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Abstract

The seasonal bacterial diversity study of thermophilic isolated from TuvaTimba hot springs in terms of morphological,
physicochemical, biochemical tests and molecular characterization. A total of 48 isolates were cultivated using various
media. Out of these isolates 25 were Gram-positive, 19 Gram-negative and 4 were Gram variable. Based on the metabolic
activity of these isolates, 29 could produce catalase, 45, 47 and 24 utilized casein, starch, and citrate respectively. 22
produced H,S by sulphate reduction. Sugar utilization varied in all the isolates. Diversity indices such as Simpson, Shanon,
Menhinick and Margalef index were also studied based on their metabolic activity. 25 well isolated purified colonies were
selected for molecular analysis. Based on this study the identified isolates belonged to genera Bacillus, Brevibacillus,
Geobacillus, Anoxybacillus and Brevibacterium. All these isolates may have potential biotechnological and industrial

application.

Keywords: Thermophilic bacteria, Hot springs, Physicochemical, Metabolic activity, Diversity indices, 16S rRNA

sequencing.

Introduction

Microorganisms can survive under extreme environments in
different ecosystems. Hot springs are a major source of
thermotolerant and thermophilic bacteria. Their optimum
growth temperatures are between 45°C to 75°C". Survival, as
well as growth rate of microorganisms, depends on the
temperature and based on this they are divided into different
categories like psychrophiles, mesophiles, thermophiles and
hyperthermophiles™. The main purpose of the study of hot
springs resources is to find out diversity of the microorganism
and also the molecular substantiality of the active components
of the ecosystem*®. The phenotypic and genotypic
characterization studies have been done on thermophilic
bacteria from hot springs in the world at large as well as in
India’. Thermophilic bacteria have the capacity to produce
thermostable and thermo-active enzymes. These enzymes have
various applications and they have been used in many industries
like paper, textiles, foods, fermentation, pharmaceuticals and
detergents'®'*. Conventional microbiological methods have
been used for classification of microorganisms and depend for
their characterization based on morphology, physiology and
metabolic activity>. Molecular-based techniques have been
used for the phylogenetic relationship between the different
types of bacteria from various sources'*'°.

Several valuable reports have been available based on study on

Yellowstone National Park in the USA”"‘S, Greecelg, Italyzo,
Icelandm, Bulgaria22’23, China24, India’ and Turkey25 and these
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studies have attracted the attention of researchers’. Studies on
Tuva Timba, Lasundra, Tulsishyam and Unai have been
reported from the geothermal region of Gujarat. In this context
thermophilic bacteria were isolated in different season from
TuvaTimba hot spring and characterized. The study was carried
out by conventional isolation based methods and molecular
identifications.

Materials and methods

Sample collection: Tuva Timba location hot location spring
was selected from Gujarat. The water as well as soil samples
were collected in sterile glass container. Samples were
transported in a thermocol container to our laboratory and
processed immediately for experiments and then stored at room
temperature. The samples were collected in three different
seasons: monsoon, winter and summer.

Physicochemical analysis: pH and temperature were recorded
at the time of sampling. Also conductivity, TDS and salt of the
collected samples were measured.

Isolation of bacteria: Serial dilution were prepared for
collected water and soil samples and they were inoculated in
Nutrient agar medium (gm/litre) (Peptone 5.0, Beef extract 3.0,
NaCl 5.0, Agar 20.0), Luria-Bertani medium (Tryptone 10.0,
NaCl 10.0, Yeast extract 5.0 , Agar 20.0), ATCC Thermus
medium (NaCl 5.0, Peptone 5.0, Beef extract 4.0, Yeast extract
2.0, Agar 20.0), Starkey's sulphate reducing medium (Himedia
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M1981), Sulphate reducing medium (Himedia MS803) and
Medium?77 medium (K,HPO, 5.0, NH,Cl 10.0, CaCl,.2H,0 1.0,
MgS0,.7H,0 1.0, Sodium lactate 50.0, Yeast extract 10.0,
FeSO,.7H,0 50.0, Sodium thioglycolate 10.0, Ascorbic acid
10.0, Agar 20.0). All the plates were incubated at 45+2°C and
50 + 2°C. After the growth, morphologically distinct colonies
were selected and sub-cultured on respective media to get pure
isolates. Then from these well isolated purified colonies, 20%
glycerol stocks of bacterial cultures were prepared for
preservation and further study on the isolates.

The conventional method for identification and
characterization of the isolates: The selected isolates were
studied for morphological and growth characteristics. The
bacterial isolates were characterized by Gram staining and
observed in light microscopy. The thermophilic isolates were
identified by conventional method, physiological tests and
characteristics based on biochemical tests. These tests are based
on Gram nature, shape, temperature, pH, catalase production
test, casein utilization test, starch utilization test, citrate
utilization test, Sugars profile like D-Glucose, D-Fructose,
Maltose, Mannose, Sucrose, Mannitol, Lactose, Xylose,
Galactose, H,S production test and Sulphate reduction test as
per the Bergy’s manual.

Diversity indices: A range of diversity indices profile, cluster
analysis and similarity in diversity were generated using
statistical ~ software  Paleontological  Statistics (PAST)
considering the results of biochemical tests™.

Isolation of Genomic DNA: Genomic DNA was extracted
using the miniprep method described by Wilson with some
modifications®”*. Bacterial cultures (2-5ml) were grown at
45+2°C and 50+2°C for 24 hours. Overnight cultures (2.0ml)
were centrifuged at 10,000-15,000Xg for 15 minutes. The
supernatant was decanted. The pellet was collected and re-
suspended in 1 ml of TE buffer. Then 20ul lysozyme was added
and mixed thoroughly by inverting the Eppendorf tubes several
times. These treated samples were incubated at 37°C for 30
minutes. To this, 60ul of 10% SDS and 5ul Proteinase K
(10mg/ml) were added. Samples were mixed thoroughly and
incubated at 65°C for 10 minutes. Then, 170ul of SM NaCl and
85ul CTAB solution were added and mixed thoroughly and
again incubated at 65°C for 10 minutes. In this 1 ml solution of
Phenol:Chloroform:isoamyl alcohol in the ratio of 25:24:1 was
added. Then it was centrifuged (10,000Xg, 10 minute). Again
this step was repeated once. Upper phase was separated into 2.0
ml Eppendorf tube and extracted with 1 volume of
Chloroform:isoamyl alcohol (24:1) solution. Then it was
centrifuged (10,000Xg, 10minute). The nucleic acids containing
upper phase was again transferred to a 2.0ml Eppendorf tube.
700 pl of upper phase was taken and 70ul Sodium acetate was
added and double volume of Alcohol was incubated at -20°C
overnight. Samples were centrifuged at 10,000Xg for 10
minutes. Upper phase was discarded and 70% of 200ul of
ethanol was added and it was centrifuged at 10,000Xg for 10
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minutes. Again upper phase was discarded. Pellets were air
dried. Pellets were re-suspended into 50ul of elution buffer and
kept for 2 minutes in a dry bath. DNA was re-suspended
completely at 37°C. The DNA was quantified by NanoDrop
spectrophotometer by taking absorbance at 260 and 280 nm
(Nucleic acid software). The DNA size was measured by
agarose gel (0.5% W/V) electrophoresis by Gel.Doc.System.
(Gene snap software).

Results and discussion

Some studies have been done on Tuva Timba, Tulsi — Shyam,
Unai and Lasundra hot springs®>>. Tuva Timba was selected
for the present study, for seasonal variation with respect to
thermotolerant organism isolates from this ecosystem.

Physicochemical characteristics: Physicochemical
characteristics of water and soil samples of Tuva Timba hot
spring are listed in Table-1. The soil sample collected from
Tuva Timba was blackish in colour which may be due to the
presence of Sulphur (S) or Sulphate (SO,) coming from the
continuous flow of hot water from the central spring. The
temperature of the soil was about 55°C which was equivalent to
the hot spring. In spite of 55°C temperature of the central
springs, the inner wall of spring showed a luxurious growth of
green algae. The temperature of the water was 60°C to 65°C in
Tuva Timba. The TDS (Total Dissolved Salt) value varied from
2.16 to 2.25 ppt (parts per thousand) in Tuva Timba. Observed
pH value was 7.25 to 7.9 in Tuva Timba at sampling point.
Conductivity was 3.05 to 3.29mS (milli-Siemens)  Salt
concentration range observed was 1.62 to 1.69 ppt (parts per
thousand). Significantly differences were not found in seasonal
physicochemical variation in Tuva Timba. Overall difference
was not observed in conductivity, TDS and salt concentration.
Some studies have reported that due to high — temperature in
geothermal region, seasonal variation in microbial community is
less observed as compared to any other environments. Also, the
physicochemical parameters can vary due to seasonal effects in
some hot springs, while in other studies they have observed that
physicochemical characteristics can be stable with no significant
changes in seasons™ °.

Table-1: Season-wise physicochemical characteristics observed
in samples from TuvaTimba.

TuvaTimba Summer Monsoon Winter
Temperature 65°C 60°C 60°C
pH 7.9 7.5 7.25
Conductivity 3.29ms 3.05ms 3.29ms
TDS 2.24 ppt 2.16 ppt 2.25 ppt
Salt 1.69 ppt 1.62 ppt 1.67 ppt
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Microbial analysis: At total of 48 isolates were cultivated and
purified using Nutrient agar medium, Luria-Bertani medium,
ATCC Thermus medium, Starky's medium, Sulphate reducing
medium and Medium77 medium, from TuvaTimba hot spring
sample collected during summer, monsoon and winter season.
The colonies found were round, irregular shaped, pigmented and
non-pigmented with uniform margin. The texture of the colonies
was smooth, dry and sticky. Most of them were opaque, shiny or
translucent. The different shapes were observed like short, long
rods, thread, curved and chain forms. Out of these isolates; 25
isolates were Gram-positive, 19 were Gram-negative and the
remaining 4 were Gram variable. A wide range of pigmented
colonies were observed. Pigmented colonies of 7 different
colours were observed, among these there werel3 cream
coloured, 16 brown, 6 black, 5 yellow, 4 white, 1 red and 1 grey
coloured. Geographically distinct microbial communities were
observed in the studied isolates. Recently geographical hot
springs reports of culture-based study of thermophilic bacteria,
have explored their potential applications in various
biotechnology fields®”*.

Metabolic activity based on biochemical tests: A variety of
metabolic activities were performed to have a broad view of the
characterization of bacteria and also to identify them. Out of
48 isolates tested, catalase production, was utilized by 29
isolates. 45, 47 and 24 isolates were able to utilize casein,
starch and citrate respectively. 22 isolates indicated positive
results of H,S production and sulphate reduction. Sugar
derivatives activity varied in all the isolates.

The overall results are (shown in the graph) among the bacterial
isolates and biochemical parameters. The results of the Tuva
Timba water samples are shown in Figure-1. Utilization of
catalase was overall dominant in all the three seasons. The
highest number of casein utilizing isolates was recorded during
monsoon as compared to summer and winter. During monsoon
all isolates utilized starch but in winter and monsoon, it was
indicated in some of the isolates. On the other hand, it was
observed that citrate utilization was significantly less in winter
isolates as compared to summer and monsoon seasons isolates.
Fructose utilization (Sugar utilization profile) indicates an equal
distribution of positive results in all three seasons isolates.
Xylose was present in only one isolate of the summer season
while in the monsoon season it was present in many isolates as
compared to winter isolates. H,S production and sulphate
reduction tests were dominant in all the three seasons.

The results of TuvaTimba soil samples are shown in Figure-2.
During the monsoon and winter seasons isolates catalase
utilization were dominant, while in summer season it was
observed significantly less. Casein and starch utilization were
observed positive in all three seasons isolates. Citrate utilization
was positively observed in 50% isolates of winter and summer
seasons, while it was less observed in monsoon isolates. Sugar
profile (eg: Galactose, Fructose, Maltose and Glucose) were
indicated positive in all isolates of the summer season. Similarly
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Galactose, Fructose and Maltose sugar derivatives showed
positive results in the winter season isolates. When total isolates
of all the three seasons were considered almost 50% isolates
showed positive results.

Cluster analysis and diversity indices based on metabolic
activity: Diversity study of various isolates was carried out in
terms of 15 biochemical tests on the basis of their results
Dendograms are prepared, and are shown in Figure-3(a) and
Figure-3(b). The blue colour label indicates summer season,
green colour indicates the monsoon season and pink colour
winter season. All the isolates obtained from water samples
collected from TuvaTimba were divided in 2 major group as A
and B. (Figure-3(a)). A group was divided into 2 clusters Al
and A2. B group represented sulphate reducing isolates in all
three seasons and showed significant sulphate reduction as per
their metabolic activity results. All the isolates obtained from
soil samples collected from TuvaTimba were divided in 2 major
group as A and B. (Figure-3(b)) but only, A group showed 2
clusters Al and A2. Again A1l showed 2 tight clusters Al.1 and
Al.2. Similarly, A2 showed 2 groups A2.1 and A2.2. The A2.1
group showed clear-cut clusters of sulphate reducing isolates in
all three seasons based on their biochemical activity.

Morphologically distinct 48 isolates from TuvaTimba thermal
ecosystem were studied to determine their similarity.
Irrespective of the seasonal collection distinct isolates range
from 6 to 9 in each sample. (Data not shown). Among the
different isolates studied the maximum similarity between any 2
isolates was 86 to 87 %. Except TS 26 — TS 28 they showed
100% similarity and they were identified as a Bacillus subtillis.

Diversity indices data in terms of Simpson, Shanon, Menhinick
and Margalef were also studied for all the 6 samples collected in
the different seasons from TuvaTimba hot spring ecosystem
(Table-2). There are earlier reports about Simpson index, salt
concentration and seasonal variations affecting the microbial
diversity in studies done in Southern Brazil**°,

Molecular identification of selected organisms: From the 48
isolates 29 colonies were selected and identified based on
molecular method and results are shown in Table-3. Among the
25 identified cultures 15 belong to Bacillus genus, 3 to
Brevibacillus, 2 to Geobacillus, 2 to Anoxybacillus, 1 to
Brevibacterium and 2 show similarity with uncultured
organisms. Details of the NCBI identification numbers are given
in Table-3.

Earlier reported Bacillus species produced metabolites like
extracellular enzymes, biosurfactants, biopesticides,
biopolymers and also a variety of eco-friendly products®’.
Mackenzie et al. studied seasonal variation of bacterial diversity
in three geothermal springs of Patagonia (Argentina). Among
the three hot springs only one hot spring was observed with
variation in temperature and bacterial diversity®*. Biosurfactant
producing Bacilli spp. were also reported from Lasundra and
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Tuva Timba hot water spring®. Lipase producing Bacillus
subtillis and Bacillus licheniformis was found in Lasundra,
which is also supported by this study™>. Bacillus licheniformis
was found in Unai hot spring which have importance of organic
solvent-tolerance, thermostability, alkali tolerance and detergent
stability’'. Species of Anoxybacillus, Geobacillus and Bacillus
are present in Tulsi Shyam hot springs and also Himalayan hot
spring and are also useful for potential biotechnological
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biosphere such as hot springs®, Soil*, Sediments™.
Brevibacillus halotolerans organisms have the ability to tolerate
high level of salt concentration’'. Aanniz et al., in 2015, first
time reported that the presence of Bacillus tequilensis as a
thermophilic organisms based on their study of Moroccan hot
springs™>. Thermophilic Brevibacillus brostelensis is reported
for its capable of degrading polyethelene at 50-60°C™. An
earlier study showed that Enterobacter sp, Pseudomonas sp. and

application using their biochemical properties*®**. After the Bacillus sp. were used in Biodesulfurization**. Bacillus
identification and description of Brevibacillus, members of the licheniformis also showed H,S production™.
genus have been found widely distributed throughout the
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Figure-1: Comparison of metabolic activities of the isolated bacteria from Tuva Timba hot spring water samples [collected during
summer (TW1- TW7), winter (TW8-TW16) and monsoon (TW17-TW25) season]. TW1 to TW25 are the bacterial isolates.
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Figure-2: Comparison of metabolic activities of the isolated bacteria from Tuva Timba hot spring soil samples [collected during
summer (TS26-TS31), winter (TS32-TS40) and monsoon (TS41-TS48) season]. TS26 to TS48 are bacterial isolates.
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(a) TuvaTimba water seasonal cluster analysis. (b) TuvaTimba soil seasonal cluster analysis.
Figure-3: Cluster analysis of all seasonal samples. [Water samples collected during summer (TW1- TW?7), winter (TW8-TW16)
and monsoon (TW17-TW25) season]. [collected during summer (TS26-TS31), winter (TS32-TS40) and monsoon (TS41-TS48)
season]. [Seasons colour indicated (Summer — Blue colour, Monsoon — Green colour, Winter — Pink colour)

Table-2: Comparison of selected diversity indices of isolates from both ecosystem during sampling season.

Tuva Timba
Index Water Soil
Summer Monsoon Winter Summer Monsoon Winter
Simpson 0.8-0.91 0.92 0.92 0.92-0.93 0.92 0.92
Shannon 21-24 2.6 2.6 2.6-2.7 2.6 2.6
Menhinick 3.0-34 32-35 30-35 32-38 3.0-37 3.1-3.7
Margalef 3.6-44 45-438 44-48 45-5.1 3.0-37 3.1-3.7
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Table-3: Detail of NCBI identification.

Int. Res. J. Biological Sci.

Sequence number Isolates name Accession number Isolates number
XRFO1 Bacillus mojavensis MH220879 TWI1
XRF02 Bacillus halotolerans MH220880 TWI10
XRF03 Bacillus paralicheniformis MH220881 TS33
XRF04 Brevibacillus brostelensis MH220882 TWS
XRF05 Uncultured oceanibaculum MH220883 TS40
XRF06 Bacillus subtillis MH426307 TS28
XRF07 Bacillus licheniformis MH426308 TW2
XRF08 Bacillus sonorensis MH426309 TW9
XRF09 Geobacillus thermoleovorans MH426310 TWI11
XRF10 Anoxybacillus gonensis MH426311 TW22
XRF11 Bacillus tequilensis MH426312 TW13
XRF12 Bacillus subtillis subsp spizizenii MH426313 TS26
XRF13 Anoxybacillus salavatliensis MH426314 TW18
XRF15 Uncultured staphylococcaceae bacterium MH426316 TW20
XRF16 Brevibacterium species MH426317 TS42
XRF17 Bacillus atrophaeus MH426318 TS32
XRF19 Brevibacillus thermoruber MH426320 TW21
XRF20 Geobacillus stearothermophilus MH426321 TS35
XRF22 Brevibacillus brostelensis MH426323 TS41
XRF25 Bacillus licheniformis MH426326 TS44
XRF26 Bacillus subtillis MHG614328 TWI9
XRF27 Bacillus subtillis subsp spizizenii MH614329 TW4
XRF28 Bacillus subtillis MH614330 TS28
XRF29 Bacillus licheniformis MH614331 TS36
XRF30 Bacillus licheniformis MH614332 TS45

Conclusion with respect to soil samples of Gujarat hot springs. Our

The focus of this preliminary study is comparison of seasonal
bacterial diversity of Tuva Timba hot spring, as it is not reported

investigation therefore focused on the elucidation of seasonal
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diversity to get insights into novel species or metabolic
diversity. Based on the bacterial identification study, almost
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negligible difference was found in the diversity due to seasons.
But when water and soil sample cluster analysis was performed
the number of groups found in soil samples as compared to
water was more. Based on morphological and biochemical
studies, both in water and soil samples the isolates obtained
formed two major groups, as sulphate reducer and sulphate non-
reducer. However in case of soil samples A2.2 and B group
isolate formed separate groups. Sulphate reducer isolates were
studied further. They form a separate group.
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