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Enzymes

Name: ______________
Enzyme Objectives:

· Be able to define terms like enzymes, metabolism, coenzyme, cofactor, activation energy, catalyst.

· Describe different structural models of enzyme function

· Discuss and give examples of factors affecting enzyme function

· Describe and give examples of enzyme inhibition
· Apply knowledge of proteins to explain the effects on enzyme activity of pH, temperature, substrate concentration, enzyme concentration , competitive inhibitors and heavy metals
Ameoba Sisters video on Enzymes:    https://www.youtube.com/watch?v=qgVFkRn8f10
METABOLIC PATHWAYS
· the orderly step-wise series of linked chemical reactions from the initial reactants to the final products.  

· Highly structured.  One reaction leads to the next.  
· Each step (chemical reaction) is catalyzed by specific enzyme(s) 
REASONS WHY METABOLIC PATHWAYS EXIST:
1. More complex molecules can be made, more sophisticated reactions can take place.
2. One pathway can lead to several others (intermediate products of one pathways can be starting reactant for another pathway.

3. More control over reactions (halted, modified, sped up/slow down at any step)
4. Cyclic pathways/feedback mechanisms possible. 
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ENZYMES AND METABOLIC PATHWAYS
Many chemical reactions in the cell are linked in metabolic pathways. 
· The reactants are called enzyme substrates
ENZYMES: Biological Catalysts
· proteins (tertiary and quaternary structures) that can speed up a chemical reaction (catalyse) without being consumed 
· Highly specific to its substrate (reactant). 
· Each enzyme speeds up only one reaction. 
· Enzyme names usually end with the suffix “ase” (or sometimes “sin” e.g. trypsin, pepsin)

· Reusable
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HOW ENZYMES FUNCTION: 
· Enzymes speed up reactions by lowering the activation energy 
· Energy of Activation (Ea) = energy required to cause molecules to react with one another.

· enzymes do this by bringing the substrate molecules together and holding them long enough for the reaction to take place
· Enzymes work by weakening bonds which lowers activation energy
Enzymes owe their specificity to their Active Site: 
· place where the substrates binds on the enzyme. 

· 3D shape due to secondary or tertiary structure. 
· hydrogen bonds form between the active site and the substrate, holding it in place
· The equation for an enzyme-catalyzed reaction is always:
E + S ( ES (E + P


ES:enzyme substrate complex 
· 
[image: image2]
Once the reaction has been catalysed, the products are no longer the right shape to fit in the active site and the complex breaks up. 
Two Theories on How enzyme structure is related to function

Lock and Key
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active site of the enzyme has a specific 3D shape that fits the shape of the substrate exactly
· Enzyme does not change shape

· Assumes active site is rigid and set
Induced Fit Theory

· slight conformational change to bind more perfectly to substrate
· reaction occurs, ES complex separates, enzyme re-assumes its original shape, free to catalyze another reaction.
· Induced by the substrate
Enzymes can catalyze Degradative and Synthetic reactions:
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FACTORS AFFECTING ENZYMATIC ACTIVITY
1. Concentration of substrate
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As [substrate] increases, enzymatic activity (reaction rate) increases.  

2.
Concentration of Enzyme
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· limits the overall rate of reaction.  
3.
Temperature:
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5. pH: 
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most enzymes prefer pH’s of:6-8 
· some exceptions:  pepsin in the stomach - pH ~ 2,
·  trypsin in the small intestine - pH ~ 8)

· if the pH is too low or too high, the enzyme denatures: 
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6. Presence of Inhibitors (2 types)
· molecules that bind to the enzyme in some way to prevent or reduce the rate of substrate binding to enzyme. 
· Depends on structure[image: image19.jpg](@) Lock-and-key model
Active site_Substrates

%li:

Enzyme Enzyme-substrate  Enzyme Product
complex (unchanged)
(b) Induced-fit model
Substrates

>
w - - A

Enzyme Enzyme-subsirate Enzyme Product
complex




a) Competitive Inhibition
· a molecule with similar shape as substrate can compete for space at the active site 

· slows down the reaction rate when there's not much substrate, but can be "out-competed" by lots of substrate.  enzyme can still reach its maximum reaction rate given enough substrate. In that case, almost all the active sites of almost all the enzyme molecules will be occupied by the substrate rather than the inhibitor.
· Whichever gets there first
· the more inhibitors are added, the lower the rate of reaction, and the less product is going to be made.

· Eg CO2 and CO. Carbon monoxide is very similar to carbon dioxide and will bind with haemoglobin
Eg Antifreeze (Enthylene glycol) competitively binds to alcohol dehydrogenase (products are poisonous) in liver.  To treat, often a patient is given ethanol (the normal substrate for the enzyme).
· reversible or irreversible.
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Non-competitive inhibition:
· inhibitor binds to another place on enzyme (not the active site). 
· Also called allosteric inhibition
· Binding changes shape, at the active site preventing substrate binding.
· the concentration of the substrate makes no difference to the level of inhibition.
· never reach its normal maximum rate even with a lot of substrate because the enzyme molecules with the noncompetitive inhibitor bound are "poisoned" and can't do their job, regardless of how much substrate is available.
· Both can bind but rxn not catalyzed
· Usually heavy metals (i.e. Mercury: Hg2+, Lead: Pb2+)
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Examples of Inhibition:

· Reversible inhibition is often used as a normal way of slowing down metabolic pathways (e.g. an intermediate or final product may be a reversible inhibitor of another enzyme in the pathway e.g. threonine).

· Irreversible inhibition: medicines or poisons.  
· e.g. penicillin is a medicine that kills bacteria.  
· binds irreversibly to the enzyme that makes bacterial cell walls.  

· HCN (hydrogen cyanide) is a lethal irreversible inhibitor of enzyme action in human.

· Lead (Pb++) and other heavy metals (like mercury (Hg++) and cadmium) are non-competitive inhibitors that cause poisoning when they irreversibly bind irreversibly and denature enzymes.
c) End Product Inhibition or Feedback Inhibition: 
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When product is in abundance, it binds competitively with enzyme’s active site.  
· Eg ATP
d) Irreversible Inhibition
· inhibitor forms a permanent covalent bond to the enzyme, either to the active site or 
· never used within cells to control metabolic pathways. 

· Poisons such as arsenic, cyanide, mercury and many of the nerve gases used in chemical warfare often have their effect as enzyme inhibitors. 

· Eg. some poisons inactivate acetyl cholinesterase, the enzyme that destroys the neurotransmitter acetylcholine in the synapse after a nerve impulse has been transmitted from a motor neuron to a muscle. When the enzyme is inhibited, the muscles go into prolonged spasms and death results as breathing and swallowing become impossible.
Enzyme Activation

· Some enzymes exist in an inactive form. 
· cell regulates which enzymes are present or active at any one time:
· addition or removal of one or more phosphate groups; kinase enzymes add phosphates to proteins Eg Phosphorylation is one way to activate an enzyme.
COFACTORS: 
· Usually minerals like inorganic metal ions (copper, zinc, iron)
Example:   Iron must be present in the 

quaternary structure - hemoglobin in order for it to  pick up oxygen. 
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Eg salivary amylase which works more efficiently in the presence of chloride ions.
COENZYMES 
· nonprotein organic cofactors 
· help reaction by accepting or donating atoms (e.g. H+). 
· often cannot be made by body

· may participate in reaction 
· vitamins or vitamin derivatives 
· niacin is part of coenzyme NAD (NAD/NADH  (Nicotinamide adenine dinucleotide)
· important role in cellular respiration and other metabolic pathways.
· B12 is part of Coenzyme FAD 
· vitamin C is a coenzyme for several enzymes that take part in building the protein collagen, a key part of connective tissue
· Vitamin deficiency results in lack of enzymatic function

· Niacin deficiency (skin disease called pellagra

· Riboflavin deficiency ( cracks at the corners of the mouth
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What are Enzymes made of?
· A protein part called an apoenzyme that gives it its specificity

· Non protein part called coenzyme which may help out the reaction by accepting or donating atoms (H+) 

	Coenzyme
	Apoenzyme

	large organic non-protein molecules, 

many are vitamins. e.g. niacin (nicotinic acid) riboflavin (vitamin B2), folic acid, biotin (vitamin H), thiamine (vitamin B1)
	protein part of enzyme

	Helps reaction - may participate in reaction by accepting or giving atoms to the reaction
	gives specificity to particular reaction
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Thyroxine

· hormone produced in thyroid gland, involved in sugar metabolism 
· increases metabolism rates in cells
· Increases: cardiac output, heart rate, ventilation rate and basal metabolic rate
· Potentiates brain development
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Thickens endometrium in females

· increase metabolism of proteins and carbohydrates
· these activities increase body temperature, Thyroxine and the thyroid gland are [image: image26.jpg]/ = \
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 important in temperature homeostasis
Regulation of blood calcium level:

When the blood calcium (Ca2+) level is high, the thyroid gland secretes calcitonin. Calcitonin promotes the uptake of Ca2+ by the bones, and therefore the blood Ca2+ level returns to normal. 
When the blood Ca2+ level is low, the parathyroid glands release parathyroid hormone (PTH). PTH causes the bones to release Ca2+ and the kidneys to reabsorb Ca2+ and activate vitamin D.
Intestines absorb Ca2+ (blood Ca2+ level returns to normal.
Quick Review:
The following procedure was conducted to observe the effect of pH on the rate on enzyme activity:

· 10 mL of a starch solution was added to each of 5 lettered test tubes.

· A different pH buffer was added to each tube resulting in the pH shown in the table.

· An equal amount of a starch-digesting enzyme was added to each test tube.

· Fresh samples were taken from each tube every minute and tested with IKI for the presence of starch (turns from yellow to black in the presence of starch).







Colour of sample:

	Test Tube
	pH of solution
	1 minute
	2 minutes
	3 minutes
	4 minutes

	V
	5
	black
	black
	yellow
	yellow

	W
	6
	black
	yellow
	yellow
	yellow

	X
	7
	black
	black
	yellow
	yellow

	Y
	8
	black
	black
	black
	yellow

	Z
	9
	black
	black
	black
	black


A. What do the results indicate is present in all the test tubes at one minute?
B.  What new substance is present in test tube X at three minutes?
C. Which test tube has the optimal pH for the enzyme?  Explain your choice.
D. After 1 hour, a sample from test tube Z still turns black.  Using the lock and key model of enzyme reactions, explain these results

Examples of Enzymes:
Intracellular-function inside cell

· Photosynthesis, cellular respiration

Extraceulluar – function outside cell

· Digestive (carnivorous plants, digestive enzymmes produced by salivary glands, stomach, pancreas, small intestines), fungi, insects

ENZYMES USED IN CLINICAL TESTING:
1. Dip-sticks used for testing urine
· indicate the presence or absence of a chemical that in turn indicate: 
· infections, 
· problems in the kidneys 

· other problems such as diabetes 
· Example: Glucose oxidase used for testing urine for glucose:

· The enzyme is mixed with peroxidase and a blue dye.
· If no glucose in urine ( dye stays blue. However, if there is 
· If glucose present (the enzyme breaks up the glucose and releases hydrogen peroxide (reacts with the other chemicals (dye turns green – brown:[image: image13.jpg]



2. Enzyme-linked immunosorbent assays (ELISAs) 
· detect antibodies to particular infections. 

· use antibodies to respond to a specific antigen in the blood or urine. 
· Positive result ( color change
· diagnosis infectious diseases including HIV/AIDS, West Nile virus and Newcastle Disease. 
· plant and animal diseases 
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· Example: ELISA used in pregnancy testing

· human embryo produces Human Chorionic Gonadotrophin (hCG), Some  found in mothers blood and urine. 

· A pregnancy test contains mobile antibodies for hGC that have enzymes attached to them that only bind to hCG. 

· If pregnant the hCG in urine binds to the mobile antibodies and forms an hCG/antibody complex ( bind to immobilised antibodies ( enzymes catalyse a reaction to produce a coloured mark. 
· If the woman is pregnant, two coloured patterns appear. If she is not pregnant, only one appears.
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https://www.youtube.com/watch?v=aOfWTscU8YM
3.Enzyme replacement therapy
There are some diseases where body cannot make specific enzymes.
Gaucher’s disease - body does not make the enzyme glucocerebrosidase (breaks down glucosyceramide, a component of the cell membrane in the removal of cells that are worn out or damaged). As a result there is a build-up of glucosyceramide in organs including the spleen, liver, lungs, brain and bone marrow. It causes an enlarged liver and spleen and many metabolic problems. Children who inherit the most severe form of the disease often do not live beyond the age of two.

Drug effectively replaces the missing enzyme and allows them to live a normal life.

4. Prodrug therapy
· Some medicines are delivered to the body in an inactive form and only become active when acted on by enzymes in the body. 
· Lisdexamfetamine is a prodrug used to help children who are affected by ADHD 

· affects areas of the brain associated with self-control and attention
· converted to dextroamphetamine by enzymes ( acts on neurotransmitters including serotonin, dopamine and noradrenaline in the synapses of the brain.

· drug is closely linked to the illegal recreational drugs known as amphetamines.
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