.@nsnilyul

Zwjwuwnwih Eppuwetpduyhtt wnpniputphg wigwwnywsd hywq
wpuunnhy okpdwubp pughjutph snwdutph nunidtwuhpnieiniiup

Zujuunwth nwpwspnid gniynn mwppkp tpipuetpduyht wnpniptibphg twhaw-
whu whgwwnywsd pughjubph 72 snnwdubpnid niuniduwuhpyty b {hywq uhupbqbn ne-
twlnipnitin: Gplyny, wowyk] wnhy (hywuwq wpnwnphy snmwdubpt phnpyt] Bu ht-
nwqu nunidbwuhpmpniabbph tyuwnwlnyg: dhpghtiibpu pun dbwpwbwlwi, You-
unnipuyhl, JEuuwphdhwlwb b $hqhninghwljut hwnljuihpubph inywwiwugyt) tu
nputu Bacillus sp. Akhurik 106 W Bacillus licheniformis Akhurik 107. Mwpqdb) E np
lhwugh uhbipkgh hwdwp ghpiwunhdwiught oupwnpunudp 55°C t, hul] pH-h' 6.5-7.0.
U wuydwbbpnud sdwppdus hpdbunubnh wnhynipiniuubpn Bacillus sp. Akhurik
106  Bacillus licheniformis Akhurik 107 pnmwudubtph hwdwp Juqul] Eu hwdwywnwu-
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huwbwpwip 0.89 U/ b 0.75 UAl: Uy swnwdubpp Yupnn ki Yhpwndl] npybtu (hywg-
ukph wpwnwgphyubp:

I'. C. Hlarunsu, O. A. [1aHocsIH, YJIeH-KOPPECTIOHIEHT
HAH PA A. A. TpuyHnsin

Hzyuyenne Juna3-npogynupyrommx TepMopuIbHbIX IITAMMOB

oanmJLI, N30/ IMPOBAHHBIX U3 T€OTCPMAJIBbHBIX HCTOYHUKOB ApMemm

Hccnenosansl 72 mramMa Galdiul, paHee W30JIMPOBAHHEIX U3 Pa3HBIX [€0TePMallb-
HBIX KCTOYHMKOB APMEHHMH, HA CIOCOOHOCTH CHHTE3UPOBAHUS JIMIA3. BeUIN 0TOOpaHb!
JBa Haubojiee AKTHBHBIX JIMIA3-NPOAYLMPYIOMUX MmTamMMa. 110 MOP(OIOTHYECKUM,
KyJbTYPaIbHBIM, OHOXUMUYECKUM M (DU3HOJOTHYECKUM CBONCTBAM INTAMMBI OBLIH
unentudunuposansl kak Bacillus sp. Akhurik 106u Bacillus licheniformisAkhurik
107. OnrumansHast TemnepaTrypa cuHresa jaumas osiia 55°C,a pH 6.5—7.0ITpu stux
YCIOBUAX aKTHBHOCTh HEOUYMIIEHHBIX (epMenToB mrammoB Bacillussp. Akhurik 106u
Bacillus licheniformisAkhurik 107 cocrasuna 0.89u 0.75E/Mi1, COOTBETCTBEHHO. DTH
IIITAMMBI MOTYT OBITH HCIIOJIB30BAHBI KAK POAYIICHTHI JIUIIA3.
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