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Relevant Enzyme Classifications

v b O 2. 3omme 4. S B.mmm
Oxidoreductases Transferases Hydrolases Lyases lsomerases Ligases
Catalyze Catalyze the Catalyzes the Cleave bonds by - Catalyze Join two
oxidationfreduction transfer of a hydrolysis of means other than Isomenisation molecules with
S 1o S22~ 7 o
Esterases Proteases
Acting on Qycondases Acting on
ester bonds peptide bonds
341 3.21-
Carboxylic Glycosidases
Ester Hydrolyze O-
Hydrolases and S-Glycosyl
I .
3.1.1.3 Triacyiglycerol Lipase | 4222 Pectate Lyase |
3.1.1.11 Pectinesterase | 4.22.10 Pectin Lyase
1134 Glucose Oxidase 3.21.1 Apha-Amylase
1.10.3.2 Laccase 3.21.2 Beta-Amylase
1.11.1.8 Catalase 3214 Celulase
1.11.1.7 Peroxidase 3.21.8 Endo-1,4-B-Xylanase

3.2.1.15 Polygalacturonase
3.2.1.21 Beta-Glucosidase
3.21.91 Celulose 1,4-B-Celliobiosidase = http://www.edt-enzymes.com/technology.html
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Industri berbasis enzim

International online shopping Worldwide delivery!

Podelite sa prijateljima

. Miscellaneous: Bromelain [ &
" 60 tabs, 500 mg -

Old price: =UR14-38 (Us410.65)
New price: EUR 9.42 (US$ 12.87)

You save: EUR 4.96 (US$ 6.78)

TOGNE
We accept all currencies! Automatic conversion at the InterBank's daily medium

BROME“HI currency rate.

Prirodno varenje prodris |5 Availability: Shipment within 48 hours.
- | World wide delivery: 7 - 15 working days for North America, 4 - 7 working days for
PYJETETSKI SUMLEY Europe (Air Mail).

B0 ot
u More about this product

http://www.yu4you.com/items/en/ostalo/item_662.html
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Table 1

Enzymes used in various industrial segmems and their applications.

Industry Enzyme class Apphcation
Detergent (laundry and dish wash) Protease Protein stain removal
Amylase Starch stain removal
Lipase Lipid stain removal
Cellulasa Cleaning, codor clanhcabon, ant-redepaosition (cotton)
Mannanase Mannanan stain removal (reappearing stains)
Starch and fuel Amylase Starch quefaction and saccharification
Amyloglucosidase Saccharfication
Pullulanase Saccharification
Glucose isomerase Glucose to fructose conversion
Cyclodextrin-glycosyliransferase  Cyclodexinn production
Xylanasa Viscosity reduction (fuel and starch)
Protease Protease (yeast nutrition — fuel)
Food (including dairy) Protease Milk clotting, infant formulas {(low allergenic), flavor
Lipasa Cheese flavor
Lactase Lactose removal (milk)
Fectin methyl esterase Firming frut-based products
Pectinasa Fruit-based products
Transglutaminasa Modify visco-elastic properties
Baking Amylase Bread softness and volume, flour adjuestment
Xx|lanase "Fough conditioning
Lipase Dough stability and conditioning (in sitw emulsifiar)
Phospholipase Dough stability and condiioning (in sty emulsifiar)
Glucose oxidase Dough strangthening
Lipoxygenasea Dough strangthening, braad whitening
Protease Biscuits, cookies
Transglutaminase Laminated dough strangths
Animal feed Phytase Phytate digestibility — phosphorus release
Xylanase Digestibilty
F-Glucanase Digestibility
Beverage Pectinasa De-pactinization, mashing
Amylase Juice treatment, low calone beer
[-Glucanase Mashing
Acetolactate decarboxylase Maturation (beear)
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Enzymas used in various industrial segmems and their applications.

Industry Enzyme class Apphcation
Laccase Clanficabon (Juice), flavor (beer), cork stopper treatment
Textibe Callulase Denim finishing, cotton softening
Amylase De-sizing
Fectate lyaso Scourng
Calalase Bleach termination
Laccase Bleaching
Feroxidase Excoss dye removal
Pulp and paper Lipasa Pitch control, contaminant control
Protease Biofilm removal
Amylaso Starch-coating, de-inking, drainage improvement
Xylanase Bleach boosting
Cellulase De-inking, drainage improvement, fiber modification
Fats and oils Lipasa Transestenfication
Phospholipase De-gumming, lyso-ecithin production
Organic synthesis Lipasa Resolution of chiral alcohols and amides
Acylaso Synthesis of semisynthetc penicillin
Mitrilasa Synthesis of enantiopure carbaylic acids
Leathar Protease Unhearing, bating
Lipasa De-pickhng
Persanal care Amyloglucosidase Antimicrobial (combined with glucose oxidase)
Glucose oxidase Bleaching, antimicrobial
Peroxidase Antimicrobial

Kirk et al. (2002) Industrial enzyme applications. Current Opinion in Biotechnology 13:345-351
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efleksi
What are enzymes?

o All enzymes are globular proteins — spherical in shape (Fig 1)

® Control biochemical reactions in cells

® They have the suffix "-ase”

¢ [ntracellular enzymes are found inside the cell

e Extracellular enzymes act outside the cell (e.g. digestive enzymes)
® Enzymes are catalysts — speed up chemical reactions (Fig 2, Fig 3)

& Reduce activation energy required to start a reaction between molecules

& Substrates (reactants) are converted into products
& Reaction may not take place in absence of enzymes (each enzyme has a specific
catalytic action)

¢ Enzymes catalyse a reaction at max. rate at an optimum state
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activation
energy without

enzyme

reactants
.-9. CO, + H,O

Energy

Reaction coordinate
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Primary structure

Strukf(jr enzim

Tertiary structure
Nree-Qimensional SUucturn

Quatemary structure http://www.biologyguide.net/uniti/2_enzymes.htm
complex of protein molecules
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Mekanisme Kerja Enzim

Persamaan reaksi enzim

Enzim + Substrat _ > Enzim-Substrat Kompleks ——> Enzim + Produk

E+S<—ES—E+P

Pembentukan [ES] diyakini terjadi menurut mekanisme:
Key and lock theory
Induced fit theory
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Key and lock theory

substrate enzyme-substrate complex enzyme-product complex  enzyme ready
to repeat actio

http://library.thinkquest.org/3659/orgchem/proteins.html

Key and lock theory Induced _fit theory

Substrate

N

Substrate ‘
» +
—’ —’

ES Complex

Enzyme ES Complex

Enzyme
http://chemistry.tutorvista.com/physical-chemistry/catalysis-and-enzymes. html

Untuk flash tutorial enzim heksokinase dpt dilihat pada :
http://www.chem.ucsb.edu/~molvisual/ABLE/induced._fit/index.html
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http://www.absorblearning.com/chemistry/contents.h
tml
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Daniel Koshland (1920-2007), US biochemist. Koshland
studied enzymes and the movement of bacteria in response
to chemical stimuli (chemotaxis). He developed the
'induced fit' theory of enzyme and substrate interaction,
which was a modification of the accepted 'lock and key
model'. Koshland was editor of the journal 'Science’ from

1985-1995

http://www.sciencephoto.com/media/39564y7/enlarge
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Substrat

This is a molecular model of the unbound This is a cpk representation of
carboxypeptidase A enzyme. The cpk, or carboxypeptidase A with a substrate
space-filled, representation of atoms is (turquoise) bound in the active site. The
used here to show the approximate volume active site is in the induced conformation.
and shape of the active site. Note the zinc The same three amino acids (Arg 145, Tyr
ion (magenta) in the pocket of the active 248, and Glu 270) are labeled to

site. Three amino acids located near the demonstrate the shape change.

active site (Arg 145, Tyr 248, and Glu 270)

are labeled Note: Coordinates for Figures 2 and 3 are

from x-ray crystallographic data

http://www.chemistry.wustl.edu/~edudev/LabTutorials/Carboxypeptidase/carboxypeptidase. html
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