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Abstract

Ten different thermotolerent bacteria were isolated from terrestrial
thermal spring of Unkeshwar in Nanded district of Maharashtra
(India). These isolates were characterized by morphological
characters, microscopic features, biochemical pattern and
physiological attributes. These isolates were identified as Bacillus
licheniformis (APP7), Bacillus megaterium (APP8), Actinobacillus
hominis (APP9), Lysinibacillus sphaericus (APP10), Paenibacillus
alvei (APP11), Bacillus simplex (APP12), Actinobacillus seminis
(APP13), Pseudomonas fragii (APP14), Staphylococcus cohnii
(APP15) and Streptococcus thermophilus (APP16). These isolates
belonged to class Firmicutes and Gamma proteobacteria and showed
production of biotechnologically important thermostable hydrolytic
enzymes such as caseinase, amylase, gelatinase, urease and lipase.
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Introduction

Thermophiles are found in different biotopes such as hot springs,
geothermal sediments and marine solfataras (Rothschild and
Manicineli 2001). Thermophiles fulfill demand of different
industrially important enzymes that have optimum temperatures
ranged from 45 - 110°C (Antranikian et al. 1995). Thermozymes
are having industrial importance in some applications because they
withstand and are active at temperatures above 60-70°C. In addition,
they are more resistant than their mesophilic counterparts to organic
solvents, detergents, low and high pH and other denaturing agents
(Cowan et al. 1985; Cowan 1997; Gupta and Khare 2006).

Anupama Prabhakarrao Pathak*

School of Life Sciences (DST, FIST & UGC-SAP Sponsored),
Swami Ramanand Teerth Marathwada University, Dnyanteerth,
Vishnupuri, Nanded 431606, Maharashtra, India.

*Tel: +91 9404732162; *E-mail: anupama.micro@rediffmail.com
Mukundraj Govindrao Rathod

School of Life Sciences, S.R.T.M. University, Nanded (MS).

Thermozymes are used in several industries such as detergent,
agricultural, starch liquefaction, saccharification, textile, paper,
food, baking, novel food applications and analysis in medical
and clinical chemistry in which they replace chemicals or
mesophilic enzymes (Pathak and Rekadwad 2013). With the
industrially desirable attributes of thermozymes are of
considerable biotechnological interest and may open
unexplored avenues of bio-catalysis which were otherwise
limited due to use of mesophilic enzymes. Therefore there has
been a need to explore various thermal habitats like hot water
springs for isolation, identification and cultivation of
thermophilic organisms and determination of their extracellular
thermostable enzyme profile. Similar types of studies were
carried out on Soldhar hot spring site of Garhwal Himalaya,
India (Sharma et al. 2009) and hot spring of Bakreswar, West
Bengal (India) (Hauli et al. 2013).

In present investigation, we have selected Unkeshwar hot
water spring (19°51'21.3"N and 78°15'00.9"E) which is located
at remote area in Nanded district (Maharashtra, India) and yet
no scientific studies have been reported regarding cultivable
bacterial diversity of this spring (Figure 1).
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'l‘Tiguré 1: Satellite picure (owered by Google maps) of the town

Unkeshwar ~ (19°51'21.3"N,  78°15'00.9"E),  district ~ Nanded,
Mabharashtra, India. The geographical location of hot spring is showed
by the symbol ‘+’ in the map marked by yellow shade.
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In this context, we have reported isolation of bacterial isolates from
Unkeshwar hot spring and identification based on morphological,
microscopic and biochemical features. Enzyme profile of the same
isolates was also evaluated.

Materials and Methods

Water samples of hot springs of Unkeshwar (India) were collected
in April 2011 and temperature of water was recorded at the site.
Collected water samples in presterilized polypropylene bottles were
placed in ice bags and transported in laboratory within 24 h. For the
isolation of bacterial colonies, 0.1 ml of composite sample was
spread on Nutrient agar, Tryptone-yeast extract agar, Tryptone-yeast
glucose agar, Vogel Johnson Agar, Glucose sodium azide glycerol
Agar, Thiosulphate agar, J agar, Brain heart infusion agar, Gram
negative agar and Bacillus agar plates in triplicates (Aneja 2007;
Krieg and Holt 1984; Ronald 2005; Sneath et al. 1984).

P

Figure 2: Selected bacterial isolates from Unkeshwar (India) hot water
spring. Abbreviations: a: APP9, b: APP7, c¢: APP11, d: APPS§, e: APP10, f:
APP12, g: APP14, h: APP15, i: APP16, j: APP13

Table 1: Morphological characters of bacterial isolates from Unkeshwar hot

Appropriate positive and negative controls were used in all
these tests. Antibiotic susceptibility was tested by disc
diffusion method (Pathak and Rathod 2013; Pathak and Sardar
2012). Effect of temperature on growth of organism was
determined by varying temperature in the range of 25 to 75°C
with an increment of 10°C. Optimization of pH for growth was
carried out by growing organism in media having different pH
in the range 4 to 10 with an increment of 1 unit. Optimum
incubation period required for growth was determined by
incubating cultures up to 96 h. Optimum NaCl concentration
required for growth was determined by incubating cultures in
media having 0 to 5% NaCl (Aneja 2007; Krieg and Holt 1984;
Sneath et al. 1984).

Results and Discussion

Temperature and pH of collected water sample of Unkeshwar
(India) hot spring was 47°C and 7.0 respectively. Of the total
10 different medium used, Nutrient agar (95 CFU) showed
luxuriant growth of bacteria followed by Tryptone-yeast
glucose agar (90 CFU), Brain heart infusion agar (88 CFU),
Tryptone-yeast extract agar (70 CFU), J agar (68 CFU),
Bacillus agar (62 CFU), Thiosulphate agar (54 CFU), Gram
negative agar (51 CFU), Vogel Johnson Agar (23 CFU) and
Glucose sodium azide glycerol Agar (13 CFU). The calculated
CFU values are average of three replicates. Morphologically
distinct ten colonies were selected from all media used and
designated as APP7 to APP16 for further characterization
(Figure 2). Morphological characters, microscopic features,
biochemical pattern, physiological attributes and sensitivity to
antibiotics of APP7 to APP16 isolates are illustrated in table 1,
2,3, 4 and 5 respectively.

On the basis of morphological characters, microscopic
features, biochemical pattern, physiological attributes and
sensitivity to antibiotics APP7, APP8, APP9, APP10, APP11,
APP12, APP13, APP14, APP15 and APP16 isolates were
identified as Bacillus licheniformis, Bacillus megaterium,
Actinobacillus hominis, Lysinibacillus sphaericus,
Paenibacillus alvei, Bacillus simplex, Actinobacillus seminis,
water spring (India)

Characters APP7 APP8 APP9 APP10  APP11 APP12 APP13 APP14 APP15 APP16
Shape Round Round Round Round Circular Round Round Round Circular Round
Size 4 mm 3 mm 1 mm 3 mm 1 mm 3 mm 4 mm 2 mm 1 mm 2 mm
Margin Undulate ~ Undulate Regular  Regular Regular Regular Entire Regular Entire Entire
Elevation Semi- Elevated Flat Raised Semi- Semi-raised Convex Convex Convex Convex

raised raised
Consistency Non- Non - Semi- Dry Dry Dry Dry Butyrous Dry Non -
sticky sticky sticky sticky
Opacity Opaque Opaque Opaque Opaque Trans- Opaque Opaque Opaque Trans- Opaque
lucent lucent
Surface Dull Smooth Semi- Glossy Shiny Umbonate Smooth Smooth Glistening ~ Smooth
mucoid
Color White Pale white  White Pale Pale white Creamy White White Pale Dirty
white white white
Pigmentation - - - - - - - - - -

Morphological characters recorded for selected isolates were colony
shape, size, margin, consistency, opacity, surface, color and
pigmentation. Microscopic features of selected isolated recorded
were cell shape, cell length, cell width, cell motility, spore staining,
Gram staining and flagella staining (Aneja 2007). Catalase, oxidase,
indole and H,S production, citrate utilization and hydrolysis of
gelatin, casein, starch, cellulose, urea, pectin and tween-80 were
observed. Methyl red, Vogues-Proskauer tests and carbohydrate
fermentation tests were performed using standard procedures.

Pseudomonas fragii, Staphylococcus cohnii and Streptococcus
thermophilus respectively. Out of 10 identified isolates seven
isolates belongs to class Firmicutes and three belongs to class
Gamma proteobacteria. Six isolates were Gram positive, three
were Gram negative and one isolate was Gram variable. Out of
six Gram positive isolates, five were spore former and one was
non spore former as well four were motile and two were non
motile (Table 2). Of the total 10 isolates, seven were caseinase
and urease producers, six were amylase and oxidase producers,
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Table 2: Microscopic features of bacterial isolates from Unkeshwar hot water spring (India)

Characters APP7

APP8

APP9

APP10

APP11

APP12

APP13

APP14

APP15

APP16

Cell shape

Cell length 1.5 pm
Cell width 0.6 pm
Sporulation +
Position of ST
spore

Motility M

Grams nature Gram
positive

Flagella PT

arrangement

Straight rods

Straight
rods
2.0 pm
0.8 pm
+

T

M
Gram

positive
PT

Pleo-
Morphic
0.8pm
0.2pm

NM

Gram
negative

Rod

1.5 um
0.6 um
+

C
M
Gram

variable
PT

Rod

3.0 um
0.5pm
+

T
M
Gram

positive
PT

Rod

1.0pm
pm

+

T

M
Gram

positive
PT

Coco-
bacillary
1.2pm
0.5um

NM

Gram
negative

Rods

0.5um
1.5um

M

Gram
negative
Polar

Coccoid

0.8um

NM

Gram
positive

Cocci in
chains

0.6pm

NM

Gram
positive

Abbreviations: PT: Peritrichous flagella, ST: Sub-terminal, T: Terminal, C: Central, M: Motile, NM: Non motile, +: Present, -: Absent

Table 3: Biochemical pattern of bacterial isolates from Unkeshwar hot water spring (India)

Tests APP7

APP8

APP9

APP10

APP11

APP12

APP13

APP14

APP15

APP16

Dextrose +
Fructose -
Lactose
Sucrose
Mannitol
Maltose
Xylose
Arabinose

+ o+ 4+ +

Galactose
Glycerol
Cellobiose -
Sorbitol
Mellibiose -
Mannose
Trehalose
Ribose
Salicin
Rhamnose

+ o+ o+ o+ + o0+ o+

Inulin -
Adonitol -
Raffinose -
Gas and H,S -
production

Indole test -
MR test -
VP test -
Citrate test -

[

+

o+

+

+

+ o+

+

w+

+

wt

w+

w+

o o+

+ o+ '

+

+
+
+

Abbreviations: w+: weakly positive, +: acid production or positive test, -:

Table 4: Enzyme profile of bacterial isolates from Unkeshwar hot water spring (India)

No acid production or negative test

Enzymes APP7

APP8

APP9

APP10

APP11

APP12

APP13

APP14

APP15

APP16

Catalase +
Oxidase -
Caseinase +
Amylase +
Gelatinase +

Cellulase -

Urease +
Lipase -
Pectinase

+

T

+

+

+ o+ o+

+

+ o+ 4+

+

+ o+ + +

Abbreviation: w+: weakly positive, +: Positive, -: Negative
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Table 5: Physiological attributes of bacterial isolates from Unkeshwar hot water spring (India)

Characters APP7 APP8 APPY APP10 APP11 APP12 APP13 APP14  APP15 APPI16
Temperature growth 2555 2555 2555 2555 2545 2545 2545 2545 2545 2555
range (°C)

(nglm“m temperature 45 45 45 45 35 35 45 35 35 35

pH growth range 5-8 5-8 4-8 5-9 6-8 6-9 6-8 6-8 6-8 6-8

Optimum pH 7.0 7.0 7.0 8.0 7.0 7.0 7.0 7.0 7.0 7.0

NaCl tolerance (%) 0-4 0-5 0-5 0-5 0-2 0-2 0-2 0-3 0-3 0-2

Optimum growth

period (h) 48 48 72 48 72 48 48 48 72 72

Table 6: Bacterial isolates from Unkeshwar hot water spring (India) showing sensitivity to various antibiotics

Antibiotics APP7 APP8  APP9  APP10 APP11 APP12 APP13 APP14 APP15 APP16

Amikacin ( 30png) 2.7 2.5 2.5 4.2 1.4 2.5 35 3.5 3.1 23
Ampicillin (10pg) 2.7 2.4 2.5 4.1 3.8 34 3.1 2.4 34 3.4
Cefoperazone ( 75pug) 2.1 3.1 2.6 2.6 2.6 3.6 3.8 2.7 2.8 2.4
Cefoxitin ( 30pg) 32 2.8 3.5 2.5 24 34 2.6 3.5 2.7 42
Ceftazidime (30pg) 32 2.5 2.3 2.5 2.6 2.7 2.5 3.6 4.1 22
Ceftriaxon (30pg) 2.7 3.0 33 25 3.6 3.7 34 3.6 34 24
Chloramphenicol (25pg) 2.0 2.5 2.3 2.1 2.2 24 2.0 2.1 1.9 35
Chloramphenicol (30pg) 3.5 3.1 2.6 2.4 2.8 2.7 23 2.5 2.4 3.7
Ciprofloxacin (5pg) 39 2.6 43 35 2.6 2.6 2.7 2.1 2.2 3.4
Cotrimoxazole (30ug ) 3.8 3.0 3.6 2.4 2.6 2.6 2.1 2.2 2.6 33
Gentamicin (10pg) 2.7 3.1 35 32 33 3.6 3.7 3.6 32 2.7
Netillin (30ug) 1.8 2.3 1.6 2.6 1.7 3.6 2.4 2.1 2.5 2.5
Ofloxacin (5pg) 32 3.1 1.7 13 2.5 2.6 2.8 4.2 39 4.0
Penicillin (10U) 2.0 2.9 22 1.2 2.4 2.5 0.9 1.1 3.0 35
Penicillin G (1U) 1.2 2.7 R R 1.3 1.6 R R 2.1 22
Piperacillin (100 pg) 1.4 2.7 3.1 2.6 2.6 3.2 2.7 2.3 3.5 2.5
Streptomycin (10png) 2.5 23 23 24 3.1 33 2.1 2.6 3.7 2.6
Sulphatriad (30ng) 2.1 1.6 R 2.1 29 3.7 22 2.6 R 29
Teicoplanin (30pg) 3.1 34 2.1 2.0 22 22 2.1 3.0 2.9 2.7
Tetracycline ( 30pg) 3.8 2.7 2.6 2.5 2.1 2.6 2.8 2.5 2.1 2.7
Tetracycline (25ug) 2.5 1.5 2.2 2.3 2.1 2.0 23 1.6 1.9 2.1
Vancomycin (30pg) 2.1 2.4 24 2.5 2.6 2.5 3.0 3.1 2.6 2.4

Abbreviation: R: Resistant; Size of zone is given in centimeter

five were gelatinase producers and four were lipase producers. All
ten identified isolates were catalase positive (Table 4). All the
isolates have showed sensitivity to various antibiotics. APP9,
APP10, APP13 and APP14 showed resistance to Penicillin G (1
U/disc). APP9 and APP15 showed resistance to Sulphatriad (30
pg/disc) antibiotic (Table 6).

In an earlier report, Streptococcus thermophilus was isolated from
Zerka-Maeen hot spring located along the Jordan Rift Valley (Khalil
et al. 2003). Isolation and identification of Bacillus licheniformis
BT5.9 and Bacillus megaterium S;B;; strains were reported from
Changar hot spring, Malang, Indonesia (Darah et al. 2013) and
Sitakunda hot spring (Hossain and Anwar 2009) respectively.
Presence of thermophilic Actinobacillus Sp. was reported from
cattle compost (Saggu and Shrivastava 2013). Facultative,
alkaliphilic and denitrifying Pseudomonas strain CRS1 was isolated
and characterized from hot spring, Yang-Ming Mountain, Taiwan
(Wong and Lee 2014).

Conclusions

In conclusion, 10 different thermotolerent bacteria were isolated and
identified from terrestrial thermal spring of Unkeshwar (India) as
Bacillus  licheniformis (APP7), Bacillus megaterium (APP8),
Actinobacillus hominis (APP9), Lysinibacillus sphaericus (APP10),
Paenibacillus  alvei (APP11), Bacillus simplex (APP12),
Actinobacillus seminis (APP13), Pseudomonas fragii (APP14),
Staphylococcus cohnii (APP15) and Streptococcus thermophilus
(APP16). The results obtained from our studies revealed that,
identified bacterial isolates from Unkeshwar (India) hot water spring
can also be exploited for production of biotechnologically important

and industrially demanding thermozymes like amylase,
gelatinase, lipase and urease.
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