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CHAPTER - I
Introduction, review of
literature, hypothesis aims
and objectives

1 Introduction
Microbes are both the primary producers of biomass and the principle recyclers of
nutrients not only in glacier but everywhere, and are essential to the survival of
the entire ecosystem. The microorganisms from extreme environments are of
particular importance in global ecology since the majority of terrestrial and
aquatic ecosystems of our planet is permanently or seasonally submitted to cold
temperatures. The world’s oceans occupy 71 % of the earth surface and 90 % of
their volume is below 4°C. The polar regions represent 14 % of the earth surface
and in one includes alpine soils and lakes, snow and ice fields, fresh waters and
caves. More than 80 % of the earth biosphere is below 4° C (Stibal et al. 2012).
Polar habitats are exciting places on Earth where psychrophiles and
psychrotolerants microbes inhabit. Some microbes are able to survive in low
temperatures and are widespread in these natural environments and therefore they
are regarded as the most successful colonizers and dominant flora of our planet
(Russell and Fukunaga, 1990).Psychrophiles, have an optimal temperature for
growth at about 15°C or lower, a maximal temperature for growth at about 20°C,
and a minimal temperature for growth at 0°C or below. For psychrotolerants
optimum and maximum growth temperatures are ≥15°C and ≤40°C, respectively
(Morita and Moyer, 2001). As compared to true psychrophiles psychrotolerants
are considered as more diverse group.
Cold-adapted organisms have unique adaptations at the level of molecular and
cellular levels to survive in extreme cold environment. These organisms produce
1

cold active enzymes with high catalytic activity at low temperatures than those
produced by mesophiles (Feller and Gerday, 2003). Cell membranes of cold
adapted organisms contain increased levels of unsaturated and branched fatty acids
to maintain membrane ﬂuidity (Nichols et. al. 2004). Psychrophiles produce
antifreeze proteins which have the ability to reduce the freezing point and
recrystalization process (Gilbert et. al. 2004). Psychrophiles contain cold shock and
cold acclimation proteins for improved protein synthesis at low temperatures
(Goodchild et. al. 2004). Presence of trehalose and exopolysaccharides (EPSs), play
a significant role in cryoprotection by preventing protein denaturation and
aggregation. Excess concentration of EPSs change the physicochemical
environment of microbial cells and assist them to take part in cell adhesion to
surfaces and retention of water, also favors the separation of nutrients preserve and
protect extracellular enzymes against cold denaturation and act as cryoprotectants
(Nichols et. al. 2005).

1.1 Study area
Glacier ice is a unique ecosystem preserving microbial life and past climate
changes chronologically for hundreds to thousands of years. Most of the glacier ice
on Earth is represented by the ice sheets of Greenland and Antarctica corresponding
to about 10% of Earth’s terrestrial surface and containing 77% of the fresh water on
the planet (Paterson, 1994). Together, polar plus temperate glaciers on other
continents cover an area of 15,861,766 km2 (Priscu et. al. 2007). In China, there are
more than 46,000 glaciers (Zhu et al. 2003) and most glaciers on the Tibetan
2

plateau are at altitudes higher than 5,000 m. Glacier ice depths range from few
hundred meters to 3–4 km with a gradual increase of temperature with depth. For
example, at the South Pole it ranges from about −50°C on the surface to −6°C to
−10°C in the deepest layers (Price et al. 2002).The Himalaya is often referred to as
the third pole of the Earth because they host the largest areal extent of glaciation
outside the Polar regions. Estimating the volume of these glaciers is challenging
because the ice thickness of most of the glaciers is not accurately known. According
to the Geological Survey of India, there are around 9575 glaciers in the Indian
Himalaya covering about 38,000 km2. The distribution of glaciers in the Himalaya
is uneven due to complexity of mountain ranges, altitudinal variation and different
climatic environment. Generally, the north-western Himalaya has higher
concentration of glaciers as compared to the eastern Himalaya.
Hamtah glacier (32°13′N, 77°22′E) is in Western Himalaya, situated in the Lahul
and Spiti district of Himachal Pradesh, India. It is about 5.5 km long and its area is
about 3 km2 (Pandey et al. 2011). It has a high and wide headwall that rises steeply
to up to about 1.5km from the top of the glacier and is relatively ice-free. Hamtah,
is a northwesterly flowing small valley glacier which lies in Chandra fifth order
basin, of fourth order Chenab basin of Himachal Pradesh. Originating at an
elevation of 5000 masl, 6.0 km long glacier having an average width of 0.50 km
and covering an area of about 3.3 sq km., descends with a gentle gradient with its
terminus at about 4000 masl. The glacier has a large ablation zone covered with
thick blanket of supra-glacial moraines. A small ice stream located in the left part of
the glacier originates close to the equilibrium line and flows downstream in the
3

middle reaches and finally merges with the left bank of the glacier. It’s very small
accumulation zone is characterized by avalanche cones originating from the two
small hanging glaciers and surrounding snowcapped peaks and a narrow feeder in
the left portion of the glacier (Figure 1).
Unique microbial habitat existing on the surface of Hamtah glacier ice are the
cryoconite holes. It was named by the Swedish explorer A.E. Nordenskjold during
his 1870 Greenland expedition (“cryo” meaning ice and “conite” meaning dust).
Cryoconite holes are water filled cylindrical structures present on glaciers of Arctic,
Antarctic, and Himalayas (Wharton et. al.1985). They have been found on the
surface of polar and non-polar glacier ice in many parts of the world. Most
cryoconite holes are open systems to the surrounding environment. Cryoconite
holes have been suggested to play an important role in glacier ecosystems because
they contain abundant populations of active living organisms (Wharton et al. 1985).
Since each one of these mini-environments is usually spatially separated,
cryoconite holes are drawing significant attention as model systems for microbial
activity and adaptation to cold. Cryoconite holes have two zones: pelagic and
benthic. Cryoconite is brownish black material and are made up of organic and
inorganic material which represents the benthic part. It absorbs the solar radiation
and accelerates the melting of glacier ice.

Inorganic matter is composed of

different elements while the organic matter comprises of different life forms such as
bacteria, cyanobacteria, fungi, viruses, and invertebrates. Cryoconite holes are
individual ecosystems with distinct boundaries, energy flow, and nutrient cycling
(Wharton et. al.1985). The physical and chemical characteristics of cryoconite holes
4

are well suited to biological activity. During the brief summer period, the holes
contain liquid water several degrees above freezing point. Nutrients accessed from
melting ice, biological N2-ﬁxation, and ﬁxed carbon from phototrophic activity
provides the basis for a complex community.

5

Fig. 1 Sampling locations on Hamtah glacier Himalaya (Cryoconite A-G).
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1.2 Cellulase
The structural complexity and rigidity of cellulosic substrates have given rise to a
remarkable divergence in cellulose degradative enzymes (Mai et al. 2004).
Microorganisms involved in degrading these complex structures have faced many
challenges, developing complex enzyme systems to handle these varying substrates.
Organisms usually produce complex extracellular or membrane bound cellulolytic
enzymes comprising a combination of activities.

Cellulases are the group of

hydrolytic enzymes that are capable of hydrolysing insoluble cellulose to produce
soluble oligosaccharides. Cellulases are modular enzymes that are composed of
independently folding, structurally and functionally discrete units called domains
(Mai et al. 2004).At least three fundamental enzyme activities are traditionally
found within a cellulase system that demonstrates the degradation of cellulose.
i) Endoglucanases (Endo-1, 4-β-glucanases/1, 4-β-glucanases/1, 4-β-Dglucan4glucanohydrolase, EC 3.2.1.4).
ii) Cellobiohydrolases (Exo-1, 4-β-glucanases/1, 4-β-D-glucan cellobiohydrolases,
EC 3.2.1.91).
iii) Cello biases (β-glucosidase/β-D-glycoside glucohydrolases, EC 3.2.1.21).
There have been a notable differences found in the cellulolytic enzymes isolated
from various sources.

The differences were mainly in their polypeptide

characteristics such as capacity to adsorb to cellulose, molecular weight, isoelectric
points, carbohydrate content, catalytic activity, substrate specificity and amino acid
7

composition and sequence. However, a cellulase system is an efficient hydrolysis of
cellulose in a specific coordinated manner.

It is a combination of three

representative enzymes with or without cellulose binding domains (Lynd et al.
2002).

1.3 Occurrences of cellulase
Cellulase enzymes are produced by a wide variety of bacteria and fungi, aerobes
and anaerobes, mesophiles and thermophiles but relatively few organisms can
utilize crystalline cellulose as a carbon source (Bhat and Bhat, 1997; Coutinho and
Henrissat, 1999a; Maijala, 2000; Lynd et al.2002). The distribution of cellulolytic
species across taxonomic groups has revealed that the ability to digest cellulose is
widely distributed among many genera in the domain bacteria and in the fungal
groups within the Eukaryotes. Within the eubacteria, there is considerable
concentration of cellulolytic capabilities among the aerobic order Actinomycetales
(Phylum Actinobacteria) and the anaerobic order Clostridiales (Phylum Firmicutes).
Fungal cellulose utilization is distributed across the entire kingdom, from the
primitive, protists like Chytridomycetes, to the advanced Basidiomycetes (Lynd et
al. 2002). Homobasidiomycetes is one of the major class containing over 13,000
cellulolytic species (Hibbett and Donoghue, 2001). Most of the studies with respect
to cellulolytic enzymes and or wood degrading capability so far have been
conducted on the cellulase systems of Trichoderma, Penicillium, Fusarium,
Aspergillus, Geotrichum, Cladosporium (Deuteromycetes); Phanerochaete, Poria,
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Schizophyllum,

Coriolus

and

Serpula

(Basidiomycetes);

and

Bulgaria,

Chaetomium, Helotium (Ascomycetes) (Lynd et al., 2002).
Cellulases from aerobic fungi have been studied extensively and are the
predominant workhorses in industrial processes. Cellulolytic filamentous fungi and
actinomycete bacteria have the ability to penetrate cellulosic substrates through
their hyphal extensions, thus reaching all portions of the cellulosic particles. This
ability to reach out for the substrate with or without the presence of cellulose
binding domain (CBDs) gratifies the efficiency of the cellulose hydrolysis. The
enzymes in this cellulase system do not form stable high- molecular weight
complexes and therefore are termed “Non-complex” systems (Lynd et al., 2002).
The extracellular cellulase components of most fungi are generally found to exist as
individual entities (Coughlan, 1992; Bhat and Bhat, 1997).

1.4 Cellulase enzyme system
The ability to decompose and obtain carbon and energy from lignin, cellulose and
hemicellulose is widespread among fungi and bacteria (Klass, 1983).

These

microorganisms produces multiple enzymes that are either free or cell associated,
and these enzymes degrade natural cellulosic materials that are heterogeneously
intertwined polysaccharide chains with varying degree of Crystallinity. These
multiple enzyme complexes are known as Enzyme Systems (Bhat and Bhat, 1997;
Lynd et al. 2002) and are classified into two major systems are commonly referred
as:

9

i) Fungal cellulase system (Non-complex systems) - the enzymes in this system
have ability to penetrate cellulosic substrate through hyphal extensions and do not
produce stable high molecular weight complex.
ii) Bacterial cellulase system (Complex systems) - these complexes are produced
and tightly bound on the cell wall of cellulolytic bacteria to flexibly position the
cellulase enzymes on the substrate for cellulose hydrolysis.
The complex cellulase systems comprises of mostly the anaerobic bacteria which
lack the ability to effectively penetrate the cellulosic materials, and thus have to
develop alternative methods to degrade cellulose and gain access to products of
cellulose hydrolysis with limited ATP for cellulase synthesis and competition from
other microorganisms. The development of such a ‘Complex Cellulase System’,
also called as ‘Cellulosomes’, can locate the cellulolytic cells at the site of
hydrolysis and are observed in Clostridia and ruminal bacteria. Simultaneously, the
cellulosome also has the capacity to minimize the distance to which cellulose
hydrolysis products must diffuse, thus helping to increase the uptake efficacy of
these oligosaccharides by the host cells (Schwarz, 2001; Lynd et al. 2002).The noncomplex cellulase systems are present in the filamentous fungi and actinomycete
bacteria, which have the ability to diffuse cellulosic particles by reaching out the
cavities through hyphal extensions (Lynd et al. 2002).
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1.5 Fungal cellulase system
Cellulases from aerobic fungi have been studied extensively and are the
predominant workhorses in industrial processes. Cellulolytic filamentous fungi and
actinomycete bacteria have the ability to penetrate cellulosic substrates through
their hyphal extensions, thus reaching all portions of the cellulosic particles. This
ability to reach out for the substrate with or without the presence of cellulose
binding domain (CBDs) gratifies the efficiency of the cellulose hydrolysis. The
enzymes in this cellulase system do not form stable high- molecular weight
complexes and therefore are termed “Non-complex” systems (Lynd et al., 2002).
The extracellular cellulase components of most fungi are generally found to exist as
individual entities (Coughlan, 1992; Bhat and Bhat, 1997).

1.6 Applications of cellulase
Cellulase due to its massive applicability has been used in various industrial
processes such as biofuels like bioethanol (Ekperigin, 2007; Vaithanomsat et al.
2009), triphasic biomethanation (Chakraborty et al. 2000); agricultural and plant
waste management (Mswaka and Magan, 1998; Lu et al. 2004); chiral separation
and ligand binding studies (Nutt et al. 1998).
Cellulases have a wide range of applications for the following industries:
chemicals, textiles, food and pharmaceutical.
i) In the food industry, cellulases are used in the extraction of juices and oils,
gelatinisation of seaweed, digestion of ball milled lignocellulose for food additives,
11

pre-treatment of soybeans, isolation of starch from corn and sweet potato (Bhat and
Bhat, 1997; Nazareth and Sampy, 2003; Mosier et al. 2005).
ii) In the fuel and chemical industry, the current application is production of ethanol
and other commodity products from cellulosic biomass (Himmel et al. 1999; Lynd
et al. 2002).
iii) In the paper industry, cellulases are used in pulp refinement and in paper waste
recycling.
iv) In the detergent and textile industry, cellulases are used as agents for fibre and
fabric surface modification. The few important uses are destaining of denims for a
prefaded look, restoring the colour and brightness of cotton fabrics by removing
and renewing the fabric surfaces by removing microfibrils and fuzz fibers (Beguin
and Aubert, 1994).
v) In the brewery and wine industry, cellulase is used to enhance the aroma of
wines (Beguin and Aubert, 1994).
vi) In pharmaceutical industry cellulases have been used in the separation of
enantiomers from racemic drug mixtures.
vii) Also, cellulases and glucanases mixture have been used for the production of
plant and fungal protoplasts for producing hybrid strains (Bhat and Bhat, 1997).
viii) Cellulolytic fungi including, Trichoderma sp, Geocladium sp, chaetomium sp
and Penicillium sp are known to play an important role in agriculture by facilitating
enhanced seed germination, rapid plant growth and flowering, improved root
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system and increased crop yields (Harman & Kubicek, 1998). Cellulases are also
important in soil quality improvement. In order to reduce overreliance on mineral
fertilizers, farmers incorporate straw in soil. Microbial routes to hasten straw
decomposition using organisms such as Aspergillus, Chaetomium and Trichoderma
and actinomycetes have shown promising results (Tejada, et al. 2008).

1.7 Protease
Proteases are multifunctional enzymes that play a pivotal role in various complex
physiological functions and have attracted worldwide attention in exploiting their
biotechnological applications (Hedstrom 2002 and Sommerhofh et. al 2006). They
have a long history of applications in both the food and non-food sectors.
Widespread use of the proteases in industries such as detergent, leather, textile,
pharmaceutical, food etc., has increased the demand for proteolytic enzymes in the
global market (Rao et. al. 1998).
Protease represents one of the three largest groups of industrial enzymes and
account for 60% of the total worldwide sale of enzyme (Godfrey and West, 1996).
Protease has a long history of application in food, detergent and leather industries
and is an important tool in studying the structure of protein and peptides. Besides
these they are also used in pharmaceutical industry and in waste processing(Gupta
et al. 2002).As name itself suggests proteases catalyze the cleavage of peptide
bonds in other proteins into its monomer forms i.e. amino acids.
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According to the Nomenclature Committee of the International Union of
Biochemistry and Molecular Biology, proteases are classified in subgroup 4 of
group 3(Hydrolases). Currently,proteases are classified on the basis of three major
criteria type of reaction catalyzed,chemical nature of catalytic site and evolutionary
relationship with reference to structure. Proteases are broadly classified as endo- or
exoenzymes on the basis of their site of action on protein substrates (Rao et al.
1998). They are further categorized as serine proteases, aspartic proteases, cysteine
proteases, or metalloproteases depending on their amino acid sequences. Based on
the pH of their optimal activity, they are referred to as acidic, neutral, or alkaline
proteases (Rao et al. 1998).

1.8 Occurrences of protease
Since proteases are physiologically necessary for living organisms, they are
ubiquitous, being found in a wide diversity of sources such as plants, animals and
microorganisms. Microorganisms represent an excellent source of enzyme for their
broader biochemical diversity and easy genetic manipulation. Proteases from
microbial sources are preferred over animal and plant proteases as they possess all
the characteristics desired for their biotechnological applications (Rao and
Deshpande, 2005). Fungi elaborate a wider variety of enzymes than do bacteria.
Filamentous fungi such as Mucor, Rhizopus. Different Aspergillus sp. and several
yeasts Saccharomyces cerevisae, Kluveromyceslactisetc are major producer of
proteases (Srinubabuet. al. 2007).

1.9 Applications of proteases
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1. Detergent industry- The history of detergent enzymes dates back to 1914, when
two German scientists, Rohm and Haas used pancreatic proteases and sodium
carbonates in washing detergents. The product was named Burnus. Today, detergent
enzymes account for 89% of the total protease sales in the world; and a significant
share of the market is captured by subtilisins and alkaline proteases from many
Bacillus sp.
2. Silver recovery- Alkaline proteases are used in silver recovery from used X-ray
films. Used X-ray film contains approximately 1.5% to 2%(by weight) silver in its
gelatin layers. The silver recovery by burning film causes a major environmental
pollution problem; hence the enzymatic hydrolysis of the gelatin layers on the Xray film enables the recycling of both silver and polyester film base.
3. Food industry- Alkaline proteases have been routinely used for various purposes
such as cheese making, baking, preparation of soya hydrolysates,and meat
tenderization.
4. Leather industry- Proteases are in use for the removal of non-leather forming
components. The traditional unhairing method makes use of lime and sodium
sulphide. Almost all proteolytic enzymes losen hair and wool but protease from
Bacillus licheniformis has been widely used. The enzyme is active at pH 12 and the
unhairing process will be completed in 18-24 hrs at 200-300°C.
5. Silk degumming- One of the least explored areas for the use of proteases is in
the silk industry where only a few patents have been filed describing the use of
proteases for the degumming process of silk. The conventional silk degumming
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process is generally expensive and therefore an alternative method suggested, is the
use of protease preparations for degumming the silk prior to dyeing.
6. Management of industrial waste- Alkaline proteases provide potential
application for the management of wastes from various food processing industries
and household activities.
The growing interest in studying glacier ice and snow as microbial habitats may
lead to exciting new discoveries and provide valuable information on the
microbial diversity, the mechanisms for long term survival and activity of
microbial cells at subzero temperatures, and the origin, evolution and limits of life
on Earth and possibly on other planets. The proposed work was investigated on
studying the fungal diversity in glacial cryoconites samples collected from
Hamtah glacier, Himalaya Characterization was done using a combined approach
of physiological, biochemical and molecular analyses. These microhabitats are
unique and have not been fully explored erstwhile for unearthing the microbial
diversity. It is in these habitats that the true psychrophiles inhabit and was
therefore highly desirable to focus the investigation on the fungal diversity and
potentials from these climatically extreme microhabitats.
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REVIEW OF LITERATURE
Literature on yeast diversity, distribution and biotechnological potential studies from
the Himalayan cryoconites is scarce. Cryoconite glaciers have lowest diversity on the
Earth but not fully explored as yet. The studies on culturable diversity of glacier
cryoconites and biotechnological potential of the polar micro organisms are
fragmentary and still a thrust area of investigation. It is believed that the microbes in
cryoconite granules play an important role in glacier ecosystems, but the information
on their community structure is still limited, and their ecosystem functionality is
poorly understood.
Cryoconite is an important microbial habitat and a major component of supraglacial
ecosystems. Although recognition of this is commonly credited to Hodson et al.
(2008), Kohshima et al. (1984a) who identified a complex microbial community in
ice and snow around cryoconite holes twenty-four years earlier. Kohshima’s
subsequent work in the Himalaya, Tien Shan and Andes

(Kohshima, 1984a)

described abundant and diverse microbiota and microfauna and linked them with
accelerated ablation via ice surface albedo reduction. Takeuchi et al. (1998), later
explicitly linked algal growth on a Himalayan glacier to summer mass balance.
Kohshima and Takeuchi’s work during this period provided a crucial basis for
developing our understanding of microbially mediated glacier wastage and
recognition of supraglacial microbial ecology. Kohshima (1984a) stated:
“Himalayan glaciers are never abiotic environments. They are simple and well
closed ecosystems; housing various microbes, insects and copepods”, cementing a
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new paradigm of glacier ecology that recognised the diversity and significance of
life on ice. Much of the current knowledge about cryoconite has come from work in
the Arctic and Antarctic; however, there is a significant body of literature concecqqo---88rning cryoconite in Himalaya and on low-latitude glaciers. Arctic harbors
forty six species of yeasts (Buzzini et al. 2012) which have been isolated from
various habitats such as Siberian sands, sediments, and permafrost layers (Margesin
et al. 2007), Iceland soils (Birgisson et al. 2003), ancient Greenland ice cores (Ma
et al. 1999), Svalbard glacier associated habitats (Butinar et al. 2007) and glaciers
in Alaska (Turchetti et al. 2008). Evidence of colonization and succession of Arctic
glaciers by psychrophilic microbes has been reported (Mindl et al. 2007). Isolates
obtained from deep ice cores have been shown to be metabolically active even
under subzero temperature (Amato et al. 2007). Recently, Hoshino and Matsumoto
(2012) coined a new category, ‘cryophilic’, for cold-adapted yeast and filamentous
fungi and this term has been adopted in the present study. A few novel species of
yeasts (Rhodotorulaglacialis, Mrakiella cryoconiti) have been recorded from alpine
glacier cryoconites (Margesin et al. 2007).
Microorganisms present in cryoconite holes are predominantly found within the
cryoconite granular material, although smaller numbers of microorganisms are
found within cryoconite hole water; for example, Sawstrom et al. (2002) found 4.5
× 104 cell/mL in a cryoconite hole from Svalbard.Several basidiomycetous yeasts
belongingtothegeneraMrakia,Leucosporidium,Bensingtonia,Curvibasidiumand
Rhodotorula have been documented frequently in glacial environments.In
particular, species affiliated to the generaMrakiaandLeucosporidiumamongothers
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are reported to have the broadest adaptive potential and thewidest distributions
across various polar niches (Zalar and Gunde-Cimerman, 2014).Recently, Singh
and Singh (2012) characterised yeastand ﬁlamentous fungi from cryoconite holes of
MidreLovenbreen glacier, Svalbard. Further, and subsequently,a novel species
Rhodotorula svalbardensis was reported from cryconites (Singh et.al. 2014).
Edwards et. al. (2011) analysed fungi from cryoconites of Austre Broggerbreen
(AB), Midre Lovenbreen (ML) and Vestre Broggerbreen (VB) glaciers with
terminal restriction fragment length polymorphism (T-RFLP) proﬁles, and recorded
the presence of Articulospora andVaricosporium through a cultured approach.
However,studies on fungal community inhabiting cryoconite holeson glaciers in
Svalbardare still scanty.
The production of enzymes depends on many physical and chemical parameters
that regulate this production by regulating the growth of isolates used for the
production processes. Before doing any large scale production, optimization is
necessary for the hyperproduction of enzymes. A low-temperature process needs
enzymes that have high catalytic activity at low temperatures and also shorten the
processing time, which can be fulfilled by the introduction of enzymes from
psychrotolerants and psychrophiles (Margesin and Schinner, 2007). Coldtemperature fermentation processes have many advantages over the normal and
high temperature processes as the cold reduces energy consumption as well as
decreases the chance of contamination.
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Several commercial preparations of cellulase are of fungal origin based on
Trichoderma reesei (viridie) cellulases (Bhat & Bhat, 1997). A number of the
studied fungi that produce cellulase enzymes include, Streptomyces, Actinomadura,
Saccharomonospora, Trichoderma, Neurospora, Penicillum, Candida, Piromyces,
Aspergillus and Rhizopus strains (Coughlan et al. 1992). Production of fungal
cellulase is sometimes in very high concentration in submerged cultures and do not
seem to form complexes with each other as bacterial cellulase do. Most reports of
cellulase are from fungi rather than bacteria and several researchers have reported
on cellulase produced from Aspergillus terreus (Gao et al. 2008). However, there
are few reports on cold active cellulase from either fungal (Singh et al. 2012b) or
bacterial (Singh et al. 2012b) origins.
Proteases constitute an important group which has high catalytic efficiencies at
lower temperatures. Proteases constitute an important class of hydrolytic enzymes
that are found in all life forms as they are essential in physiological, metabolic and
regulatory

functions

(Rao

et.al.

1998).

Cold-active

protease

producing

microorganisms have been isolated from different geographical regions. Pedobacter
cryoconitis from glacier ice (Margesin et.al. 2003),Penicillium chrysogenum from
cold marine environment (Zhu et..al. 2009),Pseudomonas sp. from deap sea (Zeng
et. al. 2003), Psychrobacter proteolyticus from Antarctic krill Euphasia superba
Dana (Denner et. al. 2001). Fungi produces wide variety of proteases-acid, neutral
or alkaline proteases. A. oryzae produces all of them. Different Aspergillus sp. like
A. sojae, A. niger ,A. fumigatus and several yeasts Saccharomyces cerevisae,
Kluveromyces lactis are major producers of proteases (Wang et al. 2007).
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Cold active cellulases and proteases have been reported from various
microorganisms, but detailed investigations on their adaptation to cold
environments and structure and bioenergetics are scarce. Their application potential
has not yet been exploited fully for the benefit of mankind. Microbes with high
potential are still waiting in the cold and harsh niches. This study attempts to
summarize the developments in cold-active cellulases and proteases, and strategies
that can be adapted to search for more potent and versatile cold active proteases to
suit industrial requirements.
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HYPOTHESIS, AIMS AND OBJECTIVES
The growing interest in studying glacier ice and snow as microbial habitats may
lead to exciting new discoveries and provide valuable information on the microbial
diversity, the mechanisms for long term survival and activity of microbial cells at
subzero temperatures, and the origin, evolution and limits of life on Earth and
possibly on other planets. The proposed work was investigated on studying the
fungal diversity in glacial cryoconites samples collected from Hamtah glacier,
Himalaya.Characterization was done using a combined approach of physiological,
biochemical and molecular analyses. These microhabitats are unique and have not
been fully explored erstwhile for unearthing the microbial diversity. It is in these
habitats that the true psychrophiles inhabit and was therefore highly desirable to
focus the investigation on the fungal diversity and potentials from these climatically
extreme microhabitats. Although cellulases and proteases from some cryophilic
fungi have been depicted, systematic studies on cold active enzymes from
Himalayan glacier cryoconites are still gap area of investigation.
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OBJECTIVES
1.

Isolation

and screening of microorganisms

producing cold

adapted

cellulase/protease from different sites of Hamtah glacier of the Himalayan region.
2. Optimization for production of cold adapted cellulase/protease from selected
isolate.
3. Biochemical characterization of cold adapted cellulase/protease produced by
the selected potential isolate.
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CHAPTER – II
Isolation and screening of
microorganisms producing cold adapted
cellulase/protease from different sites of
Hamtah glacier of the Himalayan
region.
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Introduction
Glacier habitats include one of the largest unexplored and extreme biospheres of
Earth (Buzzini et al. 2012). Cold environments represent the majority of the
biosphere on Earth and have been successfully colonized by psychrophilic and
psychrotolerant microorganisms that are able to thrive at low temperatures and to
survive and even maintain metabolic activity at subzero temperatures. These
microorganisms play key ecological roles in their habitats and include a wide
diversity of representatives of all three domains (Bacteria, Archaea, Eukarya).
Cryoconites are cylindrical water and sediment filled depressions found in the
ablation zones of glaciers worldwide. The cryoconites are formed as low‐albedo
aeolian particles settle onto the glacier and melt to a depth of thermal equilibrium
(McIntyre, 1984). Hence the cryoconite consists of a distinct sediment layer at the
bottom of the depression and the overlying ice; both undergo variable degrees of
summer melting owing to the absorption of solar radiation by the dark sediments.
The windblown particles seed the cryoconites with microorganisms and mineral
particles, the latter of which leach nutrients into the system (Paul and Clark, 1989).
These conditions provide a unique habitat for growth within these ice entombed
environments. The organisms within cryoconites form a novel ecosystem with a
unique structure and function. Cryoconite holes (cylindrical melt-holes on the
glacier surface) are important hydrological and biological systems within glacial
environments that support diverse microbial communities and biogeochemical
processes. Cryoconite holes occur on the surface of glaciers throughout the world
(Franzetti et al. 2017). They are also present on seasonally and permanently
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frozenlakes (Sehnal, 2015). The availability of light, presence of water, dissolved
nutrients and organic debris make them a unique environment that supports diverse
communities which include viruses, archaea, bacteria, eukaryotes and meiofaunal
organisms (Cameron et al. 2012a).No concrete and systematic studies on the coldadapted enzymes from the polar regions have been conducted so far (Bej and Mojib
2010) despite their promising applications in the fields of health, agriculture and
industry (Singh et al. 2013).
The present investigation has been the first ever enzymatic study on microbes of
Himalayan cryoconites and is therefore has significance in terms of finding a
potential for the future. A study on the occurrence of filamentous fungi and yeast in
cryoconite holes and their characterization for extracellular enzymes was poorly
described. In this study, the results on the isolation, identification, adaptation
strategies and biotechnological potential of culturable yeasts and filamentous fungi
from cryoconite holes of Hamtah glacier are presented. The present study also
focused on Morphological, physiological and molecular parameters. D1/D2 and
Internal transcribed spacer (ITS) regions were investigated for presenting molecular
phylogeny. In this chapter, to understand the adaptation strategies and
biotechnological potential, the isolate has been screened for enzyme production.
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2.1 Materials and methods
2.1.1 Cryoconite sampling procedures
Hamtah glacier (32.13°N, 77.22°E) is a simple

glacier having a single lobe,

extending from south to north between 5000 and 4020 masl covering an area of
about ∼3 km2 and is ∼6 km long (GSI, 2009) located in the Chandra Basin on the
northern slopes of Pir-Panjal range of Himalaya, in the Lahaul-Spiti valley of
Himachal Pradesh, India was selected for the present investigation (Fig. 2, a-b). The
seven cryoconite hole samples (Fig. 2, c-e) were collected from different locations
of Hamtah glacier. The temperature and pH of water in the cryoconite holes was
measured. Cryoconite samples were collected by aspirating spherical dark granular
material (debris) using a sterile 50 milliliter syringe, placed in sterile ampules
(Himedia). The sampling was performed following contamination-free procedures
as suggested by Veysseyre et. al. (2001). All the samples were stored in an insulated
box, at sub-zero temperature and transported subsequently to Polar Biology
laboratory of National Centre for Antarctic and Ocean Research (NCAOR), Goa,
India for further analyses. Samples were stored at -20°C until analyses.
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Fig. 2 a-b) Landscape and cryoconites sampling site over the Hamtah glacier,
Himalaya. c-e) ‘Cryoconite holes’ over the Hamtah glacier exposed after the
melt of soft ice during summer.
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2.1.2 Isolation of fungi from cryoconites
One gram of cryoconite sample was serially diluted following procedure of
Waksman (1916), and plated on three different media (Table 1) by spread plate
technique. Plates were incubated at 1, 4, 15, and 20°C for the period of 2 weeks to
one month in triplicates. Plates were periodically monitored; emerging fungal
colonies counted, purified and stored at 4°C on PDA agar slants.

Table 1 Details of fungal Media and its composition

Sr.No.

Name

Composition of Media

of
Media
1

PDA

Potatoes infusion 200g/l; Dextrose 20.0g/l; 15.0g/l;
Final pH (at 25°C) 5.6±0.2

2

MEA

Malt Extract 30.0g/l, Mycological peptone 5. 0g/l, Agar 15.0g/l,
Final pH (at 25°C) 5.4±0.2

3

RBA

Papaic digest of soyabean meal 5.0g/l, Dextrose 10.0g/l,
Monopotassium phosphate 1.0g/l, Magnesium sulphate 0.5g/l,
Rose bengal 0.05g/l, Agar 15.0g/l
Final pH (at 25°C) 5.4±0.2
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2.1.3 Identification of yeast and filamentous fungi
Morphological, physiological and biochemical characterization of the yeast
isolates were determined as described by Yarrow (1998) and Kurtzman et.al.
(2011). Morphology of yeast cells and morphotaxonomic characters of
filamentous fungi were studied using light microscopy (Olympus BX51 and
IX71). Carbon source utilization tests were carried out for yeast isolates using
HiCarboTM kits (KB009, HiMedia, India) with little modification incubated for
one week at 15°C, the optimum growth temperature of isolated strains. All
assimilation

tests

for

yeast

isolates

were

performed

in

duplicates.

OrthoNitrophenyl-β-D-galactopyranoside (ONPG) test is used to

detect

galactosidase activity in the organism. Galactosidase is required for lactose
utilization and it hydrolyzes ONPG into galactose and nitrophenol. Esculin
utilization test of isolates detected esculin hydrolysis; citrate and malonate
utilization tests detected capability of yeast to utilize citrate and sodium malonate
as sole carbon sources. For mold isolate oxidation fermentation basal medium was
used for the determination of oxidative and fermentative metabolism of
carbohydrates with the incorporation of different sugars (Kurtzman et al. 2011).

2.1.4 Molecular characterization
Identification of fungi mainly involves morphological features like shape and size
of conidiophores, conidia, ascomata, ascospores, basidiospores etc. These
characters are not always produced in culture and are sometimes variable which
renders identification difficult. Identification of species with the help of molecular
30

methods has helped taxonomists to clarify and identity of forms that are
unresolved on morphological grounds because every time a fungus does not show
characteristic morphology (which is the essence of morpho-taxonomy). Molecular
identification of fungi relies on DNA sequence comparisons of selected loci
dispersed among genomes. Most commonly used locus for fungi is the rDNA
gene cluster which is also selected for barcoding of fungi in the “Barcoding of life
project” Schoch et al.2012,. Since current study is focusing on diversity and
enzymes potentials, therefore primarily Internal Transcribed Spacer regions (ITS)
for filamentous fungi and D1/D2 region for yeasts were used for identification
(White, T.J. et. al. 1990). However, advancement in molecular tools and
techniques, has increased focus on using other coding regions and use of suitable
primers in order to authenticate genera of fungi of diverse taxonomic groups
(O’Donnell et. al. 2007) were also taken into consideration. Molecular
characterization during current study involves different steps such as DNA
Extraction, PCR, Sequencing and phylogenetic analyses.

2.1.4.1 DNA isolation, Polymerase Chain Reaction (PCR) and
sequencing.
Total DNA was extracted from the culture grown on PDA plate for three weeks at
4ºC. Yeast cells were homogenised and DNA was extracted with an ISOPLANTⅡ
kit (Wako pure chemical industries, LTD, Osaka, Japan) instructions. Extracted
DNA was amplified by PCR method using KOD-plus DNA polymerase
(TOYOBO Co, Ltd, Osaka, Japan). The final concentration of PCR reaction
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mixture was consisted 10-50 ng [extracted DNA, 0.2 mM dNTPs, 2.0 mM
MgSO4, 0.3 µM primers and 1 U KOD-plus DNA polymerase]. ITS region was
amplified by using primers: ITS1F (5’-GTA ACA AGG TTT CCG T) and ITS4
(5´-TCC TCC GCT TAT TGA TAT GC) for identification of filamentous fungi.
However, D1/D2 domain: NL1 (5’-GCA TAT CAA TAA GCG GAG GAA AAG)
and NL4 (5’-GGT CCG TGT TTC AAG ACGG) was amplified for identification
of yeasts. PCR thermal cycler condition [5 min at 94 °C, followed by 30 cycles
for 15s at 94 °C, 30s at 54 °C and 90s at 68 °C] were followed. PCR products
were checked by electrophoresis using 1.5 % (w/v) agarose gel. Sequences were
obtained with ABI prism 3100 Sequencer (Applied Biosystems) using ABI
standard protocol.

2.1.4.2 Phylogenetic analysis
ITS and D1/D2 sequences were aligned through MAFFT ver. 7.273 (Katoh and
standley, 2013), using the L-INS-I algorithm, and analyzed in MEGA 7 (Kumar et
al., 2016), using a maximum likelihood HKY+G+I model and a maximum
parsimony TBR model. Bayesian inference trees were constructed in MrBayes
3.2.5 (Ronquist et.al. 2012) using a GTR+I+G model, with 5,000,000 generations,
two independent runs, four chains, and default values for all other parameters. We
discarded 25 % of resulting trees, and a 50 % majority rule consensus tree was
calculated from remaining trees to estimate posterior probabilities. Tree nodes
were tested by bootstrap analysis with 1,000 replicates, and a bootstrap percentage
≥ 50 % or Bayesian posterior probability ≥ 0.9 was considered supportive.
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Phylogenetic trees were constructed by neighbor joining method. Gene sequences
of fungal strains were submitted to NCBI GenBank and assigned accession
numbers were used in phylogenetic trees.

2.1.5 Growth characteristics of yeast and filamentous fungi
To study physiology of yeasts a loopful of yeast was inoculated in flask containing
20 ml of potato dextrose broth (PDB) and the flask were incubated at 5, 10, 15, 20
and 30°C, at 150 rpm in a refrigerated shaking incubator (Refrigerated incubator
shaker, IS-971RF, Jeio tech, Korea). Absorbances were taken at 600 nm after 1
week of incubation. 20 ml of PDB with varied pH values (3, 5, 7 and 9) were
tested for the growth of yeast isolates at 15 °C and 150 rpm in a refrigerated
shaking incubator (Refrigerated incubator shaker, IS-971RF, Jeio tech, Korea).
Growth was analyzed spectrophotometrically at 600 nm and OD was converted to
cell numbers and the CFU count was calculated.
An experiment was performed to assess the influence of temperature on growth of
mold isolates. In order to determine maximum and minimum growth
temperatures, the isolates were tested for their ability to grow at different
temperatures (5, 10, 15, 20 and 30°C) on potato dextrose agar. The plates were
streaked with well sporulated cultures of filamentous fungi. Growth was observed
visually for one week. Filamentous fungal isolates (mold) were also tested for the
growth at different pH (3, 5, 7, and 9). Growth was studied on potato dextrose
agar at 15°C and results were recorded for positive growth after incubation for
period of 1 week.
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2.1.6 Antibiotic susceptibility test
The disc diffusion method (Bauer et.al. 1966) with slight modification was used to
screen the susceptibility of the isolates towards antibiotics. The fungal cultures
were grown at optimum temperature 15°C in potato dextrose broth up to turbidity
of 0.1-0.2 and optical density (OD) measured at 620 nm. Using sterile spreaders,
0.1mL of the fungal suspensions were spread onto the surface of Mueller Hinton
agar (MHA) medium. Antibiotic discs were carefully placed over the uniformly
spread fungal inoculum and the plates were kept for incubation at 15°C for one
week. The zone of inhibition (in millimeter) was inspected and recorded.

2.1.7 Screening for enzyme activity by fungal isolates
Substrate specific media was used for the production of enzymes by the fungal
isolates. The pH of all media was maintained at 5.5. For cellulase screening, 1%
carboxy methylcellulose powder was added to the mineral salt solution (Gupta et.
al. 2012). The production of extracellular protease was determined using 1%
Skimmed milk. Amylase test was done by using 1% starch to the mineral salt
solution. Lipase test was done by using Tween 80 as the substrate. All the isolates
were spot inoculated on respective agar plates and each isolate was incubated at
various temperatures of 4.0, 15.0 and 22°C. The enzymatic hydrolysis by the
fungal isolates was indicated by zones of clearances around the colonies which
were measured in mm as the difference between the diameter of the halo zone and
the colony. Catalase tests were also performed for the yeast isolates and its
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activity was determined by the addition of hydrogen peroxide and effervescence
was observed.

2.2 Results
2.2.1 Total count and culturable fungal count from cryoconites
For the basic understanding of the fungal biodiversity, an attempt was made to
isolate and characterize different yeast and filamentous fungi associated with the
cryoconite holes of Hamtah glacier, Himalaya. Present study revealed that the
temperature and pH values of the cryoconite holes showed variations.
Temperature varied from 1.2 - 2.1°C and pH ranging from 7.7 – 8.5 (Table 2).
Diverse group of psychrophilic and psychrotolerant fungi were isolated and
purified from different cryoconite samples (A, B, C, D, E, F and G) from Hamtah
glacier, Himalaya. In total, 45 yeast isolates and 10 filamentous fungal isolates
were isolated. The viable counts ranged between 8 x 103–1.3 x 104 and
2x103cells/gm (Figure 3) (Table 3). Morphology of yeast cells and
morphotaxonomic characters of filamentous fungi were studied using light
microscopy and a few of them are depicted in figure 4.
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Table 2 Sampling sites and properties of Cryoconite sediments.

Sampling location

GPS Location and elevation

Temperature (°C)

pH

Cryoconie A

3212. 543N77 22.210 E, 4551m

1.2

8.48

Cryoconie B

3213.541N 77 22.861 E, 4365m

1.4

7.78

Cryoconite C

3213.522N77 22.364 E, 4563 m

1.9

8.0

Cryoconite D

3213.524N77 22.324 E, 4553 m

1.4

7.86

Cryoconite E

3213.523N77 22.346 E,4554m

2.1

8.04

Cryoconite F

3213.520N77 22.520 E, 4550m

2.1

8.04

Cryoconite G

3213.506N77 22.234 E, 4536m

2.1

8.04

36

Table3 Fungal count (CFU/g) in cryoconites samples.
Sampling location

Yeast
CFU.

No. of

Mycelial fungi

Total No. of

CFU.

No. of isolates

isolates

isolates
Cryoconite A

1.3×104 13

2×103

2

15

Cryoconite B

5×103

5

1×103

1

6

Cryoconite C

8×10

3

8

1×10

3

1

9

Cryoconite D

4×103

4

2×103

2

6

Cryoconite E

6×103

6

2×103

2

8

Cryoconite F

4×10

3

4

1×10

3

1

5

Cryoconite G

5×103

5

1×103

1

6
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Fig. 3 Yeast and filamentous fungal colonies grown on culture media at 4°C
for 2 weeks.
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Fig. 4 Yeast colonies (a) and (b), filamentous fungal colonies (c) and (d) grown
on culture media at 15˚C for 1 week. Micro-morphology of yeast (e) and (f),
filamentous fungi (g) and (h) observed under 100X.
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2.2.2 Phylogenetic analysis
Through ITS and D1/D2 domains sequencing, and phylogenetic analysis isolates were
grouped into five yeasts and six filamentous fungi which belong to the four
ascomycetous and two basidiomycetes classes. Yeast strains belonging to the genus
Mrakia, Goffeauzyma and Glaciozyma were dominant than the filamentous fungi and
varied according to different locations (Figure 5). Strains Cladosporium sp. F3
(MH481703) and Alternaria sp. I1 (MH481705) belong to the class Dothideomycetes
(Figure 6). Penicillium sp. B2B (MH481701) related to class Euurothiomycetes (Figure
7), Yarrowia sp. 13Fa (MH481706) belong to the class saccharomycetes (Figure 8).
Coniochaeta sp. B2(3) (MH481702) belong to class Sordariomycetes. These all classes
belong to the division ascomycetous and diversity was found to be with lower
abundance in this division. 60% of Tremellomycetes strains were identifiedasMrakia
sp.[A2-3

(MH481665),

A1(MH481666),

A4-1

(MH481672),

AI(MH481684),

A2(a)(MH481686), A2(b) (MH481688), B2(4) (MH481667), B15a (MH481690), A4P12 (MH481668), P4(1) (MH481669), R4(1) (MH481673), RB(1) (MH481673)] and
40% of the class strain belonging to Goffeauzyma sp. [A4(1)(MH481692),
A2(1)(MH481687),

17Ea(MH481676),

19Ea

(MH481677),

F2

(MH481679),

12Fa(MH481694), 14Fa (MH481695), 5Ra (MH481691)] (Figure 9). Isolates belonging
to Microbotryomycetes were abundant and related to diverse genera including:
Phenoliferia sp. [B2F(MH481698), B2b (MH481704), B2(5) (MH481670), A4P-13
(MH481680)] and Glaciozyma sp. [P4(2) (MH481697), A4(b) (MH481675), A4-2
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(MH481674), A2-4 (MH481678), A4(a) (MH481681), A2-1 (MH481683), A4P-11
(MH481681), A2P-1 (MH481689), IE(1) (MH481693) (Figure 10).

Fig. 5 Pie Chart Showing percentage distribution of most dominant generas
isolated from cryoconite holes of Hamtah glacier, Himalaya.
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Fig. 6 Phylogenetic tree constructed according to neighbour joining method based
on the concatenated sequences of the ITS region showing similarity with
Cladosporium sp. and Alternaria sp. Candida albicans was used as an out group.
The accession numbers of isolates are shown in parentheses.
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Fig. 7 Phylogenetic tree constructed according to neighbour joining method based
on the concatenated sequences of the ITS region showing relationship with
Penicillium sp. Penicillium canescens was used as an out group. The accession
numbers of isolates is shown in parentheses.
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Fig. 8 Phylogenetic tree constructed according to neighbour joining method based
on the concatenated sequences of the D1/D2 domain showing relationship with
Yarrowia alimentaria. Schizosaccharomyces pombe was used as an out group. The
accession numbers of isolate is shown in parentheses.
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Fig. 9Phylogenetic tree constructed according to neighbour joining method based
on the concatenated sequences of the D1/D2 domain showing relationship of
Mrakia sp. and Gofffeauzyma sp. yeast strain from Himalaya. Solicoccozyma
keelungensis was used as an out group. The accession numbers of isolates is shown
in parentheses.
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Fig. 10 Phylogenetic tree constructed according to neighbour joining method based
on the concatenated sequences of the D1/D2 domain showing relationship with
Glaciozyma sp.and, Phenoliferia sp. Spencerozyma crocea was used as an out group.
The accession numbers of isolates is shown in parentheses.
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2.2.3 Growth temperature and pH tolerance of fungal isolates.
Growth of the organisms is influenced by environmental factors like temperature and
pH concentration. Effect of temperature variation showed that majority of the isolates
showed growth temperature ranging from 5 to 20˚C, except three isolates showed
growth at 30°C and optimum temperature for growth by most of the isolates was found
to be at 15˚C. Isolates showed maximum growth between pH 5.0 to 7.0 and
comparatively low growth at pH 3.0. (Figure 11).

Number of isolates showing growth

55
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45
40

35
30
25
20
15
10

5
0
5

10

15

20
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3

Temperature ˚C

5

7

9

pH

Fig. 11 Cryoconite isolates showing growth at different temperature and pH
tolerance.
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2.2.4. Carbohydrate utilization of fungal isolates
Out of the 35 carbon sources tested for yeast isolates, 28 isolates utilized dextrose while
none could utilize OrthoNitrophenyl-β-D-galactopyranoside (ONPG). Filamentous
fungi also showed varied response for their ability to utilize various carbon sources. Of
the various carbon sources tested eight isolates utilized raffinose whereas dextrose and
rhamnose were least utilized (Figure 12a & b). Among yeasts isolates screened A2-1,
A4P-11 (Glaciozyma sp.) and A4-1 (Mrakia sp.) utilized highest number (25) of carbon
sources. Strain B2(3) (Coniochaeta sp.) was able to utilize almost all carbon sources as
substrate except for rhamnose and lactose. Penicilliumsp.(B2B), except for lactose and
dextrose all other carbon sources were utilized (Figure 13 a and b).
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2.2.5. Antibiotic resistance patterns of the isolated strains
All 55 fungal isolates were screened for antibiotic sensitivity tests (Table 4). Antibiotic
sensitivity and resistance of isolates were studied which revealed that most of the
isolates were sensitive towards the seven antibiotics tested. Antibiotics amphotericin B
and miconazole were highly effective in inhibiting the growth of 47 cultures tested
while fluconazole were effective against only 13 fungal cultures tested (Figure 14a).
Among yeast isolates Glaciozyma sp.(A2-1), Rhodotorula sp. B2(d), Rhodotorula sp.
B2(2) and Goffeauzyma sp. (12Fa) were found to be sensitive towards all seven
antibiotics tested. Yarrowia sp. (13Fa) proved to be most resistant showing sensitivity
towards one of the seven antibiotics screened. Filamentous fungi Alternaria sp. I1 and
Penicillium sp. B2B were sensitive towards 5 antibiotics tested while other isolates
showed varying resistance pattern. (Figure 14 b).
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Table 4 Screening for antibiotic sensitivity of cryoconite fungal isolates measured
as zone of inhibition (halozone in millimeters).
Antibiotics
I Isolate
code

Amphotericin
B
(AP-20)

Clotrimazole
(CC-10)

Fluconazole
(FLC-10)

Itraconazole
(IT-10)

Ketoconazole
(KT-10)

Miconazole
(MIC-30)

Nystatin
(NS-50)

A2-3

20mm

NZ

NZ

NZ

NZ

40mm

20mm

A1

30mm

NZ

NZ

NZ

NZ

32mm

NZ

B2(4)
A4P12

10mm

NZ

NZ

NZ

NZ

35mm

10mm

NZ
10mm

NZ

NZ

NZ

20mm

68mm

12mm

NZ

NZ

NZ

NZ

8mm

5mm

NZ

NZ

NZ

NZ

10mm

10mm

A4-1

NZ

NZ

NZ

NZ

NZ
40mm

60mm

20mm

RB1

NZ

NZ

40mm

10mm

NZ

NZ

NZ
15mm

20mm

AI

NZ
50mm

40mm

46mm

52mm

A2(a)

30mm

NZ

NZ

NZ

NZ

NZ

24mm

B15a

NZ
20mm

NZ
10mm

27mm

A2(b)

NZ
10mm

NZ

NZ

NZ

15mm

20mm

NZ
48mm

A4(b)

27mm

NZ

45mm

NZ

NZ
40mm

NZ
49mm

50mm

A4-2

NZ
25mm

53mm

NZ
20mm

A2-4

44mm

40mm

NZ

40mm

58mm

47mm

39mm

A4(a)
A4P11
A2-1
A2P1
IE1

NZ

NZ

NZ

NZ

32mm

18mm

16mm

62mm

30mm

20mm

58mm

60mm

30mm

48mm

20mm

20mm

40mm

50mm

20mm

NZ
20mm

NZ
30mm

NZ

18mm

49mm

58mm

20mm

NZ

NZ

45mm

25mm

NZ

19Ea

30mm

1mm

NZ

NZ
24mm

NZ
45mm

12mm

P4(2)

NZ
55mm
20mm

48mm

20mm

F2

30mm

10mm

16mm

16mm

2mm

NZ
15mm

15mm

12Fa

NZ
5mm

35mm

15mm

P4(1)
R4(1)

NZ
10mm
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15mm
6mm

15mm

5Ra

35mm

NZ

NZ

18mm

35mm

45mm

15mm

14Fa

22mm

NZ

12mm

35mm

35mm

17mm

A4(1)

NZ

NZ
NZ

40mm

NZ
36mm

NZ
40mm

B2(5)

NZ
38mm

NZ
60mm

18mm

B2(F)

NZ
12mm

NZ
10mm

NZ

50mm

60mm

20mm

30mm

Table 4continues
Antibiotics
Isolate
code

Amphotericin
B
(AP-20)

Clotrimazole
(CC-10)

Fluconazole
(FLC-10)

Itraconazole
(IT-10)

Ketoconazole
(KT-10)

Miconazole
(MIC-30)

Nystatin
(NS-50)

B2c

10mm

10mm

32mm

10mm

46mm

52mm

NZ
20mm

35mm

B2(d)

NZ
60mm

48mm

36mm

20mm

B2(2)

30mm

14mm

16mm

20mm

50mm

40mm

20mm

A2P-7
A4P-8

50mm
40mm

30mm
12mm

NZ
5mm

20mm
6mm

50mm
10mm

28mm
7mm

50mm
20mm

A4P-13

40mm

2mm

5mm

30mm

58mm

47mm

25mm

A4-3

30mm

30mm

18mm

48mm

53mm

48mm

20mm

H16c

20mm

NZ

10mm

NZ

20mm

48mm

20mm

15Ea

32mm

6mm

NZ

20mm

NZ

42mm

20mm

18Ea

30mm

10mm

NZ

NZ

30mm

45mm

15mm

R4(2)

12mm

NZ

NZ

NZ

NZ

53mm

12mm

AP(1)

10mm

NZ

NZ

NZ

NZ

20mm

10mm

PD1

45mm

32mm

15mm

15mm

56mm

40mm

18mm

P4(1)

20mm

NZ

NZ

18mm

NZ

20mm

NZ

E4

20mm

20mm

NZ

25mm

50mm

38mm

NZ

NZ

10mm

NZ

NZ

NZ

NZ

NZ

13Fa
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F4

12mm

NZ

NZ

NZ

NZ

NZ

15mm

B2B

22mm

NZ

NZ

12mm

21mm

30mm

14mm

B2(3)

NZ

NZ

NZ

NZ

18mm

NZ

16mm

F3

45mm

NZ

NZ

25mm

15mm

30mm

20mm

I1

30mm

NZ

NZ

21mm

40mm

51mm

20mm

9Fa

22mm

NZ

NZ

8mm

NZ

NZ

NZ

M3

40mm

NZ

NZ

NZ

NZ

NZ

NZ

B2b

10mm

NZ

NZ

NZ

NZ

4mm

NZ

B2C

14mm

NZ

NZ

NZ

NZ

18mm

NZ

(NZ = No zone of inhibition)

2.2.6 Enzymes of cryoconites fungi
In the present study fungal isolates were further screened for their enzyme potentials
(amylase, cellulase, lipase, protease) as depicted in Fig. 15a. The studies on enzyme
production indicated by zone of hydrolysis revealed that majority of the fungal cultures
showed higher cellulase activity followed by lipase. However amylase activity was less
as compared to protease as shown in Table 5. (Fig.15b). Amylase, cellulase and protease
activities was observed maximum in Mrakia sp. Maximum lipase activity was observed
in Goffeauzyma sp. Yeast isolates A2-3 (Mrakia sp.) and Yarrowia alimentaria (13Fa)
were the best cellulase producers at 4, 15 and 22˚C. All the isolates were positive for
catalase test when tested with hydrogen peroxide (Table 6). The fact that these isolates
are able to hydrolyze complex organic molecules such as protein and carbohydrates
indicates that although these strains are present in oligotrophic environments they are
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metabolically active and have a significant ecological role in nutrient cycling. The
ability of degrading these substrates by cryoconites fungi makes these microorganisms
potential candidates for use in biotechnology.

Plate assay of various enzymes is

Number of isolates showing activity

depicted in Figure 16.

a

50
40
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10
0
Amylase

Cellulase

Lipase

Enzyme activity
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Protease

12

Amylase
cellulase

Number of isolates

10

Lipase
8

Protease

6
4
2
0
Mrakia

b

Glaciozyma Goffeauzyma Phenoliferia Rhodotorula
Genus

Fig. 15 a & b Pattern of production of extracellular enzyme activity by cryoconites
isolates.
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Fig. 16 Plate assay of various enzymes a) amylase activity b) cellulase activity c)
lipase activity d) protease activity.
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2.3 DISCUSSION
Glaciers signify a distinct habitat, considering an unexplored reservoir for unique unknown
microbial species. Entire cold ecosystems are in danger of disappearing because of global
warming determining the melting of glaciers in every area of the world (Oerlemans et. al.
1998). Cryoconite holes have been the subject of much recent interest due to their
importance in both glacial and microbial dynamics (Takeuchi, 2002). Cryoconite
ecosystems are associated with remarkable rates of primary production and respiration,
sometimes approaching those of temperate soils (Telling et. al. 2012). Moreover,
interaction of microbes with cryoconite debris result in the development of stable
aggregates, providing a matrix that promotes biogeochemical interaction and the
development of microenvironments (Hodson et. al. 2010; Langford et. al. 2010). They also
contribute to the stability of cryoconites over several seasons of growth (Takeuchi et. al.
2010). Their presence on the glaciers, lead to reduction of ice surface albedo and increased
melting of ice in contact with the cryoconite (Takeuchi et. al. 2001), thereby influencing
surface melting rates and hence glacial mass balance (Fountain et. al. 2004).
No concrete and systematic studies on the cold-adapted enzymes from the polar regions
have been conducted so far (Bej and Mojib, 2010) despite their promising applications in
the fields of health, agriculture and industry (Singh et. al. 2013). Cold-active amylase
production from the cold adapted microbial isolates was reported from an actinomycete,
Nocardiopsis sp. and fungus lebolusmicrosporus (Zhang and Zeng, 2007, Singh et. al.
2012b). These amylase enzymes can be used as detergent additive, in textile processing
and in food industry (Bej and Mojib, 2010). Degradation of cellulose by these cryoconite
isolates at low temperatures demonstrates their immense biotechnological importance. In
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recent years, studies on psychrophilic yeasts from glacier habitats have been a gap area of
research for the opportunities for biotechnology in Polar Regions (Cavicchioli et. al. 2002,
Buzzini et. al. 2012). Glacier yeasts has been reported for degradation of phenol (Margesin
et. al. 2007) while Buzzini et. al. (2005) found them to produce organic macromolecules at
low temperatures. Strains of the genus Rhodotorula known to produce enzymes with
biotechnological potential (Cavicchioli et. al. 2002, Shivaji et. al. 2008) and also have the
ability to degrade phenolic compounds (Bergauer et. al. 2005). Psychrophilic yeasts are
reported to exhibit extracellular enzymatic activities (Turchetti et. al. 2008).
Present study revealed that the temperature values of the cryoconite holes showed
variations which is unique as the temperature and pH value of each hole is distinct,
differing from one to another and often they are influenced by the distance present amongst
these cryoconite holes.
In the present research it was found that the viable cells recorded from cryoconite holes
supported high percentage of yeasts species rather than filamentous fungi which is in
agreement with data recorded from Arctic cryoconites (Singh and Singh, 2012). At lower
temperatures yeasts rather than filamentous fungi survive at lower temperatures. Gostincar
et. al. (2006) and Butinar et. al. (2007) described the evolution of yeast and yeast-like
fungal populations in the basal Arctic ice. The present studies showed the presence of 11
genera (Alternaria, Cladosporium, Coniochaeta, Penicillium, Yarrowia, Goffeauzyma,
Glaciozyma, Phenoliferia, Mrakia, Rhodotorula and Engyodontium) from Himalayan
glacier cryoconites. In yeast isolates Mrakia and Glaciozyma were the most abundant
genera in the culturable fungi isolated from the Himalayan cryoconite ecosystems. Among
these, two generas Mrakia and Rhodotorula have been reported previously from glacier
sediments of Arctic and Alpine regions (Turchetti et. al. 2008).
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Physiological characteristics and carbohydrate assimilation tests were studied to
differentiate the strains. Number of the isolates obtained depends upon the substrate of the
environment from where they are obtained. Mrakia sp., Phenoliferia sp., Glaciozyma
sp.,Goffeauzyma sp., Rhodotorula sp.and Yarrowia sp. had maximum growth temperature
lower than 20˚C which proved that the isolates are psychrotolerant in nature and are able to
survive in cold conditions which resembles with the study done by Hall et. al. (2009). 15˚C
was found to be the optimum temperature by most of the yeast isolates. Similar report was
also reported in Mrakia sp. isolated from soil samples of King George Island at subAntarctic region (Carrasco et. al. 2006).
The carbon source is vital requirement for microbial metabolism in the cryoconites holes
which are limited in oligotrophic environment. Ice has extremely limited source of carbon and
therefore this study has special relevance. Present study proved that most of the fungal
isolates were able to utilize simpler form of carbohydrates such as lactose, dextrose, xylose,
mannose, and galactose as carbon source which resembles with previous study from Arctic
(Singh et. al. 2013). Gardner et. al. (1969) reported antibiotic resistance plasmids in the
pristine environments. However, studies on antibiotic resistance in natural ecosystem remains
still fragmentary. From current study it was observed that the sensitivity of isolates varied
towards antibiotics. Similar observations were also made in Arctic, where the strains differ
widely in their antibiotic sensitivity characters (Singh et. al. 2014). It is believed that the
antibiotic resistance genes have been present for billions of years (Martinez, 2012), and this is
an adaptation strategy which help the microbial strains to overcome the antagonistic stresses
and survive in Arctic environment (Singh et. al. 2014).
A review of the literature reveals that very little information is available on enzyme
production by Himalayan fungal strains. Enzymes play an important role in adaptation of
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psychrophiles in cold environment. Cold active enzymes have higher enzymatic activities
at lower temperatures than their mesophilic equivalents (D'Amico et. al. 2002) and a
reduced thermal stability to counteract freezing (Bjelic et. al. 2008). Psychrotolerants are
preferred for enzyme production than psychrophiles and mesophiles because industrial
fermentation proceeds at ambient temperature. With this interest, isolates were screened for
a broad range of cold extracellular enzymes. Isolates screened in this study produced
various cold active enzymes which can be utilized for making detergents for cold washing,
in food, medicine and in mineralization of agro-wastes in colder hilly areas across the
world. The strains obtained from all the locations had the ability to produce atleast one
hydrolase enzyme. Isolates screened were found to be mostly cellulolytic in nature and
showed maximum cellulolytic activity at 15˚C. This finding is similar to the results of
Holding (1981). Strains with cellulase degrading activity and low temperatures can be of
great potential to use and recycle the large reserve of organic carbon trapped in the soils of
the colder region. The high abundance of substrate degrading fungi indicates the existence
of large amounts of protein, lipids, starch and cellulosic material in the cryoconite samples
and the presence of fungal diversity even under snow. The assessment of biodiversity is
therefore an important research area for bioprospecting in the Himalayas.
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CHAPTER – III
Cold adapted cellulase by
Fungal Isolates: production,
optimization, purification,
characterization and application
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Introduction
Cellulosic biomass is the major organic matter produced in the biosphere. The
biodegradation of this cellulosic material is achieved by enzymatic activities of the
cellulose degrading microorganisms. Cellulose is the most abundant renewable biological
resource and a low-cost energy source based on energy content ( Lynd et. al. 2008 ; Zhang
and Hong, 2009 ). Cellulases are the enzymes that hydrolyze β -1,4 linkages in cellulose
chains. They are produced by fungi, bacteria, protozoans, plants, and animals. To
hydrolyze and metabolize insoluble cellulose, the microorganisms must secrete the
cellulases that are either free or cell-surface-bound.
Enzymes can be produced by either solid or submerged fermentations. But nearly all
companies have chosen submerged fed-batch fermentation for producing low cost enzyme
production. Submerged fermentation involves the growth of microbes on solid substrates
dissolved or submerged in liquid. The limited availability of water makes solid state
fermentation (SSF)) quite different from submerged fermentation (SmF). Most
investigations on enzyme production methods are concerned with producing fungal or
bacterial biomass in submerged cultures. These culture methods permit better control of
environmental factors such as temperature and pH. Implementation of submerged
fermentation for the production of various secondary metabolites was described by several
authors. Bartholomew et. al. (1950) described the mass transfer of oxygen in submerged
fermentation of Streptomyces griseus. The nature and quantity of by-products formed
during conversion of sugar beets to ethanol by Zymomonas mobilis in conventional
submerged fermentation were investigated by Amin and Allah (1992).
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A general opinion about the choice of fermentation method for the production of any
microbial product would normally be SmF, unless there appears a particular reason why
SSF should be chosen. SmF is a familiar technique, scale-up from laboratory level to
industry is much simplified, with parameters being more easily monitored and
controlled.After the production of enzymatic complex, it has to be separated and purified
in order to obtain a stable product. The separation process in this case involves removal of
enzymes from the medium components, polysaccharides, small molecules and proteins.
The purification process involves four main stages:
 Removal of insoluble components (solids).
 Recuperation of the protein, and purification in order to increase their
concentration.
 Seperation of different fractions of the extracellular enzymes (usually
chromatographical methods).
 Preparation of the pure enzyme, in a final form that is ready for commercial use
(Domingues et.al. 2001)
This chapter thus deals with the study of production, optimization, extraction,, purification,
characterization and application of cold adapted cellulase from fungal strains isolated from
cryoconite holes of Hamtah glacier Himalaya .

3.1 Materials and method
3.1.1 Preparation of inoculum
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Selected potent yeast isolates from potato dextrose agar were taken and inoculated
separately in potato dextrose broth (Hi-Media) and incubated at 15 ± 1 °C at 150 rpm in a
shaking incubator (Refrigerated incubator shaker, IS-971RF, Jeio tech, Korea). After 1
week of incubation, this was regarded as inoculum for enzyme production. Fresh media
were used for all production test.

3.1.2 Production of cellulase by submerged fermentation
The submerged fermentation was carried out in production medium (g/l: Peptone, 20.0;
NaCl, 1.0; CaCl2, 0.005; MgSO4, 0.82, K2HPO4, 3.0; FeCl3, 0.01; MnCl2, 0.0001; NH4Cl,
1.0; carboxymethyl cellulose, 10.0; pH 6.5) (Das et. al. 2010).Media was autoclaved and
about 5% v/v (1.97×106 CFU/ml) of culture inoculum was added to the production medium
and kept for incubation at 15 ± 1 °C with 150 rpm for 96 h in a shaking incubator
(Refrigerated incubator shaker, IS-971RF, Jeio tech, Korea).

3.1.3Production of cellulase by solid state fermentation
3.1.3a The substrate and its pretreatment
Sugarcane bagasse was collected from a local market and Banana peels were collected
from domestic household and sliced. It was then spread on trays and oven-dried at 70 ± 1
°C for 24 h. The dried slices were ground before being stored in polyethylene bags at room
temperature (30 ± 1 °C) until use. At the time of production, alkali treatment of the
substrate was done with 1 N NaOH followed by washing with distilled water until the pH
of the substrate reached neutral. It was then air-dried.

3.1.3b Production of cellulase by solid state fermentation
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Sugarcane bagasse (10 g) and banana peels (10g) was put in 250-mL Erlenmeyer flasks
and moistened with a mineral salt solution [g/L: NaCl, 2.0; MgSO4.7H2O, 0.4; (NH4)2SO4,
0.5; K2HPO4, 0.3; KH2PO4, 0.3; CaCl2.2H2O, 0.1; pH 5.0] following procedure of Krishna
(1999). The initial moisture content was maintained at 75% and the production medium
was autoclaved at 121± 1

°C for 60 min, cooled to about 20°C, and inoculated with an

inoculum of 10% (volume by dry weight of substrate used). The contents of the flasks were
mixed thoroughly to ensure uniform distribution of the inoculum and incubated at 15 ± 1
°C for 120 h.

3.1.4 Enzyme extraction
3.1.4 a Enzyme extraction from submerged fermentation.
Culture filtrates were harvested by filtration using qualitative filter paper (Grade 4, HiMedia). All filtrates were then centrifuged at 10,000 rpm (Refrigerated table top centrifuge,
5810, Eppendorf, Germany) for 20 min at 4± 1 °C. The clear supernatants obtained were
considered as crude enzymes and processed for further assay.

3.1.4 b Enzyme extraction from solid state fermentation
The enzyme from the fermented medium was extracted with citrate buffer (0.05 M, pH 4.8)
in a substrate/buffer ratio of 1:10 employing the simple contact method (Singh et. al.
2012a). The flasks were shaken at 150 rpm for 30 min at 15 ± 1 °C. All extracts were then
filtered using Whatman filter paper No. 1 for the removal of substrates and fungal mycelia.
Filtrates were then centrifuged at 10,000 rpm for 20 min at 4 °C. The clear supernatants
obtained were considered as crude enzyme and processed for further assay.
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3.1.5 Crude enzyme quantification
The cellulase activity was detected by estimating the reducing sugar produced during the
enzymatic reaction using the 3,5-dinitrosalicylic acid (DNS) method with the slight
modification of using carboxymethyl cellulose (1% w/v) as the substrate (Mandels et. al.
1976). The crude enzyme assay was done at 15 ± 1 °C (Refrigerated circulatory water bath,
F25-MC, Julabo, Germany) for 20 min. DNS was used to stop the reaction. The mixture
was boiled for 15 min, and absorbance were taken at 540 nm (UV-Vis spectrophotometer,
Specord S 205, Analytik Jena, AG Germany).One unit of activity is the amount of enzymes
required to release 1.0 µmol of reducing sugar (as glucose) per minute under the described
conditions (Ghose, 1987).

3.1.6 Optimization of Cellulase production by potent yeast isolate
For the initial stage optimization of the medium, the traditional method of “one factor at a
time” approach was used by changing one component at a time and keeping the others at
their original level. The selected yeast strain was grown in selected media, which consisted
of selected substrates for enzyme production. Production was performed in shake flasks to
optimize different fermentation conditions for excess Cellulase production. The various
process parameters such as substrate concentration, incubation period, initial pH,
incubation temperature, inoculum size, mineral chlorides, nitrogen sources, and carbon
sources were selected for optimization study. After optimizing the production medium and
parameters, the final production was also carried out and subjected for purification.

3.1.7 Partial purification of cold adapted cellulase
3.1.7 a Ammonium sulphate precipitation
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The crude extract was purified with solid ammonium sulfate at 4 °C. The clear supernatant
was brought to 80% saturation. The mixture was left overnight at 4 °C. The precipitate
was then centrifuged at 12,000 rpm for 20 min at 4˚C and the pellet was further dissolved
in a minimum volume of 0.1M phosphate buffer (pH 7.0) for further purification.

3.1.7 b Dialysis and molecular weight determination
The pretreated dialysis bag was used for the dialysis of the enzyme collected after the
ammonium sulphate precipitation. Purified enzyme was dialyzed against 1000 ml 0.1 M
phosphate buffer (pH 7.0) at 4°C with three changes of buffer. The enzyme was then pulled
out and kept at 4°C until further use.

3.1.7c Determination of molecular weight by SDS- Polyacrylamide Gel
Electrophoresis
SDS PAGE was carried out in order to determine the molecular weight of purified enzyme
sample (Haung and Monk 2004). It was carried out in such a way that the standard protein
marker was loaded next to the purified sample, followed by the dialyzed and the crude. The
silver staining was used to separate proteins by SDS- PAGE analysis.

3.1.8 Protein estimation
The protein amount (mg/ml) of all samples was estimated using bovine serum albumin as
the standard by Lowry et. al. 1951.

3.1.9 Characterization of partially purified
robertii A2-3 and Yarrowia alimentaria 13Fa
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cellulase

from Mrakia

3.1.9.1 The effect of temperature on the activity and stability of cellulase
The partially purified cellulase was tested to determine the effect of temperature on its
activity and stability. The optimum temperature for maximum cellulase activity was
determined by incubating reaction mixtures at several temperature range of 4-65°C. For
temperature stability test, the partially purified enzyme was dissolved in 0.1 M phosphate
buffer (pH 6.0) and pre-incubated at the respective temperatures for 60 min before the
addition of substrate and the quantification was done following the standard assay
conditions.

3.1.9.2 The effect of pH on the activity and stability of cellulase.
Optimum pH for cellulase activity was estimated by quantifying the cellulase at different
pH values ranging from pH 2.0 to pH 12.0 (acidic to alkaline). For the different pH
intervals, the following buffers (0.1 M) were prepared: Glycine-HCl buffer (pH 2.0, 3.0),
sodium acetate buffer (pH 4.0, 5.0), phosphate buffer (pH 6.0, 7.0 and 8.0) and GlycineNaOH buffer (pH 9.0, 10.0, 11.0 and 12.0). To determine the cellulase activity, the
substrate was prepared in each buffer having a specific pH and quantified accordingly. For
the stability test, the partially purified enzyme was pre-incubated with the respective
buffers for 60 min before assaying at 15 ± 1°C.

3.1.9.3 The effect of metal ions, organic solvents, and inhibitors on the
stability of cellulase
The effect of different metal chlorides, organic solvents and inhibitors on the stability of
the purified enzyme was determined by incubating the enzyme with the above mentioned
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compounds prepared in 0.1 M Phosphate buffer (pH 6.0) at 15 ± 1°C for 60 min with a
control (without addition of any compounds).

3.1.10 Statistical analysis
The data recorded during the course of investigation was subjected to Pearson’s
correlation, regression coefficient determination, t- test and one way analysis of variance
and the conclusions were drawn accordingly (Fisher, 1950) by the help of Microsoft Excel
2007. The observed values were mean of triplicates.

3.2 Results
3.2.1 Production of cold adapted cellulase
In this study, 55 fungal isolates were isolated from different cryoconite samples from
Hamtah glacier Himalaya. Results of the preliminary screening experiment for the
production of extracellular cellulase showed positive activity for 32 yeast isolates at 15 °C.
Among these, 8 isolates showed maximum zones of clearances on carboxymethyl cellulose
congo red agar plates Zones of clearances by some of the yeast isolates with respect to
temperatures on CMC agar plates were depicted in (Figure 17). Eight isolates showing the
maximum hydrolysis were further investigated for cellulase production using
carboxmethyl cellulose as substrate at optimum temperature 15°C by submerged
fermentation under shaking condition and solid state fermentation under static condition.
After every 24 h of production, 5 ml of the fermented medium were withdrawn for
extraction of cellulase from submerged and solid state fermentation followed by
centrifugation and quantification (U/ml). Among all the isolates, Mrakia robertii A2-3 and
Yarrowia alimentaria 13Fa showed the maximum cellulase production at 48 h of
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incubation 12.03 U/ml and 11.22 U/ml respectively by using CMC as substrates at 15 °C
by submerged fermentation (Figure18). Figure 19 depicts the cellulase production at 15°C
by solid state fermentation using sugarcane bagasse and banana peels as the substrate.
Isolate P4(2), A2-3 and 13Fa showed maximum cellulase production by using sugarcane
bagasse as the substrate as compared to banana peels. Further for optimization submerged
fermentation was preferred over solid state as maximum cellulase production was found
under shaking condition.
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Fig. 17 Cellulase plate assay at different temperatures 4 °C (a), 15 °C (b), and 22 °C
(c) by strain A2-3 and 4 °C (d), 15 °C (e), and 22 °C (f) by strain 13Fa on CMC agar
plate.
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Fig. 18 Cellulase produced by yeasts at 15°C by submerged fermentation. The results
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Fig. 19 Cellulase activity produced by yeast isolates at 15°C by solid state
fermentation using sugarcane bagasse and banana peels as the substrate. The results
are the mean of three independent experiments.
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3.2.2 Production optimization for cellulase by Mrakia robertii A2-3 and
Yarrowia alimentaria 13Fa.
3.2.2.1 Effects of substrate concentrations
The effects of various concentrations of substrate, i.e. CMC (0 - 3% w/v) for cellulase
activity was tested. Maximum activity in Mrakia robertii A2-3 was found at 2% CMC
concentration (8.27 U/ml) shown in Figure 20a. Production increased with the increase in
CMC concentration up to 2% but later there was a decrease in production. It is clearly
indicated in Figure 21a that as the concentration of CMC increased the enzyme activity
also increased until the substrate concentration reached at 2.5%. Whereas maximum
cellulase production by Yarrowia alimenatria 13Fa was found at 2.5% CMC concentration
(10.69 U/ml)

3.2.2.2 Effects of inoculum size
The effect of various inoculum sizes 0.1 - 7.5% v/v were tested (Figure 20b and 21b). The
maximum cellulase activity by Mrakia robertii A2-3 was recorded at 1.5% inoculum (7.16
U/ml) whereas by Yarrowia aliimentaria 13Fa maximum cellulase activity was at 2.0%
(15.32 U/ml). Decrease in production was observed by increasing the inoculum percentage.

3.2.2.3 Effects of incubation temperature
The yeast Mrakia robertii A2-3 was examined for cellulase production at varied
temperature ranging from 4 - 37°C (Figure 20c). Yeast A2-3 showed maximum enzyme
production at 15°C (11.64 U/ml), whereas there was decrease in cellulase production at 37
°C (2.4 U/ml).Yarrowia alimentaria showed maximum enzyme production at 15°C (9.2
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U/ml) and was found to be the optimum temperature for cellulase production (Figure 21c).
The enzyme production was influenced and disturbed and reduced after increase of
temperature above 15°C.

3.2.2.4 Effects of initial pH
Since yeasts metabolism changes the pH of the medium, therefore some form of pH
control was necessary. Cellulase production was optimized by altering the initial pH of the
medium from 4.5 - 11.5 pH. In submerged fermentation, maximum cellulase production by
Mrakia robertii A2-3 was found at pH 5.5 (10.77 U/ml) and after that there was a drop in
cellulase production (Figure 20d). Maximum cellulase production by Yarrowia alimentaria
13Fa by submerged fermentation was found at pH 7.0 (8.86 U/ml) and later there was
decrease in cellulase production (Figure 21d).
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Fig. 20 Effects of CMC concentrations (a), inoculum size (b), incubation temperature
(c), initial pH (d) on cellulase production by Mrakia robertii A2-3.
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Fig. 21 Effects of CMC concentrations (a), inoculum size (b), incubation temperature
(c), initial pH (d) on cellulase production by Yarrowia alimentaria 13Fa.

3.2.2.5 Effects of carbon sources
Variable carbon sources such as glucose, sucrose, xylose, fructose, maltose, lactose and
cellobiose were examined for cellulase production by Mrakia robertii (A2-3) at 15 °C
(Figure 22a). Cellulase production enhanced by application of additional carbon sources
viz. glucose, sucrose and xylose as compared to control medium. The xylose was found to
be the best carbon source for cellulase production at 48h incubation with activity of (9.11
U/ml) as compared to other carbon sources. In case of Yarrowia alimentaria 13Fa Lactose
was found to be the best carbon source for cellulase production as compared to other
carbon sources at 48 h incubation with activity of (15.79 U/ml) as shown in Figure 23a.
Sucrose, xylose, maltose and lactose showed enhanced cellulase production as compared to
control medium while other sugars tested showed low level of cellulase production.
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3.2.2.6 Effects of nitrogen Sources
Nitrogen sources are crucial for the growth and metabolism of yeasts in cryoconite holes.
Potassium nitrate in the medium showed the maximum cellulase production (8.09 U/ml)
whereas, yeast extract showed the lowest cellulase production (0.15 U/ml) as shown in
Figure22 b. For Yarrowia alimentaria sodium nitrate added as additional nitrogen source in
medium enhanced the cellulase production (17.16 U/ml) Among the 9 nitrogen sources
tested ammonium sulphate, peptone ,sodium nitrate, beef extract and potassium nitrite has
influenced the cellulase production as compared to control medium whereas, yeast extract
in the medium showed the lowest cellulase production (1.29 U/ml) (Figure 23 b).

3.2.2.7 Effects of mineral chlorides
All mineral salts used during this study showed positive effects on cellulase production by
Mrakia robertii (A2-3)) as compared with the control (Figure 22c). Maximum cellulase
production by Mrakia robertii was achieved by 0.1% w/v NaCl (21.55U/ml). Mercuric
chloride, barium chloride and others showed varied response for cellulase production. In
case of Y. alimentaria maximum cellulase production was achieved by 0.1% w/v
ammonium chloride (17.49 U/ml), rest all mineral salts used to study had negative effects
on cellulase production as compared with the control (Figure 23 c).

3.2.2.8 Effects of the incubation period
After getting all the optimized conditions, final production was carried out to check the
effects of the incubation period on cellulase production (Figure 22d). In case of Mrakia
robertii A2-3 cellulase activity was found to be optimum on 96 h of incubation (21.7
U/ml). The production of enzyme is directly related to the incubation period. Peak cellulase
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activity by Yarrowia alimentaria 13Fa was found to be after completion of 48hrs (17.7
U/ml) as depicted in Figure 23d. Decrease in enzyme yield after an optimum period is most
likely due to depletion of nutrients in the medium which stressed the fungal physiology.

Fig. 22 Effects of carbon sources (a), nitrogen sources (b), minerals (c), incubation
period (d) using optimized medium on cellulase production by Mrakia robertiii A2-3.
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Fig. 23 Effects of carbon sources (a), nitrogen sources (b), minerals (c), incubation
period (d) using optimized medium on cellulase production by Yarrowia alimentaria
13Fa.
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3.2.2.9 Partial purification of cellulase
Purification of cellulase was carried out by using ammonium sulphate precipitation
followed by dialysis at 4°C. Most of the cellulase activity by strains Mrakia robertii A2-3
and Yarrowia alimentaria 13Fa

was recovered at 60% - 80% saturation with solid

ammonium sulphate. Recovery was further followed by dialysis, and the yield was
obtained. Purification details of cellulase by A2-3 and 13Fa are presented in Table 7 and
Table 8. The crude cellulase, ammonium sulphate precipitated and dialysed sample of A2-3
was loaded on SDS-PAGE and a protein profile was obtained. The molecular weight of the
partially purified cellulase from Mrakia robertii A2-3 was determined and found out to be
~57KDa by comparing with the molecular weight marker confirmed in the dialysis step of
purification as shown in Figure 24.

Table 7 Purification details of partially purified cellulase from Mrakia robertii A2-3.
Purification

Volume

Total

Total protein

Specific activity

Yield

Purification

Steps

(ml)

activity

(mg)

(U/mg)

(%)

fold

(U)

Crude

420

9125.87

1327.52

6.87

100

1

Ammonium

60

555.23

31.95

17.38

6.08

2.53

sulphate (80%
saturation)
precipitation
followed by
dialysis
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Table 8 Summary of the partial purification of cold adapted cellulase from Yarrowia
alimentaria 13Fa.
Purification

Volume

Total

Total protein

Specific activity

Yield

Purification

Steps

(ml)

activity (U)

(mg)

(U/mg)

(%)

fold

Crude

420

6024.79

1131.38

5.33

100

1

80

574.13

62.49

9.19

9.53

1.73

Ammonium
sulphate
(80%
saturation)
precipitation
followed by
dialysis
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Fig. 24 SDS-PAGE analysis of partially purified cellulase from Mrakia robertii A2-3.
M: molecular weight marker (kDa); Lane 1: crude enzyme; Lane 2: ammonium
sulfate precipitation; Lane 3: dialysis product (~57 kDa).

3.2.3 Biochemical characterization of partially purified cellulase from A23 and 13Fa.
3.2.3.2 The effect of temperature on the activity and stability of cellulase
Studies on effect of temperature on cellulase activity was studied over a temperature range
of 4 to 65 °C. Activity of A2-3 cellulase increased gradually with a rise in the temperature
up to 15 °C (100% residual cellulase activity = 94.2 U/mg) and later declined (Figure 25a).
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Almost 55% of enzyme activity was retained at both higher and lower temperatures.
Optimum temperature stability for A2-3 cellulase was also found to be at 15°C (100%
residual cellulase activity = 30.51 U/mg) as depicted in Figure 25a.Optimum temperature
for 13Fa cellulase activity was determined to be 55°C (100% residual cellulase activity =
47.45 U/mg) and further reduced (Figure 26a) Almost 50% of enzyme activity was
maintained at 4 - 65°C, which showed its novelty at both higher and lower temperatures.
The enzyme was most stable at 15 °C (100% residual cellulase activity = 9.89 U/mg) as
illustrated in Figure 26a.

3.2.3.3 The effect of pH on the activity and stability of cellulase
Effect of pH on cellulase activity was determined. Maximum activity of EG was found at
pH 11.0 (100% residual cellulase activity = 18.3 U/mg) but enzyme stability was very less
(Figure 25 b). M. robertii A2-3 showed high activity in the alkaline range but also showed
relative activity above 60% from pH 4.0 - 6.0. The enzyme was fairly stable with optimum
pH of 6.0 (100% residual cellulase activity = 10.26 U/mg) (Figure 25 b).
Optimum pH activity of cellulase Y. alimentaria was found to be at pH 5.0 (100% residual
cellulase activity = 36.92 U/mg) as shown in Figure 26b.Yarrowia alimentaria strain 13Fa
showed high activity in the acidic range. The optimum pH stability was determined at pH
6.0 (100% residual cellulase activity = 134.92 U/mg) Figure26 b. Cellulse (13Fa) was
found to have 50% activity over a broad range of pH (3.0 - 8.0).

3.2.3.4 The effect of metal ions on the stability of cellulase
The effect of various metal ions on the stability of cellulase was assayed under the standard
assay conditions (Figure25c). Figure 25c results showed that Fe2+, Mn2+, Na2+, Cu2+, Co2+
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and Ca2+ activated the enzyme under this condition against the control (100% residual
cellulase activity = 38.76 U/mg). The enzyme was strongly inactivated by Hg2+ whereas
Ba2+ and Mg2+ showed partial inhibitory action. Figure 26c results for Y. alimentaria
showed that Fe2+, Mn2+, Cu2+ and Co2+ to be the activators of enzyme against the control
(100% residual cellulase activity = 21.48 U/mg). The enzyme was strongly inactivated by
Hg2+.

3.2.3.5 The effect of organic solvents on the stability of cellulase
Various organic solvents were studied to investigate the stability of cellulase. All of the
tested organic solvents were found to be enzyme activators for A2-3 cellulase, having a
higher residual activity than the control (100% residual cellulase activity = 32.21 U/mg).
About 10% v/v 2-Butanol was regarded as a better organic solvent than the others, having
a higher relative activity of 201.6% (Figure25d). In case of 13Fa cellulase except methanol
and ethanol all of the analysed organic solvents were found to be enzyme activators,
having a maximum relative activity than the control (100% residual cellulase activity =
23.61 U/mg). 50% v/v isopropanol was regarded as a better organic solvent than the others,
having a higher relative activity of 177.5% as demonstrated in Figure 26 d
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Fig. 25 The effect of temperature (a), pH (b), metal ions (c) and organic solvents(d) on
the activity and stability of cellulase from A2-3. The results are the means of 3
independent experiments, and the bars correspond to standard errors (p <0.05).
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Fig. 26 The effect of temperature (a), pH (b), metal ions (c) and organic solvents(d) on
the activity and stability of cellulase from 13Fa. The results are the means of 3
independent experiments, and the bars correspond to standard errors (p <0.05).

3.2.3.6

The effect of inhibitors and surfactants on the stability of

cellulase
Different types of inhibitors were tested to study the stability of cellulase (Table 9 and
Table 10). 10 mM sodium deoxycholate, having a relative cellulase activity of 133.8% with
respect to the control (100% relative cellulase activity = 45.6 U/mg) proved as active
inhibitor for increased
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A2-3 cellulase activity. EDTA had a much less effect on the activity. In case of surfactants,
A2-3 cellulase showed maximum activity with 1% (v/v) Tween 80 (Table 9). The most
active inhibitor to activate the 13Fa cellulase was 10 mM sodium deoxycholate, having a
relative cellulase activity of 307.4 % with respect to the control (100% relative cellulase
activity = 13.73 U/mg). EDTA had a much less effect on the activity. In case of surfactants,
13Fa cellulase was found to be most resistant to 1% (v/v) Tween 80 as shown in Table 10.
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Table 9 Effects of different inhibitors and surfactants on the stability of cold adapted
cellulase from Mrakiarobertii A2-3. The relative cellulase activity of the control
(without the addition of compounds) was regarded as 100%. The results are the
means of 3 independent experiments ± standard errors.
Components

Relative activity (%)
Cellulase (A2-3)

Control (no addition)

100

EDTA (10 mM)

53.3 ± 1.41

EDTA Na (10 mM)

29.0 ± 0.82

Sodium deoxycholate (10 mM)

133.8 ± 1.97

SDS (10 mM)

96.9 ± 1.58

Triton X-100 (1%)

103.3 ± 4.33

Tween 20 (1%)

114.8 ± 2.17

Tween 80 (1%)

154.0 ± 2.20

H2O2 (1%)

85.4 ± 1.39
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Table 10 Effects of different inhibitors and surfactants on the stability of cold adapted
cellulase from Yarrowia alimentaria 13Fa. The relative cellulase activity of the control
(without the addition of compounds) was regarded as 100%.
Relative activity (%)
Components
Cellulase (13Fa)
Control (no addition)

100

EDTA (10 mM)

0.0

EDTA Na (10 mM)

0.0

Sodium deoxycholate (10 mM)

307.4

SDS (10 mM)

109.4

Triton X-100 (1%)

78.3

Tween 20 (1%)

89.8

Tween 80 (1%)

370.7

H2O2 (1%)

120.7
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3.3 Discussion
Hamtah glacier fungal isolates were isolated, purified and screened for cellulase production
primarily by plate assay method using congo red agar, from which best isolates having
maximum zones of clearances were selected for secondary assay by using submerged and
solid state fermentation technique. Mrakia robertii A2-3 and Yarrowia alimentaria 13Fa
showed maximum cellulase activity using carboxy methyl cellulose as substrates by
submerged fermentation at optimum growth temperature at 15°C as ccompared to solid
state fermentation using banana peels and sugarcane bagasse as the substrate. Similar study
has also been reported by Carrasco et al. on Mrakia sp. from King George Island,
Antarctica. Variety of factors depends upon the enzyme production that are directly
proportional to the growth of the microorganisms.These microorganisms from cold habitats
are able to withstand the nature’s extreme harsh cold conditions and can be found in arctic
and Antarctic regions, under the deep sea, glacial soil, glacier ice, permafrost, cold desert
soil, sub-glacial water, alpine regions and other cold regions on earth (Georlette et. al.
2004).
In certain cases, microorganisms produces maximum enzyme production in the medium
but the enzymes are in inactive form, resulting in lower enzymatic activity. This is due to
the variations in temperature, pH and nutrient change.

Temperature not only affects

growth of yeast but also affects the enzyme stability. Tortora et al. mentioned that with
increase in temperature denaturation of enzymes occurs due to the breakage of hydrogen
bonds and other non-covalent bonds.
Effect of substrate concentrations is the vital parameter for enzyme production. According
to Tortora et al. with an increase in substrate concentrations, the rate of reactions increases
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until the active sites on the entire enzyme molecules are filled, at which point the
maximum rate of reaction is reached. Strain A2-3 and 13Fa showed maximum cellulase
production with 2% and 2.5% CMC concentration beyond which there was decrease in
cellulase production and which may be due to the increase in the viscosity of fermentation
medium which affected the uniform circulation of nutrient and oxygen (Karim et. al.
2015).
The initial inoculum level in the media play major role in fermentation process (Shankar
and Isaiarasu, 2011). In case of A2-3 isolate study indicates that with an increase in
inoculum size, enzyme production decreased due to an increase in the duration of the
initial lag phase. 2.0% v/v inoculum was optimum for maximal cellulase production by
Yarrowia sp. As reported by Singh et. al. (2012), As the inoculum size increases, enzyme
production decreases due to an increase in the time of the initial lag phase.
The pH is an important variable in the optimal conditions of enzymatic activity, because
the fungus has a limited ability to grow underextreme conditions of acidity and alkalinity
(Kannhai and Elengeswari, 2015). Chemicals transport across the cell membrane,
including movement of enzyme is significantly influenced by the pH of the medium (
Karim et. al. 2015). With an increase in pH of the medium, the three dimensional structure
of enzymes altered leads to denaturation and lower activity (Tortora et.al.2004). Cellulase
activity in present study was recorded highest at pH 5.5 from A2-3 and pH 7.0 by 13Fa
isolate. Similar observation has also been reported from Antarctica at pH 5.4 in Mrakia sp.
(Carraso et. al.2006).
According to Seiboth et al., reduction in the cellulase production in the presence of sugars
could be due to catabolite repression by readily available carbon sources in the medium.
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Antarctica strain M. blollopis SK-4 showed the ability to ferment typical sugars such as
glucose, sucrose, maltose, raffinose and fructose at low temperatures (Tsuji et. al. 2013). In
the present study xylose was utilized as soul carbon by A2-3 isolate while others showed
less response. In case of 13Fa presence of lactose showed the highest cellulase production.
As compared with control it was found that all nitrogen sources except potassium nitrate
had no effect for enhancement of cellulase production in the present study. Organic
nitrogen sources are more suitable for cellulase production as compared to inorganic
nitrogen sources. The organic nitrogen sources might be providing an extra carbon source,
vitamins and minerals required by the microorganism for growth and enzyme production
(Karim et. al, 2015).
Mineral utilization study of Mrakia robertii A2-3, showed the maximum enzyme activity
in presence of NaCl. Gao et. al. (2001) reported that the salts in aqueous solution dissociate
into ions, which play an important role in the catalytic activity and stability of the enzymes
and also affect the distribution of a water molecules across the cell membrane.
After achieving all the optimized conditions final production of cellulase was carried by
selected potential isolates at 15°C. The clear supernatant obtained after centrifugation was
regarded as the crude enzyme which was further partially purified by using ammonium
sulphate precipitation followed by dialysis at 4 °C. The dialyzed product was pulled out for
characterization study.
SDS PAGE analysis of A2-3 cellulase showed band corresponding to molecular weight of
~57 kDa. Different researchers have reported varying molecular weights of cellulase from
different fungal strains. Molecular masses of cellulase from psychrotolerant fungus A.
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terreus strain AKM-F3 was 55kDa (Gao et. al 2010), S. cerevisiae MK-157 of 30 kDa
(Shariq et. al. 2018) and Mrakia gelida of 36kDa (Carasso et. al 2006) have been reported.
Effects of temperature on cellulase activity and stability were studied and maximum
activity and stability of cellulase was seen at 15 °C. Above 50% relative activity was seen
at all the temperatures having a wide range of temperature tolerance capacity. A similar
stability report was made for psychrotrophic yeast Rhodotorula gutinis KUJ 2731 (Oikawa
et. al. 1998),

and Aspergillus terreus strain AKM-F3 (Maharana and Ray et. al. 2015),

where the cellulase was found to be stable in the wide range of temperatures of 0 - 65 °C.
In present study cellulase was found to have 50% activity over a broad range of pH3.0 - pH
11.0. Many industrial processes are operated at extremes of pH (either acidic or alkaline),
the enzyme must be capable of withstanding such harsh conditions for prolonged periods
or at least during the process time (Bijender et. al. 2009).
The effect of various metal ions Fe2+, Mn2+, Na2+, Cu2+, Co2+ and Ca2+ was regarded as
activators of the A2-3 cellulase enzyme whereas Fe2+, Mn2+, Cu2+ and Co2+ was regarded
as activators of the 13Fa cellulase enzyme in present study. The ions tend to bind to the
enzyme and alter the conformation of the protein to counter greater stability for the enzyme
(Rahman et. al. 2005). Organic solvents in present study showed that 10% v/v acted as
activators for cellulase. The stability of cellulase may be due to the ability of the enzyme to
form multiple hydrogen bonds with water, resulting in structural ﬂexibility and
conformational mobility (Klibanov, 2001).
A review of the literature reveals that there are no reports available on the production of
cellulase by Himalayan cryoconites strains. Furthermore, there is no study on
characterization of cellulase by using fungal strains. To the best of our knowledge this is
100

the first study on partial purification and characterization of a cold tolerant cellulase
enzyme from yeast strains . The major biotechnological application of cellulase enzyme is
in laundry and household detergents. Chemical study of the cellulase revealed it as a metal
dependent enzyme that can tolerate most organic solvents. For synthesis of volatile and
heat sensitive compounds cellulase may be used. These unique properties of cellulase from
Himalayan psychrotolerant

yeast strains can be extremely useful in various

biotechnological applications and industrial processes.
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CHAPTER – IV

Cold adapted protease by
Fungal Isolate: production,
optimization, partial
purification and
characterization
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Introduction
Proteases (EC 3.4.21-24 and 99; peptidyl-peptide Hydrolases) are enzymes that catalyze
the cleavage of peptide bond in proteins,(CO-NH) liberating small chains of amino acids
called peptides.Proteolytic enzymes are ubiquitous in occurrence, found in all living
organisms, and are essential for cell growth and differentiation. There is renewed interest
in the study of Proteolytic enzymes, mainly due to the recognition that these enzymes not
only play an important role in the cellular metabolic processes but have also gained
considerable attention in the industrial community (Gupta et. al. 2002). Proteases represent
one of the three largest groups of industrial enzymes and have traditionally held the
predominant share of the industrial enzyme market accounting for about 60% of total
worldwide sale of enzymes (Rao et. al. 1998).
Proteases the most important group of enzymes produced commercially and are used in
detergent, protein, brewing, meat, photographic, leather and dairy industries (Anwar et.al.
1998). Proteases have a long history of application in the food and detergent industries.
Their application in the leather industry for dehairing and bating of hides to substitute
currently used toxic chemicals, is a relatively new development and has conferred added
biotechnological importance (Rao et. al. 1998). These enzymes have also become widely
used in the detergent industry, since their introduction in 1914 as detergent additives
(Gupta et. al. 2002). Proteases constitute a very large and complex group of enzymes with
different properties of substrate specificity, active site and catalytic mechanism, pH and
temperature activity and stability profiles. Industrial proteases have application in a range
of process taking advantage of the unique physical and catalytic properties of individual
proteolytic enzyme types (Ward, 1991).
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One-Variable-at-a-time strategy is one of the conventional optimization strategies where an
individual parameter is optimized by changing it while maintaining the other variables at
constant values (Donoghue et. al. 2010). This strategy was performed for initial screening
of the most significant factors required to enhance protease extraction.
Generally enzymes are marketed in terms of activity not in terms of weight. Purification of
enzymes further increases its activity but it makes the process costlier. However, it is
necessary to purify the special enzymes for specific purposes.
This chapter thus deals with the study of production, optimization, extraction, partial
purification and characterization of cold adapted protease from fungal strains isolated
from cryoconite holes of Hamtah glacier Himalaya .

4.1 Materials and method
4.1.1 Preparation of inoculum
Selected potent yeast isolates from potato dextrose agar were taken and inoculated
seperately in potato dextrose broth (Hi-Media) and incubated at 15 ± 1 °C at 150 rpm in a
shaking incubator (Refrigerated incubator shaker, IS-971RF, Jeio tech, Korea) After 1
week of incubation, this was regarded as inoculum for enzyme production. Fresh media
were used for all production test.

4.1.2 Production of protease by submerged fermentation
The medium used for protease production was yeast peptone dextrose medium consisting
(%, g/100ml) of Yeast extract – 1.0, Peptone – 1.0, Dextrose –1.0, MgSO4 - 0.02, KH2PO4
- 0.05, NaCl - 0.25, D/W-100ml, pH 7.0 and was carried out under shaking condition.
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5%v/v inoculum was added to the autoclaved production medium and incubated at 15±
1oC with 150rpm for 1 week.

4.1.3 Enzyme Extraction from submerged fermentation
Culture filtrate having crude protease was harvested by filtration using Whatman No. 1
filter paper (Grade 4, Hi-media). Filtrates were then centrifuged at 10,000rpm
(Refrigerated table top centrifuge, 5810, Eppendorf, Germany) for 20 min at 4± 1 °C. The
clear supernatant obtained were considered as crude enzyme and processed for further
assay.

4.1.4 Crude enzyme quantification
Protease activity was assayed according to Anson method and was slightly modified by
using casein as a substrate. The reaction mixture contained 5ml of 0.65% casein and 1ml
of enzyme. The reactants were incubated at 15°C for 10 min in water bath and the reaction
was stopped by adding 5ml of 110 mM trichloroacetic acid (TCA). A suitable blank was
run simultaneously. After incubation at room temperature for 30min both test and blank
solutions were centrifuged at 12,000g for 10min at 4°C. To the 2 ml supernatant, 5.0ml
50mM Na2CO3 and 1ml Folin-ciocalteau’s reagent was added, the reaction mixture was
incubated in dark at room temperature for 30 min and the absorbance was measured at
660nm. Enzyme units were measured using slope obtained from tyrosine as standard.

4.1.5 Optimization of protease production by potent yeast isolate
The various process parameters that influence the enzyme production during submerged
fermentation were optimized over a wide range. Process parameters were standardised for
maximal cold active protease production. The process parameters investigated were
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incubation time, initial pH, temperature and substrate concentration. After optimizing the
production medium and parameters, the final production was also carried out and subjected
for partial purification..

4.1.6 Partial purification of protease
The fermented broth, incubated at optimized conditions, was centrifuged at 4°C at 10000
rpm for 20minutes and the extracellular protease in cell free culture supernatant was
obtained by ammonium sulphate precipitation. The protein precipitate was dissolved in
0.05 M sodium acetate buffer (pH 5) and dialyzed against the same buffer for 24 h with 4
changes of buffer. The enzyme was then pulled out and kept at 4°C until further use.

4.1.7 Protein estimation
The protein amount (mg/ml) of all samples was estimated using bovine serum albumin as
the standard by Lowry et. al.(1951).

4.1.8 Characterisation of partially purified protease from Goeffaeuzyma
sp.17Ea
4.1.8.1 The effect of temperature on the activity and stability of protease
The partially purified protease was tested to determine the effect of temperature on the
activity and stability of the enzyme. The optimum temperature for maximum protease
activity was determined by incubating reaction mixtures at different temperatures (4 to 65
°C). For the stability test, the partially purified enzyme was dissolved in 0.1M phosphate
buffer (pH 6.0) and preincubated at the respective temperatures for 60 min before
quantification.
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4.1.8.2 Effect of pH on protease activity and stability
For this experiment the following buffers (0.1M) were prepared: a Phosphate buffer (7.0
and 8.0), Glycine-NaOH buffer (pH 9.0, 10.0, 11.0 and 12.0).To determine the protease
activity, the substrate was prepared in each buffer having a specific pH and quantified
accordingly. For the stability test, the partially purified enzyme was preincubated with the
buffers for 60 min before assaying at 15°C.

4.1.9 Statistical analysis
The data recorded during the course of investigation was subjected to Pearson’s
correlation, regression coefficient determination, t- test and one way analysis of variance
and the conclusions were drawn accordingly (Fisher, 1950) by the help of Microsoft Excel
2007. The observed values were mean of triplicates.

4.2 RESULTS
4.2.1 Production of cold adapted protease
By plate assay protease activity was found to be highest at 40C and 150C compared to
220C. As compared to filamentous molds, yeast isolates B2(4), A4(a), A4(b), 17Ea, 19Ea,
F2, B15a and B2b showed maximum Zone of hydrolysis (Figure 27). Yeast strain 17Ea
Goeffaeuzyma gilvescens showing the maximum hydrolysis was further investigated for
protease production using casein as substrate at optimum temperature 15°C by submerged
fermentation under shaking condition. After every 24 h of production, 5 ml of the
fermented medium were withdrawn for extraction of protease from submerged followed by
centrifugation and quantification (U/ml). 17Ea showed the maximum protease production
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at 120 h of incubation (23.29 U/ml) of incubation using casein as substrates at 15 °C by
submerged fermentation (Figure 28).

Fig. 27Protease plate assay at different temperatures 4 °C (a), 15 °C (b), and 22 °C (c)
by strain 17Ea and 4 °C (d), 15 °C (e), and 22 °C (f) by strain A4(a) on skimmed
milkagar plate.
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Fig. 28 Protease activity produced by yeast isolate at 15°C by submerged
fermentation using casein as the substrate. The results are the mean of three
independent experiments.

4.2.2

Production

optimization

for

protease

by

Goeffaeuzymagilvescens17Ea
4.2.2.1 Effects of incubation temperature
Temperature has profound influence on production of microbial enzymes. The maximum
protease production (25.7 U/ml) was obtained at 15ºC and totally inhibited at 37°C. The
results indicated that high quantity of enzyme can be produced in between the temperature
range of 15 to 22°C (Figure 29). Therefore, it may be applicable for industrial purposes
having small temperature variation in process.
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Fig. 29 Effect of temperature on the production of protease (120 h incubation) by
Goeffaeuzyma gilvescens 17Ea.

4.2.2.2 Effects of optimization of pH for the production of protease
The pH of culture strongly affects enzymatic processes and transport of compounds across
the cell membrane. The maximum protease production was achieved at pH 9 (37.66 U/ml)
at 120 h incubation and 15°C (Figure 30).
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Fig. 30 Effect of pH

on the production of protease (120 h incubation)by

Goeffaeuzyma gilvescens17Ea.

4.2.2.3 Effects of substrate concentration
The effects of various concentrations of substrate, i.e casein (0-3% w/v) for protease
activity was tested. Maximum activity in Goeffaeuzyma gilvescens17Ea was found at 2%
casein concentration (43.53 U/ml) shown in Figure 31. Production increased with the
increase in casein concentration up to 2% but later there was a decrease in production.
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Fig. 31 Effect of substrate concentration on protease productionby Goeffaeuzyma
gilvescens17Ea.

4.2.2.4 Effects of incubation time
The growth pattern and enzyme production was observed for 168 h in protease production
media at 15±1ºC. The protease production increases gradually and it was maximum (52.33
U/ml) at 120 h incubation. The enzyme production was growth independent (Figure 32).
Similar to many proteolytic enzymes, it is also secreted largely at the late exponential
growth phase (Dube et.al. 2001; Kuddus and Ramteke, 2008).
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Fig. 32 Effect of incubation time on protease productionby Goeffaeuzyma
gilvescens17Ea.

4.2.2.5 Partial purification cold adapted protease
The enzyme was partially purified. The protein pellet obtained after 80% saturation of
ammonium sulphate was dissolved in sodium acetate buffer followed by dialysis at 4˚C.
The yield was obtained as shown in below Table 12. Dialysis gave a purification fold of
4.03 with the specific activity of 103.1 U/mg.
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Table 11 Summary of the partial purification of cold adapted protease from
Goeffaeuzyma gilvescens17Ea.
Steps

Volume

Total

Total

Specific

Yield

Purification

(mL)

activity

protein

activity

(%)

fold

(u)

(mg)

(U/mg)

Crude enzyme

410.00

21980.06

867.50

25.34

100

1

Ammonium

20

486.40

4.72

103.10

2.21

4.07

sulphate (80%
saturation)
precipitation
followed by
dialysis

4.2.3Biochemical characterization of partially purified protease from Goeffaeuzyma
gilvescens 17Ea
4.2.3.1 Effect of temperature on protease activity and stability
Optimum activity for partially purified protease was at 10°C (100% residual protease
activity =97.5 U/mg),as shown in Figure33. Activity increased from 4-10°C and declined
at temperatures beyond 10°C. Optimum stability was also found to be at 15°C (100%
residual protease activity=92.7U/mg).
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Fig. 33 The effect of temperature on the activity and stability of partially purified
protease by yeast isolate Goeffaeuzyma gilvescens 17Ea. The results are the means of 3
independent experiments, and the bars correspond to standard errors (p <0.05).

4.2.3.2 Effect of pH on protease activity and stability
The optimum pH for partially purified cold adapted protease activity from yeast isolate
Goeffaeuzyma gilvescens 17Ea was determined to be 9.0 (100% residual protease
activity=107.0U/mg), as depicted in Figure34. The optimum pH for the stability of
protease was at pH 10.0 (100% residual protease activity =118.2U/mg) as shown in
Figure34.
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Fig. 34 The effect of pH on the activity and stability of partially purified protease by
yeast isolate Goeffaeuzyma gilvescens 17Ea.The results are the means of 3
independent experiments, and the bars correspond to standard errors (p <0.05).

4.3 Discussion
Hamtah glacier fungal isolates were screened for protease production primarily by plate
assay method using skimmed milk agar as substrate. Yeast isolate Goeffaeuzyma gilvescens
17Eashowed maximum zone of hydrolysis and was further selected for secondary assay by
using submerged fermentation technique. Cold adapted proteases have been reported from
microorganisms that thrive in regions with extreme low temperature. These
microorganisms from cold habitats are able to withstand the nature’s extreme harsh cold
conditions and can be found in arctic and Polar Regions, under the deep sea, glacial soil,
glacier ice, permafrost, cold desert soil, sub-Antarctic sediments, sub-glacial water, alpine
regions and other cold regions on earth (Georlette et. al. 2004).
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Temperature is one of the critical parameters for regulating synthesis and secretion of
protease by fungi. High content of hydrophobic amino acids in the enzyme molecule
provides a compact structure, which is not easily denatured by change in the environment.
In addition, disulfide bridges and other bonds provide high resistance both against heat
inactivation and chemical denaturation. When tested at different temperature range
maximum protease production was obtained at 15ºC (i.e. 25.7U/ml) and was totally
inhibited further at 37°C.
Goeffaeuzyma gilvescens 17Ea showed maximum protease production (23.2U/ml) by using
casein as substrate from submerged production.Enzymes are amphoteric molecules
containing a large number of acidic and basic groups, usually located on their surface. The
charges on these groups vary according to their acid dissociation constants with the pH of
the environment. This affects the total net charge of the enzymes which will overall affect
the enzyme activity, structural stability and solubility of the enzyme (Chaplin and Bucke,
1990).
In case of Goeffaeuzyma gilvescens strain 17Eaoptimum pH forgrowth and protease
activity was 9.0 (i.e. 37.66 U/ml). Protease activity in Goeffaeuzyma gilvescens 17Ea strain
was maximum with2% casein concentration (43.53 U/ml). The final protease production
increased gradually and it was maximum (52.33 U/ml) at 120 h incubation.
Partial purification of protease enzyme by Goeffaeuzyma gilvescens strain 17Ea was
carried out by ammonium sulphate precipitation followed by dialysis. Although various
ammonium sulphate saturation levels (40-80 %) were checked for protein precipitation
using cell free supernatant 80 % saturation was responsible for highest level of
precipitation and protease activity. Enzyme activity of partially purified protease from
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Goeffaeuzyma gilvescensstrain 17Ea was 486.4 U/ml respectively. 4.0 fold purification
2.21% recovery of enzyme was achieved for Goeffaeuzyma gilvescens strain 17Ea.
Biochemical characterization of partially purified protease was studied. Effects of
temperature on protease activity and stability (1hr) were studied and maximum stability of
protease was seen at 15 °C.Effect of temperature on protease activity by Goeffaeuzyma
gilvescens strain 17Ea was at 10°C. Activity increased from 4-10°C and declined at
temperatures beyond 10°C. Optimum stability was found to be at 15°C. In present study
protease was found to have activity over a broad range of pH. The optimum pH for
partially purified cold adapted protease activity from yeast isolateGoeffaeuzyma gilvescens
17Ea was determined to be 9.0. The optimum pH for the stability of protease was at pH 10.
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Summary
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SUMMARY
The study entitled “Fungal diversity and characterisation of cold adapted
cellulase/protease produced by the most potential isolate from the Himalayan glacier
region” encompasses isolation of fungi from cryoconite samples of Hamtah glacier
Himalaya, India andemphasizes on production and bio-prospects of cold adapted cellulase
and protease.
In total, 45 yeast isolates and 10 filamentous fungal isolates were isolated from the
cryoconite ecosystemof Hamtah glacier Himalaya, India. The viable counts ranged
between 8 x 103–1.3 x 104 and 2 x 103 cells/gm. Molecular identification and phylogenetic
analysis of isolates carried out using ITS and D1/D2 domains sequencing. Yeast strains
belonging to the genus Mrakia, Goffeauzyma and Glaciozyma were dominant than the
filamentous fungi. Generally the fungal biodiversity was low, but the species that were
present were physiologically active.
Growth of the organisms is influenced by environmental factors like temperature and pH.
An experiment was performed to assess the influence of temperature and pH on growth of
yeast and mold isolates in order to determine maximum and minimum growth temperatures
and pH. Effect of temperature variation showed that majority of the isolates showed
growth temperature ranging from 5 to 20oC and optimum temperature for growth by most
of the isolates was 15˚C. Isolates showed maximum growth between pH 5.0 to 7.0 and
comparatively low growth at pH 3.0. Carbon source utilization tests were carried out for
yeast isolates using HiCarboTM kits. Out of the 35 carbon sources tested for yeast isolates,
28 isolates utilized dextrose while none could utilize OrthoNitrophenyl-β-D-
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galactopyranoside (ONPG). Antibiotic sensitivity and resistance of isolates were studied
which revealed that most of the isolates were sensitive towards the seven antibiotics tested.
Seven samples collected from cryoconite samples were screened for fungal amylase,
cellulase, protease, catalase and lipase production. The studies on enzyme production
indicated by zone of hydrolysis revealed that majority of the fungal cultures showed
maximum cellulase activity followed by protease and lipase at low temperature. About
72% of isolates showed cellulolytic activities while 67% lipolytic activities and 58.2%
showed proteolytic activity as confirmed on the basis of preliminary qualitative
experiments on respective plate assay methods.
On the basis of zones of clearances on carboxymethyl cellulose congo red agar plates eight
cellulase positive isolates were further investigated for cellulase production at optimum
temperature of 15°C by using submerged fermentation technology under shaking condition
and solid state fermentation technology under static condition. Two of the cellulase
positive samples exhibited superior cellulase activity at 48 h of incubation using CMC as
substrates at 15 °C by submerged fermentation. Based on D1/D2 domains sequencing, and
phylogenetic analysis isolates showing cellulase activity were identified as Mrakia robertii
(A2-3) and Yarrowia alimentaria (13Fa) having Genbank Accession no. MH481665 and
MH481706, respectively.
During the optimization of cellulase activity for yeast strain Mrakia robertii A23,.optimum cellulase production was found at 15 °C with an initial pH of 5.5, and potent
inducers were 1% w/v of xylose and KNO3 and 0.1% w/v of NaCl. Crude enzyme was
partially purified by ammonium sulphate precipitation followed by dialysis. High activity
of cellulase was obtained in the 60-80% ammonium sulphate fraction. The enzyme was
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partially purified to 2.53 fold and yield was 6.0% with specific activity of 17.38 U/mg and
the molecular weight of partially purified cellulase was ~57 kDa as determined by SDSPAGE. Following partial purification cellulase, characterization study revealed that the
optimum temperature was 15°C for activity (100% relative cellulase activity = 94.2 U/mg)
and stability (100% relative EG activity = 30.51 U/mg). Furthermore enzyme showed the
highest activity at pH 11.0 and was stable at 6.0 pH. Fe2+, Mn2+, Na2+, Cu2+, Co2+ and Ca2+
proved to be activators of cellulase. EDTA showed very low effect on the enzyme activity
whereas it was active with Tween-80 and sodium deoxycholate.
Optimum cellulase production by Yarrowia alimentaria (13Fa) was found maximum at
15°C with an initial pH of 7.0 and potent inducers were 1% w/v of lactose and NaNO 3 and
0.1% w/v of NH4Cl. Crude enzyme was partially purified by ammonium sulphate
precipitation followed by dialysis. Dialysis gave purification fold of 1.73 and 9.53 % yield
with specific activity of 9.19 U/mg. Characterization study revealed thatthe enzyme was
more active at 55°C (100% relative cellulase activity = 47.45 U/mg) and 5.0 pH (100%
relative cellulase activity = 36.92 U/mg), whereas more stability was observed at 15 °C
(100% relative cellulase activity = 9.89 U/mg) and 6.0 pH(100% relative cellulase activity
= 134.92 U/mg). Fe2+, Mn2+, Cu2+, Co2+ and most of the tested organic solvents were found
to be activators of cellulase. The enzyme was strongly inactivated by Hg2+. The inhibitor,
sodium deoxycholate in-spite of inhibiting the cellulase activity, it enhanced the relative
cellulase activity of about 191.23%. In case of surfactants, 13Fa cellulase was found to be
most resistant to 1% (v/v) Tween 80.
Results of the preliminary screening experiment for the production of extracellular
protease showed positive activity for 32 fungal isolates. Among these, one isolate showed
maximum zone of clearance on 1% casein agar plates which were further investigated for
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protease production at optimum temperature 15 °C by using submerged fermentation
technology under shaking condition. Molecular identification carried out using D1/D2
domains sequencing and isolate was identified as Goeffeauzyma gilvescens having
Genbank accession no. MH481676. Protease produced by Goeffeauzyma gilvescens was
optimized with different concentration of basal medium, pH, temperature, substrate
concentration, and incubation time.Goeffaeuzyma gilvescens 17Ea showed maximum
protease production (25.7 U/ml) by using casein as substrate from submerged production at
15ºC and totally inhibited at 37°C with an initial pH 9 (37.66 U/ml) at 120 h incubation.
Considering the optimization results, G. gilvescens produced protease by using casein as
substrate was further preferred for production under optimized conditions. During the
protease purification, high protease activity was obtained in the 80% ammonium sulphate
fraction. During the purification procedure, specific activity with crude protease (25.34
U/mg protein) increased to 103.1 U/mg protein after dialysis. Overall yield of protease was
2.2% with 4.0 purification fold. Following partial purification protease characterization
was done. Highest protease activity was at 10°C. Optimum stability was also found at
15°C (100% relative cellulase activity=92.7U/mg). The optimum pH for partially purified
cold adapted protease activity from yeast isolate was determined to be 9.0 (100% relative
EG activity=107.0U/mg) and optimum stability of protease was at pH 10.0 (100% relative
EG activity =118.2U/mg).
In conclusion, three yeast strains obtained from cryoconite samples of Hamtah glacier,
Himalaya were studied for the first time as per available information in terms of enzymatic
study.

The present study emphasized on two cold active enzymes i.e. cellulase and

protease. Cellulase producers are M. robertii and Y. alimentaria. But as per characterization
study it was found that cellulase from M. robertii have more potentiality than the cellulase
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from the other in terms of wider range of temperature tolerance and reclination towards
alkaline pH. Cellulase having wide temperature tolerance can be used in various purposes
like waste water treatment at cold regions, synthesis of volatile and heat sensitive
compounds. Saccharification of cellulose slurry at low temperature will save energy
consumptions. In addition to this in textile industries it can be used to remove unwanted
extra microfibrils from delicate clothes. Cellulase having alkaline pH tolerance can be used
in detergent formulation. The studied protease from G. gilvescens also having properties of
low temperature and high pH tolerance can be used in detergent industries for cold
temperature washings and also can be used for waste water treatment at cold regions for
removal of protein based wastes. All the studied enzymes study here have immense
application in various fields of science and industries and can be used commercially.
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FUTURE SCOPE OF WORK


The isolates exhibited unique genetic sequences need to be described as novel
species in future. Cryoconites of other Himalayan glaciers needs to be carried out
for comparing of distribution pattern of fungal communities in space.



All the representative strains of cryoconite samples showed activities of one or
more enzymes (amylase, cellulase, lipase, protease, or catalase) either at 4°C, 15°C
and 22°C. Complete purification and characterization using MALDI Top-Down
sequencing of these enzymes will make these microorganisms’ potential candidates
for use in agriculture, food and detergent industry.



The work on enzyme production can be made cheaper with the use of developed
low cost medium using food waste as substrate.



Cold-adapted enzyme production by fungal isolates helps in nutrient recycling in
oligotrophic glacier environment and also an adaptation strategy to low
temperature. The organisms have probably evolved these adaptation mechanisms
for carrying out metabolic activities for growth, multiplication, survival and
protection at low and even at sub-zero temperatures. These ecological adaptive
strategies are of great interest and future studies needs to be focused on
understanding their functioning at molecular level.
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APPENDIX- A
A. Media Composition
A.1 Potato Dextrose Agar
Commercially available Potato Dextrose Agar (Himedia, India) was used.
A.2 Malt Extract Agar
Commercially available Malt Extract Agar (Himedia, India) was used.
A.3 Rose Bengal Agar
Commercially available Rose Bengal Agar (Himedia, India) was used.
A.4 Muller Hinton Agar
Commercially available Muller Hinton agar (Himedia, India) was used.
A.5 Carboxymethyl Cellulose Agar for 1L:
CMC

10gm

K2HPO4

1 gm

KH2PO4

1 gm
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MgSO4 ·7H2O

0.2 gm

NH4NO3

0.2 gm

FeCl3 ·6H2O

0.05 gm

CaCl2

0.02gm

Agar

20 gm

A.6 1%Skim Milk Agar for 1L:
Skim milk

50 ml

Nutrient

950 ml

broth
Agar

15 gm

Inoculate milk agar plates (milk added to nutrient agar) and incubate at desiredtemperature
for 1 week, then examine the plates for the presence of a clear area around the colony. A
zone of clearance around the bacterial colony indicates positive proteolytic activity.
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A. 7 Starch Agar for 1L:
Peptone

5 gm

Beef extract

3 gm

Soluble starch

2 gm

Agar

20 gm

Inoculate starch agar plates by spot inoculation. Incubate the plates at desiredtemperature
for 1 week then flood the plates with Gram’s iodine for 1 min and pour off the excess stain.
Clear zone around the colony indicated positive test and rest of the plate appear blue.
A. 8Lipase Agar
Peptone

10

gm

NaCl

5

gm

CaCl2

0.1

gm

Agar

20

gm

Tween 80

1

%

Agar

20

gm

APPENDIX- B
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B. Composition of stains, buffers and reagents
B.1 Stains
1) Gram stain reagents
i) Crystal violet
Solution A- 2 gm of crystal violet in 20 ml ethanol
Solution B- 0.8 gm ammonium oxalate dissolved in 80 ml d/w
Mixed solution A and B and filter through Whatman filter paper No. 1.
ii) Gram’s Iodine
Dissolve 1gm iodine and 2 gm Potassium iodide in 300 ml d/w. Filtered through Whatman
filter paper No. 1(diameter =12.5 cm).
iii) Saffranine
2.5 gm Saffranine was dissolved in 10 ml ethanol and make up the volume to 100 ml with
d/w and filter through Whatman filter No.1.
Procedure for gram staining
Prepare smear of the organism on a clean glass slide and heat fixed it. Flood thesmear with
crystal violet for 1.5 mins and gently wash with running tap water, then flood smear with
Gram’s iodine for a minute. Gently washed with tap water and decolourized with 90 %
ethanol prepared in d/w till colour oozes out. Counter stained with saffranine for 1 min.
Washed with tap water, air dry the slide and then put a drop of oil on smear to examine
under oil immersion lens of microscope.
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B.2 Buffers
i) Glycine-HCl buffer, (pH 2.0, 3.0)
Glycine 0.1M (MW- 75.07g/mol)
Hydrochloric acid, 0.02M (mw: 36.46 g/mol)
Prepare 800 mL of distilled water in a suitable container. Add 7.5 g of Glycine to the
solution.Add 832 mg of Hydrochloric acid to the solution.Adjust solution to final desired
pH using HCl or NaOH. Add distilled water until volume is 1 L.
ii) Sodium acetate buffer, (pH 4.0, 5.0)
Sodium Acetate (MW: 82 g/mol)
Acetic Acid (MW: 60.05 g/mol)
Prepare 800 mL of distilled water in a suitable container.Add 5.772 g of Sodium Acetate to
the solution.Add 1.778 g of Acetic Acid to the solution.Adjust solution to desired pH
HClor NaOH.Add distilled water until volume is 1 L.

iii) Glycine-NaOH buffer (pH 9.0, 10.0, 11.0 and 12.0)
Glycine (MW: 75 .07 g/mol)
Sodium Hydroxide ( MW: 40.0 g/mol)
Prepare 800 mL of distilled water in a suitable container.Add 7.51 g of Glycine to the
solution.Add 0.7 g of Sodium Hydroxide to the solution.Adjust solution to final desired pH
using HCl or NaOH.Add distilled water until volume is 1 L.
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APPENDIX-C
C.1 Sugar fermentation medium
Peptone

2.0 gm

Sugar

10 gm

Sodium chloride

5.0 gm

Phenol red

0.03 gm

pH

7.0

Distilled water

make volume to 1 L

Media was autoclaved at 15 psi for 20 mins. Tubes inoculated and incubated at 15°C
temperature for 1 week. Change in colour from pink to yellow indicated sugar fermentation
and presence or absence of gas was noted. Uninoculated tube served as control. * Sterilize
sugar solutions separately.
APPENDIX- D
D. Chemical estimation and standard graphs
D.1 DNSA reagent
PREPARATION OF DNSA REAGENT: Dinitrosalicylic Acid Reagent (DNSA
Reagent) was prepared by dissolving 1 g DNSA, 200 mg crystalline phenol and 50 mg
sodium sulphite in 100 mL 1% NaOH and was stored at 4° C. The reagent deteriorates
because of sodium sulphite so it is added at the time of use to enable prolonged storage
which is followed by addition of 40% Rochelle salt solution (Potassium sodium tartarate).
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D.2 Folin Lowry’s method for Protein estimation (Lowry et al., 1951)
Reagent A: 2 % Na2CO3 in 0.1 N NaOH
Reagent B: 0.5 % CuSO4 in 1 % Potassium sodium tartarate
Reagent C: Alkaline Copper solution- Mixed 50 ml A and 1 ml B prior to use.
Reagent D: Folin Ciocalteau’s phenol reagent
Commercially available reagent diluted with equal volume of d/w on the day of use. This
reagent is a solution of sodium tungstate and sodium molybdate in phosphoric and
hydrochloric acids.
Standard bovine serum albumin solution: 0.1 mg of BSA dissolved in 1 ml d/w
Procedure: To 1 ml of the sample, 5 ml of CuSO4 solution was added and kept at room
temperature in the dark for 10 mins. 0.5 ml of Folin Ciocalteau’s phenol reagent was then
added and kept in dark for 20 mins. Absorbance was measured at 660 nm against blank and
concentration of the samples determined from standard graphs using Bovine serum
albumin as the standard (0- 100 µg/ ml).
D.3 Stock solution of Tyrosine
Tyrosine

0.006 mg

Tris Buffer (pH 9)

60

ml

APPENDIX- E
E. Composition of stock solutions, buffers used in SDS-PAGE,
E.1 Acrylamide bis-acrylamide solution (Monomer solution):
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Acrylamide

30 gm

N, N-methylene bis-acrylamide

0.8 gm

Deionized water

100 ml

Stored in amber coloured bottle at 4°C.

E.2 4X Resolving gel buffer
(1.5 M Tris- HCl pH 8.8):
Prepared by dissolving 18.615 gm Tris base, in 70 ml d/w. The pH of the solution was
adjusted to 8.8 using 6N HCl and volume was made upto 100 ml with d/w. The solution
was stored at 4°C.
E.3 4X Stacking gel buffer (1 M Tris- HCl pH 6.8):
Prepared by dissolving 12.11 gm Tris base, in 70 ml d/w. The pH of the solution was
adjusted to 6.8 using concentrated HCl and the volume was made up to 100 ml with d/w.
The solution stored at 4°C.

E.4 10 % Sodium dodecyl sulphate (SDS)
SDS

10 gm
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Deionizedwater

100 ml

E.5 Ammonium per sulphate (APS, 10 %):
Prepared by dissolving 0.1 gm of APS in 1.0 ml deionized water. The solution was
prepared fresh each time.
E.6 Tris- Glycine reservoir buffer (5 X) :
Tris- base

15.1 gm

Glycine

94 gm

SDS (10 %)

50 ml

Deionized water

1000 ml

E.7 TEMED:
As purchased from Himedia (RM 1572)
E.81 X SDS gel- loading buffer :
Tris- HCl (50 mM, pH 6.8)

20 ml

Glycerol

2 ml

SDS

0.2 gm

Bomophenol blue

0.01gm
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E.8 Preparation of gel monomer
Composition of Resolving gel (10 %) and Stacking gel (5 %)
Solution

Resolving gel (10 %) 10

Stacking gel (5 %) 5 ml

30 % acrylamide mix

3.3

0.83

1.0 M Tris (pH 6.8)

-

0.63

1.0 M Tris (pH 8.8)

2.5

-

10 % SDS

0.1

0.05

10 % APS

0.1

0.05

Deionized water

4.0

3.4

TEMED

0.004

0.005

ml
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E.9 Solutions for Silver staining
i) Gel fixing solution:
Methanol

40 ml

Acetic acid

10 ml

Deionized water

50 ml

ii) Gel washing solution:
Ethanol

10 ml

Acetic acid

5 ml

Deionized water

85 ml

iii) Silver stain:
Silver nitrate (AgNO3)

0.1 gm

Deionized water

100 ml
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iv) Silver Developer solution:
Sodium Carbonate (Na2CO3)

2.5 gm

Formaldehyde

0.02 ml

Deionized water

100 ml

v) Destaining solution:
Acetic acid

1 ml

Deionized water

100 ml

APPENDIX- F
F.1 Preparation of stock solutions
F.1 Metal stock solutions
1. Copper sulphate (CuSO4) (M.W- 249.69)
Stock solutions (1 M) - CuSO4 (249.69 gm) was dissolved in 1 Litre de-ionized double
distilled water. The solution was filter sterilized and stored at 4˚C in dark places. And
required concentrations (10 mM, 50 mM) were prepared from the stock solution.
2. Calcium chloride (CaCl2) (M.W- 147.02)
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Stock solutions (1 M) - CaCl2 (147.02 gm) was dissolved in 1 Litre de-ionized double
distilled water. The solution was filter sterilized and stored at 4˚C in dark places. And
required concentrations (10 mM, 50 mM) were prepared from the stock solution.
3. Magnesium chloride (MgCl2) (M.W- 203.3)
Stock solutions (1 M) – MgCl2 (203.3 gm) was dissolved in 1 Litre de-ionized double
distilled water. The solution was filter sterilized and stored at 4˚C in dark places. And
required concentrations (10 mM, 50 mM) were prepared from the stock solution.
4. Mercuric chloride (HgCl2) (M.W- 271.50)
Stock solutions (1 M) – HgCl2(271.5 gm) was dissolved in 1 Litre de-ionized double
distilled water. The solution was filter sterilized and stored at 4˚C in dark places. And
required concentrations (10 mM, 50 mM) were prepared from the stock solution.
5. Barium chloride (BaCl2) (M.W- 208.27)
Stock solutions (1 M) – BaCl2 (208.27 gm) was dissolved in 1 Litre de-ionized double
distilled water. The solution was filter sterilized and stored at 4˚C in dark places. And
required concentrations (10 mM, 50 mM) were prepared from the stock solution.
6. Sodium chloride (NaCl) (M.W- 58.44)
Stock solutions (1 M) – NaCl (58.44 gm) was dissolved in 1 Litre de-ionized double
distilled water. The solution was filter sterilized and stored at 4˚C in dark places. And
required concentrations (10 mM, 50 mM) were prepared from the stock solution.
7. Potassium chloride (KCl) (M.W- 74.55)
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Stock solutions (1 M) – KCl (78.55 gm) was dissolved in 1 Litre de-ionized double
distilled water. The solution was filter sterilized and stored at 4˚C in dark places. And
required concentrations (10 mM, 50 mM) were prepared from the stock solution.
8. Ferric chloride (FeCl3) (M.W- 162.2)
Stock solutions (1 M) – FeCl3 (162.2 gm) was dissolved in 1 Litre de-ionized double
distilled water. The solution was filter sterilized and stored at 4˚C in dark places. And
required concentrations (10 mM, 50 mM) were prepared from the stock solution.
9. Manganese chloride (MnCl2) (M.W- 74.55)
Stock solutions (1 M) – MnCl2 (197 gm) was dissolved in 1 Litre de-ionized double
distilled water. The solution was filter sterilized and stored at 4˚C in dark places. And
required concentrations (10 mM, 50 mM) were prepared from the stock solution.
10. Zinc chloride (MnCl2) (M.W- 136.28)
Stock solutions (1 M) – ZnCl2 (136.28 gm) was dissolved in 1 Litre de-ionized double
distilled water. The solution was filter sterilized and stored at 4˚C in dark places. And
required concentrations (10 mM, 50 mM) were prepared from the stock solution.
11. Cobalt chloride (CoCl2) (M.W- 136.28)
Stock solutions (1 M) – CoCl2 (129.83 gm) was dissolved in 1 Litre de-ionized double
distilled water. The solution was filter sterilized and stored at 4˚C in dark places. And
required concentrations (10 mM, 50 mM) were prepared from the stock solution.
F.2 Inhibitors stock solutions
1. Sodium dodecyl sulphate (SDS) (M.W- 288.38)
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Stock solution (1 M) - SDS (288.38 gm) was dissolved in 1 Litre de-ionized double
distilled water. The solution was filter sterilized and stored at 4˚C and required
concentration (10mM) was prepared from the stock solution.
2. Disodium ethylenediamine tetraacetic acid (Na2-EDTA) (M.W- 336.21)
Stock solution (1 M) - Na2-EDTA (336.21 gm) was dissolved in 1 Litre de-ionized double
distilled water. The solution was filter sterilized and stored at 4˚C and required
concentration (10 mM) was prepared from the stock solution.
3. Ethylenediamine tetraacetic acid (EDTA) (M.W- 292.24)
Stock solution (1 M) - EDTA (292.24 gm) was dissolved in 1 Litre de-ionized double
distilled water. The solution was filter sterilized and stored at 4˚C and required
concentration (10 mM) was prepared from the stock solution.
4. Sodium deoxycholate (M.W- 414.6)
Stock solution (1 M) –Sodium deoxycholate (292.24 gm) was dissolved in 1 Litre deionized double distilled water. The solution was filter sterilized and stored at 4˚C and
required concentration (10 mM) was prepared from the stock solution.
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APPENDIX- G
G. Standard Graphs
a) Standard graph of protein (Bovine serum albumin)
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Lowry Assay standard curve
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at 660nm)
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R² = 0.984

0
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1
Concentration in mgm/ml
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b) Standard graph of Glucose

Glucose Assay standard Graph
2.5

Absorbance at 540nm

2
Absobance at
540nm

1.5
1
y = 1.8841x
R² = 0.9933
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0
0
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C) Standard graph of tyrosine

Tyrosine Assay standard curve

Absorbance at 660nm

0.6
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