AP Biology

Living Metabolism- Part 2 
(Associated Learning Objectives:  1.14, 1.15, 1.16, 2.1, 2.2, 2.4, 2.5, 2.15, 2.16, 2.18, 4.1, 4.17)
Important Concepts from Previous Unit:
1) Proteins are the workhorses of cells. Every major process with in ALL cells requires proteins.
2) Protein functions are determined by the sequence of amino acids.
3) Protein function is also dependent upon the different levels of protein folding and the chemical bonds that help.
I. Enzymes 

A. These molecules are Biological Catalysts.
1. Most are proteins that speed up and control the rate of a chemical reaction. 

2. They are mostly composed of Amino acids, some are also pieces of RNA (Ribozymes). 

B. They are reactivated; therefore, they are not consumed by the reaction. They remain present, essentially.
C. Enzymes are selective in what they will work with. We used to say they had a “lock and key fit” (old term); we now say it “fits like a glove or has an induced fit”. (New term) 
1. This is like putting on a latex glove… it stretches to conform to the shape of your hand.
2. The hydrogen bonds of secondary structure enable this property of enzymes.
D. Enzyme names usually end with “ase”.
E. They are involved in just about every process that a cell can perform.
II. Free E of Activation 
A. This refers to the Free E used to start a chemical reaction in motion. (Essentially is the energy for getting the molecules moving and positioned so that it is possible to combine or be torn apart.)
B. The energy of activation is lowered by the action of enzymes. (Enzymes reduce by GRABBING the molecule and positioning it correctly… we don’t have to WAIT for nature to do it.)
1. Enzymes also replace the need for heat in most chemical reactions (remember heat can make molecules move faster) so that organisms don’t burn up during metabolism.
III. Substrate

A. This refers to the molecule that is being affected by the enzyme. it is what the enzyme is grabbing and working on.
IV. Active Site

A. This refers to the location where the chemical reaction(s) is taking place between the enzyme and substrate.
B. It is an Induced Fit which creates the Enzyme-Substrate Complex. (Complex meaning “more than one piece in the unit”.)
C. The two parts are mainly held together by weak Hydrogen bonds, Ionic bonds, or Van der Waals Interactions (Remember, temporary polarity qualities because of electron clumping on one side of an atom.)
D. The R-Groups of the Amino Acids (building blocks of proteins) perform all the work of the reaction. The “R” is for reactive.
V. Factors that can affect enzymes ability to work optimally. (“optimal” means “best” or “Fastest”)

A. Temperature – freeze/cold (cold things don’t move quickly) or Heat.
B. pH or pOH of the environment 
C. Salt concentrations

D. ALL of these factors mainly affect the SECONDARY folding of proteins, by altering the Hydrogen bonds.
They may sometimes be affected at the disulfide bonds of tertiary structure.

1. Remember, when proteins “unwind” that is denature. Enzymes will not function when this 
occurs.
2. The Optimal Conditions for most human enzymes:
3. 98.6˚F (35 - 40⁰C)
4. pH usually between 6 – 8 (The human body’s pH of blood is an average of 7.4.)
5. Remember, this is an unstable (dynamic) environment. There is an upper limit and a lower limit for enzymes. Beyond the limits, bad things begin to happen. So it is basically, trying to stay between the limits, as concentrations of molecules rise and fall. The limits of “life”.

VI. Inhibitors

A. The name implies that these molecules negatively affect an enzymes ability to work optimally. These slow down or stop the rate of the chemical reaction.
B. Two types of Inhibitors exist, based on the location of the enzyme that is affected.
1. Competitive- These molecules compete for the active site. (This is because of similar shape.)
a. These molecules slow down the reaction rate. (These molecules will be removed.)
2. Non-competitive –These molecules attach somewhere other than the active site and thereby causing the shape of the active site to change so the substrate can’t fit into it.
a. These molecules cause the reaction to stop completely. (These molecules may affect the enzyme permanently or maybe temporarily in the case of an Allosteric connection.)
VII. Allosteric Site 
A.   This site, on the enzyme, acts as an on/off switch for that enzyme.
B. It is a way to control the enzyme’s being used at any given time. (It is like a light switch that controls when there is light in a room.)
C. An Inhibitor molecule – This turns the enzyme “off” by closing the active site.
D. An activator molecule– turns the enzyme “on” by opening the active site.
VIII. Feedback Inhibition 
A. A product IN EXCESS shuts down the reaction that is taking place at an earlier point in the pathway.
1. The excess product molecule of the reaction combines with the allosteric site.

B. Prevents “waste” of precious materials and energy by not making more of what is not needed at that time.
C. Most enzymes are controlled using this form of regulation.
D.   This is also considered a component of a negative feedback loop. 




1. This refers to stopping a process that is already occurring (Production); and starting the

                                                consuming of the product.
IX. Cooperativity 
A. One Active site helps or cooperates with another active site on the same molecule. 
B. Red Blood Cells carrying Oxygen (One of the four parts  is filled, that filled part then turns on the second part so it can fill and so forth until the whole molecule is full.)(Once one part is emptied, that part will cause the next part to begin to empty.)(IT ALL ALLOWS FOR MAXIMUM SYSTEMIC DISTRIBUTION OF OXYGEN BY A RED BLOOD CELL) This is an example of Regulation (control).
