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Hello everyone, this is Doctor Vishal Trivedi from Department of Biosciences and
Bioengineering, IIT, Guwahati. And what we were discussing? We were discussing
about the different properties of the enzyme in the course Enzyme Science and

Technology.

And so far, we have discussed diversified topics related to this particular subject. And
now, we come to the place where we should understand the importance of these enzyme
in you know in the applications or in other kinds of utilization of these enzymes. Because
ultimately, what we are doing is, we are actually producing these enzymes for you know

for facilitating the process, right.

So, as you know that the enzymes are actually being required or actually being utilized
for you know for catalyzing a particular type of reactions, right. In our under normal
circumstances, when you do not have the enzyme, the reaction mechanisms or the
reaction kinetics is very slow. So, to expedite and to make them more product, you have

to use these enzymes.
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Now, if you see that the enzymes are actually having the applications in different fields.
And what we are going to discuss in this particular course is very limited application for
these enzymes. So, as you can see that enzymes are actually having a role in the
agriculture feed, piscicultures, poultry, the enzymes are also being utilized in some or

other way to produce the vaccines.

Then, it will also be utilized for many types of genetic recombinations and other kinds of
genetic engineering related applications. And that is actually being resulted into
producing genetically modified organisms or the transgenic animals. And then also, other

hand, the enzymes are very big source of medicines.

Either the medicines are being the inhibitor for inhibiting a particular enzyme or the
enzyme itself could be a you know therapeutic molecules for catalyzing some reactions.
So, in this particular course, what we are going to do is, we are actually going to discuss

some of these aspects.

So, what we have done is that we have categorized these applications into the some of
the related fields, right. So, what we have is, we have the enzymes application of the
enzyme in the phase of food biotechnology, application of enzyme in the medicine,
application of enzyme in the recombinant DNA technology. And then, we are also going
to discuss about the application of enzyme in the other kinds of applications such as the

disease biology.
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So, these are the things what we are going to discuss, right. We are going to discuss
about the application of enzyme in the food industry. Food industry is also very big. So,
for example, you can actually be able to discuss about how the within the food industry
you can have the poultry, right and you can have the fish, you can have the wine and

other kinds of products, right.

Then, within the medical field, you can have the utilization of enzyme for diagnostics.
And you can also have the application of the enzyme in the case of the development of
drugs. Then, similarly for the enzyme, we are also going to discuss about the application
of enzyme in the case of environments. And then, lastly, we are also going to discuss
about the application of enzyme in the field of genetic engineering.

So, this anyway we have discussed in detail about how you can be able to perform the
genetic engineering and how you can be able to utilize the different types of enzyme. But
even then, we are actually going to summarize you what are the things you have
discussed so far. So, now let us start discussing about the application of enzyme in the

food industry.
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When we talk about the food, the food industry is a very very well developed and you
know well developed industry where you have the multiple types of products, right. You
can have the dairy products, you can have the meat, you can have the poultries, you can
have the other kinds of products like the wine and other kinds of fruit juices and other

things, right.

So, the in a general production of the food production chain is that you are actually going
to have the producers, right. So, even within this you can also have the agriculture. So,
you first you are going to have the producers. Then, the producer could be the cow,
which is actually going to give you the milk or you can actually be able to have the other
kinds of producers like the egg, and the within the poultry you can have the egg, and

meat, and other kind of thing.

So, it will start from the producers, right. Then, the producer, whatever the produce they
are going to generate that is actually going to be in a crude state. So, it is actually going
to go into a processing unit. Within this processing unit for example, if we take an

example of milk, then it is actually going to go into the pasteurization, right.

And or the milk is actually going to be get converted into a curd, right or milk is actually
going to use for production of the cheese so, all that is actually going to occur in this

processing unit, ok.



So, in the step 1 you are going to have the producers. In the step 2 you are going to have
the processing unit. So, processing unit will be different. If you are trying to develop the
cheese then processing unit processing process and other things are going to be different.
If you want to distribute the milk and use the milk as such, then you are actually going to
do the pasteurizations.

And then, if you want to convert the milk into curd or other kinds of products, then also
the processing is going to be different. So, within the processing unit you are actually
going to produce the different types of products, right. So, this is actually going to be the

raw product, this is going to be the derived product.

Then, these derived products are actually going to get into the distributions, which means
depending upon the longevity of these products, shelf life of these product, the
distribution is going to happen. Either the distribution could be on room temperature or

distribution could be into the cold, right.

Then, from the distribution what is the role of distribution it is actually going to take the
things from the processing unit or | will say the company, right. And from the company
for example, Amul, right. So, if you are going to go to the Amul processing unit from
they will take the milk from all the farmers and then the milk will go into the processing
unit. And then, from the processing unit you can have the different types of products like

the butter, cheese, curd and all those kind of things.

And then, they will enter into the distribution. And what the distributors, distribution unit
IS going to do? It is actually going to give you the distribution, it will distribute the
material to the either to the shopping malls like the retail shops or it is actually going to

give it to the restaurant, right. Both are the places; it is actually going to use.

And from these places it is actually going to come to your home, right. So, it is actually
going to come to your home, and then, you are actually going to do the home
preparations. For example, if you bring the milk, you can actually be able to produce a
curd in your home also and the other kinds of milk product what you can actually be able

to use, right.

From the restaurant, within the restaurant it is actually will go to the kitchen of the

restaurant and then the chef is actually going to use these products for making the



different types of recipes. For example, when you go to a restaurant, it may give you
some type of dishes and then the ultimately it is actually going to go to the final

consumer.

So, final consumer in the case of home preparation, which is going to be your family
whereas, in the case of restaurant it is going to be the customers of that particular
restaurant. So, in a food chain, you have you what you see is it is very very protocol
based and it is actually going to be well defined processes what you are supposed to do,

then only the final product, the final thing is actually going to reach to the consumer.

And that is why the food processing is a very very very systematic and complicated
process. And that has to follow, right. There are certain rules there are certain ISI rules

which are has to be follow while you are doing all these processing.
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FOOD PROCESSING

Food pracessing combines raw food ingredients to produce marketable food products that can be
easily prepared and served to the consumer

So, the first is the food processing, ok. So, in the food processing, you are actually going
to take the raw material, raw material could be vegetables, it could be milk, it could be
meat, it could be anything, right. So, for the raw material, you are actually going to do
the food processing and then you are actually going to generate the different types of

products.

For example, you can actually be able to make the roti, you can actually be able to make

different types of products. So, the food processing combines the raw material in the end



to produce the marketable food product that can be easily prepared and served to the
customer, because ultimately you know that the role of the food is role of the industry is
that they will actually going to make the product which is serviceable or which is
actually going to be good for the customers. Now, what are the different types of enzyme

what you are going to use?
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So, you are going to use the different types of enzyme in the food industry. So, you can
have the dairy industry, you can have the brewing industry, brewing industry is actually
going to produce alcohol, you can have the baking industry, like the industry which is
actually going to the produce the cakes and pastries and all that. And then you can also
have the wine or the fruit juices, and then you also have the industry for the meat.

So, when it is a dairy production, you are actually going to use the different types of
enzyme like the rennet, lactase, protease and catalase. All these enzymes are having their
own specific and exclusive roles that anyway we are going to discuss. When we talking
about the brewing industry, where you are actually going to produce the beer, it is
actually going to be utilized the different types of enzymes like the beta glucanase, alpha

amylase, protease and amyloglucosidase.

Then, for the baking industry, it is actually going to use the maltogenic amylase, glucose
oxidase and pentosenase. Then, for the wine and the fruit juice industry, you can use the

pectinase and beta glucanase. And for the meat, you are actually going to use the



protease and the papain. And all of these enzymes have the specific role at a particular
step to facilitate or to make the product better, so that it will be consumed by the

customer. So, let us start first with the dairy products.
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So, in the dairy industry, which will start from the milk from the cow and it will end up
into the dairy products like butters, cheese and all that, right; so, these are seen what you
see here, right, different types of dairy products like the milk, cheese, cakes, ice creams
and all that. So, there are 4 enzymes what you are going to use. You are going to use an
enzyme which is called rennet, lactase, protease and catalase, and all these enzymes are

there, have their own specific functions.
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So, the first enzyme is the rennet. So, it is extracted from the forth stomach of the young
calves. So, it is actually going to be an enzyme which is present only into the young
calves. And it contains the enzyme that caused the milk to become the cheese. So, it

actually converts the milk into the cheese.

It separates the solid curd and the liquid whey, right. So, when you treat the milk with
the rennet, it is actually going to convert the milk into cheese and in this process, the
solid curd and the liquid whey is actually going to be get separated. Different animal
rennet’s are used for a different types of cheese. So, you know that there are different

types of cheese you have mozzarella cheese, you have other kinds of cheese.

So, you can actually be able to use the different animal sources, the rennet from the
different sources to produce the different types of cheese. And the most common
vegetable rennet is thistle. So, this is actually going to be used for production of the
cheese actually. So, rennet is actually going to be used for converting the milk into

cheese, ok.
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* lso used in production of ice cream and sweetened flavoured and condensed
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Then, we have the lactase as a name suggest the lactase is actually going to work on the
sugar which is called as lactose, ok. And you know when lactose is a problematic sugar
for some people who are actually having the lactose tolerance. So, the lactase is present
in the brush border of the small intestine of and it is also can artificially been extracted

from the yeast.

It is required for the digestion of the whole milk, so it is actually going to reduce the
sugar level, right. And it is actually been used for the production of lactose free milk, ok.
Because when you treat the milk with the lactase enzyme what it says the going to do is
it is actually going to degrade the lactase and that is how the milk is getting converted
into lactose free.

Because many of the people have the lactose intolerant because if the lactose is present
in the milk and they do not have this particular enzyme, then the lactase is actually going
to be utilized by the bacteria, right. And that is how it is actually going to cause the
production of gas and that is actually being responsible for the lactose intolerance.

So, for those people the what the companies are doing is they are actually treating the
milk, right. So, milk contains the lactose and when they it actually been treated with the
enzyme called lactase then the milk is getting converted into milk without lactose
because the lactose is actually going to be consumed by the lactase. It is also used in the
production of ice cream and the sweetened flavoured and the condensed milk, right.
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Then, we have the third enzyme which is called as catalase, right. You know that the
catalase is an enzyme which is degrading the hydrogen peroxide, right. So, it is produced
from the bovine livers or the microbial sources. It breakdown the hydrogen peroxide to
water and the molecular oxygen. So, the reaction what the catalase is actually going to
catalyze is this hydrogen peroxide, catalase, it going to produce the water plus oxygen,
ok.

So, it is actually going to produce this. Along with the glucose oxidase, it is used for
treating the food wrappers to prevent the oxidation. So, it is actually going to protect us
food to get the bad actually also, used to remove the traces of hydrogen peroxide in the
process of cold sterilization so, basically the catalase this being used for preserving the

food materials.
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Then, we have the protease. So, protease you know that the role of the protease, it is
actually going to require for degradation of the protein, right. So, the enzyme which
degrades the protein are called proteases. It is widely distributed into the biological
world. Hydrolyses the specific peptide bond to generate the para-k-casein, and macro
peptide in the production of cheese and it results in the bitter flavor to the cheese and
also in a desired textures. You can have the different types of proteases.
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* _Proteases also known as peptidases or proteinases are complex group of enzymes capable of
hydrolyzing the peptide bond in a protein molecule.

+ Proteases belong to Class 3, the hydrolases and subclass 3.4.
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Exopeptidases Serine protease Acid proteases

Endopeptidases | Cysteine protease Alkaline proteases l
Aspartic proteases Neutral proteases
Metallo proteases

+ Proteases are the potential target for developing therapeutic agents against fatal diseases
such as Cancer and AIDS because of their involvement in life cycle of causative
organisms.




You can have the you know exopeptidases or the endopeptidases. So, proteases are
known as the proteinases are complex group of enzyme, capable of hydrolyzing the
peptide bond in a protein molecule. Proteases belong to the class 3, the hydrolases and
the subclass of 3.4. And you can have the different types of proteases, depending upon
the site of actions, functional group which is present at the active site or the pH at which

they are active.

So, as per the site of the action, you can have the exopeptidase or the endopeptidase
exopeptidase, which are actually going to work on the one end of the protein. So, you
can have the carboxy peptidase or the amino peptidase which means if you see the
protein, right the protein has two ends, right.

You have the n-terminus end, you have the carboxy end. So, exopeptidase are either
going to work from this side or its going to work on this side. If it works on this side,
then it is going to be called as amino peptidase, right. And if it is going to work on this

side, then it is going to be called as carboxy peptidase, ok.

Similarly, at the functional group, the amino acids what are present at the active site and
they will have a crucial role in the catalysis. Accordingly, they can be serene protease,
cysteine protease, aspartic protease or the metallic protease. Similarly, the pH at which
they are active it would be acid proteases, alkaline proteases or the neutral pH.

So, acidic pH acidic proteases would be active at pH less than 7, there will be active pH
that is the more than 7 and these are actually going to work at the neutral pH. Proteases
are the potential target for developing the therapeutic agent against the fatal diseases
such as the cancer and the aids because of their involvement in the life cycle of the

positive organisms.
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Then, you can have the sources of the proteases. You can have the sources from the
different types of bacterias. Mostly the microorganisms are the good source of the
proteases. You can have the different types of bacteria like bacillus, licheniformis,
bacillus firmus, bacillus, megaterium, pseudomonas, streptomyces rectus and all these

are actually going to give you the different types of proteases like the alkaline proteases
or neutral proteases.

And they all have the role either in the detergent industry or the food industry. Then, you
can also have the proteases from the fungi sources, you can have the aspergillus, you can
have the endothia, and you can have mucor and all they are also going to give you the
acid proteases or the alkaline proteases and they also have the role in the detergent

industry, leather industry, pharmaceutical and food industry and so on.
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Production of Proteases

1. Submerged Fermentation (SmF) — The fermentation of proteases carried out in liquid
media which can be synthetic media or crude digests of substances such as casein,
beefs, soybean, yeast cells etc.

»  Ina Batch bioreactor, an uncontrolled pH operation was found to be favorable for
serine alkaline protease production.

» A fed batch strategy was condncted to increase protease synthesis by separating biomass
production phase and enzyme production phase.

Factors affecting SmF -

* Temperature and pH determine effects such as- protein denaturation, Enzyme inhibition,
promotion or inhibition on the production of particular metabolite, cell deaths etc.

+ Carbon and nitrogen sources are other significant components of medium which
significantly affect protease production in SmF. Generally, pure carbon sources inhibit
protease production.

+ Factors such as inoculum concentration, aeration, agitation, presence of surfactants,
metal ions in fermentation medium strongly influence microbial protein production.

How you are going to produce the proteases? Because what you require is you require a
very huge quantity of protease for your applications. So, you have two choices. One you
can have the submerged fermentations. So, the fermentation of the protease carried out in
the liquid media which can be synthetic media or the crude digest of the substances such

as casein, beefs, soyabean yeast etcetera.

In a batch reactor, an uncontrolled pH operation was found to be favourable for the
serine alkaline protease productions. And a fed batch strategy was used to increase the
protease synthesis by the separating the biomass production and the enzyme production
phase. There are multiple factors which are actually going to affect the fermentation

based you know the protease productions, like the submerged fermentations.

You can have the temperature and pH, which is going to determine the protein
denaturations and enzyme inhibitions, promotion or inhibition on the production of
particular metabolites and so on. So, these are the different types of factors what are
going to affect the protein production when you are going to do the submerged

fermentations.
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2. Solid state fermentation (SSF) - Various studies have shown the employment of wheat bran, rice

bran, soybean meal, coffee husk, sweet potato residues as carbon source as well as solid support for

protease proy

+ Astudy lavus showed the enzyme production is being repressed by all the sugars except
lactose.

+ The large-scale production of proteases by SSF is majorly affected by accumulation density, bed-
height, and agitation. Therefore an is the most
important parameter in SSF.

Factors affecting SSF- the physical parameters such as moisture level of substrate, water activity,

incubation temperature, heat and mass transfer effect affects SSF.

+ The studies have shown that lower moisture content leads to reduced solubility of nutrients in
solid substrates, lower degree of substrate swelling and higer water tension. On the other hand,
higher moisture level decreases the porosity, increases stickiness, decreased gas exchange,
increased aerial mycelium. Optimum temperature for SSF lies in mesophilic ranges.

* A has been employed in which fungal mycelia are
grown over the microporous membrane that faces the air whereas the opposite side is in contact
with liquid medium. This method has several advantages in purification and exhibit pH control
and control over substrate concentration.

have been conducted that showed the improved
(different concentration of hydrogen ions in the
environment) and

And what will be the solution? You can actually have the other method. You can have
the solid state fermentations or SSF. So, various studies have shown that the employment
of wheat, bran, rice bran, soybean, coffee and all these are actually good support for the

protease production.

A study in the A flavus, showed that the enzyme production is being repressed by all the
sugar except lactose. So, supplementing the culture with the metal ions, vitamins,
surfactants, plant growth factors enhance to the protein production, protease production
into the solid state fermentations. A large scale production of protease by the solid state
fermentation is majorly been affected by the accumulation density, bed height and
agitation.

Therefore, an optimal bed height is it is the most important parameter into the solid state
fermentation. So, the purpose of this whole discussion is not to give you the detail about
the fermentations, that anyway you can actually be able to you know get the more detail
about if you go through some of the MOOCs courses related to the downstream

processing and so on, ok.

So, there are excellent courses on the downstream processing and that actually is going
to give you the more in depth inside about how the different types of factors, surfactants
and all that, it actually going to affect the protease productions. So, we are not going to

discuss any of these. This is just for your information’s.



(Refer Slide Time: 23:19)

Purification and characterization of Proteases

+ The primary objective in the purification programme is the removal of excessive amount of water in the cell free extract.
A direct method is concentration of extract using salts or solvents with high affinity which results in precipitation of
protein.

+ Purification can be achieved by chromatographic and electrophoretic procedures too.

+ Characterization of proteases can be carried out by determining the properties and kinetic parameters of enzyme.

+ Protease inhibitors are chemicals that block proteolytic action, hence while characterizing the enzyme, influence of
inhibitors has to he determined.

+ The common inhibitors affecting protease are ethylene diamine tetra acetic acid (EDTA), Pepstatin, phenyl methyl
sulfonyl fluoride (PMSF) etc.

+ Gelatin Zymography helps to determine different proteases present in crude cultural extrac. It involves electrophoresis
of secreted proteases through discontinuous polyacrylamide gels containing enzyme substrate.

Then, the third is, once you have produced this, you are actually going to do the
purification and the characterizations. So, the primary objective in the purification
programme is the removal of excess amount of water in the cell free extract. A direct
method is the concentration of extract using the salt or the solvent with the high density,

which result in the precipitation of the protein.

Then, purification can be achieved by the chromatography and electrophoretic
procedures. The characterization of protease can be carried out by determining the
properties and the kinetic parameters of the enzyme. The protease inhibitors are chemical
that blocks the proteolytic action. Hence, while characterizing the enzyme, the influence
of the inhibitor has to be determined.

The common inhibitor affecting the protease are ethylene diamine tetra acetic acid or
EDTA, pepstatin, phenyl methyl, sulfonyl fluoride and so on. So, Gelatin Zymography
helps to determine the different protease present in the crude culture extract. It involves
the electrophoresis of secreted protease through discontinuous polyacrylamide gels

containing the enzyme substrates.
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Purification and characterization of Proteases

Microorganism Characteristics of proteases

2 w It is stable at alkaline pH having
fractionation (0-20%) optimum temperature 50°C and it is
. M\_ serine protease which is clarified by
using different inhibitors.

Trichoderma koningii  * Jon exchange chromatography ~ Rich in glycine serine alanine and
o =

ity chromatography aspartic acid residues having optimum
+/ Poly acfylamide gel temperature 50°C and pH 10.5.
" electrophoresis (PAGE) i
Fusorium pallidoroseum + Sephadex G-100 fractionation ~ This protease is sensitive to heat
* DEAE cellulose fractionation  treatment at 55°C and inhibited by
EDTA.

Bacillus polymyxa *  Ammonium sulfate This protease is suitable for detergent
S fractionation industry and mainly inhibited by EDTA
*  DEAE Cellulose fractionation  and PMSF.

+  Sephadex G 100 fractionation

Purification and the characterization of the proteases. So, once you have actually
produced the protease, you can actually be able to get the protease from the different

types of microorganisms like the nocardiopsis, trichoderma, fusorium, bacillus.

You can actually do the purification steps like when do the first ammonium sulfate
fractionations, and then you can do the gel filtration chromatography, and then you can
do the characterization. So, when you produce the protease, you can actually be able to

do the enzyme assays and so on.

Similarly, from the protease from the trichoderma, you can do the ion exchange
chromatography, affinity chromatography and then you can do the page to purify the
protease. And you can actually be able to do the characterizations using this. Now, going
to the further step ahead, apart from the this industry, you can actually have the different

types of enzymes which are also working in the brewing industries.
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So, in the brewing industry, which is actually going to be responsible for the beer and the
related product, you can actually have the in-depth procedures and the different steps.
And at different steps, you are actually going to use the these enzymes like the proteases,
beta-glucanases, alpha amylases and the amyloglucosidase. And all these are required for

producing an excellent beer, so that it will be actually be consumed by the customers.
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PROTEASE

* Protease works to provide the wort with amino acid nutrients that will be used by the yeast

* |n fully modified malts , these enzymes have done their work during the malting process
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So, the first is proteases. And we have already discussed in detail how you can actually

be able to produce a protease in the microbial sources, how you can actually be able to



purify, and how you can be able to do the characterizations. So, protease works to
provide the wort with amino acid nutrient that will be used by the yeast. The protease
works to break up the larger proteins which enhance the head retention of the beer and
reduces the haze.

In fully modified malt, these enzymes have done their work during the malting process.
So, in a malting process, what you are going to do is you are going to first do the
harvesting of the crop, then you are actually going to dry and then you are actually going
to make it the haze and the proteases are actually going to have the function in this

particular process.
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8 - GLUCANASE

Then, the second enzyme is the beta-glucanases. The beta-glucanases is represent a large
group of carbohydrate enzyme which breakdown the glycosidic bond with the beta-

glucan. It aids in the filtration after the mashing and the brewing.
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o - AMYLASE

+ Solubilizes carbohydrates found in barley and other cereals used in brewing

+ Decreases the time required for mashing

Then, we have the alpha-amylase. So, alpha-amylase converts a starch to the dextrin in
producing the corn syrup. And it solubilizes the carbohydrate found in the barley and

other cereals used in the brewing. And it decreases the time required for the mashing.
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+ Commercially produced by the microorganism of genus s species a
are used for"the production of thermostable a- amylas e:-B. licheniformis, B. coagulans, B.
s |
st
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Idofyticus, B. brevis, B. acidocaldarius and B. !hermt;(;}nylo/iquefadens.
1. Endo-amylases [a-1,4 - glucan-glucanohydrolase; EC 3.2.1.1]

2. Exo-acting amylases [B-amylase; EC3.2.1.2]

3. Glucoamylase [1,4- ¢-D-glucan glucanohydrolase]

-transferase [EC 2.4.1.19]
ylase [EC 3.2.1.133]
cegride forming amylase and maltohexose-forming amyalse [EC 3.2.1.98]

8. Isoamylases [EC 3.2.1.68]
9. Pullulanases [EC 3.2.141]

Alpha-amylase, it is a starch-hydrolyzing enzyme produced on the industrial scale,
hydrolysis, the 1-4, beta 4, 1-4, glycosidic linkage in the starch and its hydrolysis
products. This is commercially being produced by the microorganisms like the bacillus.

Few of the bacillus species have given below that are used for the production of



thermostable alpha-amylase at industrial scale like the bacillus licheniformis, bacillus
coagulans, bacillus stearothermophilus and so on. Amylolytic enzyme are categorized
into these are the different types of the classes of the amylo amylases, and you can
actually be able to use any of these for the brewing industry.

(Refer Slide Time: 28:14)

a- Amylases
E.C.3.2.1.1

* These are endo-acting enzyme that hydrolyze linkages in the interior of the starch polymer in a random
fashion that leads to formation of linear and branched oligosaccharides.

* The sugar-reducing groups are released in a-anomeric configuration.

* These amylases contain characteristic catalytic (B/a)g-barrel domain.

* a-amylase family is also known as family 13 glycosyl hydrolyses, which has the following features
» act on a-glycosidic bonds and hydrolyse this bond to produce a-

» Anomeric mono-or oligosacchrides(hydrolysis), form a-1,4 or 1,6 glycosidic linkages (transglycosylation), or a
combination of both activities.

» Posses a (B/a), or TIM barrel structure containing the catalytic site residues.

» Have four highly conserved amino acids that forms,catalytic site and some other amino acids for the stability
of TIM barrel

These are endo-acting enzyme that act linkage in the interior of the starch polymer in a
random fashion that leads to the formation of linear and a branch oligosaccharides. The
sugar-reducing groups are released in the alpha-anomeric configurations. These amylase

contains characteristic catalytic barrel domain.

Alpha-amylase family is also known as family 13 glycosyl hydrolyses, which has the
following features. It acts onto the alpha-glycosidic bond and hydrolysis, this bond to
produce the alpha chains. And you can have the anomeric mono or disaccharides from

the this, and it posses the TIM barrel structure containing the catalytic site residues.
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Sources: t.

+ g-amylases are obtained from most of the microorganisms, plants and animnals that possess the
ability to utilise the starch as a Carbon source. Examples for the same are given below :

Bacteria : Acinetobacter sp., Bacillus acidocaldarius A-2, B. alcalophilus subsp. halodurans , B.
amyloliquefaciens , B. cereus, B. coagulans B 49, B. coagulans, B. licheniformis, B. macerans, B.
subtilis, Halobacterium halobium, Bacteroides amylophilus, Micrococcus halobius, Streptococcus
sp.

Fungi : Aspergilus niger, A. oryzae, Fusarium oxysporum, Humicola insolens, H. lanuginosa, Mucor
pusillus, Trichoderma viridae

Yeasts : Candida Japonica, Endomycopsis fibuligera, lipomyces starkeyi, S. castellii, Pichia
polymorpha, Sachwanniomyces alluvius

Thermophillic bacteria : Geobacillus thermoleovorans (55°C), Thermococcus celer (80-100°C),
Desulfurococcus mucosus (85-100°C), B. “caldolyticus (72°C), B. stearothermophilus (55°C),
Thermomonospora curvata (53°C), C. thermosaccharolyticum (60°C), Pyrococcus furiosus (100°C),
Pyrococcus woessi (100°C), Thermoanaerobacter etanolicus (65°C),

What are different types of sources for the amylases? Amylases are mostly being found
from the microorganism plants and animals. From the bacteria you can have the deep
sources of bacteria. So, you can actually be able to get the amylases from the different
bacterias. You can actually have the fungi; you can have yeast or you can actually be

able to have the thermophilic bacteria.
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Production of a-amylases ¥ N

* a-amylases are largely produced by the submerged fermentation and solid state fermentation as well

* The physicochemical factors that influence the synthesis and secretion of a-amylases are as follows: growth medium, pH,
phosphate concentration, inoculum level and age, temperature, aeration, and carbon and nitrogen sources.

« Substrate: Mostly a-amylases are inducible enzymes which are induced by diversity of their substrates such as starch or its
hydrolytic product, maltose. Other inducers that affect different strains of microbes are as follows; lactose, trehalose, a-
methyl-D-glycoside. Some non-conventional substrates are casitone, fructose, oilseed cakes and starch processing waste
water, agro-residues such as wheat bran.

* Wheat bran is used for economic production of a-amylass by either Solid-state or liquid surface fermentation processes.

*_Cholic acid (0.03%) and Tween 80, independently, increase the production of a-amylases as large as 2-2.7 fold by
increasing the permeability of cell membranes.

Nitrogen source: Tryptone (0.3%), peptone, Yeast extract alone or yeast extract in conjunction with bactopeptone or
ammonium sulphate and casein or soyabean flour and meat extract are reported to support the secretion of a-amylase
from different strains. Organic nitrogen sources such as beef extract, peptone and corn steep liquor increase the
production a-amylases. Amino acids in conjunction with vitamins also affect the production of a-amylase.

Once you have the amylases, you can actually be able to do the production of amylases.

So, amylases are largely being produced by the submerged fermentation and solid state



fermentations. The physiochemical factor that influences the synthesis and secretion of
amylases are as follows like the growth medium, pH, phosphate concentration, inoculum

levels, age, temperature, aeration and carbohydrate, carbon and nitrogen sources.

You can actually be able to use the different types of substrates because you know that
the substrate is going to stabilize the enzyme. And that is how they can also be able to
use in the enzyme productions. Wheat bran is used for the economic production of alpha

amylase-by the solid-state or the liquid surface fermentation processes.

Cholic acid and the Tween 80, independently, increase the production of alpha-amylases
as large as 2 to 2.7 fold by increasing the permeability of the cell membrane. So, they
will actually going to increase the recovery of the enzyme. And then, you also can use
the different types of nitrogen sources into the fermentation process and that also is

actually going to enhance the alpha amylases.
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* Glycine is seen to increases the production by a factor of 300 in G. thermoleovorans, not by acting as N-source but by
controlling the pH. B-alanine, valine, D-methionine were found to be effective for the production of alkaline amylases by
Bacillus sp. Asparagine also supports good enzyme yields. Arginine influences a-amylase production in B. subtilis .

* Phosphate : Phosphate play a regulatory role in the synthesis of primary and secondary metabolites in microorganisms and
is an important constituent of cellular biomolecules such as cAMP, nucleic acids, phospholipids and coenzymes, therefore
adequate quantity of inorganic phosphates is reported to enhance the production of a-amylases. Also, it is seen too less or
too large quantity of phosphate has antagonistic effects on the cells by lowering down the cell density and showing
inhibitory effect on the enzyme production, respectively.

* Metal ions: Ca*? is reported to have inhibitory effect on amylase production in B. coagulans and G. thermoleovorans. On the
other hand, omitting Mg*? from the medium reduces the enzyme production by 50%. Na* and Mg*2 showed coordinated
stimulation in enzyme production in Bacillus sp. Also Co*? ions enhance the biomass levels by 13 fold but also showed the
concomitant reduction in enzyme yield.

* pH: pH of the growth medium not only affect the growing microorganism but also the product stability. Most of the
Bacillus strains which are used for the commercial production of a-amylases grow optimally in the pH ranging from 6.0 to
7.0. This also stays true for solid state fermentation. Few microorganism grow well at specific pH such as A. oryzae DAE
1679 (pH 3.2-4.2), A. oryzae El 212 (pH 3.2-4.2) and B. amyloliquefaciens MIR-41 (pH 6.8). pH values also indicates the
initiation and synthesis of enzyme.

Then, glycine is seems to increase the production by a factor of 300. Then we also have
the phosphate, metal ions, the pH and all these are actually going to affect the alpha

amylase production because they are actually going to affect the fermentations.
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* Temperature : a-amylase is produced by diversity of microorganisms that grow in wide range of temperature.
Thermophillic bacteria as stated before are used in industries for commercial production of a-amylases at elevated
temperatures. Optimum yields of a-amylases
and at 50°C by a thermophilic mould Ther

* Agitation: Agitation influences the mixing and oxygen transfer rate in microbial fermentation process by affecting the
morphology and product formation thereof. 100-250 rpm agitation rate is optimt -amylase production. Higher
agitation rates hinder the nutrient uptake from the outer environment. In case of f fermentation, higher agitation
detriments the growth of mycelium and fungus thereof that declines the enzyme production. Agitation rate between100-

300 rpm is generally recommended for amylase production.

* Fermentation mode : The enzyme synthesis is more of growth-associated than non-growth associated. The mode of
fermentation also affects the yield of enzyme. The higher yields of a-amylases are reported from fed-batch operation at
fixed feed rate of 1g/h . Aqueous two-phase systems have been used to maximize the enzyme production. In comparison
to conventional extractive methods, aqueous two-phase system has a low liquid-liquid interfacial tension and is highly
biocompatible and non-toxic.

« Statistical optimization such as factorial design, response surface methodology (RSM) are being used for the
of media components and culture conditions to improve the yield of the enzyme at industrial level. Statistical
not only allows quick screening of a large experimental domain, but also reflects the role of each of the components. 1.
2.0 fold increase in a-amylase production is reported in Bacillus ciculans, A. oryzae and Nocardiopsis sp. using statistic
methods.

Then, we also have the other factors like the temperature, agitations, fermentation mode,
statistical optimizations and all these things are, we are not going to discuss, | have just
written, so that you can actually be able to follow the content. And all these are going to
discuss in detail when you are actually going to go through with any of the MOOCs
courses where they have discussed about downstream processing or fermentation

technologies.

Once you have produced the amylase, then the next task is that you are actually going to
do the purification, right. You have to isolate this. And that you are going to use do with

the help of the different types of chromatography system or fractionations.
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vk
The Crude extract of a-amylases are subjected to crude fractionation, clarification and concentration !
as centrifugation, ultrafiltration and salt/solvent precipitation. The concentrate is further puritied

S techniques based on chromatographic and electrophoretic separations. This aims to remove
azoremh’ degradation products and to prepare solution suitable for the final formulation of the purified enzyme.

+ Substrate specificity: It displays highest specificity towards starch followed by amylose, amylopectin, cyclodextrin,
glycogen and maltotriose.

* The enzyme is stable at wide range of pH depending upon the source organism it is obtained from. Generally, a-
amylases obtained from bacterial and fungal sources have pH optima in the acidic to neutral range. a-amylases from
Alicyclobacillus acidocaldarius showed an acidic pH optima of 3.0, while alkaline amylases of Bacillus sp. exhibited
pH optima at 9-10.5.

« Similarly, the temperature optima also corresponds to the optimum temperature at which the source organism grows
the best. The lowest temperature optima reported is 20-30°C in Fusarium oxysporum and highest of 100°C and 130°C
for P, furiosus and P. woesei

* Molecular weight of a-amylases vary widely depending upon the source organism. Generally, the a-amylases obtain
from fungal sources are glycosylated therefore weigh heavier than one obtained bacterial sources. The an
highest weighed a-a lases, reported in the literature weigh 10 KDa (B. caldolyticus) and 78 KDa |B
thermoamyloliquefaciens).

* Heavy metal cations, sulfyhydryl group reagents, N-bromosuccinimide, p-hydroxy mercuribenzoic acid, iodoacetate,
BSA, EDTA and FGTA are common inhibitors of a-amyla:

* g-amylases are metallo-enzyme which contains atleast one Ca*2 ion. The amount of bound calcinm varies from 1-10.

So, the crude extract of alpha amylases are subject to crude fractionations, clarifications,
concentrations, such as concentrations using the process such as centrifugations, ultra
centrifugations or the salt solvent precipitation. The concentrate is further purified using
the high-resolution techniques such as chromatographic and electrophoretic separation.
This aim to remove the aggregates, degradation product and to separate solution suitable

for the final formulation of the purified enzyme.

Then, you can also have the substrate specificity, so alpha amylase could be specific
towards the amylose, amylopectin, cyclodextrins, glycogens and the maltotriose. The
enzyme is stable at a wide range of pH depending upon the source of the organisms. So,
you can have the pH optima in the acidic to neutral range or you can also have the pH

optima of 3 and so on.

Similarly, you can also have the temperature optima. So, temperature would actually
vary in the range of 20 to 30 in the case of Fusarium. The maltose, the alpha amylase
what you are going to purify the from the Fusarium. And it can be thermostable in the

case of the these two organisms such as 100 degree and 130 degrees.

So, molecular weight of alpha amylase very widely depending upon the organism source
organism. Genetically, generally, the alpha amylase obtained from the fungal sources are

glycosylated therefore, being heavier than the one obtained from the bacterial sources.



The lowest and the highest molecular weight alpha amylase, reported in the literature
weighing from the 10 KDa to 78 KDa, ok.

Heavy metal cations such as sulfhydryl groups reagents, N-bromosuccinimide, para-
hydroxy mercuribenzoic acid, iodoacetate, BSA, EDTA and EGTA are common
inhibitor of the alpha amylases. So, these are the things you can actually be able to use to
stop the reactions of the process of the that particular alpha amylase is done. Alpha
amylases are metalloenzyme which contains at least the calcium ions. And the amount of

bound calcium varies from the 1 to 10.
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Applications zh

* o -amylases are used in starch, detergent, paper, textile, baking and other industries.

+ Starch processing industries use a- amylases as a substitute of acid hydrolysis in the production of starch
hydrolysates.

+ This enzyme is also used for removal of starch in beer, fruit juices, or from clothes and porcelain.

+ Itis also used as anti-staling agent to prevent the retrogradation of starch in bakery products.

* Genetic engineering approaches are required to develop the enzyme with desirable characteristics for specific
purposes. There is demand of CA*? independent and hyper thermostable @ —amylases, which are functional
above 100°C at acidic pH for the improved starch saccharification.

Then, what are the applications of the alpha amylase? One role is anyway in the brewing
industry where it is actually going to you know make the sugar soft and it actually going
to extract the sugar from the hay and other kinds of mal products. So, that the

fermentation is going to be better.

So, alpha amylases are used in the starch, detergent, paper, textile, baking and other
industries. Starch processing industries use alpha amylase as a substitute of acid
hydrolysis in the production of starch hydrolysis. So, you can actually be able to use the

acid hydrolysis or you can actually be able to use this particular enzyme.

Remember, the classical experiment where the people have used the plant extract and

they will actually be able to convert the you know the sugar into a polymeric sugar into



the starch hydrolysis, right. This enzyme is also been used for removal of starch in the
beer, fruit juices or from the cloths and the porcelain. It is also used as the anti-staling

agent to prevent the retardation of starch in the bakery products.

And genetic engineering approaches are required to develop the enzyme with desirable
characteristic for a specific purpose. There is a demand of CA, CA calcium depend
independent and hyper thermostable alpha enzyme which are functional above 100

degree Celsius at acidic pH for the improved starch saccharifications.
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BAKING INDUSTRY

» Maltogenic amylase

» blucose oxidase

» Pentosanase

Now, let us talk about the baking industry, the industry which is going to give you the
cake and the pastry and other kinds of baking products. So, in the baking industry, you
can have the maltogenic amylase, glucose oxidase and pentosanase.
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MALTOGENIC AMYLASE

+ |thas anti staling effect
* |t modifies starch while most of the starch starts to gelatinize

* Resulting starch granules become more flexible during storage -

Maltogenic amylase, so this is different from the alpha amylase. It is actually going to
produce the malt, right. So, it is a flour supplement, right. You remember that when you
are going to make bread, cake and all that, you are actually going to first make the flour,

right. So, it is actually going to be added into that.

And it has the anti-staling effects. It modifies the starch while most of the starch start to
gelatinize, resulting the starch granule become more flexible during the storage. So, it is

actually going to make the cake and other things little more porous and fluffy.
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GLUCOSE OXIDASE

ngthens the disulfide and non-disulfide cross-links in




Then, we have the glucose oxidase. So, glucose oxidase oxidizes the glucose and
produces the gluconic acid and hydrogen peroxide. H 2 O 2 is a strong oxidizing agent
that strengthen the disulfide and non-disulfide cross link in the gluten. And it is good

working conditions help the proper functioning of the baker in the baker system.
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PENTOSANASES

* The dough is more stable and gives better oven spring during baking

And then, you also have the pentosanases. So, pentosanases are exact mechanism of not
being discovered how the pentosanases are actually going to facilitate the baking
industries. But it improves the dough’s machinability, yielded a more flexible easier to
handle dough, right. And the dough is more stable and gives better oven spring during
the baking.
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WINE and FRUIT INDUSTRY

And then lastly, we are also going to discuss about the wine and the fruit industry. So, in
the wine and the fruit industry, you can actually be able to use the pectinases and the beta

glucanases.
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PECTINASE

* Prevents pectin from forming haze and hence to get clear solution

Pectinases, as the name suggests, the pectinases are actually the enzyme which is
actually going to work on the pectin. So, pectin is a cell valve component which are
present into the plant. So, it prevents the pectin from forming the haze and hence to get

the clear solutions.



Additionally, used for the extraction of colour and juice from the fruit juices. And it
break down the pectin and release the methanol, which is high amount is hazardous. So,
it actually break downs the pectin and it releases the methanol which is actually a toxic
product.
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Pectinases

* These are the group of atleast 7 different enzymatic activities that contribute to
the breakdown of pectin from a variety of plants.

* Pectinases obtained from natural ingredients have been used in the production of
coffee and chocolate, where pectinases obtained from microbes are used for
removing mucilage in fermentation.

* Widely used in juice and wine processing.

* Extensively used in food industry to accelerate juice clarification and to produce
juice concentrates from grapes, berrles, pears, apples, carrots, beets, green
peppers and citrus fruits.

* Also used to increase the color of juices, promoting anti-oxidants formation and
favor the extraction of color of juices, flavor components etc.

* Also help in the removal of inner wall of lotus seed. Garlic, almond and peanut.

So, what are the pectinases? These are group of at least 7 different enzymatic activities
that contribute to the breakdown of the pectin from a variety of plants. Pectinases
obtained from the natural ingredients have been used in the production of coffee and
chocolate, where pectinase obtained from the microbes are used for removing the

mucilage in the fermentations. It is widely used in the juice and wine industry.

Extensively being used in the food industry to accelerate the juice clarification and to
produce the juice concentrate from the grape, berries, pears, apples, carrot, beets, green
peppers and citrus fruits. It is also used to increase the color of juices, promoting the
antioxidant formations and favor the extraction of the color of juices, flavors,
component, etcetera. It also helps in the removal of inner wall of lotus seed, garlic,

almonds and peanuts.
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Sources

* The most common source of pectinases is the filamentous fungus
Aspergillus sp. which produces pectinolytic enzymes, de-esterifying and
chain-spiitting enzymes.

* Also obtained from tomatoes and oranges.

* The commonest microorganisms that produces pectinases are as follows:
Aspergillus carbonarius, A. foetidus, A. japonicus, A. kawachii, A. niger, A.
oryzae, Botrytis cinera, Clostridium multifermentans, Colletotrichum trifolli,
Colticium rolfsii, Corynebacterium sp. Fusarium oxysporum, Erwinia
chrysanthemi, Fusarium roseum, Gibberella, Penicillium chrysogenum,
Pseudomonas solanacearum, Saccharomyces cerevisiae, trichoderma
lignorum, Xanthomonas malvacearum

What are different sources? The most common source of pectinase is the filamentous
fungus aspergillus, which produces the pectinolytic enzyme, de-esterifying and the chain
splitting enzymes; also obtained from the tomato and orange. The common organism that
produce the pectinases are aspergillus and so on. So, these are the clostridium and all
that. So, these are the different types of microorganism what you can actually be able to
use or they can be actually a good source of pectinases.
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Production of Pectinases “

Pectinases production is mainly carried out by submerged culture (deep-tank process), but solid state process is also
used.

Submerged fermentation: Mostly aerobic microorganisms are used for the production of pectinases, air supply rate is
generally 0.1-2.0 vwwm. Mechanical or airlift agitation is is used to enhance the oxygen transfer rate from gas phase to the
liquid phase. Agitation also helps in maintaining the homogeneous conditions of pH, temperature and dissolved oxygen
in the broth.

Some yeast strains (Kluyveromyces marxianus) are observed to produce 9 different isozymes of endo-polygalacturonases
under anaerobic conditions with glucose as sole carbon source.

Pectinases are inducible enzymes which are induced by pectin but it is costly therefore agricultural products containing
pectin and other polysaccharides (sugar beet pectin) have been used for pectinase production. Ammonium sulfate is
used as nitrogen source.

Solid-state fermentation: In this sugarcane bagasse is used as a solid support for the microbes to grow and literature
shows the higher productivities of exo- and endo- pectinases higher in solid-state fermentation than found in
submerged fermentation. Using washed sugarcane bagasse as support and impregnating it with culture medium produce
pectinases which are more stable at pH and temperature compared to submerged fermentation. This method is more
economical and commercially adapted.




Once you have the pectinases, you can actually be able to do the production. So,
pectinase production is mainly carried out by the submerged cultures, but solid state
process is also being used. So, this is a submerged fermentation and the solid state
fermentation conditions, what you can actually be able to use the different types of
pectinases.
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Purification of pectinases a_

* Pectinases produced from different microorganisms are first concentrated by precipitating the
crude extract with ammonium sulfate or ethanol.

+ Ultrafiltration followed by different steps of gel filtration, affinity or ion exchange
chromatography is employed to produce a homogeneous enzyme extract.

* Various columns that are used for the purification of pectinases are; Sephacryl $-200, CM
Sephadex, Sephadex G-50, CM-52, Sephadex G-100, Biogel P-60, DEAE-cellulose, CM-cellulose,
phenyl-Sepharose HR5/5.

+ An aqueous two-phase system (polyethyleneglycol/potassium phosphate) can also be used to
purify enzymes with different pectinolytic activities from a commercial enzyme preparation.

And once you have produced the pectinases you are actually going to do the purification
of the pectinases. So, the pectinase production, the different microorganisms are first
concentrated by precipitating the crude extract with the ammonium sulfate or the ethanol.
Then, we have the ultra-filtration followed by the different steps of gel filtration, affinity
or ion exchange chromatography is employed to produce a homogeneous enzyme

extract.

Various columns that are used for the purification of pectinases are, Sephacryl S-200,
CM Sephadex, Sephadex G-50, CM-52, Sephadex G-100, Biogel P-60, DEAE-cellulose,
CM-cellulose, phenyl-Sepharose and so on. An aqueous two-phase system, the
polyethylene glycol or potassium phosphate can also be used to purify the enzyme with

different pectinolytic activities from a common enzyme preparations.
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B - GLUCANASE

* It accelerates all biological mechanisms linked to maturation on lees

Now, the next enzyme is the beta-glucanases. So, it accelerates all biological
mechanisms linked to the maturation on lees. It reduces the maturation durations. And it

improves the clarification and filtration and improve the action of the fining agents.
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MEAT INDUSTRY

» Protease

Now, let us move on to the next industry and that is called as the meat industry. So, meat
industry is where you are actually going to get the chicken meat or the beef meats. And

the enzyme what you are going to use in the proteases and the papain, and both of these



enzymes are actually going to use for the softening of the meat, right. Because it is

actually going to make the meat little more soft, so that it will be easy to digest.
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PROTEASE

»  As the enzymes break apart proteins, which disrupts or loosens muscle fibres and tenderizes

it

So, the protease it cleaves the bond that hold the amino acid together as the enzyme
break apart protein which disrupts or loosens, muscle fibre and tenderize it. So, it is

actually going to be used for the tenderizations.
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PAPAIN

+ These enzymes are purified and sold in powder or liguid form

Then, also have the papain. So, papain is also a protease which is exclusively being

found into the papaya. So, it is found in papaya. 90 percent of meat tenderizations



available in the grocery stores are made from the papain. It is extracted from the latex in

the papaya fruits. And these enzymes are purified and sold in powder or liquid form.

So, papaya is a papain is a very very important enzyme which is present in the papaya
and it is actually being used for softening of the meat. So, that it actually become you
know, it enhances the taste of the meat and as well as it is easy to digest. So, what we

have discussed?

We have discussed about the application of the enzyme into the food industry, and we
have discussed about the different types of enzyme which will require for the brewing
industries, baking industries, meat industry and the milk industry. So, with this brief
discussion about the application of enzyme into the different food industry, we would
like to conclude the lecture here. In our subsequent lecture, we will discuss some more

applications of the enzyme.

Thank you.



