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In the previous lectures...
· we talked about the regulation of the enzymatic pathways, the pathways in the body occurs in different places, certain enzymes are different in between different opposing pathways to achieve better regulation, Isozymes and it's logical way in regulating the enzyme function by controlling the pathways in their rate limiting step ( rate committed step) , feedback is also logical and we discussedwhen do we need negative/positive feedback.

· Principles of pathway regulation (continued)
6) Enzyme compartmentalization:
        {The enzymes that are related to a certain subject are located within one compartment in the cell}
· What does that mean?
-The cell is made up of different compartments (nucleus, mitochondria, lysosome, Golgi, free Cytoplasm ...), in each one of them you find certain enzymes distributed on certain pathways, for example : all the energy metabolism occurs within mitochondria (except for one pathway which is glycolosis), thus all the enzymes that is related to energy metabolism is located within the mitochondria. Another example is lysosomes, which contain the enzymes responsible for the digestion process.
· Why do we need to do this? 
- To save energy. Preventing the enzymes to be swimming in the cell randomly, thus, being located in a certain compartment, decreases the amount of energy, time and effort for reactions to occur.
7) Enzyme complexing:
     {There are certain enzymes after mentioning their names we add the word "complex"}
· What does complex mean ?
-More than one enzyme are grouped together to one big complex.

· Why do we need to do that?
-The reaction becomes faster because it needs less time , less effort and less energy.

· Where the complexing idea came from?
- When you have more than one enzyme and the product of one enzyme is the substrate for the next enzyme only. and it's not used in any other place. and the product for the second enzyme is the substrate for the third enzyme only, so why not bringing them in one complex, making the reaction much faster.

· Examples on enzymes that exist as a complex:
1)  Pyruvate dehydrogenase complex (dehydrogenase means removing hydrogens (oxidation), and the major class for them is Oxidoreductases) and it converts pyruvate to acetyl CoA.

2) α Ketoglutarate dehydrogenase is one of the major enzymes in krebs cycle (cirtric acid cycle).
3)α keto acid dehydrogenase is important in  amino acids metabolism.

      -Each one of these complexes share one structure, composed of 3 enzymes:
1) Decarboxylase --> removes one carbon unit as co2.
2) Transacylase --> transfer the carbon unit that remained in the structure. 
3) dehydrogenase --> removes Hydrogens (Oxidation).

Note:  In all of their reaction we find CoA being added to the reaction and their products contain a carbon unit connected to CoA [ pyruvate --> acetyl CoA 
α Ketoglutarate --> succinyl CoA ]



· Enzymes in Medical Diagnosis
We have mentioned before the examples of enzymes that are used in medical diagnosis:
1) Cardiac enzymes: anyone who suffers from a chest pain, when he is entered to a hospital ECG is done, after that a test for the percentage of cardio enzymes is done, in order to know if its level is high or not.
· Why are we interested in the levels of cardiac enzymes in that cases? 
-The whole idea of using all the enzymes in medical diagnosis is that if the tissue containing high levels of a certain enzyme is dead, its content of that enzyme is now outside of the cell and will go to the blood increasing the concentration of that enzyme in the blood.
2)The enzymes that are found in a high levels in bones, such as; alkaline phosphates ( if someone is suffering from a pain in his leg , we suspect a tumor, the bone tissues should be dying if that's true , so we do a test for the alkaline phosphates levels in the blood to prove or deny that -also in the case of the breakage of bones the alkaline phosphates levels get high in the blood-)
· There is other types enzymes that get very high in the heart such as:
1) Creatine phosphokinase (CPK)                                  3) Alanine transaminase (ALT)
2) Aspartate transaminase (AST)                                   4) lactate denydrogenase (LH)

Study the figure below:


-You notice from the figure the time needed for these enzymes to get very high that we can discover it (after a heart attack for example). CPK is the first enzyme that we can notice its level ], as it gets to the peak of its concentration after only one day ( after an abnormality), [ if you have a patient who was suffering from a chest pain a day before you should examine  CPK levels ], if that pain was 3-4 days earlier there is no need to examine it, instead you should examine AST or ADH which reach their peaks after 4-5 days.
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· Using isozymes in medical diagnosis:

· The LDH has many isozymes that are located in different places (heart and skeletal muscles) how can we know where the exact place that has an injury? we do an assay for the isozymes in order to know that.
· The same thing is done when the CK  is high in level, it's located in the brain, heart and skeletal muscle.
· One of the most done examination for any abnormality that happens to people is for the liver enzymes ( for any problem that is related to metabolism), because the liver is the centre of metabolism.
-The most important enzymes in liver metabolism are aspartate transaminase (AST) and alanine transaminase (ALT). {Their major class is transferases
 [they transfer amine group]}
 - AST is found in high amount in the liver but can be found in other tissues in the body, in contrast, ALT is found in lower amount than AST but is almost exclusively found in the liver, that's why ALT is more specific for lever diseases (if its level were high it means a problem in the lever almost for sure). On the other hand, AST is more sensitive for liver disease because its concentration is higher thus we will notice its level before ALT , but it will not be as specific as ALT taking into account being found in other places.



· Enzymes Inhibitors as Drugs:
· These drugs are used very common in our everyday practice, most commonly used drug for hypertension is captopril, you can see its structure in the figure below (right) and inside the active site (left), it does coordination with the zinc inside the active site of angiotensin converting enzyme (ACE) and inhibits it (there is a group of material called "ACE inhibitors" which also inhibits ACE).




[bookmark: _GoBack]      The role of ACE is converting angiotensin 1 to angiotensin 2 (Renin is produced in the kidney and then is transferred to the lungs causing the converting of angiotensin 1 to angiotensin 2).
        As the name implies {angio : related to blood vessels , tensin : tension} it is the material that elevates the blood pressure by converting angiotensin 1 ( 10 amino acids) to angiotensin 2 ( 8 amino acids) causing  proteolytic cleavage, the captopril role is the inhibition of that procedure resulting in decreasing the blood pressure.


· Captopril is also used as anticancer drug as an inhibitor for another enzyme which is called "dihydrofolate reductase DHFR" which converts Folic acid (dihydrofolate) to tetrahydrofolate synthesis [from 2H to 4H, reductase: adds hydrogens]. Tetrahydrofolate has a role in DNA and RNA synthesis {that’s why folic acid is prescribed to pregnant women especially in the first three months}.
           -Methotrexate  is an artificial material that does the same thing because it's very similar to folic acid, thus it blocks the active site preventing its job.
          - Inhibition of DHFR causes no DNA and RNA being synthesized. This the idea behind the anticancer effect, because the absence of RNA and DNA the cells will die.

· Another example is Allopurinol ((علاج النقرس that function as an inhibitor for the enzyme Xanthin oxidase and Penicillin that function as an inhibitor for the enzyme transpeptidase.

· Note : Most the medications and toxins that we use work against enzymes.
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· Catalysis

· What is responsible for the catalysis of enzymes?
- It is simply the amino acids.
· How?
- By the bonds between the substrate and the functional groups of the amino acid of the active site [the amino acids of the active site make each active site different from the other, even if the different is in one amino acid , the projection of that one functional group toward the active site makes a whole new one that does a new job].

Note :The best example about what we just talked about is chymotrypsin and its active site amino acids' effect in catalyzing the reaction , and example of these amino acids are : Ser, Cys, Lys, His.

· Can we find non polar amino acids in the active site? 
- Yes, we can but they can't make interaction with the substrate (can't make bonds and removing or placing atoms). Thus, they can't participate in the catalysis, however you can see them within the active site.
The active site is divided into two subsites:
   1) Binding site: it's responsible for fixing the substrate in the active site through certain reaction, they are usually hydrophobic interactions between the substrate and the active site.
2) Catalytic site.

· The important question is: are the amino acids the only thing responsible for the catalysis of the enzyme?
- They are, in case of simple enzymes like chymotrypsin but it's not in case of the conjgated enzymes.
The conjugated enzymes contain other parts that aren't proteins which are called coenzymes. (the parts called coenzymes not the enzyme itself).
- Coenzymes are divided into two major groups {and we are going to study them in details}:
1. Activation-Transfer coenzymes: they activate the substrate by binding to it covalently (they bind by a covalent bond then they dissociate from it ).
2. Oxidation-Reduction coenzymes : they take electrons and then give it back

Note :in any coenzyme structure you find a part that has nothing to do with the catalysis, instead it is responsible for the binding with the active site. As well as another part that's responsible for the catalysis (catalytic group and binding group).
· Does the coenzyme work by itself?
- Its activity is very weak, and the enzyme without the coenzyme is also very week, but together they achieve very high efficiency, thus, they are very dependent on each other.

    The groups of the coenzymes : (in details)
      A) Activation-Transfer coenzymes
1)Thiamine pyrophosphate (TPP)
· Pyrophosphate means two phosphates together ( the two phosphates that result from converting ATP to AMP are called "pyrophosphate").
· Thiamine means vitamin B1 : it plays a role in enzyme complexing, remember the first enzyme we talked about, pyruvate dehydrogenase complex, it does decarboxylation (removes carbon group), when removing a carbon unit from any molecule, the carbons remaining in that molecule are very reactive, they need to be carried by a coenzyme, thiamine is the one that does that job, not by itself , it is found in the enzyme as TPP.

     Q. Why do we need vitamins?
- They are considered a part of coenzymes, each vitamin participate in forming a certain coenzymes that participate in a certain reactions. 
There are two groups of vitamins : lipid soluble (they do not work as coenzymes [vitamin A,D,E and k], Water  soluble (they are many and all of them works as coenzymes {vitamin B and they are eight (B1 , B2 , B3 , B5 , B6 , B7 , B9 , B12) & vitamin C }.

· The two phosphates atoms that are bounded to thiamin are responsible of the binding with the active site.
· Look at the figure below (A) and notice the carbon in the ring in TPP structure. This carbon is the one that's responsible for the binding with other carbons [when the hydrogen bounded to it is removed, other carbons can bind to it because it becomes more reactive, thus, it functions as a carrier for the rest of carbon units, in the figure below (B), when the carbon in pyruvate bounded to the reactive carbon, the C-C bond becomes weak and the terminal carbon gets out as CO2].


· Any reaction that has thiamine, we expect a carbon unit to leave as CO2.
Quick Summary:
 -Why do we need thiamin? 
* For decarboxylation reaction (CO2 leaving)
-How does thiamine work within an enzyme?
* Through the reactive carbon atom. 
- What is responsible for the binding of this coenzyme with the active site?
* The pyrophosphate 
- What is the active form of thiamine in an enzyme ? 
* TPP

2)Coenzyme A:
· Notice the structure of coenzyme A in the figure below, it's formed of adenosine that has two phosphates, and pantothenic acid connected to cysteine amino acid.

· The part of adenosine with its phosphate and a small part of pantothenic acid are responsible for binding and stabilization of this coenzyme in the active site.
· The part that contains cysteine is responsible for the function ( The cysteine does its function through the thiol group "SH").
· Pantothenic acid is simply vitamin B5.

3) Biotin (B7):
· It's function is the opposite of thiamine, thus, it helps in carboxylation reactions (the addition of carboxylic group ).
· Biotin can work by itself, and can be cmplexed with the amino acid lysine (if that happened, we call the complex "biocytin").
· The part of lysine is responsible for the binding, and the N in the ring of the biotin is reactive and thus responsible for the function.
· Any enzyme that's named carboxylase, biotin has to be in its structure.
[image: ] (
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· How is the biotin being synthesized?
- Biotin is a vitamin, and vitamins cannot be made within the body. Biotin isn't synthesized by the body, instead by the bacteria in the intestine, and by long antibiotics treatment, the bacteria is killed resulting in a deficiency in biotin levels. Another reason that causes this deficiency is excessive consumption of raw eggs, because egg white contains a protein, before the denaturation takes place, this protein is called "avidin" and it has high affluently for biotin, thus, high levels of avidin causes the binding of it to biotin resulting in deficiency.

4)Pyridoxal phosphate (PLP)  
· Pyridoxine is vitamin B6 , and its active form within and enzyme is PLP
· All the transaminases enzymes (that are considered transferases ) transfer amine group.
· Removing amine group from an amino acid and putting oxygen instead will form keto acid. and transferring this amine group to the keto acid will convert keto acid to amino acid.
· This reactions names transamination or aminotransferase
· All the transaminases should have PLP (it's the active form of pyridoxine "vitamin B6").
ONCE AGAIN : why do you need vitamin B6?
*In order to convert it into PLP that participate in transferring amine group which is important in the metabolism of amino acids.

B)Oxidation-Reduction coenzymes:
· We will talk about two groups   1- NAD ( related to niacin)
                                                         2- FAD ( related to flavin)
· They do not make covalent bonds, they withhold electrons, and release them and their structure should be able to do that.
1)NAD+
· Niacin or nicotinic acid is vitamin B3 .It is used to make NAD+.
· Notice the figure in the next page,
NAD+:
     N= Nicotinamide 
      A = Adenine 
      D= Dinucleotide (it contains two nucleotides)

Note :if the R connected to the oxygen atom is hydrogen we call it NAD+ , if it was phosphate we call it NADP+.



· What is the importance of NAD+ and where do we find it? 
- It is found in any enzymes that named dehydrogenase (after removing the hydrogen's they are carried on NAD+)
From any dehydrogenation reaction you always remove two hydrogens (an example here : converting lactate to pyruvate), but the structure of NAD+ can only accept one hydrogen but with two electrons (we call it then hydride ion). So in the reaction: one of the hydrogens is released in the solution as a proton (H+) and the other takes the two electrons and is bounded to the ring in nicotinic acid.
· NAD+ only accept two electrons and become NADH and release H with two electrons back to NAD+, so it dose not change  with  one electron state. So the saturation of electrons is always there in NAD+, it doesn't form free radical which means that you can find it in any place within the cell (cytoplasm, nucleus, extra cellular spaces,...), so you can find it swimming by itself in the cell because it doesn't pass in the free radical state.

2) FAD & FMN
· Flavin is vitamin B2, its active form in the body is FAD and FMN
· Look at the structure of FAD in the following figure:
F : Flavin 
A : Adenine  
D : dinucleotide ( two nucleotide)













· If one of the nucleotides is removed FAD becomes FMN ( Flavin mononucleotide).
· Where the addition of electrons take place?
-On the nitrogen of the flavin ring, so both FAD and FMN accept two electrons in a form of two hydrogens atom ( one on each nitrogen), not as hydride ion, which means that each hydrogen comes from a different sources.
· FAD  & FMN passes in the free radicle state , because the two hydrogens are added one in a time ( not together), thus, you can't find Flavin swimming in the solution. They are always bounded to proteins because the free radical state is harmful to other structure, so the protein protect them and other structure before the addition of the second hydrogen takes place.
· You can find it in succinate dehydrogenase and pyruvate dehydrogenase.

	
· As a revision for vitamins see the table below:















· We have mentioned all the vitamins except Folate and Lipoic acid we won’t talk about them and Asporbic acid which we talked about it in the previous lectures, it’s simply Vitamin C and it’s used as a cofactor for prolyl hydroxylase and Lysyl hydroxylase.
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· Catalytic metals:
· The metals can also work as coenzymes, coenzymes are not always organic structures like vitamins.( vitamins are organic structure )
· If the metals are bounded strongly to the structure of the enzyme and removing them results in destroying its structure, these enzymes are called "metalloenzymes".
· If the metals are bounded weakly [the bounding of them results in making the enzyme active and vice versa, without affecting the structure of the enzyme, these enzymes are called "metal-activated enzymes".

· An example of the function of metals in the active site:
1) Lever alcohol dehydrogenase:
-There is serine in the active site , Zn+2  which is positively charged binds to the oxygen that is negatively charged in the substrate, making the bonds in the substrate much weaker, resulting in their breakage, the hydrogen will leave the structure making it aldehyde or ketone (The oxidation of primary alcohol makes aldehyde and secondary alcohol makes ketone).
2) carbonic anhydrase:
- It also uses Zn+2 (four molecules of zinc). Zinc can make coordination with positively charged molecules and can make bonds with negatively charge structure in the active site . 

· What kind of metals we can find in the active site and why? 
-Transition metals, because they have empty d orbitals so they switch to more than one oxidation state to stabilize the structure of the enzyme and stabilize the substrate within the active site, thus, they participate in the reaction.
[image: ] (
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(FAD)
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Pyridoxine Pyridoxal Phosphate Amino-group transfer

Biotin Biocytin Carboxyl transfer

Folate Tetrahydrofolate One-Carbon group transfer
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transfer
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