DEFINITION: 


Enzyme: a globular protein which acts as a catalyst in a biochemical reaction

Active site: the region on the surface of an enzyme to which substrate binds and catalyses the reaction 

Substrate: the reactant in biochemical reaction

Product: it is released after enzymes is used and used again

Collision: the binding of substrate molecules and active site


MODELS:
Structurally: if they are the same shape and fit well
Chemically: if they are chemically attractive to each other

Understandings:
· Enzymes have an active site to which specific substrates bind
The active site and the substrate complement each other in terms of both shape and chemical properties
· Hence only a specific substrate is capable of binding to a particular enzyme’s active site[image: substrate and active site]
· Enzymes are typically named after the molecules they react with (substrate) and end with the suffix ‘-ase’

· Enzyme catalysis involves molecular motion and the collision of substrates with the active site
Enzyme Catalysis
Enzyme catalysis requires that the substrate be brought into close physical proximity with the active site
· When a substrate binds to the enzyme’s active site, an enzyme-substrate complex is formed
· The enzyme catalyses the conversion of the substrate into product, creating an enzyme-product complex
· The enzyme and product then dissociate
· the enzyme was not consumed, it can continue to catalyse further reactions 
Collision Frequency[image: enzyme-substrate]
The rate of enzyme catalysis can be increased by improving the frequency of collisions via:
· Increasing the molecular motion of the particles 
· thermal energy can increase kinetic energy
· Increasing the concentration of particles 
· either substrate or enzyme concentrations

· Temperature, pH and substrate concentration affect the rate of activity of enzymes
TEMPERATURE:
· If temperature ⬆then collision between substrate and active site ⬆
· However, if the temperature exceeds the optimum point, it will result in a denaturation, which will cause a vibration and breaks bonds and enzyme activity will no longer be efficient. 
[image: ]
pH:
· pH leaves the optimum then enzyme activity ⬇and denatures and does not catalyse
· Change in shape will affect active site rate of reaction 
[image: ]
SUBSTRATE CONCENTRATION
· Substrate concentration ⬆ enzyme activity ⬆
· when it past the optimum point, the efficiency remains at the same level because there are no more sites to be used, sites are full. [image: ]
· Enzymes can be denatured
· The shape and chemical properties of the active site are highly dependent on the tertiary structure of the enzyme
Like proteins, enzyme structure can be modified by external factors such as
·  high temperatures
· extreme pH
· These factors disrupt the chemical bonds (necessary to maintain the tertiary structure of the enzyme)
· Any change to the structure of the active site (denaturation) will negatively affect the enzyme’s capacity to bind the substrate[image: enzyme denaturation]
· Immobilized enzymes are widely used in industry
· Enzyme concentrations are conserved as the enzyme is not dissolved 
· hence it can be retained for reuse
· It is easier to separate of the product as the enzyme remains attached to the static surface
Immobilised enzymes are utilised in a wide variety of industrial practices:
· Biofuels – Enzymes are used to breakdown carbohydrates to produce ethanol-based fuels
· Medicine – Enzymes are used to identify a range of conditions, including certain diseases and pregnancy
· Biotechnology – Enzymes are involved in a number of processes, including gene splicing
· Food production – Enzymes are used in the production and refinement of beers and dairy products
· Textiles – Enzymes are utilised in the processing of fibres (e.g. polishing cloth)
· Paper – Enzymes assist in the pulping of wood for paper production

Applications:
· Methods of production of lactose-free milk and its advantages
Producing Lactose-Free Milk
Lactose-free milk can be produced by treating the milk with the enzyme lactase
· The lactase is purified from yeast or bacteria and then bound to an inert substance (such as alginate beads)
· Milk is then repeatedly passed over this immobilised enzyme, becoming lactose-free
Advantages of Lactose-Free Dairy Products
The generation of lactose-free milk can be used in a variety of ways:
· As a source of dairy for lactose-intolerant individuals
· As a means of increasing sweetness in the absence of artificial sweeteners (monosaccharides are sweeter tasting)
· As a way of reducing the crystallisation of ice-creams (monosaccharides are more soluble, less likely to crystalise)
· As a means of reducing production time for cheeses and yogurts (bacteria ferment monosaccharides more readily)





Skills:
· Design of experiments to test the effect of temperature, pH and substrate concentration on the activity of enzymes
· Choosing the Independent Variable
· Temperature (use water baths to minimise fluctuations)
· pH (acidic or alkaline solutions)
· Substrate concentration (choose range to avoid saturation)
· Presence of inhibitor (type of inhibitor will be enzyme-specific)
· Selecting an Enzyme and Substrate[image: enzyme table 1]
· Measuring Enzyme Activity
· The amount / rate of substrate decomposition
· The amount / rate of product formation[image: enzyme table 2]


· Experimental investigation of a factor affecting enzyme activity
· What is an appropriate range of values to select for your independent variable?
· Have you chosen a sufficient time period for the reaction to proceed?
· Have you identified, and controlled, all relevant extraneous variables?
· Can you include a negative control condition (no enzyme) to establish baseline readings?
· Can you include a positive control condition to confirm enzyme activity?
· Is it possible to treat the enzyme with the independent variable before mixing with the substrate?
· Does the data collection method allow for sufficient precision in detecting changes to levels of product / substrate?
· Have all appropriate safety precautions been taken when handling relevant substances?
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