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Sources of Industrial Enzymes can be
a. Plant
b. Animals
c. Microorganism
Selection of industrial enzymes from any of these sources
depends on the following factors:
a. specificity
b. pH
c. thermostability
d. activation or inhibition
e. availability and cost

Commercial Production of Enzymes

Production of Microbial Enzymes

Table : Enzymes and their producer microorganisms

Enzymes Bacteria Yeast and  
  Filamentous fungi 
 
Carbohydrases 
a-amylase Bacillus subtilis 
ß-amylase Aspergillus niger 
Amyloglucosidase Aspergillus niger 
glucose isomerase Streptomyces olivaceus 
Invertase Kluyveromyces species 
lactase (ß -galactosidase) Kluyveromyces lactis 
 
Cellulases Trichoderma viride 
Lipases Candida cylindraceae 
Pectinases Aspergillus wentii 
Proteases 
subtilisin (alkaline) Bacillus licheniformis 
neutral   
 Aspergillus oryzae 
microbial rennet (acid) Rhizomucor miehei 

Microbial enzymes are mainly produced by
• Sub-merged fermentations
• Solid-substrate fermentations are used, particularly for the

production of extracellular fungal enzymes

History of Microbial Enzyme Productions
The first commercial microbial enzyme preparation was
produced via solid-substrate fermentation. This enzyme,
‘Takadiastase’, a fungal amylase, was produced by culturing
Aspergillus oryzae on moist rice or wheat bran. The process was
ini-tially developed by Dr Jokichi Takamine and patented in the
USA in 1884. However, large-scale production of microbial
enzymes was not generally feasible until after the middle of the
20th century. It became possible only after the vast improve-
ments to submerged fermentation technology that followed the
development of penicillin fermentations in the 1940s.

Fermentation Process for the Production
of Enzymes
Most industrial enzymes are products of batch processes and
few are currently pro-duced via continuous fermentation. The
fermenters for bulk enzyme production are up to 100m3
capacity, but fine enzymes may be produced on smaller scales of
a few hundred litres or less. Most fermenters are stirred tank
reactors that are operated under aseptic conditions and use low-
cost undefined complex media.
As in the development of any fermentation process, enzyme
production processes includes the following steps (Figure 4.):
• search for a suitable producer organism.
• screening of microorganism and selection to determine

enzyme properties, such as opti-mum pH and heat
resistance, and examination of the ability to secrete the
target enzyme. Enzymes from ther-mophiles generally
provide several advantages. They are thermostable, able to
operate at higher temperatures than enzymes of
mesophiles, thereby increasing diffu-sion rates and
solubility, and decreasing both viscosity and the risk of
microbial contamination.

• The fermenta-tion system and ferementation media to be
determined. Conditions for maximum production of the
enzyme per unit of biomass, using inexpensive car-bon and
nitrogen feedstocks, must be identified.

• Downstream processing involves separation,. purification,
stabilization and preservation Enzyme stability has to be
determined as it  can influence the timing, and operations
used in, downstream processing. The level of  purification
applied varies considerably depend-ing on whether the
enzyme is intracellular or extracellu-lar, and on its end use.

Strain Improvement
Strain improvement may be attempted to further enhance
enzyme productivity. In the past, this has often involved cycles
of  random mutagenesis and screening. However, other
strategies are now available for both or-ganism and protein
engineering.

Targets for Improvement often include
• Increased secretion efficiency for extra cellular enzymes and

overcoming of the organism’s own regulatory mechanisms.
The latter may involve at-tempts to relieve catabolite
repression, a common regu-latory mechanism for many
hydrolytic enzymes.

• Other improvements may be achieved by enhancing mRNA
half-life and increasing gene dosage through chromoso-mal
amplification or by plasmid amplification, if the en-zyme is
plasmid encoded.

LESSON 20:
BIOLOGICAL PRODUCTION OF ENZYMES
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Protein Engineering
Targets for enzyme (protein) engineering :
• enhancement of enzyme activity,
• im-proved stability,
• altered pH optima or temperature tol-erance,
• modified specificity
However, such changes involve the manipulation of specific
amino acid con-stituents and are dependent on prior knowledge
of the amino acid sequence of the protein.

Detergent Enzymes
The-first commercial use of microbial enzymes in de-tergents
was in 1959. A Swiss chemist Jaag, who worked for the

detergent company Gebriider Schnyder, devel-oped a new
product containing a bacterial protease, which replaced the
animal trypsin that had previously been incorporated into these
detergent products. From this point there was an increasing use
of microbial enzymes in detergents. In the 1960s, there were
further improvements through the introduction of proteases
active at alkaline pH. They were relatively unaffected by other
components of washing powder and functioned at the desired
wash temperatures. A well-known example. is subtilisin, a
bacterial alkaline serine protease from Bacillus licheniformis and
B. subtilis, which is used extensively in laundry detergents at
levels of 0.015-0.025% (w/w). This enzyme has now been
engineered to improve pH and temperature characteristics, and
re-duce sensitivity to peroxide.
Proteases are not the only enzymes used in detergents; since the
late 1980s, amylases and lipases have been available for incorpo-
ration, e.g. Lipolase from Novo Nordisk. Lipolase was the first
detergent enzyme to be produced through recombinant DNA
technology. The lipase gene was isolated from a strain of  the
filamen-tous fungus Humicola and then transferred to As-
pergillus oryzae, which is more readily cultivated in submerged
fermentations.

Starch Processing Enzymes and Related
Carbohydrases
Microbial enzymes have proved to be of immense value in the
processing of starch and amy-lopectin. α~Amylase (l,4- α -D-
glucan glucanohydrolase) is one of the most important of
these industrial enzymes. They are secreted by bacteria and some
yeasts. The thermostable α-amylases from Bacil-lus species, e.g.
B. licheniformis, have proved to be espe-cially useful.
A further success has been amyloglucosidase (glu-coamylase)
from Aspergillus niger and Rhizopus species, which first
became available in the early 1960s. This enzyme can completely
break down starch and dextrins into glucose. Within a few years
of its introduc-tion, almost all conventional glucose production
via acid hydrolysis was replaced by enzyme-based process-es,
because of the greater yield, higher degree of purity and easier
product crystallization. The process was fur-ther improved by
using highly thermostable bacterial amylase in starch pretreat-
ment (liquefaction).
Glucose isomerase has also been a notable success in the starch
processing industry. This enzyme can be ob-tained from many
bacteria, including species of Bacillus and Streptomyces, and is
usually immobilized for use in the conversion of glucose to
fructose. The product, where conversion to fructose is com-
pleted, has the same calorific value as glucose, but its sweetening
effect is ap-proximately twice as high. Substrate glucose is
normal-ly derived from hydrolysed corn starch (see above), and
is then converted to a mixture of glucose and fructose by
glucose isomerase. Practical conversion yields are in the range of
40-50% and the products are referred to as ‘high fructose corn
syrup’ (HFCS) or ‘isosyrup’. Fruc-tose concentration can be
increased to 55% by chro-matographic enrichment. Alternatively,
the fructose can now be separated from the glucose-fructose
mixture and the remaining glucose fraction is isomerized to
pro-duce a final combined product containing up to 80%
fructose. These syrups, derived from starch, are some-what
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cheaper than sucrose from cane or beet sources, but have the
same sweetening power.
Invertase (β-fructofuranosidase) was the first enzyme to be
immobilized for use on an industrial scale. The conversion of
sucrose to glucose and fructose using this immobilized
invertase replaced conventional acid hydrolysis methods. This
enzyme was originally prepared from autolysed S. cere-visiae
preparations, which were adjusted to pH 4.7, clarified by
filtration through calcium sulphate and then adsorbed onto
bone char. Invertase is now also obtained from other yeasts or
filamentous fungi, e.g. A. niger and A. oryzae. Apart from syrup
production, it is employed in confectionery manufacture.
Lactase (β -galactosidase) is employed in several in-dustrial
processes that require the hydrolysis of lactose from milk, where
the disaccharide is present at a con-centration of 4.7% (w/v).
Hydrolysis of lactose to glu-cose and galactose is performed on
milk and milk products for infants who are lactose-intolerant,
and in regions of the world where a large proportion of the
adult population exhibit lactose-intolerance, e.g. re-gions of
Africa and South-East Asia. Lactose hydrolysis is also useful in
the manufacture of products such as. ice cream, as the low
solubility of this disaccharide leads to crystal formation that
may give an unpleasant sandy texture. In addition, its conver-
sion to glucose and galactose increases the relative sweetness by
about four-fold.
Commercial lactase is obtained from Kluyveromyces marxianus
(formerly K. fragilis), A. niger or A. oryzae. The yeast enzymes
have pH optima of 6.0-7.0, whereas the Aspergillus enzymes
have optima as low as pH 3.0-4.0. These enzymes may be used
free or immobi-lized, the latter being particularly useful for
whey treatment. Yeast enzymes have been immobilized by in-
corporation into cellulose acetate fibres and the As-pergillus
enzymes have been immobilized on 0.5 mm diameter porous
silica for use in packed bed reactors.

Enzymes in Cheese Production
Rennet preparations from the stomachs of calves, lambs and
kids have been used in cheese production for thou-sands of
years. These rennets contain the enzyme rennin (chymosin, an
aspardcprotease), which performs limited proteolysis of milk
protein (casein) to form curds at the start of  cheese making. Fig
sap, containing the proteolytic enzy ficin, has sometimes been
used for the same purpose, but- many other proteases carry out
too much proteolysis.
Animal rennets, particularly from calves, predominated in cheese
manufacture until the 1960s. Specific fungal proteases, which
have very similar properties to calf chymosin, were developed as
microbial rennets, such as pro-teases from Rhizomucor miehei
and R. pusillus.  Some microbial enzyme are also more
temperature-sensitive (thermolabde) than calf rennet, which is
useful m cheese making processes.
Microbial lipases are also used in dairy products, especially
cheeses, for the hydrolysis of fatty acid esters to accelerate
flavour development.

Enzymes in Plant Juice Production
Several microbial enzymes are employed in fruit juice processing,
but probably the most important are pecti-nases. These

processing aids are often produced by solid-substrate fermenta-
tion of A. niger or Penicillium species. Fruits and berries
contain varying amounts of pectin, which acts as a binding layer
between plant cells to hold adjacent cell walls together. Pectin is
a het-eropolymer of galacturonic acid, methyl esters of galac-
turonic acid and other sugar residues. In plant juice production,
some of  this pectin is extracted during pressing. It causes an
increase in juice viscosity, leading to difficulties in obtaining
optimal juice yields, and in juice clarification and filtration. These
problems can be overcome by adding pectinase preparations to
the fruit pulp before pressing. Similar enzyme treatment is used
to increase the yield of  oils from olive pulp, palm fruit and
coconut flesh.
The commercial ‘pectinase’ is not one enzyme, but is usually a
complex cocktail of enzymes (pectin methyl es-terases,
polygalacturonases and pectin lyases) capable of attacking a
variety of bonds in correspondingly di-verse pectin molecules.
Compositions of commercial pectinase preparations vary
considerably in the propor-tions of these different enzymes.
Fungal pectinases are also available that remain active in very
acidic juices from citrus fruits, where the pH can be as low as
2.2-2.8. They may be used in the enzymic peeling of cit-rus fruit
for canning.
The polysaccharide araban, a polymer of the pentose arabinose,
is also an important component of fruit cell walls. Like pectin, it
is often extracted during pressing of some fruits, especially
pears. This may lead to haze for-mation, but it can now be
eliminated by using commer-cial arabanases. Also, some
extracts, such as apple juice, contain starch, which must be
degraded to produce clear juices and concentrates. This is
achieved by adding amy-lases, along with the pectinase, during
depectinization of the juice.
In wine making, commercial enzymes are used for several
purposes, as well as for juice extraction. For red wines, colour
extraction from the grape skins during pressing can be pro-
moted by the addition of  commercial cellulases, e.g. from the
fungus Trichoderma reesei. In addition, glycosidases can be
employed to hydrolyse ter-penyl glycosides, releasing the
terpenes that are impor-tant constituents of the wine bouquet.
Wines prepared from grapes allowed to undergo attack by the
fungus Botrytis dnerea before harvesting (‘noble rot’) are often
difficult to clarify and filter, due to the presence of fungal â-
glucans. These polymers can be degraded by adding a specific
microbial β -glucanase to the wine.
Citrus fruits, such as grapefruit and bitter oranges, contain the
bitter-tasting fruit flavonoid called naringin. The bitterness of
products derived from these fruits can be adjusted using
naringinase (a-rhamnosidase + ~-glucosidase) from A. niger. It
first converts naringin to the less bitter compound prunin, then
on to non-bitter naringenin. The level of naringin hydrolysis
ma y be con-trolled by regulating the flow rate of fruit juice
through a column of immobilized naringinase.
Glucose oxidase from A. niger or Pe!licillium species, often
coupled with catalase, can be employed to remove molecular
oxygen from wine, beer, fruit juices and soft drinks. This
prevents potentially damaging oxidation that otherwise affects
product quality.
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Enzymes in Textile Manufacture
Enzymes are being increasingly used in textile process-ing for
the finishing of fabrics and garments, especially in desizing,
biopolishing and denim washing.
Prior to weaving fabrics from cotton, or blends of cotton and
synthetic fibres, the threads are reinforced with an adhesive
(termed ‘size’) to prevent breakage of warp threads. The size
may be composed of starch? starch derivatives, vegetable gum
and water-soluble cel-lulose derivatives, such as methyl- and
carboxymethyl-cellulose. Before dyeing, bleaching and printing,
the size must be removed from the cloth. This has previously
been accomplished by treatment with acids, alkalis and oxidiz-
ing agents that may damage the fibres. Conse-quently,
enzymatic desizing with amylases or cellulases is now widely
used, as they are non-corrosive and produce no harmful effluent
wastes.
Cellulases are also employed in bio-polishing cotton and other
cellulose fibres to produce fabrics with a smoother and glossier
appearance. Similar processes using microbial proteases have
been developed for treating wool fibres, which are composed of
keratin.

Enzymes in Leather Manufacture
Proteases and lipases are now extensively used in the processing
of hides and skins. These enzymes are easier to use, more
pleasant to handle and safer than the harsh chemicals that were
previously employed. Their most important applications are in
soaking, dehairing, de-greasing and baiting. Soaking is the first
important oper-ation of  leather processing. Apart from cleaning
the hides and skins by removing debris derived from blood,
flesh, grease and dung, it rehydrates them. Proteases en-hance
water uptake by dissolving intrafibrillary pro-teins that cement
the fibres together and prevent water penetration. Lipases are
also used to disperse fats as an alternative to degreasing with
solvents. These enzymes hydrolyse surface fats and those within
the structure of the hides and skins, but without causing any
physical damage.
Dehairing of hides and skins has traditionally em-ployed
chemicals such as slaked lime and sodium sul-phide, which have
in the past made tannery effluent a severe pollution problem.
Enzyme-assisted dehairing involves proteases, often the alkaline
protease from As-pergillus flavus. Their use reduces or totally
replaces the requirements for chemical processing and provides a
major cost reduction in effluent treatment.
Leather baiting prepares the leather for tanning. It in-volves
removal of any remaining unwanted protein to make the grain
surface of  the finished leather clean, smooth and fine. Tradi-
tional methods employed dog, pigeon or chicken manures.
These were very unpleasant to use, unreliable and slow, and
have been replaced by microbial proteases.

Enzymes used in the Treatment of Wood
Pulps
Traditionally, wood pulp processing has involved the extensive
use of chemicals, which can lead to problems with effluent
treatment and environmental pollution. Thus, the develop-
ment of enzyme-based technology for pulp processing and

paper manufacture has major ad-vantages. Microbial enzymes
can be used in several stages of pulp and paper processing to:
1. enhance pulp digestion;
2. improve drainage rates in water removal during paper

formation;
3. increase fibre flexibility;
4. selectively remove xylan without affecting other

components;
5. remove resins;
6. enhance bleaching;
7. remove contaminants, such as in the de-inking of high-

quality waste paper; and
8. fibrillate or increase interfibre bonding in chemical pulps

and herbaceous fibres.
Those microbial enzymes used in these processes in-clude a
wide range of cellulases, hemicellulases, pecti-nases and lipases.
However, they cannot yet replace all mechanical and chemical
treatments.

Enzymes as Catalysts in Organic
Synthesis
There is a rapidly growing market for microbial enzyme used in
the synthes of high-value oganic compounds for the chemical,
food and pharmaceutical industries. One commercially valuable
area involves the application of  cyclodextrin
glycoslransferases,obtained from extreme thermophies, to create
cyclodextrins from simple tarch molcules. These cyclodextrins
are useful carriers of fragile compounds such as  vitamins and
flavours. No chemical means exists so the enzymatic route is
unique.

Review Questions
1. Write an essay about the use of  enzymes in the food

industry.
2. Write an essay about the use of  carbohydrate hydrolases by

industry.
3. Write an essay on the enzymic processing of  starch.

Notes


