H.  Enzymes
Text chapter 6 – page 104-110 and p. 397.
General:
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A.
Cells are DYNAMIC.

B.
Metabolism:
The constantly occurring chemical reactions happening in a cell.

Metabolic pathways:  a series of reactions going in an orderly, step-by-step manner.

These reactions are all ‘working’ towards producing end products.
1.
There are usually many tiny steps in each pathway.
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e.g.

xyz           x   +   yz           y   +   z


2.
Reactants become products.

· xyz is a REACTANT

· z is the FINAL product.

** Notice how the product (yz) of the 1st reaction is a reactant in the next one.

3.
Each metabolic pathway may be joined to other pathways … or branched in other ways.



e.g.

xyz           x   +   yz           y   +   z




WHY?

4.
Energy is more easily captured, controlled, and used if released in small amounts at a time.

5.
Each reaction in a cell requires a specific enzyme.


a)
Speeds up the reaction.

b)
Helps keep control of the reaction.


6.
Enzymes

a)
Protein molecules
b)
speed up chemical reactions

c)
No enzyme  =  no reaction.

( or reaction too     S  L  O  W      to be useful.


e.g.         A          B          C          D          E

If one enzyme is missing (or mutated !) then the reaction pathway stops there.

e.g.         A          B          C          D          E

In the above example there will be very little of reactant A, LOTS of B, & none of C, D or E.   


(Can you see WHY?)

d)
An enzyme is specific to a particular reaction.

The ‘wrong’ enzyme will not allow the reaction to proceed.

e)
Substrate:  the molecule (reactant) an enzyme acts upon.  

In the reaction below, E1 is acting upon A & making product B.  Thus A is the substrate.


e.g.         A            B             C             D            E


Notice how the products in some reactions become the substrates for different reactions (and enzymes) in this metabolic pathway.

f)
Some enzymes and their substrates:

	Enzyme
	Substrate

	· lipase
	Lipids

	· urease
	Urea

	· maltase
	Maltose

	· ribonuclease
	RNA

	· lactase
	Lactose

	· dehydrogenase
	Removes an H atom


Enzymes:   suffix is often “-ase”
g)
The enzyme is NEITHER changed NOR used up in the reaction.

7.
The enzyme is made specifically to “fit” the substrate.  
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Sea Lion: fig. 6.6, p. 107
Usually referred to as a ‘lock-and-key’ model.
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8.
Once the enzyme binds to the substrate, the enzyme changes shape slightly to fit the substrate even MORE tightly.

· This is called INDUCED Fit
Sea lion page 107, fig. 6.7

Induced fit video:  http://www.youtube.com/watch?v=cXLpxe6sPwI
9.
The substrate can only become SPECIFIC products.  


i.e. The particular enzyme makes the substrate into a particular product.



The enzyme can’t change what product it causes the substrate to become.

For example:  

fat  +  enzyme   (     3 fatty acids  +  glycerol (+ enzyme)


(  The product obtained depends on which enzyme is catalyzing the reaction.

10.
The enzyme is neither USED UP nor CHANGED after it has changed the substrate.  It merely unbinds and ‘finds’ another substrate.




Video:  http://www.youtube.com/watch?v=6VdMp46ZIL8



11.
Enzymes work at a particular RATE (speed).

a)
you can’t increase the rate without altering the ‘conditions’ that the cell is in.

b)
5 ways to get more and/or faster products.

… you must make more collisions [& more of the 

collisions successful].
· Add more substrate.



· Add more enzymes.

· Increase or decrease the temperature.



[image: image3.png]Enzyme activity

Temperature
(arbitrary units)

A




· Increase or decrease the pH


· Remove inhibitor molecules.





 
Inhibitors SLOW DOWN the reaction.
Inhibition video:  http://www.youtube.com/watch?v=PILzvT3spCQ
c)
4 types of inhibition to know about:


· Irreversible inhibition:  the inhibitor binds permanently to the enzyme.
( Usually interferes with or stops altogether . . . the functioning of the enzyme.


· Reversible inhibition:  the inhibitor binds to the enzyme and then just falls off.  (It does nothing but get in the way of the enzyme for a while).


· Competitive inhibition:  the inhibitor “competes” with the substrate for the enzymes active site.


· Non competitive inhibition:  inhibitor binds to enzyme, but NOT at active site.  STILL interferes with action of enzyme.

You NEED inhibitor molecules in your body.


Otherwise, how would the reactions ever stop??  

d)
Feedback inhibition:  This is when the PRODUCT made in the reaction inhibits the enzyme which makes the reaction proceed in the first place.


e.g.


AB               



A   +   B



This is NEGATIVE feedback
A product from several steps later in the metabolic pathway could be an inhibitor for an earlier step.

e.g.  

A           B             C              D            E

Feedback inhibition videos:  http://www.youtube.com/watch?v=Ph_ZCnW_N_o


http://www.youtube.com/watch?v=z3yCgvSG1pQ
more detailed … plus has a funny song.

12.
Denaturation:  Stops a reaction from being catalyzed by destroying the enzyme.

Causes of denaturation:

( pH too high or  low,
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( Temp. too high or low
Graphs in text = p.108
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( Other things such as heavy metals (lead, mercury) or radiation (UV light, high powered X-rays, atomic radiation, …)
Graph resembles temp graph.
13.
Enzymes “reduce the activation energy” of a reaction.
( Enzymes lower the amount of energy needed to START a reaction going.  Once the reaction is started  . . . it keeps going by itself.
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See page 106, fig 6.5 .

14.  Coenzymes / cofactors

Many enzymes are made of 2 parts:


(
apoenzyme       (the protein)


(
coenzyme        (or cofactor)

a)
Apoenzyme:  portion that makes the enzyme SPECIFIC to a particular substrate.

b)
Coenzyme:  organic NON-protein that is needed to complete the formation of the product from the substrate.

(Cofactor is the same as coenzyme but ISN’T organic.)

c)
Many vitamins are cofactors.

Your body can NOT make cofactors, you must get them from your food.
d)
Coenzymes and cofactors are LARGE molecules.  [ compared to H2O or NaCl.  But are still small compared to a protein, glycogen, or starch]
On the topic of METABOLISM, but separate from enzymes . . .

B.
Thyroxine





Text - p.397
1)  What it is chemically:  An iodine containing hormone.  Often abbreviated as T4.  [because it contains 4 iodine atoms attached to Tyrosine].



** Notice that it does not have the steroid nucleus.

2) Job:  It’s the body's main metabolic hormone. 
a.  Acts on nearly every cell in the body to increase the metabolic rate [sum total of all metabolic reactions]
b. Stimulates oxygen consumption and thus metabolism in all cells and tissues in the body.
…also…

c. Regulates the generation of body heat,
d. In the liver, it promotes glucose metabolism into pyruvate, gluconeogenesis [generation of glucose from non-carbohydrate] from fats, and increases release of cholesterol. 
e. In the digestive system, it increases secretion of digestive juices, and promotes smooth muscle contractions for motility. 
f. In skeletal and cardiac muscles, it promotes normal development, tone and function. 
g. In bones, it promotes growth and coordinates maturation with age. 
h. In the nervous system, it promotes normal development of the system during youth. 
i. In the reproductive system, it promotes the ability for conception, and secretion of milk by the breasts. 
j. In the skin, it promotes hydration, secretions of glands, and the growth of hair.
3) Source gland:  Thyroid gland
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4) Hyperthyroidism - a condition in which the thyroid gland makes too much thyroid hormone. The condition is often referred to as an “overactive thyroid”. 

a. Symptoms: Difficulty concentrating; Fatigue; Frequent bowel movements; goiter [large bulge in neck caused by enlarged thyroid]
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5) Hypothyroidism – Myxedema

a. The thyroid gland does not make enough thyroid hormone. 

b. Initial symptoms: Being more sensitive to cold; Constipation; Depression; Fatigue or feeling slowed down; Joint or muscle pain; Paleness or dry skin; Thin, brittle hair or fingernails; Weakness; Weight gain (unintentional) 

· Late symptoms:  Decreased taste and smell; Hoarseness; Puffy face, hands, and feet; Slow speech; Thickening of the skin; Thinning of eyebrows.
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Cretinism is a condition that results from inadequate secretion of thyroid hormones during fetal life or early infancy. The brain and skeleton fail to develop properly, resulting in mental retardation and dwarfism.
	Pathology
Cretinism is a condition of stunted body growth and impaired mental development. The symptoms, which appear during early infancy, are the gradual development of a characteristic coarse, dry skin, a slightly swollen face and tongue, umbilical hernia, and an open mouth that drools. The baby is usually listless, slow-moving, constipated, and a slow feeder. Cretinism is the result of a congenital deficiency in the secretion of the hormone thyroxine from the thyroid gland. In some cases, this is thought to be caused by an insufficient amount of iodine in the diet of the child's mother during pregnancy. Thyroid testing on newborns to detect cretinism is now a routine test in many countries.
 

	Treatment:
Treatment with thyroid hormone promotes normal physical and mental development. It is essential that treatment be started during the first six weeks of life or irreversible changes may take place.
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*************  Unit H = d o n e  *************
Undergoing continuous productive activity.





Taken away and used by cell.





X  +  2HCl            H2  +  XCl2





Y  +  CO2            YC  +  O2





e.g.  Gas in a car is used to run the engine.  A small amount is ignited at a time.��( As compared to lighting ALL the gas at once!! )








catalysts ! !
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Sort of how puzzle pieces are made to fit together.





The only way you can open a locked door is if your KEY fits perfectly.





Lipase, perhaps.





REMEMBER what fats are made of???





The enzyme ‘finds’ substrate molecules by randomly and ‘accidentally’ hitting the substrate at just the right place and angle to bind with it at the active site.





This constant random motion of molecules is called KINETIC MOLECULAR MOTION.





ONLY works if there are LOTS of extra enzymes present to work on the new substrate.





ONLY works if there is LOTS of extra SUBSTRATE present for the enzyme to work on.





Heating will speed it up (until it gets too hot for the enzyme and DENATURES it.)��Cooling will slow it down.





For example some molecules might be shaped similar to the enzyme or substrate.





. . . will get in the way of the enzyme OR might bind with the enzyme or substrate and prevent the reaction from happening.�





enzyme





B accumulates in the area where the reaction is occurring.  INHIBITS the enzyme.





E1





E2





E3





E4





Enzymes are proteins  (as you already know) & so the conditions that denature proteins will denature enzymes.





If an enzyme is denatured it has either fallen apart or changed shape.





Sort of like . . . If riding a bicycle.  You have to put energy IN to go UPHILL, but as soon as you get over the hill the bike takes off on its own and you don’t need to put any more energy into it.





� INCLUDEPICTURE "http://www.chem.ufl.edu/~itl/2045/matter/FG14_013.GIF" \* MERGEFORMATINET ���





An enzyme just reduces the “energy hill” that a molecule has to climb to start reacting.





HOLOENZYME
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