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ABSTRACT

Enzymes are vastly used as a catalyst to reinforce the varied biochemical reactions which are an
integral part of the bio based industries and plants. They are also referred as macromolecular
biocatalysts that accelerate any chemical reaction. The molecules upon which they typically act
are called substrates which are converted into the final products with help of enzymes. Enzymes

are also known to have catalysed more than 5000 biochemical reaction types.

SSF technique has been the most foremost accepted method to supply lipase due to its
economical properties and safe handling. Solid state maturation uses culture substrates with
decreased water levels (diminished water movement), which is especially right for shape
creation. The procedures need to develop filamentous organisms utilizing strong state aging
permit the least complex generation in their regular habitat. The way of life is being immersed
with water however little of it is free-streaming. The SSF technique comprises of both the
substrate and in this way the strong help on which the maturation happens. The substrate is
especislly made out of vegetal side-effects like beet mash or wheat bran.[At the beginning of the
development procedure, the substrates and strong culture mixes are non-solvent mixes made out
of exceptionally enormous, biochemically complex particles that the parasite will stop to ask
basic C and N supplements. To build up its normal substrate, the contagious living being
presents its whole hereditary potential to gracefully the metabolites important for its
development. The creation of the development medium coordinates the microorganism's
digestion towards the get together of chemicals that discharge bio-accessible single atoms like
sugars or amino acids via cutting out macromolecules. Along these lines, while choosing the
parts of extension medium its conceivable to control the phones towards the gathering of the
predetermined metabolite(s), fundamentally compounds that change polymers (cellulose,
hemicelluloses, gelatins, proteins) into single moieties during an exceptionally productive and

savvy way

Keywords: Crude lipases, solid state fermentation, fruit pulp, fungus Aspergillus sydowii.



CHAPTER 1
INTRODUCTION

Lipases is a triacylglycerol acylhydrolases are a class of hydrolase which is an enzymethat
catalyze the hydrolysis of triglycerides to glycerol and free unsaturated fats over an oil-water
interface. In addition, lipases mobilizes the hydrolysis and transesterification of other esters as
well as the synthesis of esters and exhibit enantioselective properties. The capacity of lipases to
perform quite certain concoction change (biotransformation) has make them progressively
mainstream in the food, cleanser, corrective, natural union, and pharmaceutical enterprises.lIt
plays key .jobs in absorption, transport and preparing of dietary lipids in most living beings.
Lipases have developed as one of the main biocatalysts with demonstrated potential for adding to
the multibillion-dollar underexploited lipid innovation bio-industry and have been utilized in-situ
lipid digestion and ex situ multifaceted modern applications. Lipases are created by creatures,
plants, and microorganisms. Microbial lipases have increased exceptional mechanical
consideration because of their strength, selectivity, and expansive substrate explicitness.
Numerous living beings are known as expected makers of extracellular lipases, including
microscopic organisms, yeast, and growths. Contagious species are ideally developed in Solid
State Fermentation (SSF), while microorganisms and yeast are developed in lowered aging. Most
economically significant lipase-delivering growths are perceived as having a place with the
genera Rhizopus sp., Aspergillus sp., Penicillium sp., Geotrichum sp., Mucor sp. and so forth.
Lipase creation by organisms differs as indicated by the strain, the sythesis of the development
medium, development conditions, pH, temperature, and the sort of carbon and nitrogen sources.
The quantity of properties accessible lipases has expanded since the 1980s and utilized as
modern biocatalysts due to their properties like biodegradability, high particularity and high
synergist proficiency. Some interesting properties of lipase, for example, their particularity,
temperature, pH reliance, action in natural solvents and nontoxic nature prompts their significant
commitment in the food preparing businesses. The most wanted attributes of the lipase are its
capacity to use all mono-, di-, and tri-glycerides just as the free unsaturated fats in
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transesterification, low item hindrance, high action/yield in non-fluid media, low response time,
protection from adjusted temperature, pH, liquor and reusability of immobilized catalyst.
Furthermore, lipases can complete responses under gentle states of pH and temperature and this
decreases vitality needs to coordinate responses at uncommon temperatures and pressures3.
Utilizations of Lipases structure an indispensable piece of the enterprises running from food,
dairy, pharmaceuticals, agrochemical and cleansers to oleo-synthetics, tea businesses, makeup,
cowhide and in a few bioremediation forms. Due to the tremendous applications, more up to date
microorganisms are to be screened for creation of lipases having attractive properties. The
comprehension of structure function relations will empower analysts to tailor new lipases for
biotechnological applications. For the creation or development of growths the strong state aging
is progressively favored on the grounds that it is having better return of optional metabolites or
proteins and showed uncommon showed when develops in strong culture and fundamental
atomic components. There are two kind of aging procedure that as of late utilized for catalyst
creation are either SSF or SmF. Through this aging, a few catalysts can be produce contingent
upon the creature utilized. Growths and microbes are the most life forms contemplated that fit for
creating chemical. As per Krishna (2005), filamentous growths are favored in either SSF or SmF
for cellulose creation. Furthermore, lowered aging (SmF) is a procedure of development of
microorganism in a fluid medium. Strong state aging (SSF) is an important procedure for use of
agro-modern side-effects to create esteem included product(s) of business intrigue. SSF is
characterized as any aging procedure performed on a non-solvent material that demonstrations
both as physical help just as wellspring of supplements without free streaming fluid. The method
includes vaccination and development of microorganisms on permeable particulate strong
substrate keeping up low dampness content. The water substance and supplements present in the
substrate bolster the development of microorganisms and the living beings emit valuable
compounds while developing on strong substrate. Lipases a fascinating class of acyl hydrolases
which has been in the middle phase of bio-synergist responses as they are normally blessed with
the possibility to hold bio-reactant movement in both watery just as natural media. Lipases are
pervasive in nature and are delivered by different creatures and the majority of the
microorganisms. Lipases of microbial inception, for the most part bacterial and parasitic speak to
the most broadly utilized class of proteins in biotechnological applications and natural science.

Countless lipases have been screened for their utilization as food added substances (flavor
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adjusting catalysts), modern reagents (glyceride hydrolyzing protein), stain removers (cleanser
added substances), stomach related medications, analytic compounds in clinical applications,
neutraceuticals, surfactants and added substances in beautifying agents. The regular responses
performed by lipases in fluid media are frequently alluded as hydrolysis; arrival of liquor and
relating greasy acid(s) particles during enzymatic activity on substrates, for example, glycerol or

comparable esters.
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Fig (A): lipase catalyzed hydrolytic reaction.

These responses are irreplaceable for the bioconversion of lipids (triacylglycerol) and as a rule
continue with higher regio-as well as enantio-selectivity. Notwithstanding, the converse response
alluded as esterification that could be effectively accomplished in natural media/water limited
conditions (natural solvents or non-ionic liquids) includes the development of an ester alongside
water particles as result of such responses. Microbial lipases show a wide range of mechanical
applications because of their more noteworthy security, substrate explicitness and lower creation
cost when contrasted with different sources. Furthermore, a colossal biodiversity of
microorganisms improves elective biotechnological forms and legitimizes the quest for new
lipases. Filamentous organisms are regularly perceived as the best lipase makers and are at
present the favored sources since they produce extracellular lipases. Besides, organisms are
considered as the most effective wellspring of lipases and different proteins including the
procedure of SSF. The utilization of coordinated development can be exceptionally useful to
advance existing lipases as for wanted properties. SSF has additionally been utilized to deliver
lipases from different results of agribusiness and mechanical source that have minimal business

esteem.
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1.1 Brief of SSF

SSF can be characterized as the development of microorganisms on soggy, water-insoluble
strong substrates in the nonattendance or close nonappearance of free fluid, thusly being shut to
the regular habitat to which microorganism adjusted (Pandey et al., 2000 and Gabiatti et al.,
2006). Or on the other hand it very well may be generally characterized as those procedures
where microbial development and items arrangement happen on the surfaces of strong substrates
in the close to nonattendance of free water. Because of this low measure of water accessible in
strong state bioprocessing, the class of microorganisms that are most generally utilized is
organisms agro-modern waste and side-effects, for example, orange bagasse (Martins et al,
2002), sugar stick bagasse (Silva et al., 2002) wheat grain (Cavalitto et al., 1996) and other food
handling waste (Zheng and Shetty,2000) or natural product mash are viable substrates for
depolymerizing chemical creation by strong state aging. As of late, an enormous number of
microorganisms, secluded from various materials, have been screened for their capacity to
debase p-nitrophenyl palmitate to p-nitrophenol present in substrate (organic product mash)
biomass in nearness of lipase protein on strong state culture. Notwithstanding the previously
mentioned benefits for parasites, SSF has a few possible favorable circumstances over SmF, for
example, lowcapital cost, low vitality consumption, more affordable downstream preparing, low
waste water yield and likely higher volumetric efficiency, higher aging profitability, higher
endconcentration of items and soundness, lower catabolic suppression, development of
microorganism explicitly for insoluble substrate. Eco-accommodating procedure that stays away
from condition contamination and horticulture squander or side-effect aggregation. Financial and
low capital speculation Equipment particulars and space necessity Manual work cost and

compensation time Increased thermo-strength of lipases.

13



CHAPTER 2
REVIEW OF LITERATURE

2.1 Importance and uses of enzymes

Enzymes are basically catalysts for different kinds of chemical reactions and are produced by
all living cells.They have a very important role in the food sector industries for quite a long
time.Before they were known to the people or their studies came up they were still used in many
processes for example tenderization of meat etc . Enzymes can be extracted from any source like
humans, plants ,microbes and from any living organisms. Majority of the enzymes that are used
in industries belong to the microbial source . In the food sector industries these enzymes have
been widely used to enhance all the required properties of food. Enzymes produce dfrom the
microbes are always preffered over the other sources of enzymes because they can be
manufactured from them in a precise and controlled manner.Another is that the enzymes
produced from microbes processes less harm as compared to the other two.We will be dealing

more with the microbial enzymes that serve their use in many industries.
2.2Increasing popularity of lipase

Lipases cause the hydrolysis of triglycerides into diglycerides, monoglycerides, glycerol and
fatty acids. Their is observed a vast jump in the utilization and demand for these enzymes in the
past few decades as they comprise of many diverse applications for medicinal purposes
,additives in food, testing reagents.Besides these applications lipases is also used in the
conversion of plastics to a environment friendly formand Recent applications, such as the
designing of racemic mixtures to produce visionally active compounds, must also arise from the
stereospecific acting properties of some lipases® Lipase enzymeis also responsible for the
bioconversion reactions via.,interinterifaction, esterifaction, alcoholysis, acidolysis and
aminolysis®. Besides ,these enzymes also serve their use in many food sector and flavoring

sector industries. Lipases are also used in the production of chemicals with main focus on on
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pharmaceutical ,coesmetic sector etc. These enzymes also play a vital role in the management of
waste and improving tanning techniques. Various microrganisms like bacteria ,yeast and fungi
are most commonly used for the production of this enzyme beacuse they produce lipases of high
stability . A new method for the separation of lipolytic fungi was analysed from soil on an oil
miner medium that was laid on silica gel plates. Lipases are integrated in the presence of
inducers. The material that induces or act like inducers s are wheat bran, rice bran, dextrins,
sugar cane bagasse, coconut cake, olive oil cake, and gingley oil. Lipases are also produced by
solid-state fermentation or submerged fermentation. The technique of SSF has been most widely
used because of their simplicity and they are particularly economic then submerged
fermentation. Some scientists have analysed and stated that the lipases can be produced from

an Alkalophlic form of yeastby SSF using rice and wheat bran as substrates.

2.3 Structural features of lipase
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Fig 2.2 Microbial lipase
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Auxiliary highlights assumes an indispensable job in the building and planning of the lipases
proteins. Yet many structures are yet to be resolved and designed.

2.4Characterization of lipases

Lipase characterisation can be done through various parameters like -:

1. Temperature analysis on lipase acitvity - lipase activity can be calculated using
spectrophotmetric analysis , optimal temperature can be analysed using
spectrophotometric analysis using a particular substrate for eg ( p-NPP) observed at
different temperature ranges.

2. .pH analysis on lipase activity - buffer solutions are prepared at different ph ranges
using the substrate and are analysed using spectrophotometric analysis.

3. Analysis of substrate concentrations onlipase activity- lipases enzyme activity graph
can calculated at 410nm using a spectrophotometer . values of Kmax and V max are

obtained and specific activity is obtained increasing the amount of the substrate.

2.5 Catalytic mechanism of lipase

The point by point steps of lipase component of activity in hydrolysis response are summed up
beneath:

Stage 1: The procedure of hydrolysis begins by authoritative of the lipid particle and the
enactment of nucleophilic buildup next to present histidine, to which a proton from the serine
hydroxyl bunch is conveyed. Proton move is advanced by the existence of the reactant corrosive,
which precisely aligns the imidazole ring of histidine and to some degree kills the charge.
Initiation is trailed by an assault by the oxygen particle (O-) of the serine hydroxyl bunch on the

enacted carbonyl carbon of the powerless lipid ester bond (Jaeger et al., 1999).

Stage 2: A transient tetrahedral middle of the road is framed, which is seen by a negative charge
on the carbonyl oxygen particle of the scissile ester bond and four molecules clung to the

carbonyl carbon iota orchestrated as a tetrahedron. The middle of the road is balanced out by the
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macrodipole of helix C, and by hydrogen bonds between the contrarily charged carbonyl oxygen

particle (oxyanion) and in any event two fundamental chain NH gatherings (oxyanion gap).

Stage 3: The extra proton of histidine is laterly given to the ester oxygen of the vulnerable bond,
which is in this manner partitioned. At this stage, the corrosive segment of the substrate is
esterified to the nucleophilic serine (the covalent middle of the road), while the liquor part

diffuses away .

Stage 4: The histidine buildup gives the extra proton to the oxygen iota of the dynamic serine
buildup, that breaks the ester security among serine and the acyl part, and frees the acyl item.

After dissemination of the acyl item, the catalyst is prepared for additional rounds of catalysis .
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Fig 2.3: Mechanism of action of lipase in hydrolytic reaction
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CHAPTER 3
MATERIALS AND METHODS

3.1Culturing.

Fungal cultures samples of Aspergillus sydowii was collected from the previous samples in the
biotechnology labs. Its selection was done considering the availability and suitability for the

production of the enzyme.
3.2Culture maintenance

The fungal culture of Aspergillus sydowii was collected and streaked over the PDB media which
was 2.4gm of PDB in 2.5gm of agar-agar which was kept in slanting position for better growth
of fungal stain in test tube and then was incubated at 30degree for 4-5 days and was stored at

4degree for further usage.
3.3Subculturing of media

The periodically or within 4-5 weeks the sub culturing of fungal strain was done for avoiding any
kind of contamination in the fungal strains which was previously streaked. Mainly sub culturing
was done by taking small quantity or colonies from previously streaked strain and streaked to
another test tube which is having same amount of PDB(2.4gm)+agar-agar(2.5gm) in solidified
slant position and then again kept in incubator for 4-5 days and replaced the previously streaked

slants.
3.4 Inoculum composition

The spore inoculum was utilized in the current investigation. Spores from 3 to 5-days-old

inclination culture were utilized for current inoculation.
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3.5 Substrate selection

Dried fruit pulp of fruits like orange, carrot and pine apple was used upon which the enzyme will
act. There are different types of parameters which are being used like different amount of
substrate concentration, incubation time difference, incubation temperature difference, inoculum

amount difference etc for good extraction of enzyme through solid surface fermentation.
3.6 Sampling and Enzyme extraction

The fungal strain was added to the fruit pulp varying in concentration i.e. 2gm, 4gm etc with
some autoclaved distilled water in different flasks and incubated for 5 days. The mixture was
separated into liquid and solid using muslin cloth in order to separate the solid fruit pulp and to
obtain the liquid containing the respective enzyme.
3.7 Flowcharts representation of culturing of Aspergillus sidowii strain
3.7.1For reviving the A. sydowii strain

2.4gm PDB in 2 flasks (100 ml)

4

Autoclave
@
1.5ml of PDB added to cultured flask for reviving that previously used strain
3.7.2For growing the aspergillus sydowii strain
2.4gm PDB in 2.5gm agar-agar in 100ml distilled water
AutotClave
Streak the strain from revived culture by taking some colonies with the help of loop

U

Incubated at 30 °C for 4-5days

4

stored at 4 °C
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3.7.3 For culturing the fungal strain onto SSF

prepare Czepadox media ( W/V)

Add 30 ml of czepadox media into a beaker and add 5.00%(w/v) - glucose

add 5ml-5ml to 5 different flasks having substrate

=

add 10.00 %(v/v) coconut oil to each flasks

=

close the top of all flacks with cotton plugs and cover with catalog paper and autoclave all the

flask @

1ml of inoculum is added to all flasks and incubated at 35 °C for 5days

16ml autoclave distilled water is added to each flask ?
2hr. incubation at room temperature

After 2hrs squeeze culture with muslin Cloth

Liguid — | |, solid
Centrifugation dry weight
Crude lipase

(In supernatant)

20



3.7.4 For lipase assay
Material required:
Sol. A :- 40mg of pNPP in 12ml of isopropanol

Sol. B :- 0.1gm of gum arabic+0.4gm of triton-100 was added in distilled water
(90ml)

Protocol:

Prepare substrate solution: Adding solution A dropwise to Solution B (9.5ml) with intense
stirring

Prepare assay mixture: 0.9ml substrate solution was taken + Tris-HCL buffer (0.1ml) (50Mm
concentration and ph 8.0) + 0.025ml

Of diluted enzyme(crude lipase) into different test tubes

incubation was done at room temperature for 10 minutes

optical density was calculated at 410nm using spectrometer

21



CHAPTER 4
RESULT AND DISCUSSION

Fig4.1: Morphological examination of A. sydowii
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Fig.4.2 PNPP standard curve
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CHAPTER 5

CONCLUSIONAND FUTURE PROSPECTS

5.1 Conclusions:

>

This report highlights the production of lipases by the techniques of SSF and fungal
species .

Using fungal species as a substrate is particularly proffered because fungus has desired
characteristics in obtaining high enzyme activity levels that are observed at different
parameters.

The main role of the SSF technique is to enhance the yield of the enzyme,optimal use of
the substrate in a brief period of time .It was observed that lipase produced by the
technique of SSF was observed to be more stable

The varying parameters like substrate concentration , different temperature and ph
conditions etc had a huge impact on the activity of the enzyme.

Thus, we can judge which particular parameter is optimal for the production of the lipase
enzyme.

Exploiting waste materials to produce valuable and commercial enzymes like lipase can

prove beneficial in the developing countries.

5.2 Future prospects:

>

>

Since the fungal species has been found more reliable for the production of lipases and it
can be found or grown easily it opens the door for researchers to start of their research
from any place around the globe.

This research proves to be beneficial to the developing countries having diary ,pharma etc

sectors .
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