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In the previous lecture:
We have talked about Lineweaver and  Burk who have introduced a great advantage to science through introducing their equation.
· Review of Lineweaver - Burk equation
It's hard to deal with hyperbolic plots as in the case of the plot of Michealis- menten equation, it's way easier to deal with a linear equation.
The plot of Michealis- Menten equation:
[image: ]
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Lineweaver and Burk derived their equation from the Michaelis-Menten equation.
Lineweaver-Burk equation: 
[image: ]



So it's similar to a linear equation (Y= AX + B):
       A: constant , here, represents Km/ Vmax  (both Km, Vmax are constants)
       X: variable , here, represents 1/ [S]  ([S] is a variable)
       B: constant , here, represents 1/ Vmax
Note: in a linear equation (Y= AX +B) , B represents the Y-intercept (نقطة التقاطع مع المحور الصادي)


The plot of the Lineweaver- Burk equation Is linear and easier to deal with:
[image: ] 




     Y- intercept = 1/ Vmax
Slope of the plot = Km/ Vmax





During that time, this equation made it easier to deal with the numbers related to the plot. However, with the introduction of computers and softwareS, the Lineweaver- Burk equation became of no significant importance (because certain softwares can now give the exact velocity at any concentration, these softwares can also draw the curve of the reaction).

Enzymes Regulation:
(The main topic of this lecture and the next one)

· Enzyme regulation (how are enzymes regulated?)
Note: Metabolism of the body is regulated through enzymes.

Q: why can high temperature sometimes cause death?
1) Because of the denaturation of proteins including enzymes, and enzymes    
    will lose their abilities to perform their functions.
2) Membranes of the cells become very fluid and permeable to many 
    substances, this will affect the metabolism of the body.

Q: since enzymes control all the processes in the body, they must be regulated, so, how do our bodies regulate enzymes' functions?

There are 4 major ways (will be discussed in details):
1- Isozymes (also known as Isoenzymes)
2- Inhibition
3- Regulation through conformational changes
4- Regulation through changes in the amount of enzymes

Other ways include hormones as regulating enzymes (can cause activation or inhibition of enzymes), PH, Coenzymes ( as activators for enzymes), phasporelation.

· Ways of enzymes regulation:
1) Isozymes

* Remember: the term isomers in chemistry refers to compounds that have the same chemical structure ( same composition of atoms) and differ in either the arrangement of the atoms (which produces structural isomers) or the geometry in space (which produces stereoisomers).

Isomers in enzymes means: to find more than one copy (version) of the enzyme, each found in a certain place.

Q: If we have a certain enzyme that carries out a certain function, why do we need to have more than one copy?

Because we want these copies to be different in their activities, working in different condition ( but the general function in all copies of this enzyme will be similar).

 Now, to understand the concept of isoenzymes, lets first consider an example related to the protein hemoglobin and then apply the general concept on the case of isozymes.
· In a pregnant woman, 2 different copies (versions) of Hemoglobin are found, one for the fetus and one for the mother. In order to mach function, they differ in their affinities toward oxygen; the affinity of the fetal hemoglobin towards oxygen is very high compared to the affinity of the hemoglobin of the mother (so that HG of the fetus can take the oxygen from the mother, otherwise there will be no transfer of oxygen)
· This difference in affinities if found for a functional reason. The protein or the enzyme is in general the same with a small change in the amino acid sequence, this small change in the amino acid sequence won't change the general scheme of the function ( in the previous example, the fetal hemoglobin binds to oxygen which is the same general function of the normal hemoglobin of the mother but they differ in their activities towards binding oxygen).

The same concept is present within isoenzymes: 
· They are different copies of the enzyme made through different genes. (The difference is due to a small change in the amino acid sequence)
· All the copies function in the same general scheme. However, with different enzyme parameters (Km differs (affinity towards the substance differs), velocity differs, Kcat , specificity constant, enzyme rate, activity ... etc).
· These different enzyme parameters are necessary for functional reasons in the body. 


2) Inhibition
Enzymes can be regulated through inhibition.
The general ways of inhibition of enzymes are:
   1- Irreversible inhibition
· A certain substance binds to the enzyme permanently, thereby, killing the enzyme's function and structure.
· Physiologically, in our bodies, there are no substances that bind to the enzyme and cause its permanent inhibition. In other words, to inhibit an enzyme permanently is not a logical nor a physiological way for inhibiting enzymes, therefore, irreversible inhibitors are usually poisons or toxins.

 2- reversible inhibition (physiological inhibition)
Normally, in the body, the inhibitor leaves the enzyme after inhibition and the enzyme becomes active again.
3-Pathological irreversible inhibition

3) Regulation through conformational changes of the enzyme
Changing the conformation of the enzyme will cause a change in its structure and geometry, as a result , the function will change.
 The enzyme will adopt a new confirmation, the new conformation will make it active.

 One of the ways of this type of regulation is Phosphorelation:
· The addition of phosphate changes the shape of the enzyme slightly making it active, the removal of phosphate causes the enzyme to return inactive. In other cases, the opposite effect might happen( phosphorelation could cause inactivation, then, removal of the phosphate will cause activation) so, be careful, Phosphorelation doesn't always lead to activation, it may lead to inactivation.
· Phosphorelation is a way to regulate the enzyme function through changing its conformation.

4) Regulation through controlling the amount of the enzyme
Q: How can the amount of enzymes be controlled?
By 2 ways:
   1) controlling the synthesis of the enzyme:
Through genes, genes will produce more copies of the enzyme (more production of mRNA, increasing transcription and translation processes to produce more copies).
  2) controlling the degradation of the enzyme:
In proteins, for example, if we have an infection, starvation state or during fasting, the degradation of proteins including enzymes increases.

Q: what makes this way (Regulation through controlling the amount of the enzyme) of regulation too different from the other previously mentioned ways?

It needs time (hours, days, sometimes weeks), while in all the other ways (1,2 &3), the enzyme is regulated directly at the moment (instant regulation), that's why this way is the one responsible for regulating the enzyme function over time and causing adaption, for example, if a certain disease changes the function of the enzyme, with time, the metabolic status will be different from a healthy one.

· Now,  lets talk about Isozymes in details

· Hexokinases are a group of enzymes (isomers for each other).
· The function of Hexokinases: addition of phosphate to the substrate (as all kinases do), here the substrate is a hexosugar as the name implies. (hexoshugars are glucose, fructose,...etc).
· Hexokinases are different versions, the major ones in the body are four:
** Hexokinase IV (4) is called glucokinase and is Found in the liver & pancreas.
(Note: all 4 hexokinases exert their function on glucose, not only type IV)
 ** Hexokinase I is found in red blood cell.


Q: How are the cells of the liver & pancreas different from the red blood cells? (the answer to this question will come up in a while)

Q: Hexokinase adds a phosphate group to the glucose, what it the importance of this function?
The enzyme is found in almost all of the cells of the body, once the glucose inters the cell, it must be phosphorelated in order to trap it, glucose inters the cell through the aid of a transporter, as it gets into the cell, it can get out so it's phosphorelated to  be trapped (phosphate is bulky and charged so the glucose now will not be able to exit through the same transporter).

Q: Do we need this enzyme to be active  -trapping glucose in the cell- all the time?
· This depends on the need of the cells. For example,  liver cells store carbohydrates (as glucose).
Remember: glycogen is stored in the muscles (and used by the muscle itself) and in the liver (to distribute glucose to the body) , so the liver is a store for glucose.
While red blood cells are not stores for glucose. Instead, RBCs have to use glucose all the time because they don't take up (consume) any substance other than glucose (RBCs gain the energy they need through the process of glycolysis).
Note: brain cells consume only glucose, but at late stages as in the case of starvation, brain cells can use ketone bodies, R.B.C don't use anything but glucose all the time.
In the case of starvation or fasting, glucose necessary for the RBCs in order to do their functions is obtained from fats (because the stored supply in the liver isn't sufficient). 

· When Glucose enters a liver cell or a RBC, it will be phosphorelated so as to be trapped.
· RBCs must be trapping glucose all the time while liver cells don't have to trap glucose all the time.

· Knowing this difference, how will the 2 hexokinases (1&4) work in different ways although they represent the same enzyme?
By the Isozymes
A certain slight change in the amino acid  sequence of the enzyme causes the 2 copies to exert the same function. However, with different parameters.


· What will make the enzyme stop phosphorelating glucose?
Inhibitors (feedback inhibition). So, to sum up the differences:
In RBC, the hexokinase
 1) can be inhibited 
 2) always phosphorelates glucose
    Km must be very low (the affinity for glucose must be high to trap it)
In liver and pancreas the Hexokinase:
  1) cannot be inhibited
  2) Km would be higher
These differences are obtained through the small change of some amino
acid sequence (could be in the active site or away from it, or in the area where theinhibitor binds)

The action of Hexokinase:
[image: ]





· The product (glucose-6-phosohate) works as a feed back inhibitor.

· In Liver and pancreas, there is no place for the binding of the Glucose-6-Phosphate, as a result, Hexokinase IV won't be inhibited and Km would be high.


In the case of fasting:
· The normal glucose level in the body = 5 
· During fasting this number decreases.

· Km (for glucose) of Hexokinase I (found in RBC) = 0.05 mM (needed to reach half Vmax) , so even in the case of fasting when the glucose level is a little lower than 5 mM, Hexokinase I will be saturated because its Km is much lower. (at anytime and at any glucose level, HK I will be saturated)
Remember: Km is the conc. of the substrate necessary to achieve 50% of the Vmax.

· Km (for glucose) of Hexokinase IV (In the liver & pancreas) = 5-6 mM. when the glucose level is below 5 –as in the case of fasting-, the enzyme won't  be active and won't be able to trap glucose (will not store glucose).

The same concept is found in the body in many other enzymes like:
 lactate Dehydrogenases 
· Found in the heart, brain, muscles, liver.
· In each tissue, the hydrogenase will be a little different from the hydrogenases of other tissues, the main 2 types are the ones in the heart and the skeletal muscle.
· In the Heart  lactate shouldn't be produced (lactic acid causes fatigue)
· In skeletal muscle  lactate may be produced
· How can the same enzyme work in different ways in these 2 places?
Through Isozymes ( we have two copies, one can be inhibited, but the second one can't be inhibited)

A third example on isozymes is alcohol dehydrogenases
· People differ in their sensitivities to alcohol, some are affected quickly and some are not.
· We have different copies of the Alcohol Dehydrogenases ( mitochondrial ALDH & cytosolic ALDH) ,one is subjected to mutation, the other is not.
That's why people are different from each other in responding to alcohol.

To conclude, isozymes are a way of regulating enzyme function, they are found in the body enormously ( most enzymes have different copies of them. In order for these copies to be controlled in different ways, they must have different tissue locations)
You can't put different copies of the enzyme in the same environment and expect them to work differently, they won't work differently from each other. They must have different tissue locations (The environment of the kidney is different from the environment of the liver or brain for example).


Isozymes have a medical application ( will be discussed later with more details).
· Any cell in the body has a high concentration of a certain enzyme, when this cell dies, its content will leave to the blood stream, this fact is used in the labs & hospitals:
If  a sample of blood was obtained, and it was found that there is an increase in a certain enzyme conc. , we will be able to know what are the cells that died and lost their content of this enzyme.

· Because of the presence of the Isozymes in the body, we can look for any isozyme conc. in the blood sample. As a result, we can know exactly which  tissue is the one affected. Consider these examples:

1. If a certain patient suffers from a stroke or pain in his chest, in the hospital, doctors will be interested in finding out the conc. of the cardiac enzyme.
2.  If a certain patient suffers from pain in his abdominal region,  doctors will be interested in finding out the conc. of the liver enzymes.
3.  If a certain patient suffers from bone cancer,  doctors will be interested in finding out the conc. of the bone enzymes.
4.  If a certain patient suffers from a head ache, doctors will be interested in finding out the conc. of the brain enzymes (Which enzyme is the one getting elevated). .For example, creatine kinase of the brain, is its conc. elevated or not? 
(creatine kinases are found in the brain, muscles, heart, that's why we'll be interested in the specific isozyme present in the brain).

 Isozymes are found for functional purposes & can be used in the issue of disease diagnosis.




· Now,  lets talk about Inhibition in details

Major ways of inhibition:
1) irreversible
2) reversible

· Irreversible inhibitors (kill enzymes)

 Most of them are toxins and poison.

They are called "mechanism based inhibitors" because they interfere with the mechanism of enzymatic function through binding to the active site, in most cases , their binding to the active site is covalent (in order to change it).

Mechanism-based inhibitors are divided into (all are poisons):
A. Covalent inhibitors
B. Transition state analogs
C. Heavy metals

A. Covelant inhibitors
Examples include: DFP, Asperin
1. DFP : is a lethal organophosphorus  compound that serves as a prototype for:
1- The nerve gas sarine, most nerve gases are derived from DF
2- The insecticides malathion & parathion  both are very toxic.

Note: the term "prototype" refers to a compound that can be changed to produce other compounds (like poisons & toxins in our example,
 think of the DFP as the father of a lot of toxins).
[image: ][image: ][image: ]






How does the DFP work?
The use of sarin gas in trains of Tokyo in the 1990s resulted in large numbers of deaths within minutes.
So, How do these compounds work?


 organophosphorus compounds affect enzymes of the nervous system, affects their active sites.
 The active site of an enzyme in nervous system usually has a polar 
compound, in most cases it is serine, that's why these compounds affect all serine proteases.
For example:
*Serine has a Fluorine atom bound to a phosphate group in its structure. This phosphate group Binds to the serine of the active site of the enzyme ( through the OH of the serine) and Fluorine leaves the compound.
*Serine is now bound to the active site of the enzyme covalently inhibiting the enzyme function (permanently)

NOTE: This is not a physiological way of inhibiting an enzyme's function.

The main enzyme in the nervous system to be affected with nerve gases is Acetylcholine esterase.
· Acetylcholine is a neurotransmitter that leaves the nerve to go to the synapse to reach certain receptors on the muscle cells initiating contraction.
· After that an enzyme called acetylcholine esterase breaks down the acetylcholine from its receptor in order to cause relaxation of the muscle.
· Acetylcholine esterase is a serine protease, so organophosphorus Compounds like sarin bind to the active site inhibiting the enzyme's function.
The consequences: acetylcholine is not broken down  muscles will remain contracted  continuous contraction causes tetany & convulsions  all the available ATP will be consumed  no more energy for contraction.
The final result: death due to the respiratory arrest (the diaphragm has no more energy to contract and relax).

2. Aspirin ( acetylsalicylic Acid)

· Aspirin affects an enzyme called Cyclo-oxygenase.
·  Cyclo-oxygenase produces certain compounds in the body, responsible for the feeling of pain, increasing the temperature of the body, increasing sensitivity in the body (these are the symptoms of infections & inflammations)
·  Aspirin stops the function of the enzyme cyclo-oxygenase , how?
1)The active site of cyclo-oxyginase Has serine in it.

· [image: ]2) The acetate group of the Acetasalicylic acis (aspirin) binds to the serine of the active site and the salicylic acid leaves after losing its acetate group)
3) the acetate is bound to the serine Of the active site covalently which stops the enzyme's function, as a result, all the actions mediated by this enzyme will stop, that is why aspirin is used to decrease the body temperature and to stop pain.








· This enzyme also mediates the process of blood clotting, which explains why aspirin is an anti-clotting agent.

· Additional note: Aspirin works fast with a large effect, that's why if a patient takes aspirin as an anti-clotting agent, doctors do not operate on this patient until after -at least- a week after stopping the aspirin uptake, so that regeneration of the enzyme will occur (because aspirin causes irreversible inhibition through its covalent binding to the enzyme) while other medications works reversibly.


B. Transition state analogs
· We can't synthesize the transition state because it's very unstable, we can synthesize a substance similar to the transition state, accordingly, this substance will be similar to the substrate, that's why they can also be called "substrate analogs".
· Q: how do substrate analogs differ from the substrate?
Substrate analogs bind much better to the enzyme (the binding affinity of the transition state is much higher than the binding  affinity of the substrate) because they are modified to be able to bind better to the active site (higher affinity ).




· Substrate analogs bind to the active site and stop the function of the enzyme, the enzyme thinks that the substrate analog is its substrate and binds to it, but the reaction won't proceed and because the analog is bound to the enzyme irreversibly, the enzyme will be killed.
Therefore, collectively, Transition state analogs "substrate analogs" are called suicide inhibitors.

· Examples of transition state analogs include:

1) penicillin
Penicillin works as antibiotic , how?
· Penicillin has a ring in its structure called B-lactam ring.
· An enzyme called "transpeptidase"( glycopeptidy ltransferase) is found in bacteria.
Transpeptidase enzyme is necessary for the formation of the cell wall of the Bacteria.
· As the name "transpeptidase." Implies, this enzyme is related to peptide bond. The structure of penicillin has a carbonyl group bound to Nitrogen, it's an amide bond, however, this structure is not a protein structure. This amide bond is exactly like the peptide bond.
·  peptidases usually break peptide bonds to break proteins.
· [image: ] Transpeptidase Binds to the B-lactam ring of pencillin (it thinKS that the bond is a peptide bond), the enzyme breaks down the peptide bond but it then realises that there is no breaking down of a protein. The penicillin remains bound to the enzyme irreversibly. (In other words, the enzyme thinks that the structure of penicillin is a protein, therefore, the enzyme binds to it, breaking down the amide bond, however, the reaction doesn't proceed any further and  the function of the enzyme is killed). As a consequence, bacteria will be affected that's how penicillin works as an antibiotic.













2) ALLOPURINOL
· A drug used to treat gout النقرص
· Gout is a disease that affects joints.
Caused by a disturbance in the enzymes that synthesise nucleotides of the DNA, RNA.
The nitrogen abundance increases and a defect in its  metabolism occurs, nitrogen will aggregate to form crystals and participate in the joints.
The main complain of gout patients is the aggregation of crystals in the big toe of the foot, some patients complain from  knee pain, pain in the  joints of the jaw, joints of the arm, leg ...
· The affected enzyme found in the body is called Xanthine Oxidase (which transforms hypoxanthine to xanthine)
· Concerning the structure of the enzyme: 
The active site has a metal molybdenum carrying a Sulfide.
·  The treatment (Allopurinol) was synthesised having almost exactly the same structure as hypoxanthine. The difference is in the (N=C) arrangement (C became the one up, and N became the one down) Refere to the figure in the slide for better understanding of the structures, the compound still looks like hypoxanthine. The enzyme thinks that the drug is its real substrate, and the enzyme binds to it, the enzyme tries to carry out catalysis and break down the drug but the reaction will not be proceed, the enzyme function stops. As a consequence, The main compound that causes crystals in the body which is uric acid will not be produced.
· This is how the drug Allopurionol works, it stops the action of the enzyme xanthine oxidase through binding irreversibly with its active site (that contains molybdenum & sulfer).
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3) Abzymes
·  A compound similar to the transition state is synthesized.
· This compound is then injected in an animal, it's considered a foreign body, so the body of the animal will produce antibodies.
· The produced antibodies will be similar to the transition state and similar to the substrate ( in between) because produced antibodies are always similar to the injected compound.
· So the antibody will be able to bind to a substance that originally is similar to the compound that the animal was injected with.
· Blood samples from the animal will then be obtained in order to get these antibodies.
· Now if this antibody is entered to the body, it will bind to a certain substrate in an irreversible manner (the binding of the antibody to the transition-state will be even better then the binding of the enzyme to it because the antibody was synthesized specifically for this transition state).
[bookmark: _GoBack]But the antibody is not an enzyme so it won’t perform the catalysis function (which the original enzyme perform but it may catalyse other reactions) (the abzyme binds to the transitional state (which will be similar to the synthetic substance that the animal was injected with) and then the reaction stops. So this is another way of inhibiting the reactions.
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