ENZYMES
Cellular Metabolism

- cells are very active both physically and chemically.


- Physically: vesicle formation, exo-/endocytosis, cell division, etc.


- Chemically: hydrolysis, dehydration synthesis, cellular respiration, 



etc.
- the sum total of all the biochemical reactions taking place within a cell is called metabolism, of which there are two types:


i. Anabolism – synthesis reactions; eg. protein synthesis, lipid 
synthesis, glycogen synthesis, etc.


ii. Catabolism – hydrolysis reactions; eg. cellular respiration, digestion 
reactions (to be discussed soon), etc.

- roughly 150,000-200,000 different reactions occur within the human body.

- ATP plays a huge role in cells; three general functions include:


1. Chemical/Metabolic work – energy for anabolism/catabolism;


2. Transport work – energy for cell membrane proteins to perform 
active transport, energy for exo-/endocytosis, etc.


3. Mechanical work – energy for muscle contraction, cilia/flagella 
movement, chromosomal movement during cell division, etc.

Metabolic Pathways 
- reactions are not random occurrences within cells, they are usually a part of a metabolic pathway (reaction mechanism) – a series of linked reactions.

- reactions are generally illustrated using a reaction equation.  An equation provides information about the reactants and products, but provides very little information about the actual process that occurs to get from reactants to products.  
- an equation implies a one-step process, which, in reality, is seldom the case (eg. cellular respiration).  Most reactions involve a series of steps in order to proceed from reactants to products.
Example:   4HBr  +  O2  (  2H2O  +  2Br2
This reaction does not occur in one step.  Why not?

There exists a very low probability that 4 HBr molecules and 1 O2 molecule will collide simultaneously while possessing enough Kinetic Energy (which is converted to bond-breaking currency Potential Energy) and while exhibiting the proper orientation (geometry) to allow a reaction to occur in one step.
The above reaction is actually a three-step mechanism:

Step 1:  HBr  +  O2  (  HOOBr  + energy      
         rate: fast
Step 2:  HOOBr  +  HBr + energy  (  2HOBr                  rate: fast
Step 3:  2HOBr  +  2HBr  (  2H2O  +  2Br2  + energy     rate: slow
Overall: 4HBr  +  O2  (  2H2O  +  2Br2         (H = negative
*Each individual step is referred to as an intermediate step or an elementary process.

- cellular respiration is actually made up of three stages each with multiple steps: Glycolysis ( 9 reactions), Krebs Cycle (8 reactions), Electron Transport Chain (~ 6-8 redox reactions).
- a generalized metabolic pathway can be represented diagrammatically as follows:


A 

    B 

     C

        D 
A-C represent reactants (substrates); B-D represent products; E1-E3 represent enzymes.
Enzymes

- there exist approximately 3000 enzymes per cell in the body.

- an enzyme is a protein that functions as an organic catalyst, in order to increase the rate of a chemical reaction.

- the reactant(s) in an enzyme-involved reaction are referred to as substrate(s) for that enzyme.

- referring to the diagram on the previous page, A is the substrate for enzyme E1, B is the product; B is the substrate for E2, C is the product, etc.

- the substrates A-C (and product D) may not be limited to just one metabolic pathway.  They may participate in multiple reaction mechanisms in the cell.

Simple Collision Theory
- in a chemical reaction, what actually occurs in order for reactants to create products?  The answers can be found using collision theory.  
- molecules are always moving - they always possess kinetic energy (KE).


- exception: when the temperature is -273o C (0 K) – Absolute 




Zero
- because of all this movement, molecules are always colliding with one another, and upon colliding, KE decreases and potential energy (PE) increases. 


Note: the changes are proportional in that as KE decreases by 1 J, PE 
increases by 1 J.
- two things can occur as the result of a collision:

1) The reactant molecules collide but either they do not have enough 
KE, which, in turn, produces insufficient PE, or they don’t have the 

correct geometry (orientation) to cause reactant bonds to break.  
Therefore, they bounce off of one another and nothing happens – 
an ineffective collision.

2) The reactant molecules collide with the correct geometry 
(orientation) and with sufficient KE, and therefore PE (called the 
Activation Energy (Ea)) to cause reactant bonds to break and 
product bonds to form.  This is called an effective collision.
	Reaction rate is dependent on the amount of effective collisions.


Catalysts (Enzymes) influence the reaction rate:
- catalysts increase the probability of an effective collision occurring (ie. they increase the probability of a collision being effective), thereby increasing the reaction rate. *Catalysts decrease Ea 
- catalysts remain unchanged upon completion of the reaction.
- how catalysts lower Ea can be exhibited diagrammatically:
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** also see fig. 6.4 p. 108.

Enzyme-Substrate Complexes (Models of Enzyme Action)
E (enzyme) + S (substrate) 
     ES 
 E (same enzyme) + P (product)






enzyme-






substrate






complex
-generally, an enzyme is larger in size than its substrate (this is helpful to know when looking at simple diagrams).

- only a small portion of the enzyme, however, actually interacts to form a complex with the substrate; this portion is known as the active site (fig. 6.5 p. 109).

- the binding of a substrate to an enzyme is very specific, similar to how a key fits a lock – known as the lock and key theory where the substrate(s) is the ‘key’ and the enzyme is the ‘lock’.  This theory is slightly outdated in its assumption that the enzyme maintains its shape after the substrate(s) binds to it (similar to how a lock maintains its shape).

- it is now known that the active site undergoes a slight change in shape to accommodate the substrate(s) more effectively – known as the induced-fit model.
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- upon achieving an induced fit, the reaction occurs.

- after the reaction, the product is released and the enzyme returns to its original shape, ready to bind another substrate.

- see fig. 6.5 p. 109.

** remember, enzymes are recycled/reused, but can experience degradation due to certain conditions (discussed later).

Specificity of Enzymes

- enzymes are often (but not always) named for their specific substrates as they are what enzymes tend to form complexes with.

- tend to end in –ase, but not always.

- some examples:

	Substrate
	Enzyme

	Lipids
	Lipase

	Peptides
	Peptidase

	Maltose
	Maltase

	Urea
	Urease


Enzyme Cofactors

- many enzymes require an inorganic ion (non-carbon possessing), or an organic (non-protein) molecule in order to function properly (more specifically, the cofactor alters the shape of the enzyme to create a proper active site for the specific substrate).

-these substances are known as enzyme cofactors.

- inorganic ions that act in this way include: Cu2+, Zn2+, Ca2+, etc.
- organic molecules are more specifically referred to as coenzymes.

- coenzymes tend to be made up of vitamins (small organic compounds) such as various Vitamin B compounds (niacin, thiamin, riboflavin, B12, etc.).
- often, coenzymes contribute atoms to reactions.

- enzymes that require a coenzyme are called apoenzymes.
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Factors Affecting Enzymatic Activity (Speed)
- again, enzymatic reactions proceed very rapidly compared to non-enzymatic reactions.


- eg. the enzyme catalase allows hydrogen peroxide to decompose 
600,000 times per second in the liver; without catalase, such a 
decomposition would take years!

- certain factors play a direct role in the level of enzymatic activity:

1. Substrate Concentration 

- enzyme activity (reaction rate) increases as substrate concentration increases because more overall collisions occur, leading to more effective collisions.

- that said, once all active sites are filled, the reaction rate plateaus and the maximum rate has been achieved.

2. Enzyme Concentration

- similar to above, reaction rate increases as enzyme concentration increases.

- furthermore, reaction rate will plateau when all substrate(s) have been accommodated.

3. Temperature

- as temperature rises, enzyme activity (reaction rate) increases due to the increased KE (therefore PE) of molecules.  

- thus, not only are there more overall collisions, but the collisions are harder, resulting in more effective collisions.

- however, if the temperature rises beyond a certain point (around 400C), enzyme activity begins to decrease as, at first, collisions become too hard; then, the protein (enzyme) becomes denatured due to the altering of the active site (tertiary structure).
- optimal temperature = ~370C in body (body temp.).

- similar, but opposite idea when temperature drops, except there is no denaturing at low temperatures, just low KE/PE, and therefore weak collisions.


- see fig. 6.6(a) p. 110.

4. pH

- each enzyme has an optimal pH at which its reaction rate is highest.

- a change in the optimal pH alters the active site (tertiary structure) of the enzyme, thus disallowing effective collisions (denaturation).
- eg. pepsin and trypsin both digest proteins in the digestive system, but do so under different pH conditions.


- see fig 6.6(b) p. 110.

5. Enzyme Inhibition

THREE TYPES OF INHIBITION:

i. Competitive Inhibitors:

- molecules that legitimately compete with the actual substrate(s) for 
the active site on an enzyme.


- once bound, they simply block the actual substrate(s) from binding 
and creating the desired product.


- tend to be very close in shape and/or chemical structure to the 
substrate(s).

ii. Non-Competitive Inhibitors:

- molecules that bind to the allosteric site of an enzyme (not the active 
site, but another site) causing a change in shape of the enzyme, 
simultaneously altering the shape of the active site, thus preventing 
substrate(s) binding.


- common culprits:  HEAVY METALS!!! (such as...Pb2+, Hg2+, etc.)

iii. Negative Feedback Inhibition:


- enzyme pathway results in production of product that binds to an 
allosteric site to block further production of product (‘turns off the 
tap’).


- many hormones in the body feedback in this way to stop what could 
be perpetual production.


- another form of non-competitive inhibition.


- see fig. 6.7 p. 111.
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Metabolism-Controlling Hormone – THYROXINE

-  thyroxine is produced in the thyroid gland – located in the neck region (fig. 20.3 p. 399)

- its release is controlled by the hypothalamus in the brain and the anterior pituitary gland in the brain (see again, fig. 20.3 p. 399).

- thyroxine increases overall metabolic rate.  It is non-specific in that it targets and stimulates all organs in the body to ‘work faster’ by producing and using ATP at greater rates.

- it is present in higher than average levels in juveniles, and at lower than average levels can lead to different disorders.
- ultimate effects of thyroxine: increased O2 consumption, increased heart rate, increased glucose breakdown, increased ATP production/utilization.

Control Pathway for Thyroxine (T4 below):

Legend:
TRH = Thyroid-Releasing Hormone; TSH = Thyroid-Stimulating Hormone
- sign = negative feedback; + sign = positive feedback;

Steps:

1. Nervous system triggers hypothalamus to release TRH, which travels via the blood a short distance to the anterior pituitary gland.

2. Anterior Pituitary gland releases TSH, which travels in the blood to the thyroid gland.

3. Thyroid gland releases thyroxine, which travels to various organs (including liver and sm. intestine as shown below to increase glucose levels in blood).

4. Thyroxine presence in blood signals both the hypothalamus and the ant. pituitary to stop TRH and TSH production respectively.

5. (Not shown on diagram); Upon receiving negative feedback, hypothalamus releases TRIH (Thyroid-release inhibiting hormone) to ant. pituitary to serve as a ‘back-up’ plan if TSH is still being released. 
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Enzyme cofactors do NOT bind to the active site of an enzyme!  They essentially create the active site.








