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ABSTRACT

The present study includes a comprehensive anailysiscrobial population and their functional
properties from two Himalayan geothermal springeufgh culture independent approach. The
first part of the study includes metagenomic DN@lasion and purification from environmental
sample of Himalayan thermal springs. Subsequetudgl community based bacterial diversity of
the thermal springs was assessed. The metagenamitidnal studies included cloning and
characterization of endoglucanase gene responfableellulose hydrolysis. In addition to the
above, L-asparaginase-ll enzyme from a culturabtsdrial isolate was also studied. Real time
PCR based transporter gene identification from gextamic DNA pool of Himalayan hot spring

was also carried out.

Microbial communities of the sulphur hot spring &attapani geothermal area of
Himachal Pradesh state and Tapovan geothermal gsgdoated in Chamoli District of
Uttarakhand state, India were analyzed. 16S rRNAegkased microbial identification and
phylogenetic affiliation of microorganisms from #seehot springs was carried out by culture
independent approach. 16S rRNA gene based metagefibraries were constructed from the
hot spring mat DNA. Restriction Fragment LengthylRabrphism (RFLP) patterns of cloned 16S
rRNA gene from both the springs were analyzed. W89 clones from both the constructed
libraries were sequenced and their non-chimericatbn was done by using pintail version 1.1.
The non-redundant nucleotide sequences were degositthe GenBank database and have
accession numbers JN613324, JN896893 to JN8969ERB4H57 to JIN934666, JNI67771 to
JN967773 KC608724 to KC608751Among Tattapani hot spring derived clones, 35%hef
clones belonged to the phyla Proteobacteria whastsist of Alpha-proteobacteria (4%), Beta-
proteobacteria (7%), Gamma-proteobacteria (11%,2=lta-proteobacteria (13%) respectively.
Other phyla identified were 25% of Acidobacteria% 5of Planctomycetes, 14% of
Verrucomicrobia, 4% each of Bacteroidetes, Chlesafl Gemmatimonadetes and 9% of total
represented unaffiliated clones. These were cladsifiito 8 distinct phyla. Similarly 3 distinct
phyla were identified in Tapovan spring 16S rRNBrédiry. 79% of the clones belonged to the
phyla Firmicutes, 14% to Proteobacteria and 7% esgmted unclassified bacteria found in
Tapovan library. The Tapovan clone sequences shoswedarity to various species of

Anoxybacillus and Aneurinibacillus genera. About 37 clones found collectively in libearies
[



showed <97% sequence similarity with the known lolzde of NCBI. Hence, these organisms
were affiliated as new species as per the spemesepts of microorganisms. Operational
Taxonomic Unit was calculated to about 24 for Tdta and 8 for Tapovan derived clones at
97% similarity cutoff. Shannon-weiner index wascoddted as 3.923088 and 1.6705014 for
Tattapani and Tapovan springs respectively. Theiam possible value for species evenness
was found to approach towards one i.e. 0.98348@50a8033413 for Tattapani and Tapovan
springs respectively. The Neighbor-Joining basdglqgenetic tree deduced from both the hot
springs showed that microbial signatures diffensigantly. The overall microbial diversity of

Tattapani spring was higher than Tapovan springs T$ the first report of comprehensive

analysis of microbes and their diversity in thesmélayan thermal springs using metagenomics

approach.

The aim to conduct functional study of hot springA led to the construction of
metagenomic libraries in easily culturable h&stherichia coli. Small insert metagenomic
libraries were constructed using plasmid pNMigC. The Tapovan and Tattapani metagenomic
DNA was patrtially digested with Sau3A | and thetee@NYL-rygC was digested with Bam HI.
About 2000 clones from each of the libraries wereesned for cellulase and xylanase using
direct agar plate containing specified substrate.r® visible clone was detected with hydrolysis
activity. The predictable cause for this lack oftinaty may be attributed to difficulty in
heterologous gene expression or with the vectotesyaused for the study. To alleviate the
limitations imposed by this approach, an altermatmethod using direct polymerase chain

reaction based method was applied.

Metagenomic DNA from Tapovan hot spring was usediémtify endo beta- glucanase
gene (TMeel5A) using direct PCR. Degenerate primers were cocstiu for endo beta-
glucanase gene and were used to amplify the gene Tiapovan hot spring DNA. The purified
PCR product was cloned in pET28(a) expression vettee codon plus host system was used to
minimize codon biasness. The cellulose hydrolysiBvidy of the functional gene products
derived from clones was analyzed on carboxy metkjlllose (CMC) agar plate and stained
with Congo red. Clones with variable hydrolysistpat were observed on the screening plate.
The clone with largest hydrolysis zone was selecié@ over expression of gene product in the

selected clone was studied using IPTG at variableentrations and analyzed on PAGE. TM-
i



Cel5A was found to be stable at 8D for 1hour and its activity decreased to to 12%re2 hours

of incubation. TM-Cel5A showed an optimal activaypH 8.0. TM-Cel5A showed activity in a
wide range of pH i.e. 4 to 9. TM-Cel5A also showiee ability to use a wide range of substrates.
It has the ability to hydrolyze natural form of itge glucan (Beta- D- glucan). Sequence
analysis showed that TM-Cel5A was identical talaglucanase oBacillus sp. and with
Bacillus licheniformis. Thus, to the best of our knowledge this is thst fieport of cloning and

characterization of beta-endoglucanase thermosgaizigme from a Himalayan thermal spring.

The community level microbial analysis based onl@®jcEcoPlate analysis showed that
microbes in both the hot springs were able to agilPyruvic Acid Methyl Ester, Tween 40,
Tween 80, D- Xylose, Mallic acid, L-Asparagine, bf€onine and Glycyl-L-glutamic acid. L-
Arginine is the amino acid which was exclusivelylized by Tapovan microbes. A bacterial
isolate was also identified from Tapovan springengtample producing L-asparaginase enzyme.
The L-asparaginase producer was found to be a stlosgative of Ralstonia sp. Its L-
asparaginase production was confirmed by growtModified Czapek Dox medium containing
L-asparagine as sole carbon source and by nessdagent based biochemical assays. The gene
namely L-asparaginase-Il responsible for asparagirectivity was cloned and expressed in
Escherichia coli BL21-CodonPlus cells. L-Asparaginase is the enzwhieh is well known for

its application in food processing and treatmerdaifte lymphoblastic leukaemia (ALL).

In addition to the above mentioned functional chtsazation of microbes in Himalayan
springs, a real time PCR based detection of geegsonsible for transporters and antibiotic
resistance markers was done. Inductively coupladnph mass spectroscopy (ICPMS) and ionic
chromatography (IC) analysis of Tapovan water sarapbwed presence of high loads of sulphur
and heavy metals. Hence, bacterial efflux systemr® wtudied that can respond to such stressful
environmental conditions. These transporter/effiystems play dual role in efflux of heavy
metals as well as modern antibiotics leading totiaulg resistance in microorganisms. In order
to detect genes responsible for efflux systemsapoVan metagenomic DNA, real time PCR
were carried out using degenerate primers. The gR&RIts showed detectable amounts of
transporter genesusA, acrB and acrD. CusA is an integral part of CusCFBA system and is

responsible for efflux of copper/silver. AcrB, Acrxe part of Resistance —Nodulation- Cell



division (RND) family of transporters, involved &fflux of amphiphilic substances. No Human
mitochondrial DNA (mtDNA) andE. coli plasmid pET23a-GFP DNA were found in the
metagenomic DNA. This indicates that the sample fwvee from anthropogenic and modern
routine laboratory contaminations. Analysis andmfiaation of genes was done using threshold
(CT) values. Low CT value of Acriflavin resistangeotein B (AcrB) was found. ThacrB gene
was cloned in pTZ57R/T vector and the insert wagiseced. The sequence analysis showed
highest identity with acrB gene &bkcherichia coli APEC O78 and Acriflavin resistance protein
of Escherichia coli P12b. The presence of AcrB, AcrD is also suppobgdhe factor that they
are the well known members of hydrophobe/amphipleifilux-1 (HAE-1) family of transporters.
Their overexpression during nutrient deficient atiod and involvement in efflux of currently
used antibiotics, disinfectants, dyes, detergemtthér confirms their presence. The presence of
AcrB, AcrD and CusA in Himalayan springs can beilagted to the presence of heavy metals
like Al, As, Cu, Fe, B, Se and nutrient deprivexhditions.
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CHAPTER 1

INTRODUCTION

Microorganisms are known to be one of the most petide sources of structurally unique and
biologically useful functional gene products. Thestf step in studying microbial process is
obtaining microbial axenic culture. However, inuratas many as 99% of the microorganisms
are not cultivable using standard technique®s 67]. Unculturable microorganisms consist of
majority of the planet’s living organisms. They dahe promising source of many industrially
important secondary metabolites and enzymes ugselduiman welfareq, 49]. Hence, culture-
independent methods are important to understanthitv®bial genetic diversity, their ecological
role and their ability to produce valuable produdtetagenomics or culture-independent based
genomic analysis of microorganisms has the potetatianderstand the fundamental questions in
microbial biotechnology and their relationship witie ecosystem dynamics. Microbial census
from rare environments and their diversity is aaeding area to study. Unlike animals and plants
microbial diversity and its conservation has beeearlooked because of the misconception that
microbial life and their diversity are not undeetthreat of anthropogenic activity and climatic
changes 16]. Microbes from extreme environments have attchctensiderable attention due to
their peculiar metabolism and physiology. Microligsg in extreme environments have been
less studied and became a challenge as compamaittobes in other habitats due to lack of
appropriate culture techniques. Geothermal sprimgshe Himalayan ranges are such rare
environments which provide both cold and hot terapege conditionsg7].

In the present study, microbial communities of théphur hot springs at Tattapani
geothermal area of Himachal Pradesh state and &apg®othermal spring located in Chamoli
District of Uttarakhand state, India were analyzZBdth being geothermal springs in the Indian
Himalayan Region are particularly significant paivg both extreme ‘cold’ and ‘hot’
temperature for exploring microbial diversity. Thaalysis was based on culture independent
strategies to get a first insight into the micrbbgammunities in these sulphur hot spring
ecosystems. The study emphasizes on the manuabanethisolation of high molecular weight
(HMW) and pure eDNA directly from environmental ga&s. Subsequently, 16S rRNA gene
based amplification, cloning into surrogate hosgamism Escherichia coli DH5a) and
sequencing of 16S rRNA gene products was done.rR6\ gene containing clones were pre-
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screened by restriction fragment length polymonmphi@RFLP) to identify unique types of
polymorphisms which were then subjected to DNA se&ging. Biostatistical and bioinformatics
tools were utilized for analyzing microbial commiyniOur overall approach was to achieve high
coverage of 16S rRNA genes from the two differemtrabial communities. While eliminating
the inclusion of artifacts on ribotype diversityhet richness of microbial 16S rRNA gene
sequences was calculated using Rarefaction cufies. direct sequencing (metagenomic
sequence analysis) of environmental samples prdvaleraluable insight into the census of
culturable and unculturable organisms in variousirenmental niches. Microbial species
richness and operational taxonomic units (OTUs)irem@ortant parameters in determination of
microbial biodiversity, its role and functions. Tha#ore it is quite important to determine the
exact microbial diversity from environmental sangplin this study, OTUs were calculated and
compared in terms of rarefaction curve for bothtttemal springs. The results generate baseline
data on the microbial community structure and ttairersity in both the hot springs of
Himalayan geothermal belt and also provided infdioma about efforts to be made for
monitoring and conservation of such fragile ecomyst

There is a great need of various structurally amtctionally different gene and gene
products from microorganisms of extreme environmeiuch gene products show peculiar
properties in terms of their activity and stabilitetagenomics promises the discovery of such
uncharacterized gene products by its functionalistu Geothermal springs are home to many
such thermophilic microorganisms. Microbes from rswenvironments could be the hopeful
choice for novel thermostable functional gene discy. Direct PCR based approach for study of
gene and gene products was used. Metagenomic ol extract has been earlier used for
accessing biodegradative potential of microbeshigydiscovery of chlorocatechol dioxygenase,
phenol hydroxylase, catechol 2,3-dioxygenase gé¢B&ls In the present study, thermostable
endo beta-glucanasee(5A) gene responsible for cellulose degradation wasodstrated in
Tapovan metagenomic DNA. Degenerate primers werestaacted for endo beta-glucanase
(cel5A) gene. Tapovan metagenomic DNA was used for dPE&R based amplification of the
gene. Subsequently, the gene was cloned using ssxpnevector pET28(a). BL21-CodonPlus
cells were used for expression of the cloned ergta-glucanase gene by minimizing codon
biasness 180]. The cloned sequence showed significant diffeesnwith endo beta-glucanase
gene ofBacillus licheniformis and other known relative$he cloned endo beta-glucanase protein

showed an optimum temperature activity at 60 °@atthg its thermal stability. The protein also
2



showed a wide range of pH stability. To the besbof knowledge this is the first report of
cloning and characterization of endo beta-glucatizsenostable enzyme from Tapovan thermal
spring.

Enzyme like L-asparaginase has greater potential tfeating acute lymphoblastic
leukemia (ALL) R8, 170]. L- asparaginase fror&scherichia coli and Erwinia carotovora has
been extensively studied earliéf.[Whereas, L- asparaginase frdgscherichia coli is toxic to
human [22]. In the present study, enrichment of culturablerabes from Tapovan spring water
was carried out using Biolog EcoPlatesl]] The singe carbon source based enrichment of
microbes lead to the identification of L-asparage#l enzyme from Tapovan sample. A
bacterial isolate was derived from the spring wébeind to produced L-asparaginase enzyme.
The L-asparaginase producer was found to be a okstve ofRalstonia sp. Its L-asparaginase
production was confirmed by growth on Modified Czap®x medium containing L-asparagine
as sole carbon source and by nessler’s reagerd basghemical assays.

Metagenomic approach of studying genes responsible combating extreme
environmental stress conditions provides us with lthsic information for microbial existence
and their role in the functioning of ecosystem. dan, the presently studied Himalayan
geothermal spring is such an extreme environmerth Wwigh load of ions like sulphur,
ammonium and heavy metals like aluminum, selenibampn, arsenic. Hence, we studied the
bacterial efflux systems that respond to such enwirental conditions. These transporter/efflux
systems play a dual role in efflux of heavy metaswell as modern antibiotics leading to
multidrug resistance in microorganisms. In ordedétect genes responsible for efflux system in
Tapovan metagenomic DNA, real-time PCR was caoigdusing degenerate primers. The gPCR
showed detectable amount of transporter gens8 and acrD. CusA is an integral part of
CusCFBA system and is responsible for efflux of pper/silver [04]. AcrD is a part of
resistance —Nodulation- Cell division (RND) famibf transporters, involved in efflux of
amphiphilic substancesl40]. No Human mitochondrial DNA (mtDNA) ané&. coli plasmid
pET23a-GFP DNA were found in the metagenomic DNPhis indicates that the sample was
free from anthropogenic and modern routine laboyatcontaminations. Analysis and
quantification of genes was done using thresholdevgC;). Acriflavin resistance protein B
(AcrB) is one such transporter whose lowestv@lue was observed indicating higher gene titer.

The sequence analysis showed highest identity aitB gene ofEscherichia coli APEC O78



and Acriflavin resistance protein &tcherichia coli P12b. The presence of AcrB, AcrD is again
supported as it is a well-known member of the hgtobe/amphiphile efflux-1 (HAE-1) family
of transporters involved in efflux of currently asentibiotics, disinfectants, dyes, and detergents.
The presence of AcrB, AcrD and CusA in Himalayarirggs can be attributed the presence of
heavy metals like Al, As, Cu, Fe, B, Se and natrgieprive conditions.



CHAPTER 2
REVIEW OF LITERATURE

21. Metagenomics.

Microbes are the promising source of structuraltyque and biologically useful gene products
for human welfare. Culture based approach for agsgsnicrobes and their gene products are
rewarding and have been in use since centusiesd4]. One of the greatest limitations for
exploring such novel genes and gene products fratare's backyard is their cultivation using
standard microbiological method39]. It is now widely accepted by the scientific conmmty
that as much as 99% of the microorganisms presamture cannot be cultivated by the standard
laboratory techniques| 39, 67, 146]. However, now it is possible to extract microbganetic
material directly from natural environment. Intration of this previously inaccessible genetic
material into easily culturable bacterial hostspvies a means to access the biosynthetic

potential of unculturable microbes. This studyaied metagenomic49].

The term "metagenomics” was first coined by Jo Hsmdan and her associates in the
University Of Wisconsin and was first publishedl®08 p8]. The term metagenome referenced
to as a collection of genes sequenced from envieomnthat could be analysed in a way
analogous to the study of a single genome. In Greeta means “transcendent” In its research
approach, metagenomics transcends individual ganésgenomes, allowing scientists to study
whole of the genomes in a communigbs]. Recently, researchers in University of Califarni
(Kevin Chen and Lior Pachter) described metagen®msc"the application of modern genomics
techniques to the study of communities of microbtmbganisms directly in their natural
environments, bypassing the method of isolation labdcultivation of individual species31].

An example in case is the inventor project, takenio Sargasso Sea which exposed DNA based
recognition of about 2000 different species, with8 Iypes of bacteria that had been never seen
before [169]. Metagenomic analysis of environmental DNA (eDN£an be classified into

sequence driven and function driven metagenomatiestiup7, 146].

In sequence based metagenomic studies, major f@=isn finding the entire genetic

information and the DNA sequence of target envirentn The retrieved sequences can be



analyzed in many different ways. Overlapping bassglience information is useful in retrieving
complete genome of an individual species in a negtaguic sequence of a particular community.
Population ecology and evolution of microbial spsdn a community can also be studied using
the metagenomic sequences redd$]} Function based metagenomics studies includedesy

of new gene products that the microbes in a comtywwain produce. Metagenomic libraries can
be constructed using the genetic material isolaliegctly from environmental samples. Such
libraries can be screened for various functiond agcenzymes, antibiotics and vitamins &t [
98]. Another recent approach of function driven metagmics, made practicable by use of recent
technological advances is enabling direct extracamd identification of novel proteins and

secondary metabolites from a microbial community B3, 179].
2.2. Extremeenvironmentsand their metagenomic studies:

Currently there is a huge interest in extreme @mvirents, which are the natural habitats of rare
extremophilic microorganisms62, 123]. Microorganisms living in such environments have
attracted considerable attention due to their pacuahetabolism, physiology and production of
valuable industrial product$, 109]. Studies on extreme microorganisms help in defrhe
edges of life and source of interesting enzymesnigauncommon and desired properties. Hot
springs in particular and their microbial flora arfegreater concern today as they are the source
of many valuable biocatalysts for industrial andtéchnological importance93]. An example
include development of polymerase chain reactioBR)Ptechnique due to discovery of taq
polymerase fronThermus aquaticus [74]. Microbes in such extreme environments are unique
terms of their growth conditions. Many of them awdfataric and thermoacidophilic microbes
belonging to bacteria and archaebacteBl Those that are capable of growing at elevated
temperatures have been identified Bacillus caldolyticus, Thermoplasma acidophilum
Thermoactinomyces vulgaris, Thermomicrobium roseum, Thermoanaerobacter ethanolicu ,
Geobacillus stearothermophilus Thermus aquaticus, Thermus thermophilus,
Thermodesulfobacterium commune, Sulfolobus acidocaldarius, Thermococcus littoralis and
Methanopyrus kandleri [143].

Microbes habituated to extreme environments (highloov temperatures, pH, salt,
pressure, acidic conditions) are less well studgiedcompared to other consortia due to their

difficulties in growing under standard laboratopnditions L1, 62].
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Therefore, the culture independent approach ofystgdmicrobes in thermal environment is the
best method of choice93]. Microbial species identified in thermal mats lume phylum of
bacteria chloroflexi, filamentous cyanobacteria amgble sulfur bacterialB6, 175]. Microbes in
mesophilic mats from sulfide and/or sulfur rich eamiments have been previously studi&gl.
However, detailed analysis of the microbial commum hot spring mats using modern culture-
independent method has been subject of few studibe schematic representation of

metagenomic study is presented in figure 2.1.
2.2.1. Himalayan geother mal springsand their importance:

The Himalayas represents one of the largest afegsothermal systems. The Indian Himalayan
geothermal belt extends from north east (State sfafn) to north-west (State of Himachal
Pradesh) over a length of 1500 kilometers and mmehto about 150 geothermal manifestations
[70]. Such hot springs are proved to be generatedhbyemergence of geothermally heated

groundwater from Earth's crust and has the cormegtith the volcanic/ core of the earfto].

7TEl T8E| TET S0ET N SIET

0 40 80
e —
Scale in Kilometers

]
Tapovan g
Joshimath

HIMACHAL
PRADESH(HP)

Tatg)pani
°
Shimla

UTTARAKHAND
(UK)

Figure 2.2. Sampling sites and location of the studied geothermal springs. Tattapani and
Tapovan geothermal springs in the Himalayan range of states Uttarakhand and Himachal

Pradesh, India. Sampling sites are marked with red centered circles.
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Such extremely hot and surrounding cold environnagelops a unique ecosystem
inhabited by specialized microbial communities &dkwith the root of ancient bacterial lineages
[87]. Tattapani and Tapovan are two major geothespahgs essentially supplied with deep
fresh, slightly alkaline groundwater with a higladbof sulphur ion. They are separated from each
other by 300 km of air distance and are locateseparate states of India in the Himalayan range
(figure 2.2). These springs are well popular faitldisease curative properties. Tapovan spring
harbors an extremely high temperature of@5with boiling water and vapours. Soil and mat in
this spring area is siliceous type. There are nioae five such thermal manifestations within 5
km radius of the central Tapovan spring. Whereastapani spring has an average temperature
of 65°C with a comparatively more organic environmentisTigpe of habitat are quite rare and
no studies till date have been conducted on theseromments using culture independent

approaches.
2.3. Metagenomic DNA from environmental samples:

Many standard protocols have been developed ta&x@NA directly from soil samples. They
includes lysis of environmental microbes with béaating 15, 132], sonication §2], freeze-
thawing B2], grinding in liquid nitrogen 77, 171] or enzymatically, using enzymes such as
proteinase K 183], lysozyme [39]. A combination of these methods may also be U464,
167]. Many literature have assured the quality ofased metagenomic DNA by minimizing the
degree of co-precipitants like humic acid, fulvdda phenolic compoundd9, 167]. However
maintaining DNA integrity as well as concentratimmd keeping it free from any co-precipitants

is a major challenge for the advance applicatidmaeiagenomic DNA.

Extreme environments, with low microbial load beeomn challenge for metagenomic
DNA isolation. Hydrothermal springs, which are ttreme environments host the thick cell
walled and spore forming bacterigdL]. Culturing of microbes from such environmentgjiste
difficult under laboratory conditions. Hence, dir&dNA isolation based metagenomic study is
the most preferred way to assess the genome of extctmophillic microbes. Nucleic acid
based analysis of thermal springs in particulargrasided illuminating discoveries in functional
as well as microbial diversity studg9]. Environmental DNA is quite important as they #ne

promising source of novel secondary metabolites dikzymes, drugs, small molecude,[126].



The major challenge in soil metagenomic projedhés co-purification of contaminants such as
humic substances, fulvic acids and humin, etc. dimmetagenomic DNA extraction from
environmental sample results in the co-extractibeamtaminants like humic and fulvic acids.
Humic and fulvic acids in soil are formed by biodesgation of dead organic matter in sG#].
They are functionally dibasic or tribasic acids,iethprecipitate along with alcohol or isopropyl
alcohol f3]. On the basis of its solubility in acids andai& humic substances can be divided
into three main types. They are humic acid, whiglsaluble in alkali and insoluble in acid, ii)
fulvic acid, soluble in alkali and acid and iii) tnin, insoluble in both alkali and acidd1, 84].
However, complete removal of these contaminantaois possible following classical DNA
extraction protocols, such as proteinase, detergedtphenol-chloroform treatments. Therefore
the adopted physical method of purification of @UdNA is the most efficient and vital step
while working with metagenomic DNA. It is importatd note that there is no single method
suitable for metagenomic DNA isolation from all @ommental samples. Researcher should
optimize the protocol that best suits for their Di¢Alation.

24. Sequence based metagenomic analysis:

Sequence based studies of metagenomic DNA incleidlesr direct sequencing of metagenome
using pyrosequencing or by generating clone libseafl06, 107]. Direct sequencing of gene

stretches from metagenome use functional primerspfgosequencing. Most widely used

approach for evaluation of microbial species presenatural environments are by their 16S/18S
small subunit ribosomal RNA genes analysis. As yweganism contains these genes, they are
commonly used as phylogenetic markergs]. 16S rRNA gene can be amplified and cloned in
suitable cloning vectors, the sequence comparisiin ¥6S ribosomal RNA gene databases

allow us for phylogenetic classificatiom4].

Environmental samples are much more complex thaglesorganisms in terms of whole
genome sequencing, as they contain uncountable ewmb distinct species. Hence, are
considered unsuitable for high throughput sequendi25, 166]. The first large scale
environmental shotgun sequencing was done in asiésrand Sargasso Sea. Direct sequencing
from Sargasso Sea resulted 1.6 Gb of DNA reads ftamiependent libraries, The data revealed
the presence of genes encoding iron-sulphur ipoté~e-S Proteins), proteorhodopsins,

electron-transport proteins, chitinases et69]. Many of these functional genes retrieved are
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highly divergent from known family member. Sequebesed screening lead to the discovery of
genes encoding novel enzymes, such as dioxygenagé®-Fe]-hydrogenases,

dimethylsulfoniopropionate-degrading enzymes, teitrireductases, [NiFe] hydrogenases,
hydrazine oxidoreductases, chitinases, and glyceleihydratases derived from different

environments like soil, freshwater and sedimég8[130, 166]
2.4.1. Diversity of microbes through metagenomic approach:

It is believed that one gram of soil contains ainested of 4 x 10prokaryotic cells, whereas one
gram of fertile agricultural soil contains an esited of 2 x 1®prokaryotic cells {24]. Based on
DNA analysis, number of distinct prokaryotic gename one gram of soil estimated as 2,000 to
18,000 B9]. These numbers might be neglected as genomesseimg rare and unculturable
species might have been excluded from these armsalyBeerefore, the microbial diversity
associated with one gram of soil might exceed &kmown catalogue of prokaryotes in NCBI.
The culture independent estimation of microbialedsity includes DNA reassociation and 16S
rRNA gene sequencing [71]. The DNA reassociatioalyamis has the limitations of defining
species and other diversity parameters like frequetistribution of species in DNA pool.
Interpretation of the reassociation curve is coogiéd due to lack of proper control. Whereas,
the 16S rRNA gene for microbial diversity analyisislude the use of universal bacterial primers
and has the potential to define diversity paramsdike determination of operational taxonomic
units (OTUSs) 148, 154].

24.1.1. 16SrRNA geneand phylogenies:

16S rRNA gene is a part of 30S subunit of prokacyobosome. The 16S rRNA gene is most
commonly used molecular marker for prokaryotic iiferation. The gene contains hyper
variable regions that help in species specificaigre sequence identification. It has both rapidly
and slowly evolving regions. The fast evolving e are consist of variable regions useful for
determination of closely related species. Wherdlas, slow evolving region are useful for
determination of distant species (figure 2.8)5, 113]. Advantage of using 16S rRNA gene is
due to lack of horizontal gene transfer and preseica large database (1,613,063) sequences
available in National Center for Biotechnology Infation (NCBI) and Ribosomal Database
Project (RDP) 177]. The method of analyzing these genes include B&sed amplification by

the use of universal bacterial primers. Thoughioally 16S rRNA genes were used for bacterial
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identification, subsequently they were capablelagsifying bacteria into completely new species

and even genera. They have the potential to clabsifteria that have never been successfully

cultured.
Conserved regions
Divergent regions
| Fonward universal eubaclerial primer(27F) |
1 ///2‘06 400 600 800 1000 1200 1400

Figure 2.3. 16S rRNA gene of prokaryotes. 16S rRNA gene of prokaryotes consisting of
conserved and divergent regions useful for microbial identification and classifications.

Eubacterial specific forward primer (27F) and reverse primer (1492R) are shown.
24.1.2. 16SrRNA genebased microbial diversity in metagenomic sample:

Over last two decades, the extensive use of maeamethod of amplification, cloning,
sequencing of 16S rRNA from environmental DNA hawegeased the knowledge of prokaryotic
diversities tremendously. Databases like GenBarkp$dmal Database Project (RDP), and
Greengenes are commonly used for sequence compatsoally, cloned sequences similarity
cut-off values of 80, 85, 90, 92, 94, or 97% arsigieated as phylum, class, order, family,
subfamily, or species respectivel¥3]. The direct sequencing of metagenomic nucleidsci
helped us in studying culturable and unculturecanigms from rare extreme environmerits |
76, 127]. Microbial species richness, operational taxormmnits (OTUs) are important
parameters in determination of microbial biodivigrsits role and functions1B, 71, 110].
Therefore it is quite important to determine theaxmicrobial diversity from environmental
samples. The parametric and nonparametric empimoalels are adopted for species frequency
distribution estimation 147]. The development of such statistical models byhl&s and
Handelman lead to the estimation of 2000 and 5Gebial species in Alaska and Minnesota
soil sample {48]. The most convenient way of obtaining such 169NARgene based
metagenomic library includes the use universaldsadtprimers, their amplification and cloning
in cloning vectors like pTZ57R/T or pGEM (figure.
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Figure2.4. Schematic representation of methods for cloning of 16SrRNA gene. T/A cloning
of PCR product of 16SrRNA gene from environmental environment DNA using pTZ57R/T vector

and Escherchia coli host.
2.5.  Function based metagenomics analysis:

Function based metagenomic analysis is possiblthéyconstruction of metagenomic libraries
using suitable vector and host system. Suitablé dwod vector system has to be chosen for the
successful construction and expression of a metagen library b7, 137]. Targeted

metagenomics based functional study is also pa@sbipthe use of degenerate primers.
25.1. Metagenomiclibrariesand their studies:

The basic steps in metagenomic DNA library consioacincludes size selection of eDNA,
cloning of size selected DNA into appropriate vecamd host system. Study of several
metagenomic library and their screening have beerned out till today §, 20, 34, 164]. The
approach of studying such library are broadly samilalthough selection of vector and host
systems has varied (table 2.1). Large and smadirtimaetagenomic library are constructed for
finding novel secondary metabolites and enzymes.aRerage size of the genes for most
enzymes are 1 to 2 kb, the construction of smakrihmetagenomic libraries with high copy
number plasmid vector are useful. Large insert geetamic library are useful for screening of
antibiotics and other complex operon systerds, [159]. But, the limitation for cloning in
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Bacterial artificial chromosome is that, large smetagenomic DNA is not readily isolated from

soil and well preserved in the process of metagénbbmary construction.

Table 2.1. Environmental metagenomics studies and their importance in biotechnology and

ecology.
Soil type/ Host and vector Screening type Findings Features References
Condition/ system used
Location
Agricultural soil, Escherichia coli, 16S rRNA gene, Finding of clones displaying Heterologous expression and 16S [138]
Madison US BAC Functional heterologous antibacterial, lipase, rRNA gene libraries are studied
amilase and nuclease.
Agricultural soil, Escherichia coli, Functional, color Triaryl antibiotics turbomycin A Heterologous expression of [57]
Madison US BAC production and B agricultural soil DNA
Uncultivated soil, Escherichia coli, Functional, Soil derived clones found 60 MB of soil DNA was screened to  [95]
New England, US BAC Antibacterial producing indirubin find the antileukemic drug indirubin
activity
Forest soil Escherichia coli, Functional, Identification of antifungalE. coli A study of antifungal activity of [34]
Fosmid Antibacterial clones metagenome
activity
Forest soil Escherichia coli, Functional, identification of coloured clones in violecine induces apoptosis in [20]
Cosmid Antibacterial cosmid clones conferring violecine fibroblast cells and active against gram
activity positive cells.
Forest soil Escherichia coli, Functional, Metagenomic derived clones are  N-acyl-L-tyrosine antibiotics [21]
Cosmid Antibiotic activity identified that were antagonistic to discovered
Bacillus subtilis
Meadow sugar Escherichia coli, Functional 15 of the recombinant clones Carbonyl are produced from short- [85]
field, cropland soil  plasmid (pSK+) namly pAK201-215 produced a  chain polyols like 1,2-ethanediol, 2,3-
samples Functional, Carbony! stable carbonyl butanediol.
Carbonyl formation ~ Production
Forest soil Escherichia coli Functional, amylase gene (amyM) Amylase produced was used to [182]
Plasmid (pUC19) Amylase formation environmental library was over hydrolyse soluble strach, cyclodextrin,
expressed and purified .
Agricultural field E. coli TOP10, Functional, Clone was found producing highly Found amylase was a promissing [53]
soil Plasmid (pZero-2) Amidases active penicillin amidase. biocatalyst for synthesis of beta lactum
antibiotics
Rice straw compost Escherichia coli Functional, A 4.7 kb gene fragment was Purified cellulase enzyme was stable [181]
BL21 (DE3), pET20 Cellulase identified identified and subcloned over a wide range of pH, temperature
b(+) from metagenomic source.
Forest soil, cow Escherichia coli, Functional, Five endo beta 1, 4 glucanase Two from cow rumen , one from soil  [50]
rumen, rooted tree Cellulase clones were identified from and two from elephant dung active
Lambda zap metagenomic libraries. clone from libraries showed cellulase
expression vector. hydrolytic activity.
Jae Sawn hot E. coli TOP10, Functional, patatin-like phospholipase (PLP) PLP and Esterase gene product were [164]
spring, Thailand pZErO-2 . . and esterase (Est) were identified stable at pH 3.0to 12 at70° C.
Lipolytic from clones of metagenomic
library
Pond water sample, E. coli DH10B, Functional, lipolytic protein identified was 532 Mb of community DNA was [134]

University of Delhi,
India

pUCL19 vector

Lipolytic activity

shown similarity to yet
uncharacterized a/b hydrolase
protein family.

trapped in 30 K clones.
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25.1.1. Vector systemsfor metagenomiclibrary:

Vectors used for metagenomic library constructi®ram important parameter for expression of
heterologous gene. Selection of appropriate vedegends on the desired insert size, copy
number of plasmid. In addition to that, quality erfivironmental DNA affects the selection of
vector systems. Use of pET and pBluescript vecawetlthe advantage that they maintain a high
copy number irescherichia coli facilitating even the weak heterologous expresgwscreening

of functional gene product$9]. Active expression of the environmental genesedels on the
native promoter. This promoter biasness can bemimed by using cis-acting promoters. The
limitations of using plasmid vector is the smakent size hence large number of clones need to
be screened for desired gene product. This methuts Ithe finding of single gene products or
small operons. To alleviate such problems largerinsased vector systems are in use. They
include cosmid, Fosmid, vectors which are able lame 20 to 40 kb insert DNA and BAC
vectors able to clone 20 to 200 kb fragmend8]. The advantage of making large insert libraries
is the ability to study large fragments of gengseron or recovering entire metabolic pathways.
Fosmid vectors are commonly used for an improvethateof cloning and stable maintenance of
cosmid-sized (35-45 Kbp) inserts i coli. The successful detection of novel activities o t
heterologously cloned metagenomic based genes depsn its expression. This depends on
several factors like the cloned insert gene shoaldy the complete gene of a particular protein
to be studied. The promoter and ribosomal bindibgssare essential to be functional in the

chosen host system for constructing metagenonmarlés.
251.11. pNYL-rygC vector:

pPNYL-rygC vector is a negative selection vector based oavalrtoxic peptide IbsC present in
Escherichia coli genome §2, 114]. The peptide is located in the opposite orientaf SibC
small RNA. The vector has ColE1 origin of replicatj toxic peptide 1bsC which is regulated by
TetO/R [tetracycline operator-repressor]. Tet prtandased on/off regulatory system is one of
the strongest and tightly controlled gene regulateystem. TetO/R tightly controls the
expression of toxic peptide iB. coli DH50Z1. Strain E. coli DH5aZ1 encodes tetracycline
repressor [TetR] in the genome and is constitufiv@nthesized. TetO/R activity is thus
controlled via TetR and anhydrotetracyline (ATChdbbgue of tetracycline]. Non-recombinant
cells expresses the toxic peptide leads to deaitelbf Insertion of a DNA fragment into the

multiple cloning site disrupts the gene coding fioe toxic peptide, allowing direct positive
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selection of clone. This vector system have mudtidbning sites [BamH |, Afe I, Hae Il, Sal |
and EcoR I] that can be used to clone the desif¢d Pagment in pNYLfygC vector.

25.1.2. Host systemsfor metagenomic library:

Escherichia coli is the most common host of choice for constructmn environmental
librariesB7]. The major problem include in heterologous gexgression is codon bias, inability
to use regulatory elements like ribosome binding sind promoters. From many of the
metagenomic library study showed that most of hik lsacteria come under bacteria: 3, v-
Proteobacteria, Acidobacteria, and Actinobactedaffrey et.al. have usedAgrobacterium
tumefaciens (a-proteobacteria), Caulobacter vibrioides (o-proteobacteria), Burkholderia
graminis (B-proteobacteria)Ralstonia metallidurans (3-proteobacteria) Escherichia coli (y-
proteobacteria)Pseudomonas putida (y-proteobacteria) and from the phylum Proteobactera
metagenomic library construction. Hence, takiBgcherichia coli as a choice fulfills the
requirements of a easily screenable hag®]. Codon usage also plays a major role in the
expression of heterologous genes. Cells with Colisnproperties have extra copies of t-RNAs
which allows reorganization of a wide range of hegeneous codon and hence a high level of
expression occurs. In this study the BL21-CodonBtuan was used, which were engineered to
carry extra copies of tRNAs that facilitates a hategous expression of proteins Escherichia

coli [180].

2.5.2. Screening of metagenomic libraries:

Screening of metagenomic libraries can be achieitbeér by enzymatic activity of recombinant

clones or by identifying the sequences they harBgar plate or broth based simple and clear
strategies are suitable for screening huge numhbapboes. Screening of recombinant clones can
also be achieved by using tetrazolium indicatotgslaTetrazolium is colorless and water soluble
in its oxidized form but turns into purple to desal in its reduced state. Positive clones cause
oxidation of the substrate on assay plate, teti@xobets reduced and the deep red formazan is
accumulated in the cell. For detection of hydralgnzymes like lipase and esterase activity, agar
plates containing tributyrin and tricaproin canused [17]. Positive clones become visible by

the zone of clearance around the colonies. Simjlagllulase enzyme can also be detected on
agar plate containing carboxy methyl cellulose (QM&hd stained with congo-red followed by

washing with NaCl for the appearance of clear mallmstained zone around the positive clones.
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Apart from the above plate based assays, high-gfmout screening methods have been
developed using automated robotic system to combaening of large number of clones in a

very short time period.

Till today several of the secondary metaboliteszyeres, natural products retrieved
through this approach are violacein, deoxyviolaceitong-Chain N-Acyl Amino Acid
Antibiotics, turbomycin A, Amylase, Xylanase, Liga&sterase, Protease, Cellulagy]. [Study
of extremophilic environmental DNA either by seqoer by functional screening of lead to the
discovery of thermostable and thermolabile second#etabolites with biological potential. A
recent example of thermostable enzyme from higlp&ature was a reverse transcriptase used
in RT-PCR, thermostable, alkalophilic beta D galaittase was discovered from hot spri6gj
Similarly cold adapted enzymes discovered from delthperature environment metagenomes

include lipase§9], protease, amylase, cellulag®]|
2.6. Challengesin metagenomic librariesstudies:

Potential difficulties in constructing metagenomnibraries for the expression of bioactive
compounds irE. coli include, gram negative bacterium may not haveaghgropriate genetic
background for heterologous expression of geneghewr active form. Only 40% of the
heterologous genes expresses in its active faan91]. These problems can be overcome by
initial cloning and maintenance of metagenomic DMNA Escherichia coli and subsequent
transfer to different suitable host for expressama screeningl]. Metagenome being a complex
mixture of genetic material from a great variety microorganisms, the surrogate host's
machineries cannot recognize the transcriptionadl/aan translational signals within the
metagenome3B]. So far, metagenomic approaches have only belntalveveal the surface of
the genomic, phylogenetic diversity and novel gstoeed in environmental microbes. Strategies
are needed to be improved for heterologous geneegsipn and production of functional
recombinant proteins.

2.7. Direct PCR based targeted metagenomics.

Direct amplification of known gene functions is ama direct way to discover gene clusters from

metagenomic DNA preparation. Successful amplifaratising the degenerate primers is a key

factor for targeted metagenomics. Many a timesathglification depends on the titer of gene of

interest in the metagenomic DNA preparations. Sampé-information could help in designing
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the primers. Pretreatment and enrichment of sampieg specified substrates enriches the
microorganisms in the sample and subsequent dh€& based targeted metagenomics lead to
the discovery of novel genegs]. Braker and et. al. have developed the methadrtplify nitrate
reductase genes nirK and nirS genes from envirotaheample, where the degenerate primers
were used for amplification of reductase gerks 23]. Now a day’s researcher are using the
degenerate primer to amplify particular gene oérest, followed by direct pyrosequencing to
obtain the gene information. Degenerate primersifomatic dioxygenase genes from eDNA has
also been studies like way22]. The major challenge of such approach of studgtd@signing
appropriate primers which need existing sequenéernration. Further only a fragment of
structural gene gets amplified using gene spepifioers, therefore, additional steps are required
to obtain the full length genes. In the presenttihe degenerate primer against beta endo-
glucanase gene responsible for cellulose degradat&re constructed and were used for PCR
amplification, following touchdown procedure. Thaticality of amplification was performed by
using Highfidility HotStarTag DNA polymerase enzyme

2.7.1. Cdlulaseenzyme:

Cellulase consist of a set of enzymes produced lyndy bacteria, fungi, and protozoans that
catalyze the hydrolysis of cellulosgsp]. Other eukaryotic cellulase producers are thmites.
Several types of cellulase are known based on thechanism of action. They are endocellulase
randomly cleaves internal regions at amorphouss %fecellulose to create new chain ends.
Mechanistically, cellulase consist of three se¢mmtymes, endo-(1,4D-glucanase, exo-(1,4)

D-glucanase anp-glucosidases.

Cellulase degrades into cellobiose and cellotettnysexocellulase. The cellobiose then
converts into simpler reduced sugar form by thémnodf - glucosidase. Endoglucanase (EG)
arbitrarily cleaves the O-glycosidic bonds presemnérnally, generating glucan subunit of
different lengths resulting in tetrasaccharidessadtharides such as cellobios#][ The
exoglucanase releases cellobiose and cellotr®s$eagts on the ends of the cellulose chain and
B-glycosidases act specifically on the exocellulasyrct into individual reduced sugar like
glucose (figure 2.5) [8, 16].
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l Beta-glucosidase

Q Glucose
O—Q Cellobiose

Exocellulase

l Endoglucanase

Figure 2.5. The action of endocellulase, exocellulase and beta- glucosidase. The crystalline

structure of cellulose undergoes hydrolysis to simpler cellulose by cellulase enzyme.
2.7.2.  Cdlulase from microorganisms:

Cellulase are synthesized by a variety of microoigas including bacteria and fungi. Their
optimum production has been studied by growing tl@ncellulosic materials. These organisms
are classified into aerobic, anaerobic, mesophdic thermophilic based on their growth
conditions.  Microbial genera including Cellulomonas, Clostridium,  Trichoderma,
Thermomonospora and fungusAspergillus sp. are most extensively studied for cellulase
production and their kinetics79, 135, 158]. Fungal cellulase are structurally simpler than
bacterial cellulase. The bacterial cellulase enzgoraposed of multiple domains with separate
functions. Functional ability of specific domainshaeen identified by proteolytic truncation
experiments or by genetic deletion analysis. Thealons are classified into Catalytic domains
(CD), Cellulose-binding domains (CBD34]. Cellulases are also produced by other symbiont
like microbes in intestine of termite@4]. Many structurally and mechanistically different
cellulases has been reported in literature. Cejltilo enzymes from fungi mesophilic
filamentous fungiTrichoderma reesel have been studied extensivelyp§, 135]. Only a limited
number of studies are available about the metagenapproach of finding cellulase out of

thermal environments.
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2.7.3. Cdlulase from metagenomic sample:

The essence of metagenomic approach to study neisrilbom eDNA involve the use of PCR
amplification based on taxonomic group and funa@logene analysis. Genes responsible for
cellulase production are rarely amplified diredilgm environmental DNA. However there are
very few examples of cellulase discovery througl tpproach. An alternate strategy to get a
preliminary idea about cellulolytic bacteria in @tagenomic DNA pool includes its PCR based
16S ribosomal RNA sequencing. For example, subgrolugenera clostridia, cellulomonas
fibrobacters, bacillus and have been studied ferr ttellulase productiordf]. But, the problem

resides with their isolation and cultivation in axeform from environment.

Carboxymethyl cellulose (CMC) is the substrate mosinmonly used for cellulase
detection in solid agar plate or in liquid basedages {61]. Congo red is the dye that has
noncovalent affinity towards cellulose fibers. Hencongo red is commonly used for screening
of cellulose in solid agar plate. Agar plates contey 1% CMC when cultured with cellulase
producing organisms and overlaid with congo reditsmh followed by washing with 1% NaCl

results into a zone of hydrolysis on the plate.
2.7.4. Importance and industrial applications of cellulase:

Table 2.2: List of applications of cellulasein agriculture, food and industries.

Industry Applications

Agriculture Improves soil quality, plant diseaseol, enhances seed germination and root developme
Bioconversion Transformation of cellulosic substmto organic acids and ethanol.

Fermentation Involve in primary fermentation angbioves quality of beer, clarification in wine pradion.
Food Improves starch and protein extraction froodfomproves texture, flavor and volatile

properties of vegetables and fruits, clarificatibfroit juices.
Pulp and Paper Enzymatic deinking, biomechanickdipg, improves fiber brightness.

Textile Biopolishing of textiles, softening of gaemts, improves fabrics quality.

Cellulases have been in use for more than 30 yedine sector of food, animal feed, pulp
and paper, agriculture, wine and brewing makingmiass refining, textile, and laundn| 15,

73, 88] listed in table-2.2. This enzyme have been takpnfor research in academic and
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industries 14]. Cellulase in combination with xylanase used f®@inking of paper wastes.

Cellulose bezoar formation in human stomach is @sated using cellulase.
2.8. Asparaginase and its importance:

Asparaginase is an enzyme that catalyzes the csiomeof L-asparagine to L-aspartic acid by
hydrolysis process. They are naturally producednfizacteria and fungus. Asparaginase from
Erwinia carotovora are in use for treatment of acute lymphoblagtickémia (ALL) [L70]. L-
asparaginase catalyses the hydrolysis of free hragme in blood, hence selectively drives the
leukemic cells to death as these cells cannot sgi#é the asparagine in its own. L-asparaginase
is the most preferred drug of choice for treatnmadrdcute lymphoblastic leukemia because of its
non-toxic, biodegradable nature and can be admanedtat the local sites quite easily. L-
asparaginase are used in food processing as ttegae¢he acrylamide formation during starchy
food processing. Acrylamide are formed in friedl @ven-cooked foods, potato chips due to the
reaction of free asparagine and reducing sugadls.[ L-Asparaginase hinders the interaction
between L-asparagine and reducing sugars, theegfgdamide formation is inhibited5]].
Mineralization of nitrogen in soil is also carriedit by L-asparaginase. Major sources of L-
Asparaginase are animal, plant and microlsd$. [Hence, there is an urgent need of rapid and
greater production of the enzyme to meet the hudemand. For clinical trials, apart from
Escherichia coli and Erwinia carotovora this enzyme has been obtained fr@erratia
marcescens, bakers' yeast, guinea pig serum, and chickensliv@erological studies with the
antibodies sensitive to the L-asparagenase fronroamrganisms proved that L-asparaginase
differs immunologically. The availability of two amore different L-asparaginases would be

advantageous in clinical trials and in human use.
2.8.1. Screening of Asparaginase:

The modified Czapek Dox medium is used for prodactod detection of L-asparaginase in
cultured isolates. Modified Czapek Dox medium comtay L-asparagine is the only C and N
source and containing phenol red or bromothymae lalsi pH indicator with color changes on the
agar plate. Czapek Dox medium with phenol red whewn with L-asparaginase producing
organisms, turns into re from yellow. Similarly,obto thymol blue containing plates under
above conditions turns into blue in color due to @tange of the medium. Released ammonia

during the reaction lead to an increase in the pldeaction mixture (figure 2.6). Dye bromo
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thymol blue is yellow at acidic pH and turns inttudo at alkaline pH. The ammonia (NH3+)
production in the reaction mixture containing eneyimasparaginase and substrate asparagine
can be detected by Nessler's reagent treatmenthwdiies a deep yellow color to the reaction

mixture.
L-Asparaginase L-Asparaginase

MNuc L- ;&sparaginaﬂe Muc

NH. (
- . MHsY
COo O
O (
O
=

L-asparagine

Beta-acyl-enzym
MHz intermediate

L-aspartate

Figure 2.6. Conversion of L-asparagineto L -aspartate in presence of L-asparaginase. Amino
acid L-asparagine converts into L-aspartic acid (Aspartate) in presence of enzyme L-

asparaginase. Ammonium ions forms further convertsinto ammonia in the reaction.

L-asparaginase from different sources varies witleirt physico-chemical properties. L-
asparaginase frorscherichia coli designated as EC-1 and ECZZ][ Only EC-2 posses the
anti-leukemic activity. EC-1 shows rapid decreasadtivity below pH-8.4. L-asparaginase from
Erwinia carotovora andBacillus sp. shows the optimum activity at pH 8.0. The emzactivity
decreases sharply at 40 °C from such spediy.[Literature shows that L-asparaginase from
many microbes are not a metalloprotein, hence theynot require cofactors. Presence of
chelating agents like EDTA and other thiol protegtigroups such as 2-betamercaptoethanol,

glutathione, dithiothreitol increases the actiwfythe enzyme. 133, 144].
2.9. Real-time PCR based detection of genesin metagenomic DNA:

29.1. Targeted metagenomics based study on transporters and antibiotic resistance genes
from eDNA:

Quantitative polymerase chain reaction (QPCR) Isgaly sensitive method for the detection of
low titer gene in template DNA. Real-time PCR is thost sensitive way to determine rare and

low concentrated gene candidates in environmerdahptes $0, 101]. Researcher have
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developed the methods to study such low abundanésgérom natural environment using
quantitative PCR 909, 155]. Louis and et. al. have developed the real-ti@&Pased method for
determination of butyryl- coenzyme A (CoA) genenfranetagenomic DNA preparationg9].

The real-time PCR based approach is also usedeterrdination of glycopeptides, tetracycline
andp-lactam antibiotics from Beringian permafrost seelms B8]. Most vital step for studying
the PCR based approach to metagenomic DNA inchel@ssessment of origin of studied genes.
Use of human mitochondrial DNA, chloroplast DNA@ént andE. coli plasmid pET23a-GFP

for contamination assessment assay is also rep@;tea1].
29.2. Efflux pumpsthat help combat with extreme environmental conditions:

The Himalayan thermal springs, which are origindtech the emergence of geothermally heated
ground water is a hotspot for high stress envirartm&he high temperature, high load of
sulphur, high concentration of certain heavy metasddes the existence of prokaryotic organisms
challenging $4]. Microorganisms in this stressful environment daleveloped adaptations and
are not only surviving but also nurturing0 81]. Bacterial efflux pumps play the vital role in
survival and development of specialized microorgiansi fL19]. List of bacterial transporters are
given in table 2.3. The RND family of transportengere responsible for heavy metal resistance
in R metallidurans [120]. Such transporters which were involve in effluxf o

hydrophobe/amphiphilic substances like acriflawe ddetergents and multiple antibiotics.

Table 2.3: List of different family of transporters:

S. Family of Metalions Name and composition References
no transporter of transporter
1 RND Cd*, Ag" CusCFBA transporter  [96]
RND ethidium bromide,benzalkonium bromic AcrB transporte [100]
2 Triton X-100, sodium dodecyl sulfate.
3 P-type Mg®*,Mn**",C&* K*,C\/**,Zn*",Cc* ,PE** Ag"  One membrane prote  [156]
4 A-type As” One membrane integr [119]

protein and a dimeric
ATPase subunit
5 MIT Most cation CorA [25]
6 RND sodium dodecyl sulfate and deoxycha AcrD transporte [4]
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29.3. Quantitative PCR based gene detection in metagenomic DNA:
Efflux pumps: CusA, AcrB, AcrD:

Gram-negative bacteria use tripartite efflux syst#nresistance-nodulation-cell division (RND)
family to expel various toxic compounds from cell29]. The efflux system CusCBA is
responsible for efflux of toxic heavy metals froellcytoplasm to outside. CusA is an integral
part of CusCFBA and is responsible for efflux opper/silver §6]. CusA is a part of heavy
metal efflux (HME) subfamily of resistance —Nodigat Cell division (RND) efflux pumps
[120]. CusA is capable of dynamically picking metal sofrom cytoplasm and efflux out.
Acriflavin resistance protein B (AcrB) is a transi@p involve in efflux of antibiotics,

disinfectants, dyes, and detergents.
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CHAPTER 3

MATERIALS AND METHODS

3.1.  Study sites and sample collection:

Soil samples were collected from Tattapani hotrgp(B1.2489° N and 77.0861° E, height 655
meter from sea level) and Tapovan (30° 54' 16.4N679° 10' 22.7064" E, and height 1828
meter from sea level) of Himalayan ranges (figur®).2These Himalayan thermal springs are
known to be originated by the emergence of geothltyrheated groundwater. Soil sample (mat),
water was collected from the bed of hot springsv@ns of algal mats were recorded at both the
sites. The site of sample collection is exposeswode range of temperature in different seasons.
The Hot Springs maintain a uniform temperaturefGand 85°C, pH was recorded about 8.34
and 8.06 respectively. Tattapani soil consist®af drganic content, whereas Tapovan spring soil
consists of mostly siliceous soil with inorganicveanment (Table 4.1). The soil and water
samples were brought to the laboratory and soil awesctly processed for metagenomic crude
DNA preparation without storing it for longer tim@s prolonged storage under laboratory

conditions destroys the natural microbial florasamples.
3.2. Water chemistry analysis:

Physical and chemical parameters of water wereyaedl Temperature was recorded at the site
using thermometer. pH was measured using digital npéter (Micro pH analytica). lonic
concentration of both the hot springs water weterd@ned using ionic chromatography (IC) and
heavy metals present in water sample were detedmiyeinductively coupled plasma mass
spectrometry (ICPMS).

3.2.1. lonic chromatography:

Elemental ions of both the spring water sample vastermined using 792 Basic IC-Metrohm.
Water sample was used at two times diluted milliQes. Diluted water sample was filtered with
0.22um syringe filter (millipore). Sample was injecténtdugh the injector of IC-Metrohm. lonic
concentration were determined for anions Fluorigg Chloride (CI), Nitrite (NO,), Bromide
(Br), Nitrate (NQ), Phosphate (HP£), Sulphate (S§) and cations Lithium (L), Sodium
(Na"), Ammonium (NH*), Potassium (K), Magnesium (M§), Calcium (C4&".
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3.2.2. Inductively coupled plasma mass spectrometyCPMS):

Elemental heavy metals were analyzed using ICPMQ\REDRC-e, PerkinElmer SCIEX) for
Al, As, B, Co, Cu, Fe, Hg, Mn, Sb, Cr, Cd, Ni, Z¢ (Table 4.1). The digested water sample

was filtered with 0.22um syringe filter (Millipore, Germany).
3.3. Metagenomic DNA isolation and purification fran hot spring mat:

The method adopted for metagenomic DNA isolatiamfrspring mat was same as previously

reported in the literature, with certain modificets for superior quality DNA isolation.
3.3.1. Manual method of metagenomic DNA isolation:

The metagenomic DNA was extracted on a large sédleut 50 gms of sieved fine hot spring
soil was taken in a 250 ml nalgene bottle and weeted with 75 ml of lysis buffer. After proper
manual mixing, 25Qu of proteinase K (10 mg/ml) was added. Nalgendldatas incubated at
65 °C for 2 hours. The sample in each bottle wasethiby hand thoroughly after every 15
minutes. After lysis, the lyses soup was alloweddol at room temperature. RNase A solution
was added to the soup at a final concentratiorD6fid/ml and incubated at 37 °C for half an hr.
The samples were centrifuged at 50009 for 10 niihe.supernatant was transferred into a sterile
nalgene bottle. The lysate was treated with 0.Tuwels of Isopropanol and incubated at room
temperature for 1 hour. Precipitation of eDNA wasried out at 10000 rpm for 30 mins at 4°C.
Supernatant was drained off without disturbing pledlet. The brown pellet was washed with
70% ethanol at 10000 rpm for 10 minutes at 4°Cethiraes. The eDNA pellet was dried at room
temperature and dissolved in 1 ml of nuclease \irater. The pellet was heated at 50°C for 10
mins and eDNA was completely dissolved by inculzpt 4°C overnight. Crude nucleic acid
extracts from soil sample had a yellow-brown coldhe DNA concentration was estimated
spectrophotometrically. The molecular weight andligy of DNA was analyzed by running 10
ul of eDNA in 0.8% agarose with Ethidium Bromide BEX and visualized under UV

transilluminator.

0.5M Na EDTA: Dissolve 18.61 gms of Na EDTA in 40-50 ml of DDWe pH was adjusted to
8.0 by adding 10 M NaOH. The final volume was m&oel00 ml. Prepared solution was

autoclaved at 15 psi, 121°C for 15 minutes.
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Lysis buffer composition:

Tris ClI 100 mM (pH 8.0)
EDTA 100 mM (pH 8.0)
NaCl 1.5M

CTAB 1%

SDS 1%

Poly clar resin AT 1%

Lysozyme (100mg/ml) stock preparation:100 mg of lysozyme was dissolved in 1 ml of DDW

sterilized through 0.2gm syringe filter (Millipore, Germany). Stored aD°Z.

Proteinase K (10mg/ml) stock solution preparation:

Glycerol =5 ml

1M Tris CI (pH-7.5) - 50Qul

CaCb- 145 mg

Proteinase K- 100 mg

Final volume made into 10 ml with DDW.

RNase A (10mg/ml) stock preparation:100 mg of RNase in 2QQ of 0.5M Tris Cl and 3QuL

of 5 M NaCl remaining DDW to make it 10 mL. Heat1&0 °C for 15 min, allowed to cool at

room temperature and stored at -20 °C.

3.3.2. DNA isolation trough commercial kit (HiPurA™ Soil DNA purification Kit,

Himedia, India):

500 mg of soil samples were added to @blysis solution in HiBead containing tube (Himedia
India). The tube were vortexed at maximum speedl@minutes. At the end of vortexing the
tubes were centrifuged at 13000 g for 1 minutesefmarate out the soil particles. The supernatant
soup was taken in a fresh eppendorf tube anduR®0 inhibitor removal solution (IRSH) was
added to the soup. The content was mixed propertyiacubated at 4°C for 5 minutes. The
precipitate was separated at 12000 rpm for 1 msnateoom temperature. The supernatant soup
was taken in a 2 ml clean collection tube. To whitl2 ml of binding solution (SB) (Himedia,
India) was added and vortexed. §d0of the lysate was taken in HiElute miniprep spaiumn

and centrifuged for 1 minute at 12000 rpm. Thip stas repeated for all the amount of lysate to
pass through the column. The column was washed %@thul of diluted wash solution. The

washing step was repeated once again. An emptyvggsngiven at 12000 rpm for 2 minutes to
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remove extra residual ethanol. The column was teamesl to a new collection tube and retained
DNA was eluted with 10@l of nuclease free water (NFW).

3.3.3. Purification of metagenomic DNA using electr-elution method:

This region was neither stained with ethidium bromide
nor exposed to ultraviolet light

Cut off edge
of gel
Lambda Hind Il
molecular weight C 1 ] [ k1 Environmental DNA
standard
< cut
Excise gel above
HMW eDNA I < ot

Stain edge of gel

Figure 3.1: Manual setup for agarose gel during lage scale electro-elution and purification

of metagenomic DNA.

The DNA isolated by the above method carries manhybitors like humic acids and
formic acid which inhibit the subsequent biomolecudpplications. 200ul (1) of eDNA was
loaded onto 1% agarose gel without EtBr, along \athbda Hind 11l marker. The gel was run at
100V for 1 hour and then voltage was reduced to &\3 hrs. At the end of the run, the gel
portion carrying lambda Hind 1ll marker and a pontiof eDNA was excised with the help of a
new razor. The gel slice was stained with 0.5pu@hitBr for 15 mins. High molecular weight
eDNA was visualized under UV light in the stainesttpn of gel slice. With the help of a razor
top and bottom of the high molecular weight eDNAresponding to 23 kb lambda marker was
marked. This was a 1 cm smear around % th of the dwavn the gel. The gel slice was re
aligned with the unstained portion of the gel aweym UV light. High molecular weight
(HMW) eDNA in the unstained gel slice was excisad glaced in 1X TAE. The gel slice along
with 1X TAE was placed in the pre activated diadysiembrane (heated in boiling water for 5
mins). The dialysis membrane had a molecular weaigtdaff (MWCO) of 1 kDa. Both sides were
clamped avoiding air bubbles inside the bag. Dialygmg was oriented in the gel apparatus as
that it was parallel to electrodes (perpendicwahe current) and covered with 1X TAE running
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buffer. Electro-elution was done for a period didirs at 100 V. At the end of electro-elution 1X
TAE in the bag was carefully removed and placed it ml Amicon centrifugal concentrator
(MWCO 30K). Volume of DNA was reduced to 250-500 iy centrifuging at 4500g for 15
mins. The washing step was repeated again with AR I collect the unwashed DNA portion.
eDNA quality was determined by running 10ul of cemicated DNA along with lambda hind I
marker. The quality was found to be satisfactorit asns along with 23 kb band of lambda hind

[l MW standard. Quantification of DNA was carriedt spectrophotometrically at,& nm.
Quantification of DNA:

1 OD = 50ug DNA/ ml

Concentration of DNAKg/mI) = (OD Apgg) X (dilution factor) x (50 ug DNA/mI)/ (DDyep unit)

Preparation of EtBr solution: 100 mg of EtBr to 10 mL ddiD, mixed well using votexer and
stored.

50X TAE stock preparation: 242 gm of Tris base (pH — 8.0), Glacial acetic aéid.1 gm, 0.5
M EDTA (pH-8.0) was dissolved in 700ml of DDW arteeh made upto 1 lit. Prepared solution

was autoclaved at 15 psi, 121°C for 15 minutes.
3.3.4. Quantification and quality analysis of DNA sing PCR and restriction digestion

The quantification of purified DNA was determinegestrophotometrically at 260nm and
concentration of contaminates protein and humid aeere determined by taking the optical
density spectrum from 220 to 350nm. The qualitygehomic DNA isolated was determined
using DNA to protein ratio and DNA to humic acidioaat 260/280 and 260/230 respectively.

Quality of DNA was further analyzed by PCR baseg@rapch using eubacterial specific 16S
rRNA gene primers the 27F and 1492R.

PCR conditions:

Reagents Stock concentration Working concentration Amount in 50pL
reaction

Hotstar master mix 10X 1X % {

Dntps 2 Mm 0.2mM pL

Forward primer 10 uM 0.4 uM 12

Reverse Primer 10 uM 0.4 uM ul2

Hot star tag DNA 5 U/uL 25U Oub
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polymerase

Template DNA 50 ng/pL 100 ng/uL uR

Nuclease free water 33.5uL

PCR Program: The following PCR program was used for amplifioatof 16S rRNA gene from
Tattapani metagenomic DNA.

Step 1 (Initial denaturation) 94°C for 15 min

Step 2 (Denaturation) 94°C for 1 min

Step 3 (Annealing) 47°C fors4x

Step 4 (Extension) 72°C fds fnin

Step 5 ©Bdtep 2 for 5 times
Step 6 (Denaturation) 94°C forihm

Step 7 (Annealing) 49°C fors4x

Step 8 (Extension) 72°C fds fnin

Step 9 Go to Step 2 for 25 times
Step 10 (Final extension) 72°C fomii@utes
Step 11 Hold at 4°C forever

The amplified PCR product was electrophoresed inatfgrose gel containing EtBr. The PCR
product was visualized under UV light.

Quality of the purified metagenomic DNA was assdsbg partial digestion of DNA with
Sau3Al enzyme.

Restriction digestion conditions:

Reagent used Volume
Plasmid DNA Gl
Buffer Sau3Al (10X) AL
Sau3Al (10U) (1%
Nuclease free water 1215
Total 20

Restriction digestion was performed for a periodLdfiour at 37°C. At the end of incubation
reaction was inactivated by adding 1mM of EDTA. Téwdent of digestion was analyzed by

electrophoresis of the digested product with theéigested metagenomic DNA.
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The crude DNA, the manually electro-eluted DNA @ahd commercial kit eluted DNA were
compared spectrophotometrically by taking spectair®D from 220nm to 350nm. OD at 230,
260, 280nm were retrieved from the spectrum datd #dre 260/280 ratio for protein
contamination and 260/230 ratio for humic acid eamhation were determined individually for
all three category of isolated DNA.

3.4. Microbial diversity analysis of hot springghrough metagenomic approach:

The eDNA isolated and purified metagenomic way filmoth Tattapani and Tapovan spring was
subjected to 16S rRNA gene library construction seguencing for a comprehensive microbial

diversity analysis.
3.4.1. 16S rRNA gene based metagenomic library cdnsction:
3.4.1.1. Amplification of 16S rRNA gene from hospring DNA:

A set of eubacterial specific primers were usednplify about 1465 base pair section of the 16S
rRNA genes from total metagenomic DNA from both #pgings, as described by Acinas et al
2004. Total environmental DNA were amplified bylymoerase chain reaction (PCR) in a
reaction mixture (50) containing 1X Hotstar master mix (Qiagen), ardl kg of template
metagenomic DNA, 0.5 pMol of each of forward 2B -AGAGTTTGATCCTGGCTCAG-3)
and reverse primer 1492r (5-GGTTACCTTGTTACGACTT)3and 2.5 units of HotStar
hifidelity tag DNA polymerase (Qiagen). The reantimixtures were incubated in a thermal
cycler at 94°C for 4 min for initial denaturatioallbwed by 5 cycles of 60 s at 94°C, 60 s at
47°C, 90 s at 72°C and 25 cycles of 60 s at 940G &t 49°C, 90 s at 72°C and a final extension
of 10 min at 72 °C. The amplified products from teplicate PCRs were pooled together and
analyzed on 1 % agarose gel. The product of 1.5 was then selected and eluted from
agarose gel using QIAquick® gel extraction kit (@a, USA). The quality and quantity of
eluted DNA from gel was analyzed by running a fi@cof it on 1% agarose gel as earlier.

3.4.1.2. Gel purification of amplified 16SgeneybQIAquick® gel extraction kit (Qiagen,
USA):

The 1.5 kb PCR product was electrophoresed on 1afosg gel at 70 V/chfor 1 hour along
with Gene Ruler 1 kb DNA ladder (Fermentas). Treetion of PCR product was excised out

using new razor.
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Table 3.1:Primers used in the study for microbial identificaion, phylogenetic analysis and

sequencing.
S.No  Sequence (forward Sequence (5'-3") Size of amplicon  Organism type
/Reverse) amplified
1 27f 5-AGAGTTTGATCATGGCTCAG-3' 1465 bp Bacterigkimer
1492r 5-GGTTACCTTGTTACGACTT-3’
2 pUC/M13F 5-GTTTTCCCAGTCACGAC-3' Variable Sequéng
pUC/M13R 5'-CAGGAAACAGCTATGAC-3'

3 volume QG* Buffer was added to 1 gel volume (@ gel ~ 1uL) and sample was
incubated at 70°C for 10 min or until the gel sli@s completely dissolved. Subsequently 1 gel
volume of isopropanol (Bio basic Inc, India) wasled to the sample and mixed by vortexing.
For binding of DNA, sample was applied to the QlA{® column (Qiagen, USA) and
centrifuged for 1 min at 13000 rpm. Flow-throughsw@iscarded and the column was placed
back into the same tube. For washing, 0.75 mL P&fe8 was added to column and centrifuged
for 1 min at 12000rpm. Column was centrifuged fapther 2 min at 12,000 rpm to remove
residual wash buffer. QIAquick® column was theageld into a clean 1.5 mL eppendorf tube
(Tarson, India). For elution of bound DNA, 30 Buffer EB* was added to the center of the

QIAquick® column and the column was centrifugedXanin at 13000 rpm.
*Buffer QG (Qiagen) — Guanidine thiocyanate

*Buffer PE (Qiagen) — Sodium perchloride and atila

*Buffer EB (Qiagen) — 10 mM Tris-Cl, pH 7.5

3.4.1.3. Quantification and ligation of genefanterest into pTZ57R/T vector:

The eluted insert DNA was quantified by spectrophwter at 260 nm. 450 ng of insert DNA
was used for cloning with 150 ng of T/A cloning t@cpTZ57R/T (InsT/A clon! MBI

Fermentas, Germany) DNA. 10 uL ligation reactiors wat as follows.
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Table 3.4: Ligation reaction into pTZ57R/T cloningvector:

Reagents Final Conc. (In 10puL) Amount (In 10 pL)
10X T4 ligase buffer*(Fermentas, USA) 1X 1uL

T4 DNA ligase (10 U pL-1) 5U 0.5 puL

ATP (10 mM) 0.5 mM 0.5puL

pTZ57R/T (55ng/ pL) 150ng 2.7 uL

Amplified 16S rRNA gene (~ 85ngl) 450ng 5.3 uL

ECoRI
Ec1361l 621
Sacl 621
Acc651 627
Kpal 627
Bsp68l 633
oy Xbal 644

“ BamHl 654
cron 658

PTZ5TRIT aar

Keoss1 658
2886 bp Apal ca1
Bsp1201 661
sall 667

Pstl 672
Ecol471 678
HindITI

Figure 3.2 : Cloning vector pTZ57R/T (InsT/A cloné™ MBI Fermentas, Germany).

Ligation reaction was carried out for 2 hours at°22 At the end of ligation the mixture heat
inactivated at 70C for 15 mins.

Mph1103I
M13/pUC sequencing primer (-20), 17-mer Eci13611 Mva12691
#S0100) 615 EcoRI Sacl Egnl _ BspB8l ——=———
5 G TAA AAC GAC GGC CAG TGA ATT CGA GCT CGG TAC CTC GCG AAT GCA
3”7 ¢ ATT TTG CTG CCG GTC ACT TAA GCT CGA GCC ATG GAG CGC TTA CGT
LacZ «— Val Val Ala Leu Ser Asn Ser Ser Pro Val Glu Arg lle Cys

cfrol

- Eco88l 120| “;:l:l“ —_—
___BsplaOl
_Xbal 630 651 BamH) —_Smal ——= Xmil __ Pstl
TCT AGA TddT AT CGG ATC CCG GGC CCG TCG ACT GCA
AGA TCT A ddT TA GCC TAG GGC CCG GGC AGC TGA CGT
Arg Ser lle Pro Asp Arg Ala Arg Arg Ser Cys
Al

—___Ecol471 Pael Hindin 695

GAG GCC TGC ATG CAA GCT TrT GA GCT TGG CGT
CTC CGG ACG TAC GTT COA_AnSlGGmIEASICAGISSAVGEAVEARNECT Con ACC Gon
7 transcription start T7 promoter

Leu Gly Ala His Leu Ser Glu Arg Tyr His Thr Thr Asn Ser Ser Pro Thr

AAT CAT GGT CAT AGC TGT TTC CTG 57

TTA GTA CCA GTA TCG ACA AAG GAC 57
M13/pUC reverse sequencing primer (-26), 17-mer (#S0101)

lle Met Thr Met

Figure: 3.3. Multiple cloning site of cloning vecto pTZ57R/T .
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3.4.1.4.  Transformation of ligated product inb Escherichia coli host:

The ligated product in pTZ57R/T vector was subjecte electro transformation in electro

competent cell oEscherichia coli DH50.
Electro-competent cell Escherichia coli DH5a) preparation:

Escherichia coli DH5a cell was pre inoculated in 10 ml LB. On the daycoimpetent cell
preparation 1% of inoculum was sub cultured inHreB and grown till OD reached 0.5 at
400 ml cell were harvested in 2 nalgene tubes loyribegation at 3K rpm for 20 min at 4 °C.
Cell were suspended in 100 ml of 10% glycerol aeg@tkin ice for 20 min. The cell were
harvested at 2500 rpm for 30 mins. The cell wasnagaspended in 50 ml 10% glycerol. Cell
were again centrifuged at 2500 rpm and pellet vissotlyed in 1 ml 10% glycerol each.

Harvested cells followed by centrifugation was diged in 150ul of 10% glycerol and aliquated
to 5QuL each and quick frizzed in liquid nitrogen andrstbat -80 °C.

The heat inactivated ligated product in pTZ57R/Tteewas subjected to electro transformation
in electro-competent cell dscherichia coli DH5a. 1.5l of ligated product was mixed with the
electro-competent cells on ice. They were mixedtlgeby tapping on the finger tip. The
competent cell was then transferred into pre coeledtroporation cuvette eppendorf — 1mm
(Eppendorf, Germany) and an electric pulse of 178@V/5 m seconds was given to the cells
(Using electroporater Eppendorf , Germany). Imntetijathe cell was transferred to 1 ml SOC
media (Himedia, India; 0.5% Yeast Extract; 2% Toym; 10 mM NacCl; 2.5 mM KCI; 10 mM
MgCl,; 10 mM MgSQ; 20 mM Glucose). The cells were enriched a@7at 200 rpm for an
hour. The cells were pooled out by centrifugatiod aere selected on LB plates containing 100
ug/ml of ampicillin, 4Qug/ml of XGal and 0.1 mM IPTG. Single white colonigsre re-streaked
on LB Ampicillin plates. Plasmid were isolated fraultures raised from these individual clones.

Purified plasmids served as templates for 16S rRéifegequence determination.

Ampicillin stock solution preparation (100mg/ml): 100 mg of sodium salt of ampicillin
(Sigma) was dissolved in 1ml DDW and filtered i@Dum millex syringe filter (Millipore UK).
Stored at -20 °C.

XGal stock solution preparation (20mg/ml):200 mg of X-Gal (USB) was dissolved in 8ml of
Dimethylformamide (DMF) final volume was made u@® ml by adding remaining DMF.

Solution was stored at -20°C.
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IPTG stock solution preparation (100mM): 0.238 gm of IPTG (USB) was dissolved in 8 ml of
DDW and final volume was made upto 10 by addingaiemg DDW. Filtered through 0.22m
millex syringe filter (Millipore UK). Stored at -22C.

10% Glycerol preparation: 50 ml of glycerol (Merck) was diluted with 450 ml water and

was autoclaved at 15 psi, 121°C for 15 minutes.

Preparation of SOC medium: 3.41gm of SOC (Himedia, India) was dissolved in X00of
DDW. The solution was autoclaved at 15 psi, 1215C1l6 minutes.

3.4.2. Screening of transformants and restriction g@ttern analysis:

Randumly selected clones from each library werekqacfor Restriction Fragment Length
Polymorphism (RFLP) analysis. Plasmid were isoldtech the clones using GeneJET Plasmid

Miniprep Kit (Fermentas germany).
Plasmid DNA isolation:

Overnight culture of individual clones in ampiaill{100 ug/ml) were used for plasmid DNA
isolation. 1.5 ml cells were harvested at 8000 gamirifugation for 3 minutes. The pelleted cells
were suspended in 2%0o0f the resuspension buffer. The bacteria wersuspended completely
by vortexing or pipetting up and down till no celumps remains (RNase A added to the
resuspension solution previously). 260f lysis solution was added and was inverted4fdo 5
times sothat the solution becomes viscous andtkfligtear. To the lyset mixture 35@ of
neutralization solution was added and mixed thanbudoy inverting the tubes 5 to 6 times. The
content in the tube was centrifuged for 5 mins 220D rpm to pelletdown the cell debris and
chromosomal DNA. The supernatant was transferrgdeineJET spin column, centrifuged for 1
minutes. The column was washed with 50®f the diluted wash solution by centrifugation at
12000 rpm. The wash step was repeated once agdimhanflow through was discarded. The
GeneJET spin column was placed in a new 1.5 mlaoértrifuge tube and 5d of the Elution
Buffer was added to the center of column and etutvas done at 12000 rpm centrifugation for 2
mins. The plasmids from libraries were double-digéswith Hindlll and EcoRIl (MBI
Fermentas, Germany) restriction enzymes and Alaymes in two separate sets. Fragments
were vizualized through elecrophoresis on 2% agaged. Plasmid clones showing different
polymorphism in either of the digestion sets walentified by eye and were considered to be

unique. Such plasmids 61 clones from Tattapani 28@¢lones from Tapovan which showed
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fragment polymophism were were sent for sequentin§ciGenom Labs Private Ltd (Kochi,

India).

Double digestion of pTZ57R/T containing 16S rRNA gee with Hind Il and EcoRl:

Reagent used Volume
Plasmid DNA 5MI
Buffer R (10X) 2uL
Hind 111 0.5uL
EcoRl 0.5uL
Nuclease free water  12ul
Total 20uL

Digestion of pTZ57R/T containing 16S rRNA gene wittAlul:

Reagent used Volume
Plasmid DNA SuL
Buffer Tango (10X) 2puL
Alu | (10U/uL) 0.5uL
Nuclease free water  12.5uL
Total 20 puL

Digested product from both the libraries were amedly for Restriction Fragment Length
Polymorphism (RFLP) analysis. Fragments were vizadl through elecrophoresis on 2%
agarose gel. Plasmid clones showing different pohphism in either of the digestion sets were

identified by eye and were considered as unique.
3.4.3. Sequencing of clone libraries:

Selected clones from RFLP analysis were sent fquesecing at SciGenom Labs Private Ltd
(Kochi, India) using M13 forward primer. Sequencings performed using ABi 3730XI (Sanger

sequencing methodology).
3.4.4. Affiliation and validation of sequenced clo@s in NCBI:

The sequenced 16S rDNA fragments were analyzedtHoneric sequence elimination using
pintail 1.1 version. The non-chimeric and non-reghmt nucleotide sequences from this study

were deposited in the GenBank database and gettiteaccession numbers.
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3.4.5. Relative abundance analysis of microbes:

The non-chimeric sequences were subjected to flasgd phylum, class, order, family or
species of microorganisms based on their identgiedile from Basic Local Alignment Search
Tool (BLAST) search. Microbial abundance bar diagravas calculated for both the spring

sequenced clone libraries.
3.4.6. Microbial diversity analysis of clone librares:

Shannon-weiner index and microbial richness weteutsted for the clones online FastGroupll
online tool (http://fastgroup.sdsu.edu/cal_toolst

3.4.6.1. OTUs and rarefaction analysis for cfe libraries:

The 16S rRNA based sequences were analyzed foulatig Operational Taxonomic Units
(OTU) and the Rarefaction curve was generated%t Sonfidence of Interest (Cl) values using
Analytical  Rarefaction version 1.3 available at UGAStratigraphy Lab
(http://www.uga.edu/strata/software/index.html). r&taction curves were generated and
compared for both the geothermal springs.

3.4.6.2.  Phylogenetic analysis of clone libras and phylogenetic tree construction:

The phylogenetic relation among clone sequences fbmth the libraries separately were
determined by the construction of phylogenetic .treaylip-3.69 version was used for the
phylogenetic tree construction. The non-chimeriquemces form the clone libraries were
selected and multiple aligned through MUSCLE. Thignad sequence were saved in phylip
format. The DNADIST based execute file was operasking phylip formatted align file. The
output of DNADIST was taken as an input file forigtgor Joining (NJ) distance matrix at 1000
replicator as bootstrap value. The out tree fils wigualized through using visualizing software
TreeView 1.6.6.

3.5. Microbial culture based isolates and theinalysis through Biolog EcoPlates based

assay:

The microbial community structure and their metabability was analyzed by Biolog
EcoPlates. 500 ml of water sample from both thengpwere filtered through 0.22n filters
(Millipore). The filters were shifted to 10 ml obmal saline and were vertexed vigorously for

20 minutes. The assay was set by takingdlG@ater sample of both the hot springs in separate

37



Biolog plates and were incubated at ®7 for 24 hours. The sole carbon utilization assag w
performed in triplicate. The color change was Jiged after proper incubation and its OD was
taken at 590nm in MicroStation™ System/MicroLogtpleeader USA.

1 ml of water sample from Tapovan spring was inakad in 2X concentration of nutrient broth
and were enriched at T for 12 hours. 10d of enriched culture and from £p10° dilution
were spread on 2% nutrient Gelangum Gelright a@ypplied biosciences, India) plates and plate
were kept at 58C. Single and distinct bacterial colonies were sulured and maintained as
axenic culture. Their colony morphology and graragire were visualized in Nikon, Eclipse Ti-
S compound microscope at 100X magnification. Theogec DNA was isolated from all the
three axenic cultures using standard protocolstifieation of the organisms were carried out by
using 16S rRNA gene. Further characterization ofates were carried out using Biolog GN
microplates and their read was taken at MicroStadtidSystem/MicroLog, USA. A phylogenetic
tree was constructed using Phylip 3.69 versiorintak6S rRNA genes from all the isolates and
their relative organisms from BLAST search. Fatgidamethyl ester (FAME) profile of

thermophilic isolate was carried out at royal Bf@ences Pvt. Ltd Hyderabad India.

3.6.  Metagenomic functional library construction from hot springs DNA:
Both Tattapani and Tapovan spring metagenomic DN&S wubjected to metagenomic library
construction for functional screening of enzymesnMally isolated and purified eDNA was used

for plasmid based small inert library construction.

3.6.1. Partial restriction digestion of hot springDNA:

Metagenomic DNA from both the spring were used dartial digestion using Sau3Al (MBI
Fermentas, Germany). The partial digestion reactias carried out for 5 10, 15 minutes in order
to obtain maximum of the partially digested DNAdn2 to 10 kb range. 10 mins of partial

digestion was found suitable for cloning in plasméttor pNYL+ygC.

Ragent used Volume for 20 pL Volume for 100puL
Plasmid DNA 15Ml 75Ml

Buffer Sau3Al (10X) 2uL 10uL

Sau3Al (10V) 0.5uL 2.5uL

Nuclease free water 2.5uL 12.5uL
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Figure 3.4. Schematic representation of metagenomitunctional library construction.
Partial digestion of environmental DNA and their cloning in pNYL-rygC and in Escherichia coli
DH5aZ; host.

3.6.2. Size selection and gel purification of pasdily digested DNA:

The 10 mins partially digested DNA, which foundtable for cloning in plasmid vector was
electrophoresed in 1% agarose gel at 80 ¥/famone hour and DNA containing gel slice was
excised out in the range of 2 to 9 kb. The sliceldwgs treated with 3 gel volume of QG Buffer.
Incubated at 70°C for 10 min or until the gel sli@es completely dissolved. Subsequently 1 gel
volume of isopropanol (Bio basic Inc, India) wasled to the sample and mixed by vortexing.
The sample was then applied to QIAquick® columraffen, USA) and centrifuged for 1 min at
13000 rpm. Flow-through was discarded and the colwas placed back into the same tube. For
washing, 0.5 mL PE Buffer was added to column aedtrduged for 1 min at 12000rpm.
Column was centrifuged for another 2 min at 130pfh rto remove residual wash buffer.
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QIAquick® column was then placed into a clean 1.5 eppendorf tube (Tarson, India). For
elution of bound DNA, 3Qul Buffer EB was added to the center of the QIAg@ickolumn,

elution was done at 12000 rpm for 1 min.
3.6.3. pNYL+ygC plasmid isolation, digestion and its purification:

The pNYL+ygC plasmid carrying cells were inoculated in gml of LB Kanamycin broth for
overnight growth. 1.5 ml cells were harvested bgtafugation at 6000 rpm for 3 minutes. The
pelleted cells were suspended in 2pl0of the resuspension buffer. The bacteria were
resuspended completely by vortexing or pipettingamal down till no cell clumps remains
(RNase A added to the resuspension solution puslyh 250ul of the lysis solution was added
and was mixed thoroughly by inverting the tube & times sothat the solution becomes viscous
and slightly clear. 35@l of the neutralization solution was added to eafcthe tube and mixed
immediately and thoroughly by inverting the tulse$o 6 times. The content in the tube was
centrifuged for 5 mins at 12000 rpm to pelletdowa tell debris and chromosomal DNA. The
supernatant was transferred to GeneJET spin colaemttifuged for 1 minutes. The column was
washed with 50@l of the diluted wash solution by centrifugation12000 rpm. The wash step
was repeated once again and the flow through wesadied. The GeneJET spin column was
placed in a new 1.5 ml microcentrifuge tube andub0f the Elution Buffer was added to the
center of column and elution was done at 12000 cemtrifugation for 2 mins. The isolated
plasmid DNA was analysed on 1% agarose gel. Digesif plasmid DNA with Bam HI (MBI
Fermentas, Germany) was carried out as followsefign was performed for a period of 3
hours. At the end of digestion heat inactivatiorthad reaction mixture was performed at°md

for 15 mins.

Digestion of recombinant pNYL+ygC containing metagenomic DNA.

Reagent used Volume for 10fL
Plasmid DNA 751L

Buffer Bam HI (10X) 10L

Bam HI (10U) 2.591L

Nuclease free water 1205
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Figure 3.5. pNYL-rygC vector. pNYL-rygC vector used for metagenomic library construction
from Tattapani and Tapovan eDNA.

Whole of the digested product was loaded on tosaduwell of 1% agarose gel. The
plasmid was electrophoresed in the gel and witlp leéla new rasor blade 2.2 kb digested
plasmid was excised out. Purification of digestddsmid from gel was carried out using
QIAquick® gel extraction kit (Qiagen, USA). The dityaof the purified vector was analyzed on

1% agarose gel. Quantification of DNA was carrieti spectrophotometrically at,d nm.
Quantification of DNA:

1 OD = 50ug DNA/ ml

Concentration of DNAg/ml) = (OD Aggg) X (dilution factor) x (50 pg DNA/mI)/(DDygo unit)

3.6.4. Ligation of DNA into pNYL-rygC vector and transformation into Escherichia coli

host:

The prepared partially digested size selected pohgs metagenomic DNA and the Bam HI
digested pNYLrygC vector were used for ligation and subsequenthynsfiamation in
Escherichia coli DH50Z; to generate functional metagenomic libraries. 40 of partially
digested insert DNA was used for cloning with 150 of digested pNYLygC vector. 10 pL
ligation reaction was set as follows. Ligation wasried out at 16 °C for 12 hours (Orbitek,
Scigenics Biotech). The ligated product was heattimated at 70 °C for 15 mins.
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Reagents Final Conc. (In 10uL) Amount (In 10 pL)
10X T4 ligase buffer (Fermentas, USA) 1X 1uL

T4 DNA ligase (10 U pL-1) 5U 0.5 puL

ATP (10 mM) 0.5 mM 0.5puL
pNYL-rygC vector (Bam HI digested) (50 nd) | 150ng 3L

Sau3Al partially digested metagenomic DNA (8@50ng 5uL

ng/ul)

Ligation was performed at 22 °C for 2 hours. Tigatéd mixture was heat inactivated and used

for transformation.
Electro-cometent cell Escherichia coli DH5aZ) preparation:

Escherichia coli DH5aZ; cell was pre inoculated in 10 ml LB. On the daycofmpetent cell
preparation 1% of inoculum was sub cultured inHreB and grown till OD reached 0.5 agdd
400 ml cell were harvested in 2 nalgene tubes byribegation at 2500 rpm for 20 min at 4 °C.
Cell were suspended in 100 ml of 10% glycerol aad wept in ice for 20 mins. The cell were
harvested at 2500 rpm for 30 mins. The cell wasnagaspended in 50 ml 10% glycerol. An
additional step of wash was given to cell in 1 ®@%d.glycerol. Cells were then dissolved in 150
ul of 10% glycerol and aliquated to @0 each. Quick frizzed in liquid nitrogen and stowd-80
°C.

The heat inactivated ligated product was electrogiormed into electro competent cells
of Escherichia coli DH5aZ1. 1.511 of ligated product was mixed with electro-competeells on
ice. They were mixed gently by tapping on the fintgg The competent cell was then transferred
into pre cooled electroporation cuvette-1mm (Eppefhdermany) and a electric pulse of 1700V
for 5 seconds was given to the cells. Immediateéy ¢ell were transferred to 1 ml SOC media
(Himedia, India; 0.5% Yeast Extract; 2% Trypton®;riM NaCl; 2.5 mM KCI; 10 mM MgGl
10 mM MgSQ; 20 mM Glucose). The cells were enriched aP@G7at 200 rpm for an hour. The
cells were pooled out by centrifugation and wereeag on LB plates containing 4®/ml
kanamycin and 20 ng/ml of Anhydrotetracycline. &atvere incubated at 3T overnight. The

transformant clones are further analyzed for insert
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Kanamycin stock solution preparation (50mg/ml):50 mg of kanamycin (Sigma, USA) was
dissolved in 1 ml of DDW and filtered in 0.22n millex syringe filter (Millipore UK). Stored at
-20 °C.

3.6.5. Screening of libraries for transformant:

Clones from both Tattapani and Tapovan library wseéected randomly for transformant
screening. Clones were inoculated inggml of LB kanamycin broth and plasmid were isathte
using GeneJET spin column plasmid isolation kitgffhoscientific bio). Initially plasmid were
vizualised in 1% agarose gel. They were quantifipdctrophotometrically at 8 nm. Isolated
plasmid were restriction digested with Kpn | (NEB)hd Mlu | (NEB), the reaction mixture is
mentioned below. Restriction digestion was perfatifee 3 hours and was heat inactivated at 70
°C for 15 mins. The digested product was analysed%nagarose gel stained with ethidium

bromide. The isolated plasmid was double digesti¢d Kpn | and Mlu | as follows.

Reagent used Volume for 10
Plasmid DNA R

Buffer 2 (10X) ul

Kpn 1 (10V) 08

Mlu | (10V) 0.pL

Nuclease free water uB

The digested product was visualized on 2% agarekfginsert analysis.

3.6.6.Screening of libraries for enzymes:

The transformation product was used directly feesning on the agar plate. Clones were
screened for cellulase and xylanase.

Screening of cellulase on agar plate:

Transformants product was spread on LB agar ptateaming 40 mg/ml of kanamycin, 20ng/mli

of anhydrotetracyclin (ATC) and 1% Carboxy MethyllQlose (CMC) (Sigma, USA). Plates

were incubated at 37C for 12 hours. Plates with the transformed clomege then incubated at

30 °C for 72 hours for expression of secondary met&dsliThe plates were then flooded with
1mg/ml solution of congo red for 15 mins. The pdateere then washed off using 1N NaCl for 15

mins.
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Screening of Xylanase on agar plate:

Transformants product was selected on LB agar ptatgaining 40 mg/ml of kanamycin,
20ng/ml of ATC and 1% Xylan (sigma USA). Plates varcubated at 37C for 12 hours. Plates
with the transformed clones were then incubate®@PC for 72 hours for expression of
secondary metabolites. The plates were then floeddd 1mg/ml solution of congo red for 15

mins. The plates were then washed off using 1N NaCl5 mins.

3.7. Direct PCR based discovery of enzyme (cellukgsfrom hot spring eDNA:

Metagenomic DNA isolation and purification
from Tapovan Hot spring

PCR amplification of beta endoglucanase (cel5A) gene pET28a vector

Digestion with Bam H T and Xho I Digestion with Bam H I and Xho [

t }

Ligation of cel5A gene and pET28a vector

L]

Transformation in BL21 Codon plus
cell to minimize codon biasness

Figure 3.6. Schematic representation of direct PCR based clongnof beta endo glucanase
gene.PCR amplification and cloning of cel5A gene in pET28(a) vector using Escherchia coli
BL21- CodonPlus.

Facing the difficulties in expression of clone &lies in pNYL-rygC, an alternate and direct
approach of enzyme screening by PCR was performedstover cellulase gene from Tapovan

metagenomic DNA.
3.7.1. Cloning of cellulasedg5A) gene from hot spring DNA:

The Tapovan spring metagenomic DNA was PCR amglifig¢th degenerate primers of beta

endoglucanase genegbA) responsible for cellulose degradation.
Primer used for cellulase ¢el5A) gene amplification:

Degenerate primer for cel5A gene was constructad the consensus sequences of the gene.
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Primer name Primer sequea 5'to 3'

cel5A FP with Bam HI ATTAGGATCCCGTTCCATCTCTGTCTTCAT
Cel5A RP with Xho | ATTACTCGAGGACATGTCCGAAAAC

3.7.1.1. PCR amplification of cel5A gene:
PCR amplification of cel5A gene was carried outnfréhe purified metagenomic DNA of

Tapovan spring.

Reagents Stock concentration Working concentration AmOL_mt in 50pL
reaction

Hotstar master mix 10X 1X 1%

dNTPS 2 mM 0.2 mM Bl

Forward primer (cel5A FP) 10 uM 0.4 uM ul2

Reverse Primer (cel5A RP) 10 uM 0.4 uM uL2

Hot star taq DNA polymerase 5 U/uL 25U O RS)

Template DNA 50 ng/pL 100 ng/uL ub

Nuclease free water 30.5uL

PCR program used for amplification:

Step 1 (Initial denaturation)  94°C for 15 min

Step 2 (Denaturation) 94°C for 1 min

Step 3 (Annealing) 57°C for 30 sec

Step 4 (Extension) 72°C for 1.5 min.

Step 5 Go to Step 2 for 5 times
Step 6 (Denaturation) 94°C for 1 min

Step 7 (Annealing) 59°C for 30 sec

Step 8 (Extension) 72°C for 1.5 min

Step 9 Go to Step 2 for 25 times

Step 10 (Final extension) 72°C for 5 minutes
Step 11 Hold at 4°C forever
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3.7.1.2.  pET28(a) plasmid DNA isolation and destion:

The pET28(a)plasmid carrying cells were inoculated in gml of LB Kanamycin broth for
overnight growth. Cells were harvested and plasnad isolated using GeneJET spin column as

described in the previous section.

Double digestion of pET28(a) and PCR amplified ce/s gene:

Reagent used Volume for
Plasmid DNA aL

Buffer 2 (10X) L

Bam HI (10U) 08

Xho 1 (10V) 0.5
Nuclease free water uB

Double digestion was carriedout for 3 hours at@7 °

3.7.1.3.  Purification and ligation of cel5A gee in pET28(a):

Double digested vector pET28(a) and cel5A genesvebectrophoresed in 1% agarose gel at
2V/icm. DNA was purified using QIAquick® gel extramt kit (Qiagen, USA) as described
above.

Reagents

Final Conc. (In 10uL)

Amount (In 10 uL)

10X T4 ligase buffer (Fermentas, USA)

1X

1puL

T4 DNA ligase (10 U pL-1) 5U 0.5puL
ATP (10 mM) 0.5mM 0.5 puL
pET28(a) vector (Bam HI and Xho | digested) (50uhjg/ 150ng 3L
cel5A gene digested witham HI and Xho (90 ngful) 450ng 5puL

3.7.1.4. Transformation inEscherichia coli BL21- CodonPlus cells:

The overnight culture oEscherichia coli BL21- CodonPlus cell was subcultured in 10 ml
aliquots of LB broth and cultured till OD atesfy reaches 0.5. 1.5 ml of culture was taken in
microfuge tubes and centrifuged at 3000 rpm foriBubtes at 4C. Subsequently, supernatant
was discarded and pellet was re-suspended indf énll M CaCj solution and kept in ice for 30
minutes. The cells were then centrifuged agairbfarinutes at 3000 rpm at°€. The cell pellet
was then dissolved in 5@ of 0.1 M CaC} solution. 5ul of ligated product was mixed into the

prepared competent cells. Cells were then kepterfdar 15 mins and then transferred t6d@2
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water bath for 90 sec immediately the competeritveat placed on ice for 3 minutes. The cell
were transferred to 1 ml SOC media (Himedia, In@i&% Yeast Extract; 2% Tryptone; 10 mM

NaCl; 2.5 mM KCI; 10 mM MgGt 10 mM MgSQ; 20 mM Glucose). The cells were enriched at
37°C at 200 rpm for an hour. The cells were pooledboyutentrifugation and were spread on LB
plates containing 4Qug/ml kanamycin. Plates were then incubated &@C37or 12 hours.

Transformed colonies were selected and screenedsert.
3.7.2.  Screening of clones for cellulase adtiz

LB CMC plates were prepared by adding 1% of Carlddeyhyl Cellulose (CMC) (Sigma USA)
onto 2% LB agar. Selected clones from the librasravscreened for cellulolytic activity by
streaking on LB CMC plates. The plates with th@dfarmed clones were then incubated at 37
°C for 12 hours for utilization of CMC on the platdhe plates were then flooded with 1mg/ml
solution of congored dye for 15 mins. Plates weastved off using 1N NaCl for 15 mins. Zone
of hydrolysis of CMC was visualized on the plafélse hydrolysis patterns of about 46 randomly

selected clones were analyzed in the same manner.
3.7.3.  Over expression of TM-cel5A gene:

The clone providing highest zone of hydrolysis veatected. Overexpression of cloned TM-
cel5A gene was carried out using varying conceotrabf IPTG. Overnight culture of the
selected clone in LB containing 4@/ml kanamycin was used as seed culture. 1% of¢led
culture was used for sub culturing in LB contain#@ug/ml kanamycin. The culture was done
200 rpm at 37C till the OD of the culture reaches 0.6 abAIPTG at a final concentration of
0.4 mM, 0.5 mM, 0.6 mM were used for induction dfl-Eel5A gene. Induction was carried out
for a period of 5 hours at 3Z with 200 rpm. At the end of induction cells weentrifuged at
12000 rpm for 10 minutes atC. The supernatant was analyzed for over expressidrv-

Cel5A protein.
3.7.4. Polyacrylamide gel electrophoresis famM-Cel5A protein:

The over expressed TM-Cel5A protein was analyzedl1ld®o SDS-PAGE* (Bio-RAD gel
assembly). *12% SDS-PAGE preparation:
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Resolving Gel (pH 8.8, 10 mL):

30% Acrylamide mix (29:1; Acrylamide: Bisacrylamjde 4 Ml
1.5 M Tris-CI (Himedia, India; pH 8.8) 2.5 Ml
10% (w/v) SDS (Himedia, India) 100 pL
10% (w/v) APS (Himedia, India) 100 pL
TEMED (Himedia, India) 5uL
Autoclaved water 3.3 Ml
Stacking Gel (pH 6.8, 5 mL):

30% Acrylamide mix (29:1; Acrylamide: Bisacrylamjde 500 pL
1.5 M Tris-Cl (Himedia, India; pH 6.8) 380 pL
10% (w/v) SDS (Himedia, India) 30 pL
10% (w/v) APS (Himedia, India) 30 pL
TEMED (Himedia, India) 4 uL
Autoclaved water 2.1mL

3.7.5.  Purification of recombinant endoglucarse inEscherichia coli:

The selected recombinant bacteria was cultivated(@ ml of LB containing 40y/ml of
kanamycin on rotary shaker 200rpm at 37 °C for d2$ Production of recombinant TM-cel5A
was induced at Ofgy of 0.6 by addition of 0.5mM isopropyp- D thiogalactopyranoside (IPTG).
As the TM-cel5A gene carries a signal peptide (freegquence date) in its native form, it was
found that the protein gets secreted out into thkucee media. To harvest the recombinant
protein, the cell free supernatant of LB broth wabBected by separating cells at 12000 rpm for
10 minutes at 4 °C. Ammonium sulphate precipitatibthe total proteins was carried out at 80%
saturation level. The precipitated proteins werdected at 180009 for 10 minutes centrifugation
at 4 °C. The precipitated protein was dissolve8dmM sodium phosphate buffer of pH 8.0. The
crude protein preparation was dialyzed in 1 kDaffunembranes. The protein fraction apart
from TM-Cel5A protein carries a very few other miot contamination. They were selectively
removed by filtering the dialyzed fraction using KDa centrifugal concentrator (Amicon, 15 ml

size).
3.7.6. Phylogenetic tree construction for TM-Cel5Aamino acid:

The TM-Cel5A amino acid sequence was retrievethftioe nucleotide sequences by using ORF
finder software. The amino acid sequences wereestdy to BLAST (Basic Local Alignment
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Search Tool). The closest relatives were seleabeldaaphylogenetic tree was constructed . The
phylogenetic tree was constructed using the pHi@pof multiple sequence alignment of protein
sequences. Phylip-3.69 version was used for thartie based phylogenetic tree construction.
Bootstrap replicator values of 1000 was taken dyitire tree construction.

3.7.7. Multiple sequence alignment and phylogetic relation of TM-Cel5A amino acid
with closest relatives:

The complete nucleotide sequence of the cloned glnclanase based TM-cel5A gene was
determined, subsequently the open reading framedetesmined. A blast search of gene was
performed to obtain the homologous genes. Similanky obtained ORF was used for the retrieve
of homologous amino acid sequences encoding enckrghse. Amino acid sequence based
multiple sequence alignment of studied endoglucamness done with closest relatives. Highly
closest amino acid sequences from cultured andlwned counter parts were selected for
distance based phylogenetic tree construction sham value of 1000 considered for resampling.
Apart from Bacillus sp., Sreptomyces sp., fungal sp., archeal sp. were considered for the
phylogenetic classification. TM-Cel5A amino acidysence was predicted for active site by
multiple alignment search [78, 168].

3.7.8.  Standard curve determination for BSA ath glucose:
Protein estimation by (bicinchoninic) BCA usingBSA standard graph:

Protein estimation was done using BCA protein asstagThermo scientific USA). A standard
curve was plotted using bovine serum albumin (B®9A in the range of 0.5 TO 2 mg/ml were
taken for the assay. gbof standard (BSA) and TM-Cel5A protein were tale microtiter plate
separately. 200l of BCA working reagent (WR) added to both thela€lhe content was mixed
thoroughly. The plate was incubated at@7for 30 mins. Absorbance was taken g§Am. BSA
standard curve was plotted for different dilutiotaking absorbance versus protein
concentrations. Concentration of TM-Cel5A proteiaswdetermined from the linear equation

obtained from the standard curve.
Glucose standard curve determined by DNS method:

Glucose (Himedia, India) of 1 to 5 mg/0.5ml concatbn was taken in different test tube. They
were treated with 1.5 ml DNS (sigma USA) solutidhe reaction mixture were kept in boiling

water for 5 mins. The reaction mixture was cooledm under running tape water. Reaction was
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terminated by addition of 10Ql sodium potassium tartarate. The color developmeas

measured spectrophotometrically atfnm.
Dinitrosalicillic acid method of estimation of enzymatic activity of TM-Cé&A protein:

Purified TM-Cel5A protein of 50ul was treated with equal volume of CMC at a final
concentration of 1% dissolved in sodium phosphatéeh The reaction was kept at 60 for 20

mins. The mixture was then treated with 30®f DNS (sigma USA) and the mixture was kept
on boiling water for 5 mins. The reaction mixturasmcooled down under running tape water.
Reaction was terminated by addition of 1@0 sodium potassium tartarate. The color

development was measured spectrophotometricafygatnm.

3.7.9.  Activity based biochemical characterizeon of TM-Cel5A protein:
3.7.9.1.  Optimum temperature determination forTM-Cel5A:

The optimal temperature of TM-Cel5A protein wasedetined by measuring endoglucanase
activity against CMC with temperature range of 2090 °C by 10 degree increments. The
reaction was set using 1% (w/v) CMC in 50 mM sodiphosphate buffer pH 8.0 at different
temperatures for 30 minutes. 1@0of substrate was taken with 1@0 of purified enzyme and
the tubes were kept at specified temperature frono280 °C for 30 minutes. Quantification of
reduced sugar (glucose) generated due to activigndoglucanase was determined by using
DNS method as described earlier. Thermal stalmlityM-Cel5A was determined by incubating
enzyme with equal volume of 1% (w/v) CMC from temgiare 60 to 80 °C with 10 degree

increment for 2 hour. Their enzymatic activity wasasured using DNS method.
3.7.9.2.  Optimum pH determination for TM-Cel5Aprotein:

Optimal pH activity was determined by measuringaghdcanase activity against 1% (w/v) CMC
with pH range of 4 to 9. Sodium acetate buffer afiaentration 50 mM was used for pH 4 to 6,
Sodium phosphate buffer of 50 mM was used for pid 8 and Tris buffer of 50 mM was used
for pH 8 and 9. Equal volume of enzyme preparatol appropriate buffer with pH was
incubated at 4 °C for 16 hour. pH stability of TMIBA was determined using standard assay
procedure (1% CMC in 50 mM sodium phosphate buffelr8.0 at 60 °C, 30 min).
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3.7.9.3.  Substrate specificity of endoglucara3 M-Cel5A:

Substrate specificity of enzyme TM-Cel5A was calrieut at optimal pH and temperature
conditions for 20 minutes with 1% polysaccharidbstrates. Various substrate used for the study
were Beta-D-glucan (sigma), Laminarin (sigma), &li¢sigma). Whereas fgr-Nitrophenyl{$-
D-Glucopyranoside (pNPG) (sigma);Nitrophenyl$-D-xylopyranoside (pNPX) (sigma), were
used in a final concentration of 1 mM. Sodium phadp buffer (50 mM pH 8.0 was used for

dissolving the substrates.
Filter paper assay:

Filter paper assay was performed with purified @rotsample of TM-Cel5A. The assay was
performed using 50 of enzyme preparation, 50 mg of Whatman no.&ffiiaper at 60C and
for 1 hour followed by addition of 300L dinitrosalicillic acid (DNS). The mixture was hed
for 5 minutes at 100C. The reaction mixture was cooled under tape water100ul of Roche

salt consisting 40% sodium potassium tartarateaglded OD was taken at 540 nm.

3.8. Biolog EcoPlate based enrichment and istibn of L-asparaginase producing strain

from Tapovan spring:

100 ul of the untreated water from both the springs weken directly into the Biolog EcoPlate
and was incubated at 87 for 96 hours. Their color development was deteettiby taking OD

at Asgo nm in MicroStation™ System/MicroLog plate reade€3A)

The average metabolic response (AMR) and commueitgl physiological profiing (CLPP) were

calculated as follows:

AMR =75 (O D of well — O D of negative)/31.

CLPP =} (O D of wellswith positive responses — OD of negative)/31.
Preparation of Modified Czapek Dox medium:

Czapek Dox medium is a specially designed minimeadlianfor auxotrophic growth.

NaHPO, 649
KH2PO, 29
NaCl 0.5g
L-asparagine 209
Glycerol 29

MgSQO,. 7H,O 1 Mg
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CaCb. 2H,0 0.005 g
pH was adjusted to 5.5
Final volume to 1 lit with DDW.

Modified Czapek Dox agar medium was prepared byrgdpihenol red indicator of 0.009% and
2% agar. The broth and plate were inoculated vinghpositive organism. Broth was incubated at
37 °C, 200 rpm for 24 hours. Plates were kept aicstondition to the above. Uninoculated

plates were set as control.
3.9. Cloning of L- asparaginase gene from Tapovasolate:
3.9.1.  Design of primer forL- asparaginase gen

Initially Tapovan isolate was identified throughSLERNA sequencing. The bacterium was
identified asRalstonia sp. Aparaginase-IlI gene froRalstonia sp. was used for designing primer

for L-asparaginase gene .

Primer name Primer sequea 5' to 3'
ASP FP with Bam H | ATTAGGATCCATGTCCTTGC@BTCATC
ASP RP with Xho | AGGCCTCGAGTTATATCGARATGACTTG

3.9.2. PCR amplification of L-asparaginase gen

Reagents Stock _ Working concentration Amount in 50pL
concentration reaction

Hotstar master mix 10X 1X 1

Dntps 2 Mm 0.2 mM bL

Forward primer (cel5A FP) 10 uM 0.4 uM ul2

Reverse Primer (Cel5A RP) 10 uM 0.4 uMm plL2

Hot star taqg DNA polymerase 5 U/uL 25U 0 IS)

Template DNA 50 ng/uL 100 ng/uL ub

Nuclease free water 30.5uL

PCR program used for L-asparaginase gene amplificain:
Step 1 (Initial denaturation)  94°C for 15 min

Step 2 (Denaturation) 94°C for 1 min
Step3 (Annealing) 53°C for 30 sec
Step 4 (Extension) 72°C for 1.5 min.
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Step 5

Step 6 (Denaturation)
Step 7 (Annealing)
Step 8 (Extension)
Step 9

Step 10 (Final extension)

Step 11

Go to Step 2 for 5 times
94°C for 1 min

55°C for 30 sec

72°C for 1.5 min

Go to Step 2 for 25 times
72°C for 10 minutes
Hold at 4°C forever

3.9.3. Double digestion of pET28(a), PCR amplificain of L-asparaginase gene and

ligation:

Reagent used
Plasmid DNA
Buffer 2 (10X)

Bam HI (10UV)

Xho | (10U)
Nuclease free water

Volume for 1(
50L
100
2L
2l
g6

Double digestion was carriedout for 3 hours at@.7 °©

The vector was treated with 1U of Alkaline phosplatfor 1 hour at 37 °C.

Both digested vector and insert were purified usigquick® column (Qiagen, USA) gel

extraction kit. The purified DNA was used for ligat as presented below.

Reagents

Final Conc. (In 10uL)

Amount (In 10 uL)

10X T4 ligase buffer (Fermentas, USA)

1X

1L

T4 DNA ligase (10 U pL-1) 5U 0.5 puL
ATP (10 mM) 0.5 mM 0.5puL
pET28(a) vector (Bam HI and Xho | digested]150ng 3 uL
(50 ngful)

Cel5A gene digested witBam HI and Xho | | 450ng 5uL

(90 ngfi)

Ligation was performed at 22 °C for 2 hours. Tigatéd mixture was heat inactivated at°@0

for 15 mins was and used for transformation.
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3.9.4. Transformation inEscherichia coli BL21- CodonPlus cells:

The overnight culture oEscherichia coli BL21- CodonPlus cell was subcultured in 10 ml
aliquots of LB broth and cultured till OD atesfy reaches 0.5. 1.5 ml of culture was taken in
microfuge tubes and centrifuged at 2500 rpm foriButes at 4°C. Subsequently supernatant
was discarded and the cells were suspended indf it M CaC} solution and kept in ice for
30 minutes. The cells were then centrifuged againsf minutes at 3000 rpm at@. The cell
pellet was then dissolved in fiDof 0.1 M CaC} solution. 5ul of ligated product was mixed into
the prepared competent cells. Cells were then @&epte for 15 mins and then transferred to 42
°C water bath for 90 sec, immediately the competetis were placed on ice for 3 minutes. The
cells were then transferred to 1 ml SOC media (Himelndia; 0.5% Yeast Extract; 2%
Tryptone; 10 mM NaCl; 2.5 mM KCI; 10 mM Mg&l10 mM MgSQ; 20 mM Glucose). The
cells were enriched at 3 at 200 rpm for an hour. The cells were pooledbyutentrifugation
and spread on LB plates containingifIml kanamycin. Plates were then incubated &Qior

12 hours. Transformed colony was selected and isedefor insert.
Analysis of L-asparaginase insert in the clones:

Selected clones were incubated in LB broth congidiOug/ml kanamycin. Overnight cultures

were used for plasmid DNA isolation and plasmidevdigested with Bam HI and Xho |
Sequence based analysis of L-asparaginase gene:

A phylogenetic tree was constructed from the clossatives of the cloned L-asparaginase gene

using phylip 3.69. Bootstrap values of 1000 wagmatturing the phylogentic tree construction.
3.10. Sequence based gene targeting and ddtecin metagenomic DNA:

3.10.1. Real-time PCR based {values determination of efflux pumps and antilotic

resistance marker in hot spring eDNA:

Real-time PCR were performed for threshold valug (@th the purified metagenomic DNA of
Tapovan spring for the detection of genes resptaéib efflux system and antibiotic resistance

marker. Primers used were listed in the table 3.2.
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Table 3.2: List of primers of transporter and drug resistance markers used for real-time

PCR in the study.

S. Class of transporter Primers Amplicon
No. antibiotic name Primer sequence 5’ -> 3’ size (bp)
1| CusCFBA Transporter | . ca | ATGCCACCGATTACCACCGTTGCGA 200
cusA R ATTGGTTCATTCGTGCCCG
2 | Efflux pump ACrB F GCGGCGGCCGCAACGCGCGGAACGGCTAGG 180
AcrB R GCGAAGCTTTAAAAGAGGACCTCGTGTTTC
3 | Efflux pump acrD F GCTCTCGCAGAACTTCCTCGC 175
acrb R AGMCKGGGGTCGATCTCGTAG
4 | Glycopeptide antibiotics | vanX F CCAAGTACGCCACSTGGGACAAC 220
vanx R CTTCGTCCGGCCGTCCTCC
5 | Polyketide antibiotics tetM-1 GTTAAATAGTGTTCTTGGAG 950
tetM-up CTGGCAAACAGGTTC
6 | Beta-lactam antibiotic blaF CCTCGCCCGGCGCGTCCAST, 155
bla R AGMAGGTTGGCCGCSGTGTTGT(
7 | Aminoglycosides aacAF CTGGAACGACGCYCCGCCSTAC 300
aacAR GGSGCGCCSAGSAGCAGY/
8 | Macrolides erm F ATATCCTACGATTGCACCGC 160
ermR GGTACCCGTGGAGTCACTGT
9 | Plants (cpDNA) RbelhlaF | o5cAGCATTCCGAGTAACTCCTC 138
rbcL h2a R
CGTCCTTTGTAACGATCAAG
10 | Human (MtDNA) MIDNAFP | cooOATGOTTACAAGCAAGT 131
MIDNARP | 1 GGCTTTATGTACTATGTAC
E. coli plasmid pET23a- | Gfp FP
11 | GFP CAACATTGAAGATGGAAGCG 193
G RP
CATGCCATGTGTAATCCCAG

3.10.2. Real-time PCR amplification of transporterand antibiotic resistance gene:

2X buffer 12.5ul
Forward primer 0.75pl
Reverse primer 0.75ul
Tapovan Metagenomic DNA1 pl
NFW 10u

Real-time PCR program:

Stage-1: 95 °C -120 Sec

55




Stage 2: 95°C -120 Sec, *Annealing - 30 sec, 723Csec, For 30 cycle
Stage — 3: 72 °C - 800 sec, 20 °C - 800 sec

*Annealing temperature for primers set beta-lactdacrolides, Glyco-peptide antibiotics were
kept at 55 °C, for Multi drug efflux pumgerB andmexB were kept at 48 °C, Tetracycline was at
40 °C, Plants (cpDNA), Human (mtDNA), E. coli pladmpET23a-GFP, cusA , acrD.

Cloning of acrB gene:

3.10.3. PCR amplification ofacrB gene:

Reagents Stock concentration ~ Working concentration | Amount in  5QL
reaction

Hotstar master mix 10X 1X &

dNTPS 2 mM 0.2 mM Bl

Forward primer (acrB C FP) 10 uM 0.4 uM ul2

Reverse Primer (acrB RP) 10 uM 0.4 uM pL2

Hot star tag DNA polymerase 5 U/uL 25U L5

Template DNA 50 ng/uL 100 ng/pL ub

Nuclease free water 30.5uL

PCR program used for acrB gene amplification:

Step 1 (Initial denaturation)
Step 2 (Denaturation)
Step 3 (Annealing)

Step 4 (Extension)

Step 5

Step 6 (Denaturation)
Step 7 (Annealing)

Step 8 (Extension)

Step 9

Step 10 (Final extension)
Step 11

94°C for 15 min

94°C for 1 min

46°C for 30 sec

72°C for 1.5 min.

Go to Step 2 for 5 times
94°C for 1 min

48°C for 30 sec

72°C for 1.5 min

Go to Step 2 for 25 times
72°C for 10 minutes
Hold at 4°C forever
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3.10.4. Ligation and transformation ofacrB gene:

PCR product was gel purified and ligated with TArghg vector

Reagents Final Conc. (In 10uL) | Amount (In 10 pL)
10X T4 ligase buffer (Fermentas, USA) 1X 1puL

T4 DNA ligase (10 U pL-1) 5U 0.5 puL

ATP (10 mM) 0.5 mM 0.5 uL

pPET28(a) vector (Bam HI and Xhol digested) (50uhig/| 150ng 3uL

Cel5A gene digested witBam HI and Xho(90 ngll) | 450ng 5uL

Ligation was performed at 22 °C for 2 hours. Tigatied mixture was heat inactivated at°z0
for 15 minutes and used for chemical transformation ildscherichia coli DH5a. The positive
clones were selected by blue-white screening udiBgagar plate containing ampicillin
(100ug/ml), 4Qug/ml of XGal and 0.1 mM IPTG. Insert from recomhbibaplasmid was

sequenced using ABi 3730XI (Sanger sequencing tdogies).

3.10.5. Sequence identification and phylogeny aérB gene:

The partial sequence of clonadrB gene was identified through BLAST analysis. Thesebt

relatives were selected for a phylogenetic treestantion. Bootstrap replicator values of 1000

were taken during the tree construction.
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CHAPTER 4

RESULTSAND DISCUSS|I ON-I

Extraction and purification of high molecular weight (HM W)
environmental DNA (eDNA) from Himalayan geothermal springs

4.1. Sampling sites and microscopic views:

Direct photographs were taken at the collectioa sftTapovan geothermal spring. As described
earlier, the site at Tapovan was siliceous andgac type. Deposit of calcium, calcium
carbonate, silica and Bacillariophyceae represepstwtvere found at the site (figure 4.1). The

algal mat of surrounding hot water flowing area sinewn in figure 1(C) and their microscopic

view taken at 100x magnification are shown in D &nskction (figure 4.1).

Figure 4.1: Sampling site of Tapovan. A and B Deposition of calcium, calcium carbonate,
silica and Bacillariophyceae found in Tapovan hgpring site. C: Growth of algae
(Chlorophyceae). D and E: microscopic view at 10@fagnification of algal mat found in

Tapovan hot spring site.
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4.2. Water chemistry analysis of hot springs:

The sample collection latitude and height are shéwvnlattapani and Tapovan springs (Table
4.1). Temperature of water was at about 65°C &3@ @nd pH measured about 8.34 and 8.06
for Tattapani and Tapovan springs respectivelycBamical oxygen demand (BOD) of Tattapani
spring was calculated to be about 4.76 and for Yapaspring was 4.1. The ionic concentrations,
which were determined by ionic chromatography wedicated in the table 4.1. The heavy metal
concentration of both the springs were determingdIrductively Coupled Plasma Mass
Spectroscopy (ICPMS) given in table 4.1.

The heavy metal concentrations determined in te&imparts per billions (ppb) were used to plot
the bar digram (figure 4.2), which indicates thimanum (shown in table 1), Arsenic, Boron,
Selenium concentration were beyond the standarddwally allowed concentrations in water
bodies [112]. Apart from that Copper, Iron, NickBlanganese concentration were found in

significant amount in both the hot springs.

H Heavy metal concentration in Tapovan spring

100 m Heavy metal concentration in Tattapani spring

Concentration of heavy metals in

As B Co Cu Fe Hg Mn Sb Cr ¢d Ni Zn Se
Heavy metals analyzed

Figure 4.2: Concentrations of Heavy metals in hot spring water. Heavy metals were
measured in parts per billions (ppb) of Tapovan dmdtapani spring water sample determined
by ICPMS (ELAN DRC-e, PerkinElmer SCIEX).
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Table 4.1. Water chemistry analysis of hot springs. Tattapani and Tapovan thermal springs

sample collection sites with physical parameterstd/ chemistry analysis for ions and heavy

metals. Values are presented as milligrams per liteless indicated otherwi8é °N: Degree
North, °E: Degree South, °C: Degree CentigradeMmater.

Analyte Tattapani spring Tapovan spring
®Stations latitude 31.2489°N 30°N
77.0861°E 79°E
®Height (m) in Himalayan range 655 1828
*Temperature (°C) 65 95
Mat sample texture Soil with low organic content liceébus soll
®Ph 8.34 8.06
Alkalinity 20C 21€
BOD 4.76 4.1
Al 0.171¢ 0.651
As 0.361 0.356:
B 0.2505 0.0887
Co 0.0025 0.0037
Cu 0.0969 0.0130
Fe 0.0771 0.1427
Hg 0.014( 0.009:
Mn 0.0169 0.1028
Sk 0.001: 0.000¢
Cr 0.004¢ 0.004:
Cd 0.0006 0.0011
Ni 0.0527 0.0934
Zn 0.014¢ 0.042¢
Se 0.4294 0.3656
Li 2.0¢ 4.9¢
Na' NA 436.31
NH,* 543.27 953.83
K* 3.6¢ 5.8
ca'’ 31.8 17.92
Mg*? 159.1¢ 340.9;
SO,2 42 285
cr 69.5 220
F 3.2 3.8
PO, 0.08 0.08
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4.3. Comparison of physically purified eDNA with commer cial kit:

The electrophoresis of unpurified crude eDNA, eteeiuted purified eDNA and commercial kit
eluted eDNA inferred that the manually purified e®Nad high molecular weight and
appreciably good concentration. The crude and lkited eDNA were comparatively low in

concentrations, carrying humic substances (figusg 4

Figure 4.3. Comparison of purified metagenomic DNA. M: Lambda Hind 1l Molecular
weight marker (A) Crude DNA isolated manually arefobe purification. (B) Purified DNA
using electro-elution method (C) Isolated DNA ugthBura soil DNA isolation kit (Himedia).

The optical density spectrum from 220nm to 350nmstatlied eDNA inferred that there
is a significant increase in OD atgdnm for manually purified eDNA. There was a consitidée

decrease in peak ab® nm which is the measurement for humic substancease of manually
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—&— Crude DNA before
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—e— DNA after purifation
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02
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Figure 4.4: Spectrum is shown in the range of A,y to Assp for metagenomic DNA. Optical
density spectrum of crude, kit purified DNA and celeeluted DNA determined

spectrophotometrically
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purified DNA. There is significant decrease in pestkAsgo Nm indicating its lower protein

contaminations (figure 4.4).

The 260/280 ratio for nucleic acid to protein comtaation for all the three eDNA
preparations indicates that the electro-eluted eDida the desired range of ratio. Similarly the
260/230 ratio for humic substances contaminatidresved that manually electro-eluted eDNA
have lower contamination of humic substances coetptar other group of isolated eDNA (Table
4.2).

Table 4.2: Analysis of Crude, kit eluted and electroeluted metagenomic DNA through
spectrophotometric method.

Properties Crude DNA before purification DNA after purification Kit eluted DNA
OD at 230 nm 0.59 0.38 0.15

OD at 260 nm 0.56 0.66 0.23

OD at 280 nm 0.43 0.34 0.11

OD 260/280 1.3 1.94 2.09

OD 260/230 0.94 1.73 1.53
Concentration of 3 sug/mi 3.2g/ml 1.15g/ml

4.4. Quality analysis of extracted eDNA by PCR and restriction digestion:

The complete digestion of metagenomic DNA with SsluBferred that the purified eDNA was

free from enzyme inhibitors (figure 4.5).
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—

Figure 4.5: Analysis of quality of Tattapani metagenomic DNA. A: Tattapani metagenomic
DNA undigested fraction of eDNB: Restriction digested with Sau3Al enzyme of Tattepa
eDNAC: PCR of 16S rRNA from Tattapani hot spring metagea®NA.
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The PCR amplification of metagenomic DNA with 168\A gene further confirmed DNA to be
free from contaminations. Thigdicates the suitability of metagenomic DNA forrther

molecular biological applications (figure 4.5).

4.4, Discussion:

In the present study, we employed a manual metifi@haronmental DNA (eDNA) extraction
and purification from Tattapani geothermal springtmThe basic steps explained here are
efficient to extract and purify DNA from diverseilstypes [115, 183]. Cell lysis protocol made
use of strong detergent like SDS in the presendeghf temperature to lyse bacteria in soil. 1%
(w/v) Cetyl Trimethyl Ammonium Bromide (CTAB) wassed during the DNA extraction
procedure which resulted in reduction of humic auid fulvic acid contaminations [82, 89]. The
cell disruption strategies adapted in the methedliely to lyse greater population of bacteria
present in the metagenomic sample [66] and thexefmovide a chance to access DNA from
more diverse representatives of bacteria in enment. Treatment of lysozyme facilitates lysis
of thicker peptidoglycan layer containing (gram iges) group of microorganisms [183]. In
contrast, the eDNA purification principle involva icommercial kits is based on silica gel
membrane which have limited binding capacity forcleic acids and thus vyield lower

concentration of environmental DNA.

The eDNA isolated using present method migratedvabmr along with 23 kb DNA
marker on agarose gel. Environmental DNA isolatiesults in co-extraction of humic, fulvic
acids and phenolic compounds [183]. Removal ofehesnic substances is difficult from crude
DNA preparations. DNA purification is a critical ptdor their subsequent use in molecular
biology applications. Therefore, isolated high ncolar weight (HMW) eDNA was subsequently
gel-purified using electro-elution method. The elealution of DNA generated a greater
degree of pure genomic DNA which was free from husubstances. The eDNA extraction and
purification method described here is simple, effitiand yields higher amount of DNA.
Described extraction method requires approximatélyours. PCR reactions were performed to
assess the purity of purified eDNA as it is knawat DNA polymerase are strongly inhibited by
presence of humic substances [176]. In this caseessful PCR amplification confirmed the
purity of eDNA. Similarly, tetra-cutter based résion enzyme digestion supported the
interpretation [167]. In addition, the optical dengOD) analysis of eDNA showed a favourable

range of ratio for nucleic acid to protein and michcid to humic substances.
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Tattapani spring belongs to group of Himalayan rtiersprings with inorganic and alkaline
environments. The spring possess high load of lieasSQ,> NH," Mg?* and heavy metals like

As, B, Cu, Se. These heavy metals are present dayennormal concentration in water bodies
[112]. The thermal springs with rare and low midablboad provided us a challenge in isolation

and purification of metagenomic DNA.
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CHAPTER 5

RESULTS AND DISCUSSION-II

Microbial diversity analysis of Himalayan geothermd springs
(Tattapani and Tapovan) through metagenomic approaa

5.1. Cloning of 16S rRNA gene from Himalayan hot gjings, cloning efficiency:

PCR product of 16S rRNA genes from both the hoinggrwere cloned in pTZ57R/T vector.
Approximately 1000 clones from each of the libramgre obtained based on blue white selection

on agar plate. Out of them randomly selected clovess taken for restriction pattern analysis.
5.1.1. Restriction pattern analysis of 16S rRNA deéved clone libraries:

The restriction enzyme digestion pattern of thesmlials harboring the 16S rRNA gene of
Tattapani spring eDNA is shown for nine clones igufe 5.1. The RFLP analysis of these
randomly chosen clones showed that all the clonegpt ‘A’ and ‘I’ are unique in their

restriction signature (figure 5.1). The vector demke was found aligned in the same plane.
Similarly, the RFLP analysis of Tapovan 16S rRNAg@enetagenomic library is shown for ten
clones named ‘A’ to ‘J’ in figure 5.2. The RFLP &msas of Tapovan clone library showed that

‘A, B, D, H, I' are unique in their restriction sigture (figure 5.2).

Figure 5.1: RFLP pattern of Tattapani derived cloned plasmids.(A to |) were restriction
fragmented with Hind 111 and EcoR |. Except Lane A and | all others show different Restriction
Fragment Length Polymor phism (RFLP) pattern.
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Based on initial RFLP profile of the plasmids ideth from two libraries, it was clear that a
greater microbial diversity inherent with the gemthal springs of Tattapani. The greater

microbial diversity of Tattapani thermal springdse to the high organic rich environment and

A =] ? H I

Figure 5.2: RFLP pattern of Tapovan derived cloned plasmids (Ato J) were restriction

nutrient status of the site.

fragmented with Alu I. Lanes A, B, D H, | shows different Restriction Fragment Length
Polymor phism (RFLP) patterns indicated by arrows.

5.2. Sequence based analysis of clone libraries:
5.2.1. Sequencing of clone libraries and affiliatio of clones:

Sequencing of 95 clones were done using ABi 373@énger sequencing technologies). The
16S rRNA genes were partially sequenced. 88 seggermmbined from both the libraries were
found non chimeric whereas the rest 7 chimeric seges were eliminated. All 88 sequences
were deposited in NCBI and accession numbers wbtaired as JN613324, JN896893 to
JN896938, JN934657 to JN934666, IN967771 to INBANd KC608724 to KC608751

The BLAST search resulted in identification of pabke bacterial genera. Sequences with 97%
cut-off values were taken as a demarcation forispdevel classificationA total of 8 phyla were

identified from the Tattapani hot spring mat saniiti& rRNA library.
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Figure 5.3: Relative abundance of phyla in clone libraries.Bar 1 represents Relative
abundance (%) of microbial phyla in Tattapani mat derived 16S rRNA gene library. Bar 2
represents Relative abundance (%) of microbial phyla in Tapovan mat derived 16S rRNA gene

library.

Out of the total sequenced clones from Tattapanngp35% of the clones belonged to the
Proteobacteria which consist of Alpha-proteobacteria (4%), Betatpobacteria (7%), Gamma-
proteobacteria (11%), and Delta-proteobacteria (183%pectively. Other phyla identified are
closest toAcidobacteria (25%), Planctomycetes (5%), Verrucomicrobia (14%), Bacteroidetes,
Chloroflexi, Gemmatimonadetes (4%) each, whereas about 9% of total sequencds ca be
attributed to known group and thus represent uie#d clones. The relative abundance of
different phyla in respective clone libraries aregented in figure 5.3. The library for Tapovan
was dominated by clones affiliatedftomicutes (79%) whereas rest of the clones were related to
proteobacteria (14%) and 7% represented unclassified bacterias Tverall Tapovan derived

clones were classified into 3 phyla.

The sequences from both the 16S rRNA gene libravese compared with their closest relatives
in BLAST search. About 20 clones from Tattapaniidet library and 17 clones from Tapovan
library showed less than 97% identities with th@wn bacterium in the database. They have

been presented in the ascending order of theititteen(Table 5.1 and 5.2).
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Table 5.1: List of new species found in Tattapani mat derive clones.

Originally Accession
Percent Reported no of
Clone name  Phylum Closest relative (GenBank accesgino.) Identities habitat clones
TPD 53
Proteobacteria Lysobacter sp. (DQ249997) 90 Soil JN934662
TPD 13 Proteobacteria Desulfocella sp.(FM176303.1) Stream water JN896903
TPD 20 Proteobacteria Alpha proteobacterium (EF8&y6 91 Soil JN934657
TPD 39 Proteobacteria Aeromonas sp. (HM159970) Soil JN934659
TPD 69 Proteobacteria Alpha proteobacterium (AYJ2)7 91 Soil JN934664
TPD 76 Uncultured bacterium Uncultured bacteriurd185158) 91 Soil JN934666
TPD 40 Chloroflexi Chloroflexi bacterium (AY360611) 92 Rice field soil JN896922
TPD 6 Betaproteobacteria Uncultured beta proteobacteriY921981) 93 Soil JN896896
TPD 37 Verrucomicrobia Verrucomicrobia bacteriunY@®4610) 93 Soil JN896920
TPD 72 Gemmatimonadetes Gemmatimonadetes bactéEibE662585) 93 Soil JN896938
TPD 19 Planctomycetes Planctomycete (HQ329068) 94 ol S JN896906
TPD 21 Proteobacteria Rhodocyclaceae bacterium $59ED) 94 Soil JN896907
TPD 71 Uncultured bacterium Uncultured bacteriur@f80696) 94 Biofilm JN896937
TPD 22 Proteobacteria Geobacter sp. (HM217298) Aquifer JN896908
TPD 32 Verrucomicrobia Verrucomicrobia bacteriuif®4679) 95 Rock Biofilms JN896917
TPD 41 Acidobacteria Acidobacteria bacterium (JF2Z219 95 Soil JN896923
TPD 42 Acidobacteria Acidobacteria bacterium cl¢ife319291) Cave soil JN934660
TPD 52 Proteobacteria Lysobacter sp. (FJ711224) 95 Soil JN934661
TPD 33 Proteobacteria Geothermobacter sp. (FM176316) Mountain soil JN934662
TPD 35 Unclassified bacterium  Uncultured bacter{4B426197) 96 Soil JN896919
Table 5.2: List of new species found in Tapovan mat derivedlones.
Accession
Clone Percent Originally reported  no of
Name Phylum Closest relative (GenBank accession ho. Identities  habitat clones
TPN 18  Uncultured 87 Fecal microbiota KC608737
bacterium Uncultured bacterium clone ECC289h01%¥135.1)
TPN6  Firmicutes Anoxybacillus flavithermus strain D (AY672763.)L 91 Milk powder KC608729
TPN 23  Uncultured 93 Human skin microbiota KC608739
bacterium Uncultured bacterium clone nbt27b05 (E3#53.1)
TPN 14  Firmicutes Clostridiumisatidis strain WV6 (NR_026347.1) 94 Woad vat KC608735
TPN5  Firmicutes Bacillus sp. SP83 (JQ808139) 95 Volcano, Greece KC608728
TPN 10  Firmicutes Aneurinibacillus sp. Z3 (FJ268961.1) 95 Phyllosphere KC608732
TPN 24  Pproteobacteria Pseudoxanthomonas sp. M1-3 (AB039330.1) 95 Cellulolytic mixed culture KC608741
TPN 25  Firmicutes Aneurinibacillus thermoaerophilus (EF032876.1) 95 Contaminated soil KC608742
TPN 31 Firmicutes Aneurinibacillus thermoaerophilus (EF032876.1) 95 Oil spilled soil KC608748
TPN 4 Firmicutes Aneurinibacillus sp. Z3 (FJ268961.1) 96 Isolated from phyllosphere KC608727
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TPN 12
TPN 15
TPN 28
TPN 30
TPN 31
TPN 32
TPN 34

Firmicutes Geobacillussp. JAM-FM0901 (AB362274.1)
Firmicutes Anoxybacillus flavithermus strain D (AY672763.1)

Firmicutes Aneurinibacillus thermoaerophilus (EF032876.1)
Firmicutes Aneurinibacillus thermoaerophilus (EF032876.1)
Firmicutes Aneurinibacillus thermoaerophilus (EF032876.1)

Proteobacteria Pseudoxanthomonas sp. M1-3(AB039330.3

Firmicutes Aneurinibacillus thermoaerophilus (EF032876.1

96
96
96
96
95
96
96

methane-rich sediments
Milk powder

Oil spilled soil

Oil spilled soil

Oil spilled soil
Cellulolytic mixed culture

Oil spilled soil

KC608733
KC608736
KC608745
KC608747
KC608748

KC608749
KC608751

5.3. Diversity analysis through OTU and rarefactioncalculations:

Rarefaction curve based on obtained OTUs for bapovan and Tattapani spring derived

libraries were platted against number of clonedyaed. The red color curve represents the

obtained OTUs from Tattapani clone library and greerve represents the obtained OTUs from

Tapovan library (figure 5.4).

——Tapovan Spring ——Tattapani Spring

No of OTUs
- [ N w
(%] (=) w (=]
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o
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40

50 60

Number of clones analyzed

Figure 5.4: Rarefaction curves of Tattapani and Tapovan cloneibraries. Rarefaction curves

showing the sampling effort of 16S rRNA libraries in respective springs. The graph has been
plotted with 5% CI values.

Table 5.3:Diversity parameters in mat clone libraries.

No of No of distinct ~ Shannon-weiner Maximum possible
Clone library clones No of phyla index (97% value for species
constructed analyzed OTUs identified similarity cutoff) evenness
Tattapani soil DNA 63 24 8 3.9230 0.9834
Tapovan soil DNA 28 9 3 1.6705 0.8033

OTUs: Operational Taxonomic Units.
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OTU was calculated to about 24 for Tattapani afar 8 apovan derived clones at 97% similarity
cutoff values. Shannon-weiner index, were calcdlaéeabout 3.9230 and 1.6705 respectively for
Tattapani and Tapovan spring respectively. The mari value for species evenness was found
to approach towards one (0.9834) for Tattapani edeifor the Tapovan site species evenness
value was 0.8033 (Table 5.3). This indicates theraV'microbial diversity of Tattapani spring is

quite high as compared to Tapovan spring.

5.4. Phylogenetic tree analysis of Tattapani and T@van clone libraries:

All phylogenetic trees were constructed with thgussced cloned from respective libraries with
their closest relatives. Tattapani library derivdohes have been grouped in a phylogenetic tree
shown in figure 5.5. Most of the clones in Tattdpdibrary showed identities with
Proteobacterium, Bacteroidetes, Plactomyces, Vemuarobia and Chloroflexi. Similarly
Tapovan library derived clones have been groupea jrnylogenetic tree shown in figure 5.6.

Most of the clones in Tapovan library showed idegiwith Firmicutes and Proteobacteria.
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Figure 5.5: Neighbor-Joining distance based tree constructeddm partial sequences of 16S
rRNA gene clones from Tattapani hot spring sample The figure shows Phylogenetic
relationships of Proteobacteria, Bacteroidetes, Plactomyces, Verrucomicrobia, Chloroflexi.
Bootstrap values of 1000 resamplings were given at the branch point. Clusters of bacterial
phylum are grouped separ ately.
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Figure 5.6: Neighbor-Joining distance based tree constructed &m partial sequences of 16S
rRNA gene clones from Tapovan hot spring sampleThe figure shows Phylogenetic
relationships of Firmicutes, Proteobacteria. Bootstrap values of 1000 resamplings were given at

the branch point.
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Many of the clones in both the 16S rRNA gene lilmashowed identities with uncultured group
of bacterium. Clones from both the libraries aldmowed close relatedness with known

thermophilic and thermotolerant strains.

To compare the relatedness of thermophilic cloegsisnces from both the libraries a combined
Neighbor-Joining distance based phylogenetic tr@as wonstructed (figure 5.7). The putative
thermophilic and thermotolerant clone sequences footh Tattapani and Tapovan geothermal
springs got segregated into two distinct classesvsig unique thermal isolates from both

ecological niches.

PHYLIP_1 @ TPN 28
g1 TPN30

48 {Thermol eophilum minutum ATCC 35268 [NR_036932]
N ”3 Thermol eiphilum album ATCC 35266T [AJ458463]
L Isosphaera pallida ATCC 43644 [NC_014962]

TPN 34
TPD 50
TPN1
TPN 12
100TPN 28
93 TPN3

99 96 Aneurinibacillus thermoaerophilus [EF032876]
Anoxybacillus flavithermus [AY672763]

Thermosinus carboxydivorans Norl [NZ_AAWL01000001]

50

Geodermatophilus obscures [NR_074530]
TPD54
Thermoplasma acidophilus [M38637]

Figure 5.7: Phylogenetic relation of Tattapani and Tapovan dened clones with
thermotolerant and thermophilic organisms Neighbor-Joining distance based tree deduced
from partial sequences of 16S rRNA gene clones from Tattapani and Tapovan hot spring
samples. The figures shows phylogenetic relationship to thermotolerant and thermophilic

organisms. Bootstrap values of 1000 resamplings were given at the branch point.
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5.5. Culture based microbial diversity in the Himahyan springs:

Culture based microbial studies include their énrient using Biolog EcoPlates and by enriched
media based isolation of single colonies. The RjokcoPlates after proper incubation were
scanned for both the spring samples (figure 5.8¢rdbial single carbon utilization profile were
determined by measuring the color development uBliggoStation™ System/MicroLog plate
reader USA. The metabolic profile of microbes frboth spring were given in table 5.4. It was
found that the average and community level metalpsbfile of Tattapani spring was higher than
Tapovan spring. The culture dependent analysisnagapport the culture independent based
phylogenetic analysis.
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Figure 5.8: Biolog EcoPlates of Tattapani and Tapovan spring war sample. A: Tattapani
spring derived Biolog EcoPlate and B: Tapovan spring derived Biolog EcoPlate.

Average metabolic rate (AMR) and community level plsiological profiling (CLPP)
determination:
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Figure 5.9: Comparison of community based metabolic profiling &6 Himalayan thermal
springs. Average metabolic rate (AMR) and Community level physiological profiling (CLPP)
were plotted against hours.
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Table 5.4: Comparative analyses of carbon source oxidation pfies

Tapovan water samples using Biolog EcoPlate:

of Tattapani and

Carbon sources

Tattapani spring

Tapovan spring

Acids

Hydroxybutryic acid
Itaconic acid
Ketobutyric acid

Mallic acid

Polymers

Tween 40

Tween 80

Glycogen

Phenolic compounds
2- Hydroxybenzoic acid
4- Hydroxybenzoic acid
Amine

Phenyl ethyl amine
Putrescine
Carbohydrates

D- Lactose

D- Cellobiose

Methyl- D- glucoside
D- Xylose

i- Erythritol
N-acetyl-D-glucosamine
D-Mannitol

D-Galactonic-lactone acid

Glucose-1-phosphate
Amino acids
L-Asparagine
L-Arginine

L- Phenylalanine
L-serine
Glycyl-L-glutamic acid
L-Threonine
Carboxylic acids

Pyruvic acid methyl ester

D-Glucosaminic acid
Galacturonic acid
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The average metabolic rate (AMR) which is représgrby the average respiration of total
microbes in a community while utilizing the singlesources in the microtiter plate [174] were
calculated for both the springs and compared. &ngil Community metabolic diversity (CMD)

described as number of substrates utilized byrtioeobes in a community were also calculated

and compared for both the springs (figure 5.9).
5.5.1.  Culture isolates analysis of Tapovan hspring:

Thermophilic isolates from Tapovan spring were wredl microscopically. Isolates were found
to be gram positive rods with variable length (figu5.10). The strains were analyzed
phylogenetically and was found that TPN 2 and 3watb identities withAneurinibacillus

thermoaerophilus whereas TPN1 showed a different affiliation (figdr.11).

A B >y C

—

Figure 5.10: Tapovan isolates (TPN 1, TPN 2, and TPN 3) visuakd trough Nikon, Eclipse
Ti-S compound microscope.

NJ 210 sites & 1000 rep

Strain TPN 1

60 Bacillus niacini strain FO15566 [NR 02469
98 Bacillus drentensis strain IDA1967 [NR_02900.
Bacillus fumarioli strain LMG 17489 [NR_02537

Bacillusindicus strain Sd/3 [NR_029022]
Strain TPN 2

98

|: Strain TPN 3
61 37 3 Aneurinibacillus thermoaerophilus strain L42(-91 INR 02930:
Aneurinibacillus danicus strain DB4 [NR_028657]

95 Aneurinibacillus aneurinilyticus strain Murayama [NR 0367¢
Aneurinibacillus migulanus strain B0270 [NR_036799]
Aneurinibacillus terranovensis strainLMG 22483 [NR_04227:

29

Figure 5.11: Phylogenetic tree of the cultured isates from Tapovan with their closest
relatives.
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5.5.2.  Fatty acid methyl ester (FAME) analysifor Tapovan isolate:

FAME analysis for Tapovan isolate TPN-1was cargatland shown in table 5.5. Which was an
obligate thermophilic bacteria. Fatty acid probleTPN-1 was compared with that of its closest

bacteriumBacillus niacin.

Table 5.5: FAME analysis of obligate thermophile TI-1.:

S. No. Fatty acid TPN-1 Precent Bacillus niacini
1 13:0 iso 0.91 1.58

2 14:0iso 221 2.20

3 14:0 1.55 2.06

4 15:0is0 50.20 32.32
5 15:0 anteiso 18.41 15.59
6 16:1 w7c alcohol NIL 0.60

7 16:0 iso 3.64 1.01

8 16:1 wllc NIL 18.90
9 16:0 5.21 7.30
10 17:1iso wl0c NIL 3.70
11 17:0iso 3.47 4.49
12 17:0 anteiso 5.39 1.45
13 18:1 w9c 1.22 4.13
14 18:0 0.85 3.14
15 Summed Feature 3 0.44 0.75
16 Summed Feature 4 NIL 0.76

The Tapovan derived isolates (TPN1, TPN2, and TRS¥ further characterized using Biolog
GN-MicroPates containing 95 different carbon sosrcéhe singe carbon source utilization
profile was presented in table 5.6.
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Table 5.6: Comparative analysis of microbial isolags from Tapovan spring for utilization of
different carbon sources in Biolog GN MicroPlates.

Properties Strain Strain Strain Properties Strain Strain Strain
TPN1' TPN2' TPN3' TPN1' TPN2' TPN3'
Dextrin - - - Glycyl-L-Proline - - -
D-Maltose + - - Gelatin - - -
D-Trehalose + - - L-Arginine + + +
D-Cellobiose + - - L-Alanine + + +
Sucrose - - - L-Aspartic acid + + +
Gentiobiose - - - L-Glutamic acid + + +
D-Turanose + - - L-Histidine + + -
Stachyose - - - L-Pyroglutamic acid - + +
Positive Control + - + Lincomycin - - -
pH-6 + - + L-Serine - - -
pH-5 - - + Guanidine HCI - + +
D-Rulfinose - - - Niaproof 4 - - -
a-D-Lactose - - - Pectin + - -
D-Malibiose - - - D-Galacturanic acid - - +
B-Methyl-D-Glucoside L-Galactonic acid
- - - Lactone - -
D-Salicin - - - D-Gluconic acid + - -
N-acetyl-D- D-Glucuronamide
Glucosamine + - - + +
N-acetylf-D- Glucuronamide
Mannosamine + - - + +
N-acetyl-D- Mucic acid
Galactosamine - - - - -
N-acetyl-Neuraminic Quinic acid
acid - - - - -
1% NacCl + + + D-Saccharic acid - - -
4% NaCl + + - Vancomycin - - -
8% NaCl - - - Tetracolium violet - - -
a-D-Glucose + - - Tetracolium blue - - -
D-Mannose p Hydroxy-Phenylacetic
+ - - acid - -
D-Fructose + - - Methyl Pyruvate + + +
D-Galactose D-Lactic acid Methyl
- - - ester + +
3-methyl glucose - - - L-Lactic acid + + +
D-Fucose + + - Citric acid - - -
L-Fucose + + - a-Keto Glutaric acid + +
L-Rhamnose - - - D-Malic acid - + +
Inosine + - - L-Malic acid - + +
1% sodium Lactate + + + Bromo Succinic acid - + +
Fusidic acid - - - Nalidixic Acid + - -
D-Serine - - - Lithium Chloride + - -
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D-Sorbitol
D-Mannitol
D-Arabitol
Myo-inositol
Glycerol

D-Glucose & PO4
D-Fructose & PO4
D-Serine
D-Aspartic acid
Troleandomycin
Rifamycin
Minocycline

Potassium Tellurite
Tween 20
Y-Amino Butryric acid
a-Hydroxy Butyric acid
B-Hydroxy —D,L-Butyric
acid
a-Keto Butyric acid
Propionic acid
Acetoacetic acid
Acetic acid
Formic acid
Sodium Bromate
Sodium Butyrate

Aztreonam

5.6. Discussion:
Bacterial diversity in Tattapani geothermal spring mat:

The presently studied, Tattapani geothermal aredéikédy to get submerged under Kole-
hydroelectric project water reservoir. It was afhpe scientific interest to study the uniqueness of
the bacterial diversity of this geothermal spribgfore the habitat is destroyed completely. From
clone libraries studied in the present work, 40%thef 16S rRNA gene clones vary from the
closest phylogenetic relatives by 3 to 12% at thRINA gene level. It is widely accepted in
literature that strains showing less than 97% FISA sequence similarity to all known taxa are
considered to belong to a new species [35, 55,. 5iite these closely related species are listed

as unculturable bacteria in the data base theyldmidesignated as new species.

Proteobacteria which constitute the largest population of cloiiedries generated were
categorized within the classes Alphaproteobact@taproteobacteria, Gammaproteobacteria,
and Deltaproteobacteria. The uncultupdteobacteria have been largely ignored in literature
[76]. Based on the level of confidence used, on6 38 the proteobacterial sequences can be
assigned to known genera, inferring that many pladeterial groups still remain to be assigned
for nomenclature [55]. An interesting finding wase thigh frequency ofcidobacteria. Many of
them are of uncultured type. Acidobacteria areltheterial members frequently noticed in high
temperature habitats such as hydrothermal teraéstdeserts and marine systems [72, 76, 97]
.and it is quite difficult to culture thermophilacidobacteria in laboratory conditions. At present,
research interest has increased towards the asgettured group of phyla Acidobacteria [76,
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97]. Another striking feature of the Tattapani leaet diversity is the presence of the sequences
with resemblance to Bacteroidetes. The Bacterasde&tongs to heterotrophic bacteria and are
not usually associated with geothermal springs. r@hkave been very few reports of
Bacteroidetes as major group from hot springs [BR1]. Recently, Bacteriodetes have been
reported in hot springs of Northern Patagonia dtutstg up to 20% of the total bacterial
diversity [102]. Based on the mat composition ofaBania, Thailand and Tattapani it is likely
that Bacteroidetes prefer nutrient rich niches artémperature range of up to 85. Another
feature in the Tattapani geothermal spring was gmes of sequences bearing similarity to
Chloroflexi. It has been suggested that the presefcautotrophic green non-sulfur bacterial
species likeChloroflexus in such geothermal mats also encourages the groiMiacteroidetes
[102].

One of the promising finding in clone library frofattapani is that the Verrucomicrobia,
which represents about 14% of the cloned sequendde library (TPD 24,32,37,46,55,66 and
68) belonged to uncultured microbes in databadedaie, nearly all Verrucomicrobia cultured
from soil have been found to be free-living and @esophilic, facultative or obligate anaerobe,
saccharolytic and oligotrophic in nature, howewvetatively little information is available on
uncultured verrucomicrobia in thermal spring mahpkes [12]. A few Verrucomicrobia isolated
from highly acidic and geothermal areas have bemported to be excellent consumers of
methane and thus their application as biofilterseituce methane emissions has been reported
[46, 128]. In this work, organic rich environmemntdatheir association with other eukaryotic
organisms could be accounted for the presenceafudomicrobia in Tattapani spring mat [12].
Another set of clones from Tattapani resembled lime@d bacteria (Accession numbers -
AB426197 and FM956229 which resembled bacteria kntwbe growing under methanogenic

conditions again pointing towards the rich biodsrmrin the Tattapani geothermal springs.

The group of planctomycetes constituting 5% of Ta&apani clone library were largely
represented bysosphaera pallida, Planctomyces limnophilus and Planctomyces brasiliensis
which are most common in brackish, marine and frveater environments [58]. In addition, 3%
of the clone sequences from Tattapani metagenonendesl to unculturedChloroflexi
population type identified in activated sludge amany of them showed lower value of identities
with the known microbial database in National Ceffite Biotechnology Information (NCBI).

Hence propose them as the new species under piGhiorofiexi.
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Bacterial diversity in Tapovan geothermal spring ma

As compared to Tattapani, Tapovan geothermal ama are located at higher altitude, spring
water has higher temperature, the soil possesgi®rhalkalinity and is nutrient poor. These
conditions are expected to evolve unique bacteiiarsity. The cloned library analysis from
Tapovan confirmed that there is striking differemecehe bacterial diversity from the Tattapani
geothermal mats. A majority of organisms are chselated to Firmicutes. Members of this
phylum possess Gram-positive cell wall, have lowC&ontent in genome, form endospores and
are known to survive in extreme environments [128hongst Firmicutes, two genera showing
homology with most of the clones are representedd®cies of thermophilidnoxybacillus and
Aneurinibacillus (figure 5.6). Members of these two genera have lesatier reported from
various ecological niches including hot springsrydprocessing plants, soil [29, 111, 116] and
have potential applications related to starch agdotellulosic biomass conversion, enzyme
technology, environmental waste treatment and e@gnproduction [60]. The Tapovan clone
sequences showed similarity to various speciednoikybacillus and Aneurinibacillus genera
(figure 8) which indicated towards presence of sveepresentatives of these two genera in the
Tapovan thermal mats. Amongst the firmicutes, othenes which showed similarity (TPN 25,
26, 3 and 13) belonged to thermophiBacillus species isolated from Santorini volcano in
Greece (JQ808139) and hot synthetic compost [4neCTPN 14 and 18 showed significant
similarity with Clostridium tertium of Clostridiaceae family. Close resemblance of TPN14 and
18 to Clostridium tertium is surprising since this genus has never beenrtexpofrom
thermophilic environments and warrants further @pith investigation sinc€. tertium is known

to be a pathogenic bacterium [160].

The other phylum represented in the Tapovan gewidlemats isProteobacteria. Three clones
(TPN 24, 27 and 32) showed significant similarity Rseudoxanthomonas taiwanensis. P.
taiwanensis has been reported from hot springs of eastern drail82] and belongs to gamma
proteobacteria. One of the clone TPN8 showed siityiléo beta proteobacteriufhepidimonas

sp. albeit with low degree of certainty (figure. 8)

The water chemistry and physical parameter stuflies both the springs indicate that
heavy metals like Al, As, B, Mn, and Se are fourghigicantly higher than the average standard
concentrations of the metal in thermal spring eswments [112]. Elemental cations like
ammonium, magnesium, and anions sulphate, chlardehigher in concentration found in

81



Tapovan spring compared to Tattapani spring. BOEhefsprings was found to be 4.1 and 4.7
respectively (Table: 4.1). It indicates that thetewafrom Tapovan spring is having more
inorganic environment than Tattapani spring. Miecgamisms in these stressful environments
have developed adaptations to the more inorganid wolcanic environments, hence
chemolithoautotrophs are often seen [152]. Chethoflautotrophic microorganisms are
responsible for specific elemental transformatibke S, Fe, NH, CH, oxidation, hence they
have a vital role in nutrient cycling and climategulation in the ecosystem [66].
Pseudoxanthomonas sp. a chemolithoautotrophic facultative anaerolactérium was identified
in the Tapovan spring mat. Thermophifiooxybacillus flavithermus seen in the Tapovan spring
is able to utilize a wide range of heavy metalg I&u, Mn, Ni, Pb, Zn [26]. Manganese is used
by microorganisms as an electron acceptor in abaerespiration processes [119]. The ferrous
ion is essential for microbes residing in anaer@oicironments [119] which was also seen in the
studied Tapovan spring water. Microbes growing ucths environments can be used for
bioremediation of metal contaminated environmeH&nce it is quite important to protect and

preserve microbial biodiversity and their lineafresn such rare ecosystems.

Overall, it is clear that there is a striking diface in the bacterial diversity of two hot sprimgs

Himalayan geothermal belt. A combined phylogendtee of the selected clones of both
geothermal springs showing significant similarity known thermophiles also segregated
thermophiles from two springs taken in the studguffe. 5.7). The same can be attributed to
difference in temperature, elevation from sea lemetrient availability and pH. This study has
found that Tattapani geothermal spring harborsregégenera of bacteria which are known to be
of industrial importance. Primary reason for thaild be the method of environmental DNA
isolation with a combination of electro-elutionstehich allowed for amplification of 16S rRNA

sequences from most of the representative species.

Interestingly, 40% of the clone library candidase®w less than 97% identities with the
known bacterial rRNA sequences in the databasesselhepresentatives may be categorized as
new species identified from the hot spring mat eisgpecies concept of microorganisms [35, 55,
172]. The RFLP signature analysis provided a prielny indication about the diverse bacterial
species' presence in Tattapani geothermal matsrapased to Tapovan geothermal mats. This
was confirmed by the Shannon-weiner index analgkisoth the hot spring mats. The diversity

of two mats were studied by the rarefaction cuwch infers that the species richness is high in
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Tattapani spring as compared to Tapovan spring.riceobial community of two springs have
been shown to be phylogenetically distinct. Tapospring inhabits obligate thermophilic and
facultative chemolithoautotrophic organisms whictaymbe attributed to the poor nutrient
availability and inorganic environment [87].

The difference in the bacterial community of theotgeothermal springs of Himalayan
geothermal belt of Indian region is remarkable.Bibte sites have not been subject of in-depth
studies. Unless there are concerted efforts forsewation of biodiversity of the Tattapani
geothermal springs, interesting microbial species ia the danger of getting lost due to
construction of Kole-hydroelectric power plant. Gervationists and environmental activists
have established a clear association between hgtirozic power plant constructions and
biodiversity loss in Himalayas specifically [63]d#ancement in the molecular typing methods
for biodiversity studies have provided reliablelsofor quick characterization of the such unique
resources so that action cum monitoring plans émservation of such resources can be put in
place. Himalayas are already home to a megadiyarsitter. This work stresses that the bacterial
diversity of the Himalayas warrants detailed andiépth studies. So far, a comprehensive
microbial diversity study of Himalayan geothermgitisgs has not been taken up. This is the first
attempt to fill the void in this field. The badtdrbiodiversity information of both geothermal
springs will serve as part of baseline data for ganmg and contrasting the bacterial diversity of
other geothermal springs in the Himalayan geothebek. Such data will be of immense help
for evolution, biogeography, microbial ecology, Eommental sciences, and biotechnology
research. Additionally, a better understandingso€h fragile ecosystems will allow for a

sustainable management of such unique resources.
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CHAPTER 6

RESULTS AND DISCUSSION-I1I

Functional metagenomic approach for characterization of
Himalayan geothermal springs

6.1. Metagenomic library generation from hot spring eDNA:
6.1.1. Partial digestion of metagenomic DNA:

Metagenomic DNA isolated from Tattapani springs was partially digested using the restriction
enzyme Sau3Al to obtain DNA fragment of size of range of 3 to 8 kb. Partial digestion of
metagenomic DNA was optimized by digestion for different time periods. DNA digested for 10
minutes was found to be suitable for subsequent cloning as a major portion of the digested DNA
was in the range of 3 to 8 kb (figure: 6.1). Gel portion containing specified partially digested
DNA was excised and eDNA was eluted. The partially digested eDNA was used for functional
metagenomic library construction. Size selected eDNA was then ligated to pNYL-rygC vector.
The recombinant plasmid was electrotporated in to Escherichia coli DH5aZ1 host. Transformants
were selected on LB agar plate containing 40pg/ml kanamicin and 20ng/ml anhydrotetracyline
(ATC). Approximately 8000 clones obtained on selection plates were used for screening cellulase

and xylanase enzyme coding gene fragments.
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Figure 6.1. Partial digestion of metagenomic DNA. Metagenomic DNA was partially digested
using Sau3Al enzyme for 15, 10, and 5 mins respectively. The digested DNA was electrophoresed

on 1% agorase gel.
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6.1.2. Cloning efficiency and clone analysis from metagenomy library:

5000 clones from each of the metagenomic library were obtained on the screening plates. They
were subsequently analyzed for cloning efficiency by restriction excision on insert from the

cloned plasmids.
6.1.3. Confirmation of insert in transformants of metagenomic libraries:

Clones were then analyzed by restriction digestion of plasmids from Tattapani library. Digestion
of the plasmid using Kpn | and Mlu I restriction enzyme showed that there was a vector
backbone corresponding to 2.2 kb. The insert of one or more fragments were visualized in the
gel. The insert, which had the restriction site for Kpn | and/or Mlu | fragmented into multiple
bands (figure 6.2).

20000 L 9 10 11 12 13 14 15 16

7~ 4000
i 3000

Figure 6.2. Tattapani functional metagenomic library clone analysis using Kpn I and Mlu |
restriction digestion. Lane M: Gene O Ruler 1 kb plus molecular weight marker (Fermentas,
USA). Lane 1 to 16: Plasmid from Tattapani clones digested with restriction enzymes Kpn | and
Mlu I.

The same experiment was performed for Tapovan derived clone library. Similar pattern of vector
backbone and insert were observed in the specified range on the gel (figure 6.3). This confirmed
the successful construction of metagenomic functional libraries made from both the Himalayan
eDNA.
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2kb _
Vector back bone

Figure 6.3. Tapovan functional metagenomic library clone analysis using Kpn | and Mlu |
restriction digestion. Lane M: Gene O Ruler 1 kb plus molecular weight marker (Fermentas,
USA). Lane 1 to 9: Plasmid from Tattapani clones digested with restriction enzymes Kpn | and
Miu 1.

Screening of clones for cellulase and xylanase activity:

Around 2000 clones from each of the libraries were screened on LB kanamycin plates containing
CMC and xylan separately. No cellulase or xylanase activity was observed on the agar plates
containing xylan or cellulose. The reason could be difficulty in heterologous expression. Hence,
to overcome this problem direct PCR based approach was adopted for functional analysis of

eDNA from hot springs.

6.2. Directed PCR based metagenomic approach to study cellulase gene from hot spring
eDNA:

6.2.1.  Design of consensus primers for endoglucanase gene:

Degenerate primers for endoglucanase gene was constructed using the consensus sequences of

cellulase hydrolase candidates of Bacillus sp. and from Bacillus licheniformis (figure 6.4).
Design of forward primer for endoglucanase (cel5A) gene:

Bacillus licheniformis cellulose hydrolase (cel5H)--- GAAACGTTCCATCTCTGTCTTCATCG-

Bacillus sp. CY1-3 CelC (celC) ---- GAAACGTTCCATCTCTGTCTTCATCG
Bacillus licheniformis ATCC 14580---- GAAACGTTCCATCTCTGTCTTCATCG-
Bacillus sp. NBL420 cellulase (celA)----- GAAACGTTCCATTTCTGTCTTCATCG
Bacillus sp. beta-1,4-endo-glucanase gene ----ACGTT-------- GGTTTTATTG--
Endoglucanase forward primer GAAACGTTCCATCTCTGTCTTCAT
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Construction of reverse primer for endoglucanase (cel5A) gene shown as reverse compement:

Bacillus licheniformis strain GXN151 (cel9A) GTTTTCGGACATGAGCCCG----GTTACTA
Myxococcus stipitatus DSM 14675
CGTGGCGAAGAGGTGCTCGCGGAAGTGCGA

Bacillus licheniformis ATCC 14580 GTTTTCGGACATGAGCCCG----GTTACC-
Bacillus licheniformis cellulose hydrolase (cel9A) GTTTTCGGACATGAGCCCG----GTTACTA
Endoglucanase reverse primer GTTTTCGGACATGAGCCCG

Figure 6.4. Design of degenerate primers for endoglucanase gene. Degenerate primer were

constructed suing the sequence of cellulase genes of Bacillus sp. and Bacillus licheniformis.

Purified metagenomic DNA from Tapovan spring was used for direct PCR amplification using
degenerate primers of endoglucanase gene. Amplified product was electrophoresed on 1%
agarose gel along with 1 kb gene O ladder (Fermentas, USA). A 1.5 Kb amplified product was
vizualised on the agarose gel (figure 6.5). As the endoglucanase gene was derived from Tapovan

Metagenomic DNA which was identical to Cel5A of Bacillus sp., it was named as TM-Cel5A.

1.5 Kb

1 Kb

Figure 6.5. Amplification of TM-cel5A gene. Lane M: represents 1 kb molecular weight marker
(Fermentas,USA), Lane 1: PCR amplified product of TM-cel5A gene from Tapovan eDNA.

6.2.2.  Cloning of endoglucanase (TM-cel5A):

The PCR amplified and gel purified endoglucanase gene from Tapovan eDNA was ligated to
pET28(a) vector and was transformed into electro-competent cells of Escherichia coli BL21
CodonPlus DE3. The transformants were selected on LB agar plates containing 40pg/ml
kanamycin. Selected clones were further analyzed for the presence of TM-cel5A by restriction

digestion of plasmid.
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6.2.3.  Confirmation of endoglucanase gene from transformant of Tapovan:

Selected transformant on the selection plate was taken for confirmation of endoglucanase gene.
Plasmid was isolated from the transformant and was digested with Bam HI and Xho | restriction
enzymes. The digested product was electrophoresed on 1% agarose gel along with 1 kb molecular
weight marker (Fermentas USA).Vector backbone of 5.3 kb and insert of 1.5 kb were obtained on

agarose gel (figure 6.6).

Skb pET28(a)(vector back bone)

1.5kb cel5A fragment

Figure 6.6. TM-cel5A clone analysis. M: 1 kb molecular weight marker (Fermentas USA).Lane
1: Digestion and conformation of TM-cel5A gene insert in clone. TM-Cel5A gene fragment was

obtained by digesting with Bam HI and Hind 11l enzymes.
6.2.4. Analysis of cellulolytic activity of clones from Tapovan eDNA:

Selected clone harboring pET28(a)-TM-cel5A plasmid was used for cellulolytic activity
screening on the agar plate. LB agar plate containg 1% CMC and kanamycin (40 pg/ml) was used
for screening of activity of the clone. Escherichia coli cell carrying pET28(a)-TM-cel5A were
grown overnight on the screening plate containing Carboxymethyl cellulose (CMC). This
screening plate was flooded with congo red dye for 15 minutes followed by 1M NaCl for 10
minutes. A zone of hydrolysis was visualized around the positive colony. Similar experiment was
carried out using Escherichia coli BL21- CodonPlus cells harboring pET28(a) plasmid without

the endoglucanase gene, which showed no zone of hydrolysis (figure 6.7).
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Figure 6.7. Activity of positive clone on LB CMC plates. A: Escherichia coli BL21CodonPlus
cell carrying pET28(a)-TM-cel5A derived from Tapovan eDNA, screened on LB plates
containing 1% CMC stained with congo red B: Escherichia coli BL21- CodonPlus cell harboring

pPET28(a) plasmid without the endoglucanase gene as negative control.

Endoglucanases, which cleave at the amorphous region of CMC lead to the generation of
reducing and non reducing ends for cellobiohydrolases. Agar plates containing CMC with its
amorphous structure facilitate the detection of endoglucanases when stained with congo red. The
result showed a clear and distinct zone of hydrolysis around the positive clones on the agar plate
containing CMC when compared with the non producer clone (Figure 6.7). 47 randomly selected
clones when screened on the CMC containing agar plates showed difference in their expression
pattern. The clone with largest zone of hydrolysis was taken for further expression and

characterization of endoglucanase (Figure 6.8).

31-38 39- 46

Figure 6.8. Difference in zone of hydrolysis pattern of different clones derived from
Tapovan on LB- CMC plates. Zones of hydrolysis of 47 clones on LB-CMC agar plate stained

with Congo red.
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6.2.5. Sequence based analysis of TM-Cel5A:

The TM-Cel5A gene from the positive clone was sequenced. BLAST result of the cloned TM-
cel5A gene sequence, showed similarity to endoglucanase gene from Bacillus sp. and

endoglucanase gene of Bacillus licheniformis.

The amino acid sequence of TM-Cel5A protein share about 97% identity at amino acid level with
endoglucanase gene of Bacillus sp. and Bacillus licheniformis (ACY72379). A phylogenetic tree
was constructed using TM-Cel5A amino acid sequence and its closest relatives, with poisson
distribution at 1000 bootstrap replicator. Phylogenetic tree of TM-Cel5A amino acid sequence
showed that TM-Cel5A is closely identical to endoglucanase celSA protein from Bacillus sp.,
Bacillus licheniformis. To validate this observation, amino acid multiple sequence alignment of
TM-Cel5A and other endoglucanases from Bacillus mojavensi, Bacillus amyloliquefaciens,
Bacillus pumilus, Paenibacillus polymyxa, Geobacillus sp, Streptomyces sp, Hypocrea rufa,
Caldivirga maquilingensi and an endo-1,4-beta-glucanase from an uncultured bacterium were

carried out (figure 6.9).
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96 0 TM-Cel5A

Bacillus sp. endoglucanase cel5A protein [WP 009328169]
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2uncultured bacterium endo-1,4-beta-glucanase[AFX88668]
Bacillus subtilis cellulase [BAL46915]

Uncultured bacterium endo-1,4-beta-glucanase [AFX88666]
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Figure 6.9. Phylogenetic classification of TM- Cel5A through amino acid sequence
analyses. Amino acid sequences from TM-Cel5A and other endoglucanases analyzed by poisson
distribution. Bootstrap replicator of 1000 was taken for the phylogenetic tree construction.

GeneBank accession numbers are given in the parentheses. Phylogenetic relation shows that TM-

Cel5A is closely related to endoglucanase gene of Bacillus sp. and Bacillus licheniformis.
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Multiple sequence alignment of TM-Cel5A with its closest relatives was carried out using
CLUSTALW at European Bioinformatics Institute (EBI). The multiple amino acid sequence
alignment of TM-Cel5A protein with other identical endoglucanase proteins from Bacillus sp.,
Bacillus licheniformis, Bacillus amyloliquefacien, Bacillus subtilis, Bacillus mojavensis and an
uncultured bacterium showed that there was a significant difference in the multiple alignment
profile. Though the TM-Cel5A protein showed highest identity with Bacillus sp. and Bacillus
licheniformis protein it also showed differences at amino acid level indicating TM-Cel5A to be a
different protein from the one from Bacillus licheniformis. Three stretches of amino acid

sequences of TM-Cel5A were found different even within the closest relatives (figure 6.10).
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Figure 6.10. Sequence comparison of TM-Cel5A. Amino acid multiple sequence alignment of
1: Bacillus sp. endoglucanase cel5A protein ( WP_009328169) 2: Bacillus licheniformis
cellulase BgIC (YP_006713454) 3: Uncultured bacterium endo-1,4-beta-glucanase (AFX88668)
4: Bacillus amyloliquefaciens BgIC protein (CAE11243) 5: Bacillus mojavensis endoglucanase
(WP_010334430) 6: Bacillus subtilis cellulase (ADH93702) and 7: TM-Cel5A endoglucanase.
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The boxes indicate the stretches of amino acids which differ from its closest relative of Bacillus
sp. and Bacillus licheniformis.

6.2.6. Expression and purification of recombinant endoglucanase in Escherichia coli DE3

CodonPlus cell:

Selected clone harboring pET28(a)-TM-cel5A plasmid was inoculated in LB broth containing
40ug/ml kanamycin and cultured overnight. Subsequent culture was done with 1% inoculum of
the overnight culture. Induction of the subcultured cells were done at 0.6 OD with 0.5, mM IPTG
at 37 °C for 5 hours at 200 rpm. Cell supernatant of the induced and uninduced cells was
collected. The cell supernatant were analyzed for beta-endoglucanase (TM-Cel5A) protein on
12% polyacrylamide gel (figure 6.11). 52 kDa protein was found to be over expressed as
compared to the uninduced cell supernatant. The culture supernatant was subjected to ammonium
precipitation at 80% saturation. Precipitated pellet was collected centrifugation at 14000 rpm for
15 minutes. Collected protein pellet was dissolved in sodium phosphate buffer (50 mM pH-8.0).
The crude protein was subjected to dialysis for overnight at 4°C in sodium phosphate buffer (50
mM pH-8.0).
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Figure 6.11. TM-Cel5A protein expression in Escherichia coli BL21-CodonPlus host. M:
Broad range protein marker Biorad (31-200 kDa) 1: Supernatant of cells induced with 0.5 mM
IPTG. 2: Supernatant of cells induced with 0.5 mM IPTG after purification and concentration 3:

Uninduced cell supernatant.
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6.2.7. Biochemical characterization of TM-Cel5A:
Determination of cellulolytic activity by Dinitrosalicillic acid (DNS) method:

The partially purified TM-Cel5A protein was used for determination of activity using liquid
based biochemical assay against carboxy methyl cellulose (CMC). Equal volume (50ul each) of
TM-Cel5A protein along with 1% CMC solution was incubated at 60°C for 20 minutes. 150ul of
Dinitrosalicillic acid (DNS) was added to the reaction mixture. The reaction mixture was
incubated at boiling water bath for 5 minutes. The reaction tube was cooled immediately. The
reaction was stopped by addition of 50 ul 40% sodium potassium tartarate. The generated
reduced sugar was determined by measuring OD 540 nm. The same assay was performed with
negative control which was the above mentioned reaction mixture without the enzyme (figure
6.12).

Figure 6.12. Liquid assay of TM-Cel5A against CMC. Activity of TM-Cel5A was determined
against carboxymethyl cellulose (CMC) and compared with negative control containing no

enzyme.
6.2.7.1.  Thermal stability of TM-Cel5A:

Thermal stability of TM-Cel5A protein was determined by measuring its endoglucanase activity
against CMC at temperature ranges from 20°C to 90 ° C temperatures range. The reaction mixture
containing TM-Cel5A protein and 1% (w/v) CMC in 50 mM sodium phosphate buffer pH 8.0
was incubated at temperature ranges from 20°C to 90°C with 10°C increment for 20 minutes.

Generation of reduced sugar was determined using DNS method.

Maximum enzyme activity was found to be at about 60°C. There was 50% decrease in activity
when the reaction was carried out at 20°C. Similarly, there was upto 40% decrease in the enzyme
activity when the reaction was carried out at 90°C. Thermal stability was determined at

temperature vary from 60°C to 80°C by incubating the reaction mixture for 120 minutes. The
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enzyme was found to be stable at 60°C for 1hour and its activity decreased by 12% after 2 hours
of incubation. Similarly, the enzyme showed a decrease in activity at higher temperatures such as
of 70°C, 80°C and 90°C (figure 6.13).
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Figure 6.13.Thermal stability of TM-Cel5A protein . A: Relative percentage enzyme activity
of TM-Cel5A at different temperature ranges. B: Thermal stability of TM-Cel5A protein showing
highest stability at 60°C.

6.2.7.2.  Determination of optimum pH for TM-Cel5A activity:

Enzymatic activity of TM-Cel5A endoglucanase was determined by measuring its activity against
CMC within the pH range of 4 to 9. Different buffers used for determination of activity of TM-
Cel5A protein were 50 mM sodium acetate buffer for pH 4 to 6, 50 mM Sodium phosphate buffer
for pH 6 to 8 and 50 mM Tris buffer for pH 8 and 9. TM-Cel5A protein showed maximum
activity at pH 8.0. The pH stability of TM-Cel5A was determined by incubating TM-Cel5A
protein at different pH ranging from 6.0 to 9.0 at 4°C for 16 hours. The pH stability was
estimated using CMC substrate. The reduced sugar generated was measured using DNS. The
enzyme was found to be stable at pH 8 and pH 7 for 2 hours. Similarly, enzyme showed decrease
in activity at pH 6.0 and 9.0 (figure 6.14).
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Figure 6.14. Optimum pH determination for TM-Cel5A protein: A: Relative percentage
enzyme activity of TM-Cel5A at different pH ranges B: pH stability of TM-Cel5A protein at
different pH ranges(6.0 to 9.0).

Bovine serum albumin (BSA) standard curve for protein estimation:

A standard curve was plotted using bovine serum albumin (BSA). Protein estimation was done
using bicinchoninic (BCA) protein assay kit (Thermo scientific USA). BSA in the range of 0.5 to
2 mg/ml was taken for the assay. 25ul of standard (BSA) protein was taken in microtiter plate
separately. 200 ul of BCA working reagent (WR) was added to both the wells. The content was
mixed thoroughly. The plate was incubated at 37°C for 30 mins. Absorbance was taken at
Asgnm. BSA standard curve was plotted for different dilutions taking absorbance versus protein
concentrations (figure 6.15). Linear equation was obtained from the standard curve. Similarly,
TM-Cel5A protein was processed to obtain the OD at Asg;nm. Concentration of TM-Cel5A
protein was determined using the BSA standard curve derived linear equation. TM-Cel5A protein

concentration was determined to be 0.8 mg/ml.
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Figure 6.15. BSA standard curve determination by bicinchoninic (BCA) method.

Glucose standard curve determined by dinitrosalicillic acid (DNS) method:

Glucose (Himedia, India) in the range of 0.5 to 2.5 mg/ml concentration was taken in different
test tubes. They were treated with 1.5 ml DNS (sigma, USA) solution. The reaction mixture was
kept on boiling water for 5 minutes. Tubes were cooled down under running tape water. Reaction
was terminated by addition of 100 pul sodium potassium tartarate. The color development was
measured spectrophotometrically at Asso Nm. A standard curve was plotted for different dilutions
taking absorbance versus glucose concentrations (figure 6.16). Linear equation was obtained
from the standard curve. The equation was used for determination of enzyme activity of TM-
Cel5A protein.
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Figure 6.16. Glucose standard curve determination by DNS method.
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6.2.7.3.  Substrate specificity analysis of TM-Cel5A enzyme:

A variety of substrates were treated with TM-Cel5A enzyme for determination of substrate
specificity. Substrates were incubated with TM-Cel5A protein at 60°C at pH 8.0 for 20 minutes.
Generation of reduced sugar due to TM-Cel5A activity was determined by DNS method.
Substrate specificity assay depicted that TM-Cel5A was able to utilize a wide range of substrates
(figure 6.17). Apart from crystalline CMC it has the ability to hydrolyze other forms of natural
polysaccharides like Beta-D-glucan. Specific activity of TM-Cel5A was found to be 100 for
CMC, 130.82 for B-D-glucan, 9.17 for laminarin,64 for salicin, 323.67 for p-Nitrophenyl-p-D-
Glucopyranoside (pNPG), 84.54 for p-Nitrophenyl-p-D-xylopyranoside (pNPX), 35 for Filter

paper (Whatman No.1) and nil against avicel, richwood xylan (Table 6.1).
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Figure 6.17. Spcific enzymatic activity of TM-Cel5A against various substrates. Substrate
specificity of TM-Cel5A against against CMC, - D-glucan, p-Nitrophenyl-4-D-Glucopyranoside
(pPNPG), p-Nitrophenyl-s-D-xylopyranoside (pNPX), laminarine, xylan, filter paper,avicel,D-

cellobiose, salicine are shown with standard error.
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Table 6.1. Substrate specificity of TM-Cel5A against various polysaccharide substrates.

Substrates Specific activity (U/mg)
CMC 100
Beta-D-glucan 130.82
PNPG 2.67
pNPX 8.54
Laminarine 19.17
Brichwood xylan 3
Filter paper (Whatman No.1) 35
Avicel 2
D-cellobiose 1
Salicin 64

6.3. Cloning of L-asparaginase-11 from Tapovan derived isolate:
6.3.1. Production of L-asparaginase in Tapovan derived isolate:

The Tapovan spring derived isolates, enriched through Biolog EcoPlate were cultured in minimal
medium containing L-asparagine as the sole carbon source (figure 6.18). Confirmation of L-
asparaginase production was done on Modified Czapek Dox medium containing phenol red. The
change of color from yellow to red in Czapek Dox agar plates provided us with the preliminary
indication for L-asparaginase production. Ammonia production due to L-asparaginase activity
was detected by treatment with nessler’s reagent. Change in color from light yellow to deep

yellow in nessler’s reagent confirmed the production of L-asparaginase (figure 6.18).
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Figure 6.18. Detection of L-asparaginase producing strain in Modified Czapek Dox
medium. [1] Growth of L-asparaginase producer in minimal medium with 2% L-asparagine as
the sole carbon source. [A] L-aspararaginase producer on modified Czapek Dox agar plate with
L-asparagine as the only carbon source and containing phenol red at pH of 5.5. [B] Negative
control of modified Czapek Dox agar plate with L-asparagine as the only carbon source and
containing phenol red at pH of 5.5 in the absence of bacterial isolate. [C] Liquid assay for
ammonia production from cell supernatant of due to L-asparaginase activity. [D] Negative

control of liquid assay for ammonia production.

6.3.2.  Cloning of L-asparaginase-11 gene from bacterial isolate of Tapovan spring:

The isolated bacterium from Tapovan spring water with L-asparaginase activity was identified
by 16S rRNA gene sequencing and was found to be a close homolog of Ralstonia sp.

A 1 kb gene fragment was amplified from the genomic DNA of the isolated bacteria (figure 6.19-
A). The cloned L-asparaginase-11 gene from pET28(a) vector was digested using restriction
enzymes Bam HI and Xho I. The recombinant plasmid upon digestion a 1 kb L-asparaginase- Il

gene fragment was obtained along with vector the backbone (figure 6.19-B).

99



7Kb
5Kb

1.5 Kb

1.5Kb
1Kb

1 kb

500 bp

Figure 6.19: Amplification and confirmation of the clone with L-Asparaginase-11 gene. A:
L- asparaginase- Il gene amplified product in 1% agarose gel along with 1 kb plus DNA ladder
(Fermentas USA). B: pET28(a)-asparaginase-11 plasmid from clone was digested with Bam HI
and Xho I, a 1 kb fragment of L-asparaginase-11 gene is visualized on the gel. Compared with
undigested pET28(a)-asparaginase-11 plasmid.

6.3.3. Expression of L-asparaginase type —Il in Escherichia coli BL21 CodonPlus cell:

Selected clone harboring pET28(a)-asparaginase-1l plasmid was inoculated in LB broth
containing 40pg/ml kanamycin and cultured overnight. Subsequent culture was done with 1%
inoculum of the overnight culture. Induction of the subcultured cells were done at 0.6 OD with
0.4 TO 0.6 mM IPTG at 37 °C for 5 hours at 200 rpm. Cell pellet of the induced and uninduced
cells was collected and lysed. The cell lyset were analyzed for L-asparaginase-Il protein on 12%

polyacrylamide gel (figure 6.20).
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Figure 6.20. Expression of L-asparaginase type —I1 protein. M: Broad range protein marker

Biorad. 1: 0.4 mM IPTG induced cell lysate of L-asparaginase clone. 2: 0.5 mM IPTG induced

cell lysate 3: 0.6 mM IPTG induced cell lysate 4: uninduced cell lysate.

6.3.4. Phylogenetic relation of cloned L-apapsraginase-I1:

Cloned L-asparaginase-I1 gene was sequenced and from the sequence information a phylogenetic

tree was constructed with the closest protein homologs of L-asparaginase. The phylogenetic tree

indicated that the cloned gene was identical to L-asparaginase type- Il protein of Ralstonia sp. It

showed significant difference from asparaginase protein of Ralstonia solanacearum, Ralstonia

syzygii, and Burkholderia sp (figure 6.21).
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Figure 6.21. Phylogetic tree of L- asparaginase from Tapaovan derived isolate. Phylogenetic

tree of cloned L-asparaginase-11 showed identity with Ralstonis sp., Ralstonia picketti, and was

phylogenetically distinct from Burkholderia sp.
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6.4.  Discussion:

In the present study, the cloning and characterization of Cel5A endoglucanase from metagenomic
DNA preparation of Tapovan hot spring mat is reported. The greatest challenge of the study
includes heterologous expression of metagenomic DNA derived from a thermophilic
environment. The use of Escherichia coli BL-21 CodonPlus cells with extra copies of t-RNA for
minimizing the codon biasness made the study relatively less complicated [142]. A 1.5 kb
fragment corresponding to endoglucanase gene was cloned in an expression vector. The
overexpressed TM-Cel5A protein had a 17 bp signal sequence which allowed it to secreted out of
the cell into the culture medium. Amino acid sequence comparison of TM-Cel5A endoglucanase
with endoglucanase of Bacillus sp. and Bacillus licheniformis showed its significance difference.
It can be inferred from the amino acid study of TM-Cel5A that it contains a catalytic domain for

glycosyl hydrolase family 5 (GH5).

Use of highly sensitive Congo red based agar plate assay made the screening feasible for
the detection of beta endo-glucanase active clones [161]. Congo red is an indicator dye, which
binds strongly to p-1,4-linked D-glucopyranosyl units of cellulose fiber [178]. Hydrolysis pattern
of CMC around the positive clones was readily visualized by using CMC-congo red indicator
plates. TM-Cel5A showed maximum activity at temperature 60 °C and pH 8.0. The enzyme was
active at a wide temperature range. TM-Cel5A showed 60% active at pH 4.0, indicating its wide
range of pH stability. TM-Cel5A protein had the ability to hydrolyze a wide variety of substrates.
TM-Cel5A was able to hydrolyze beta D- glucan (beta 1,4 linkage) and CMC (beta 1,4 linkage)
more efficiently. TM-Cel5A protein had negligible activity against insoluble avicel (commonly
acted by exo-glucanase). The use of glucan (Beta- D- glucan) by TM-Cel5A indicates its strong
cellulolytic activity as it is a storage form of natural cellulose. Beta- D- glucan polysaccharide are
found in plant, baker’s yeast, certain fungi and mushrooms [163]. Due to extraordinary
characteristics of TM-5A, it could be a useful enzyme for industrial applications. The enzyme
could also be used to obtain fermentable form of sugars and bioethanol. To the best of our
knowledge this is the first report of cloning and characterization of beta endoglucanase gene from

Himalayan geothermal spring metagenomic DNA.

In the second part of the study, L-asparaginase protein was cloned from a strain of Ralstonia sp.
This is the first report of cloning and expression of L-asparaginase gene from Ralstonia sp.

Amino acid sequence analysis indicated that the cloned gene was identical to L-asparaginase type
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I1. Many members of Ralstonia sp. like Ralstonia solanacearum, Ralstonia eutropha, Ralstonia
pickettii are known for harboring the gene responsible asparaginase activity. Only sequence based
information of asparaginase gene from different species of Ralstonia sp. is available in literature.

Detailed study is yet to be done.
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CHAPTER 7
RESULTS AND DISCUSSION-1V

Real-time PCR approach to study genes responsible for transporters and drug
resistance in eDNA isolated from Tapovan

7.1. Real-time PCR based detection (C+ value calculation) of genes responsible for efflux

of heavy metals and antibiotic resistance in Tapovan samples:

Real-time PCR based detection for transporters and antibiotic resistance gene was carried out for
Tapovan metagenomic DNA. As studied from the Inductively Coupled Plasma Mass
Spectroscopy (ICPMS) in chapter-4, the heavy metals were beyond their normal concentration in
Tapovan spring water. Tapovan spring also has high load of sulphur ion with poor nutrient
availability. Microorganisms in this stressful environment are expected to have developed
adaptation mechanisms for survival. CusCFBA family transporters are known for their ability to
efflux out heavy metals like copper and silver [96]. Similarly, AcrB a member of Resistance
Nodulation cell Division (RND) family transporters remains overexpressed in nutrient deficient
conditions [100]. These transporters often play the dual role for efflux of other amphiphilic
substances including antibiotics. Therefore, a real-time PCR based approach was adopted for
demonstration of transporter genes and antibiotic resistance genes in Tapovan environmental
DNA (eDNA). In contrast, Tattapani spring is rich in nutrients and heavy metals are also
comparatively low in concentration. Hence Tapovan eDNA was studied for the real-time based

transporter gene detection.

List of the primers used for real-time PCR of the study are given in the table 3.2. Real-time PCR
was carried out with the purified eDNA of Tapovan spring. Real-time PCR based threshold value
(Cy) calculated for efflux pumps genes acrB, acrD and cusA were found to be 19.1, 18.09 and
17.78 respectively. Similarly, the threshold value for glycopeptides, tetracycline and amino
glycosides antibiotic resistance gene were found to be 21.21, 21.09 and 21.12 respectively. The
relatively low C+ values indicate their significance amount in Tapovan eDNA. Genes responsible
for macrolides and beta-lactam antibiotics were not found in the spring DNA (Table 6.1).
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Table 7.1. C+ (Threshold value) detected through real-time PCR against various antibiotics
and transporter genes.

Transporter and antibiotic resistance gene analyzed through

gPCR CT (Threshold concentration detected)
Beta-lactam antibiotic NA
Macrolides NA
Multidrug efflux pump (acrB) 19.1
CusA 17.78
acrD 18.09
Glycopeptide antibiotics 21.21
Tetracycline 21.09
Aminoglycosides 21.12
Plants (cpDNA) 24.29
Human (mtDNA) 27.74
E. coli plasmid pET23a-GFP 28.06

A graph was plotted taking Ct values of transporters, antibiotics resistance specific gene with
number of PCR cycles. The Cr value were determined as number of cycle at which the
fluorescence level crosed minimum limit of 30. The threshold value was found low for metal
transporter cusA and antibiotics resistance of acrD and acrB, indicating their abundance in

Tapovan metagenomic DNA (figure 7.1).
7.2.  Assessment of purity of Tapovan eDNA:

While studying the transporters and antibiotic resistance genes in metagenomic DNA of Tapovan
spring, it was utmost necessary to clarify if these genes have originated from anthropogenic or
modern days laboratory sources. Hence, the purity of DNA was assessed using plant (cpDNA),
Human (mtDNA) and E. coli plasmid pET23a-GFP specific primers in real-time PCR.
Chloroplast DNA (cpDNA) specific primer were used for assessment of plant originated
contaminations, Human mitochondrial DNA (mtDNA) for anthropogenic allied contaminations,
E. coli plasmid pET23a-GFP for modern days laboratory contaminations. Ct values for plant
(cpDNA), Human (mtDNA) and E. coli plasmid pET23a-GFP were found to be 24.29, 27.74 and
28.06 respectively (Table 6.1).
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Figure 7.1. Determination of threshold value (C+) for transporter and antibiotic resistance
gene in Tapovan DNA through metagenomic approach. C; values were determined with

positive and negative controls for transporters and antibiotic resistance genes.

The Cy values indicate that there may be negligible contamination with plant originated
DNA but it was free from anthropogenic and modern laboratory contamination. Again the origin

of transporter and antibiotic resistance genes can be easily ruled out from plant sources.
7.3.  Cloning and sequencing of acrB gene from Tapovan eDNA:

Purified environmental DNA (eDNA) from Tapovan spring was used for PCR amplification
using acrB primer set. A 160 bp gene fragment corresponding to acrB gene was visualized on the
gel (figure 7.2). acrB amplified gene was gel purified and ligated into pTZ57R/T vector and
cloned using Escherichia coli DH5a host. Nucleotide sequence for cloned acrB gene was

determined.
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Figure 7.2. Amplification of acrB gene. Lane M: 100 bp molecular weight marker and

amplified acrB gene of 160 bp was electrophoresed in 2% agarose gel.
7.4.  Phylogenetic affiliation of cloned acrB gene:

Cloned acrB gene sequence derived from Tapovan DNA was used to complete phylogenetic

relationship.

PHYLIP_1

0

{Escherichia coli 0104:H4, multidrug efflux acrB [CP003301]
10
AcrB from Tapovan eDNA

—Escherichia coli O55:H7, Transporter, Hydrophobe/amphiphile-1 (HAE-1) [CP003109]

0
Escherichia coli multidrug efflux system [HG738867]

100 {Escherichia coli Xuzhou21 acridine efflux pump [CP001925]
10

——Escherichia coli multidrug efflux system acrB [CP003297]

Figure 7.3. Phylogenetic relation of acrB. Phylogenetic tree showing relation of cloned acrB

with closest relatives.

Phylogenetic relationship was obtained with the closest relative acrB gene of Escherichia coli
0104:H4 and Escherichia coli O55:H7, transporter, Hydrophobe/amphiphile-1, Escherichia coli
Xuzhou21 acridine efflux pump, Escherichia coli multidrug efflux system, Escherichia coli
multidrug efflux system It was found that the gene showed identity with multidrug efflux
protein acrB and with hydrophobe/amphiphile-1 (HAE-1) of Escherichia coli (figure 7.3).
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7.5. Discussion:

As studied by ICPMS Tapovan spring showed significant amount of heavy metals like Al, As,
Cu, Fe, B and Se. Extremely high temperature and high load of sulphur ions along with nutrient
deprive condition creates a stressful environment in the spring site. Microbes residing in such
adverse environmental conditions should have developed the adoptive mechanisms for survival.
Membrane transporters responsible for the efflux of such heavy metals and toxic compounds
from cell cytoplasm to outer environment play a major role in defending from unfavorable
environmental conditions. In the present study, primers responsible for RND family of
transporters and certain antibiotic resistance gene were used for detection of corresponding genes
in Tapovan eDNA. CusA is such a transporter responsible for efflux of Copper and silver in
microorganisms. CusA is a member of heavy metal efflux (HME) system [96]. AcrB is another
transporter for transport of hydrophobe/amphiphile substances like acriflavin dye, detergents
and multiple antibiotics. AcrB consist of hydrophobe/amphiphile efflux-1 (HAE-1) family of
transporter. HAE-1 and HME system are the member of Resistance Nodulation cell Division
(RND) super family of transporters involve in efflux of heavy metals Zn* Cu®* [157]. acrB gene
remains overexpressed in general stress like nutrient deficient condition [100]. Hence the
presence of acrB gene in Himalayan thermal spring (Tapovan) is supported. The validity of the
study is again supported from the purity assessment report of Tapovan eDNA.

The present study is a report of presence of efflux pump genes in extreme environments. While
ruling out the contamination of these genes from anthropogenic, plant or modern research

laboratory sources.
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CONCLUSIONS

In the present study, the mgor focus was on microbial analysis through culture independent
approach in high temperature environments, but the general idea illustrated here is applicable to
other habitats too. Two major geothermal springs of the Indian Himalayan range were studied. The
thermal springs with rare and low microbial load provided a challenge in isolation and purification
of metagenomic DNA. The manua metagenomic DNA isolation and their purification using
methods like electro-elution resulted in high quality and higher concentration of metagenomic
DNA. Presently described environmental DNA purification methodology can be useful to obtain a
superior quality genomic DNA from extreme environments supporting rare microbial populations.

In the first section of the study, analysis of microbial diversity in the hot sulphur springs at
Tattapani and Tapovan geothermal area of Himalayas were carried out. So far, a comprehensive
microbia diversity study of Himalayan geothermal springs has not been taken up. Thisis the first
attempt for looking into the unculturable bacterial diversity of Himalayan geothermal springs by
applying a metagenomic approach. The bacterial biodiversity information of the geothermal
springs will serve as part of baseline data for comparing and contrasting the bacteria diversity of
other geothermal springs in the Himalayan geothermal belt. Such data will be helpful for study of
microbial ecology and evolution, biogeography, environmental sciences and biotechnology
research. An understanding of such fragile ecosystems will also help the authorities to chalk out
conservation programs for sustainable management of such unique resources. Coupling of
sequence data with biological community function will help in better understanding of microbes
from such ecosystem. Therefore, the community based functional analysis of microbes were
carried out using Biolog EcoPlates. Such culture based sole carbon source utilization profile has
helped in finding the correlation between diverse microbes present in the community and their
function [173].

Alleviating the problems of heterologous expression and proper screening of metagenomic
library, direct PCR based method was employed to assess functional potentiality of environmental
DNA. The demonstrated thermostable beta endo-glucanase (TM-Cel5A) enzyme from high
altitude Indian Himalayan geothermal spring DNA is a valuable enzyme showing significant
difference in terms of sequence and functiona analysis. It has the ability to hydrolyze crystalline
cellulose and is active against glucan (a storage form of natural cellulose). Apart from its thermal
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stability the enzyme is found to be stable over a wide pH range. TM-Cel5A no doubt is a
promising enzyme for economica conversion of lignocellulolytic substances. It can be used for
generation of fermentable sugars and bioethanol. The direct approach of such functional screening
from metagenomic DNA can be employed for discovery of lignocellulolytic and other hydrolytic
enzymes. The presently discussed functional metagenomic approach of direct PCR based screening
will improve the strategies for quicker discovery of novel enzymes and secondary metabolites
from yet uncultured microbes. The identified L-asparaginase enzyme from a bacterial isolate of
Tapovan spring was identified as type-Il group. The type-1l asparaginase is commonly used in
treatment of acute lymphoblastic leukemia (ALL). This is the first report of L-asparaginase from
Ralstonia sp.

In the preceding section of our study, the real-time PCR based anaysis of Himaayan
thermal spring DNA revealed the presence of RND family efflux pumps. The most probable
reason for the presence of AcrB, CusA transporters in hot spring environment is efflux of heavy
metals and poor nutrient availability. The studied efflux pumps plays the dua role in efflux of
certain of antibiotics hence presence of drug resistance gene is also supported. The contamination
assessment assay identified that the eDNA was free from anthropogenic, and modern days

laboratory contaminations.

Conclusively, the use of culture independent along with culture dependent approach for the
study of microorganisms from these Himalayan thermal springs provided an illuminating
knowledge about their community structure and function. These facts can be applied to
microorganisms of other geothermal springs in Himalayas as well as across the globe. A huge
number of enzymes, secondary metabolites with extraordinary properties from the microbial
resource of Himalayan thermal springs can be expected. The microbia resource from these unique

rare ecosystems need to be protected and require great attention for their conservation.
Future prospective:

Tattapani spring shows the presence of uncultured Verrucomicrobia, which are known to have
bioremediation properties. Other thermophilic organisms identified in Tattapani spring could be
the source of many enzymes and secondary metabolites. Similarly, Thermophilic Aneurinibacillus
sp., Bacillus thermoaerophilus, Anoxybacillus sp. identified in the Tapovan mat are known to be

source of a variety of valuable secondary metabolites and enzymes [111,116]. Therefore, detailed
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functional studies of microorganisms from this high altitude hot springs is required for discovery
of enzymes and secondary metabolites with novel properties. Pseudoxanthomonas sp. identified in
Tapovan spring is a chemolithoautotrophic facultative anaerobic bacterium whos role in elemental
transformations of S, Fe, NH,4, CH,4 can also be studied. This study could help in understanding the
vital role in nutrient cycling and climate regulation in geothermal ecosystems. The endoglucanase
identified from Tapovan eDNA can be optimized for high scale production. Enzymatic activity of
endoglucanase can also be exploited for degradation of various natural substrates like rice straw,
filter paper and molasses. The enzyme could also be used to obtain fermentable form of sugars and
bioethanol. L-asparaginase enzyme demonstrated in the study can be optimized for over
production. It can be studied for inhibition of acrylamide formation in starchy food processing. L-
asparaginase can aso be studied for inhibition of leukemic cell development in animal cell lines
and in-vivo systems. The transporter identified in the metagenomic DNA isolated from Himalayan
hot water spring can be further characterized to understand the relation between their origin and

function.
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