
Enzymology- An overview-2
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clinical application of enzymes deficiency of vitamins will result in deficiency in a coenzyme that will affect the enzymatic activity of some enzymes and will appear as a clinical case non clinical application (isoenzymes)isoenzymes are different forms of the same enzyme that gives the same product, uses same substrate, catalyzing the same reaction isoenzymes makes an interconversion of lactate into pyruvate or vice versa  but they are from different origins so they are different in the activators and inhibitors effect they are different in molecular weight so their electrophoretic mobility differs they have some different physical characteristics meaning their ability to migrate under electrophoretic mobility using enzymes in diagnosing diseases are divided to 2 types -plasma derived enzymes is an enzyme that exists in a plasma cuz the substrate that will be acted upon is in the plasma, so they are concentrated in the plasma -cell derived enzymes (intracellular)when an enzyme is damaged inside the cell a leakage will occur and the enzyme will leave the cell and go to blood so there will be high concentration of enzymes in blood which will indicate a disease advice from dr samir for future, never use 1 parameter for the diagnosis of any diseaseexample both lactate dehydrogenase 1 and lactate dehydrogenase 2 both are originating from cardiac muscle but we should not depend on them only in the diagnoses we should have a supporting biomarkers and especially in a critical case example 2 if a patient is having cancer, any type for example cancer colon, cancer breast, and so on we should not check only 1 parameter and give the diagnosis instead we should have 1 bio marker for the diagnosis and 1 bio marker for  supporting the early diagnosis  and adding more bio markers is better example 3 if the creatine kinase level is high we cant just diagnose the patent with myocardial infraction so for diagnosing myocardial infraction we should make creatin kinase and troponine test these are 2 bio markers and also ECG and history taking  
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diagnosis of diseases are 3 steps -history taking and clinical examination- laboratory investigation- radiological study 
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in enzyme kinematics the most imp is Vmax which is the maximum activity of the enzyme and Km which is all constants grouped and is the concentration of the substrate is in have of its maximum activity k-2 is the least between all Km constants cuz when the substrate becomes a product and leaves the active site of the enzyme, very little amount of the product can go back again to be converted into substrate to reform the enzyme-substrate complex what is the importance of Km ?it represents the affinity of an enzyme to its substrate 



Enzyme Inhibition

- Inhibitors are chemicals that reduce the rate of enzymatic 

reactions.

-They are usually specific and they work at low concentrations.

-They block the enzyme but they do not usually destroy it.

- Many drugs and poisons are inhibitors of enzymes in the 

nervous system.

- Inhibitors of the catalytic activities of enzymes provide both 

pharmacologic agents and research tools for study of the 

mechanism of enzyme action.
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most of medications are acting through inhibition of enzymes 
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little amounts 
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inhibitors just reduce the activity of enzymes it can be reversible and irreversible 
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they block the enzymes partially 
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most medication are acting by blocking or inhibiting enzymes in the central nervous system 
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pharmacologic agents are used for the study of many diseases 
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they are useful for pharmacological agents 



The effect of enzyme inhibition

- Irreversible inhibitors: combine with the functional groups  

of the amino acids in the active site, irreversibly.

- Reversible inhibitors: these can be washed out of the 

solution of enzyme by dialysis. 

Classification: based on:

- Their site of action on the enzyme, 

- Whether they chemically modify the enzyme, 

- The kinetic parameters they influence.
Types of enzyme inhibition
- Competitive inhibition      
- Non Competitive inhibition
- Uncompetitive inhibition  
- Suicidal inhibition
- Allosteric inhibition       
- Feed back inhibition
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2 types
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it is irreversible in the case that it is binding partially to 1 of the functional groups at the active site and an electron join to attach on it, but the bonding between the inhibitor and the functional group is a covalent bond which is a strong bond it cant be removed out and will be very hard 
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it is reversible in the case that it is binding partially to 1 of the functional groups at the active site and an electron join to attach on it, but the bonding between the inhibitor and the functional group is weak  (can be removed out by dialysis)
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why after giving a patent a cure he may not be cured, for example cancer ?although chemotherapy have inhibitors for enzymes that will inhibit specific activities and will stop the growth but some diseases create intelligence genes which means that when you keep adding treatment and disease will add more genes responsible for the enzymes that will cause the disease so we cant use more dose so for cancer the case is irreversible because the enzyme overcome the inhibitor by increasing the production of enzymes 
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where the inhibitor is going to bind to the enzyme, it could be on the active site and any where else 
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how the inhibitor can modify the enzyme chemically 
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what kinetics will be affected, is it the Vmax or the km if it affects the km, when increasing the substrate concentration the Km will not be under the affect of this increase of the substrate concentration 
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Competitive enzyme inhibition

A competitive inhibitor

- Has a structure similar to substrate (structural Analog)

- Occupies active site

- Competes with substrate for  active site

- Has effect reversed by increasing substrate concentration

- Vmax remains same but Km is increased
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it indicates that the inhibitor and substrate are in competition the competition is who will occupy and bind the active site of the enzymesmeaning : if there is a reaction with an enzyme and a substrate and the reaction is working and at some point an inhibitor is added, so if the concentration of inhibitor is higher than the concentration of substrate the substrate will dissociate and the inhibitor will occupy the substrate place at the active site and the enzyme will be inhibited so the enzymatic activity will start inhibiting, but in case after a period of time if the substrate concentration is increased more than the concentration of the inhibitor then the substrate will replace the inhibitor at the active site and so on يعني اذا زدنا وحدة الثانية بتفك و العكسthis process of binding and dissociating is because the substrate and inhibitors have similar structures so the thing that will determine which one of them is going to bind to the active site is the concentration in the case of competitive what will be affected ? is it the Vmax or the Km ?the kinetic of the enzyme km is the one to be affected cuz it is related to the substrate concentration  
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which one will bind the concentration 
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hyperbolic curve 
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from here the zero order phase starts, so adding more S concentration will not affect the activity of the enzyme in this phase there is no relationship between the enzymatic activity and the S concentration 
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first order phase, in which the activity increases as more substrate concentration is added in this phase there is a relationship
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this is the Vmax it is not affected in the case of competitive inhibitor as shown in the graph 
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this phase of the graph includes the Km so in competitive inhibitor the Km is the one affected as shown 
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Clinical significance of competitive enzyme inhibitors

Drug Enzyme Inhibited Clinical Use

Dicoumarol Vitamin K Epoxide Reductase Anticoagulant

Sulphonamide Pteroid Synthetase Antibiotic

Trimethoprim Dihydrofolate reductase Antibiotic

Pyrimethamine Dihydrofolate reductase Antimalarial

Methotrexate Dihydrofolate reductase Anticancer

Lovastatin HMG CoA Reductase Cholesterol Lowering drug

Alpha Methyl Dopa Dopa decarboxylase Antihypertensive

Neostigmine Acetyl Cholinesterase Myasthenia Gravis
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used to prevent the formation of folic acid Folic acid is important for bacterial division and growth 
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is a part of folic acid component 
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the importance of this enzyme is that when folic acid is received it will not be in the active form so it should be converted by dihydrofolate reductase enzyme to the active form called tetra hydrofolate this active form will participate in cell divisions  so when inhibiting the dihydrofolate reductase enzyme, the folic acid will not be converted to the active form and it will not participate in cell divisions so cell growth will stop the problem with Methtrexate is that it does not act only on cancer cells but also it will affect all cells in the body 
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is a group of drugs called statin drugs they are used as anti hyper cholesterol agentfor those who have excessive cholesterol production 
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main enzyme for producing cholesterol 
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in chemotherapy 
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all these drugs works as competitive inhibitors of particular enzymes 
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this enzyme is inhibited by 3 types of drugs one of B complex vitamin is the folic acid that can be taken or produced by the bacteria flora that exist in the intestine, this bacteria is non pathogenic this bacteria can synthesis 3 diff types of vitamins: folic acid, biotin (vitamin B7), vitamin K so it is hard these vitamin to become in deficiency because each of them has 2 sources, 1 from the bacteria flora and the other source is the natural intake of these vitamins when taking antibiotics for a long period of time, the bacteria flora will be killed and the body will need supplements to maintain the optimal level of the 3 vitamins folic acid is always the inactive form and it doesnt matter if the source is from the bacteria flora or the supplement intake folic acid is used to synthesize the nucleotides of the DNA & RNA, so the deficiency of the folic acid there will be insufficient syntheses of DNA & RNA nucleotides which means that it will affect the DNA replication and RNA transcription and as a result cell division will be affected for folic acid to function it should be converted to the active form which is tetra hydrofolate by dihydrofolate reductase enzyme and this is the from that will participate in the formation of nucleotides (deoxy ribonucleotides for DNA and ribonucleotides for RNA) so in trimethoprim it is used as an antibiotic to inhibit the DNA replication in bacteria so as a result bacterial division and growth will be inhibited  and the bacteria will die  in pyrimethamine it is used as an antimalarial to prevent the DNA replication and RNA transcription in the parasite causing malaria in methotrexate it is also used for the same purpose that is inhibiting the syntheses of ribo nucleotides and deoxy ribo nucleotides but in the case of methotrexate it will not only act on the cancer cells but also will act on all cells including healthy cells in short, dihydrofolate reductase enzyme is responsible to convert folic acid from inactive to active form which is the tetra hydrofolate, this tetra hydrofolate is responsible for synthesizing nucleotides for the cells, so using drugs that inhibit the dihydrofolate enzyme will cause the inhibition of nucleotides that will lead to stop the cell growth, division in cancers and normal cells (in the case of methotrexate) 
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Non competitive enzyme inhibition

- Noncompetitive inhibitors bind enzymes at sites distinct 

from the substrate-binding site.

- Generally bear little or no structural resemblance to the   

substrate.

- Binding of the inhibitor does not affect binding of substrate.

- Formation of both EI and EIS complexes is therefore 

possible.

-The enzyme-inhibitor 

complex can still bind 

substrate, its efficiency 

at transforming substrate

to product, reflected by 

Vmax, is decreased.
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-the structure of the substrate and the inhibitor are not similar -they are not competing each other at the active site increasing the concentration of one of them will not affect the other or shut it down -inhibitors does not bind on the active site so the binding of substrate will not affect the binding of inhibitor but if the substrate binds to an enzyme-inhibitor complex the efficiency of producing a product will be decreased which means that Vmax is decreased the kinetic that is affected is the Vmax in the situation of non competitive inhibitors 

Note
Sticky Note
general rule:-if the concentration does not resolve the inhibitor problem then the inhibitor will affect the Vmax -if the S concentration resolves the problem then the inhibitor affects the Km 
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the substrate binds to the active site and is converted to a product and then leaves 
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-the inhibitor binds on another site (not the active site) because the inhibitor in this case has no similar structure between the inhibitor and the substrate- after binding the inhibitor the active site of the enzyme structure changes and becomes unsuitable for a substrate to bind on - so in this case the substrate will still bind but because of the change of the active site structure because of the inhibitor the efficiency to produce products will decrease affecting the Vmax 



Examples of non competitive enzyme inhibitors

- Cyanide inhibits cytochrome oxidase.

- Fluoride inhibits enolase and hence 

glycolysis.

- Iodoacetate  inhibits enzymes having 

SH groups in their active sites. 

- BAL ( British Anti Lewisite, 

dimercaprol) is used as an antidote 

for heavy metal poisoning

- Heavy metals act as enzyme 

poisons by reacting with the  

SH groups, BAL has several SH 

groups with which the heavy 

metal ions bind and thereby 

their poisonous effects are reduced. 
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this is in the case of competitive inhibitor Vmax is not affected and Km is the one affected 
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in non competitive the Km is the same but the Vmax is decreased because it is not acting according to the change in the substrate concentration 
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one of the most important enzymes for producing energies in the body and this enzyme is a part of the electron transport chain when the cyanide inhibits cytochrome oxidase it may case asphyxia(اختناق) to the person due to the decrease in the energy production 
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enolase is in the glycolytic pathway fluoride is found in the tooth past to inhibit glycolysis through the inhibition of enolase enzyme 
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like the glycolysis enzyme called glyceral diphosphate hydrogenase 
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is a treatment rich with SH groups used to attract heavy metals instead of binding to the SH groups in glyceral aldehyde diphosphate dehydrogenase
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heavy metals reacts with enzymes that contain SH groups and stop the reaction one of these enzymes that contain SH groups are the glyceral aldehyde diphosphate dehydrogenase which is a type of glycolysis enzymes so to avoid the attartction of heavy metals to the glyceral aldehyde diphosphate dehydrogenase a cure is given which contains enzymes rich with SH groups called the BAL so that when heavy metals are exposed to rich SH enzymes (BAL) the heavy metals are attracted to bind to BAL rather than binding to the SH groups in glyceral aldehyde diphosphate dehydrogenase
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Uncompetitive enzyme inhibition

- Inhibitor binds to enzyme- substrate 

complex 

- Both Vmax and Km are decreased 

- Such as  ; Inhibition of placental 

alkaline phosphatase 

(Regan isoenzyme) by phenylalanine 

Competitive V/S 

non competitive V/S 

uncompetitive 

enzyme inhibition
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this type is almost the same as non competitive inhibitors but the binding site for the inhibitor differs -in this type there is no competition -there is no similarity in the structure between the substrate and the inhibitor -substrate concentration increasing will not solve the problem cuz they are not competing to bind at the same active site - the inhibitor will bind to a site very close to the substrate at the active site not like non competitive inhibitors because of its position it will prevent the products from leaving the active site so uncompetitive will affect both km and Vmax 
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 this enzyme are found in the ((المشيمةand is important for the growth of bones in babies the phenylalanine is the inhibitor of placental alkaline phosphatase so pregnant women are advised not to eat proteins during pregnancy cuz proteins contains phenylalanine and consuming them will inhibit the placental alkaline phosphatase and the baby will be born with poor growth in bones and teeth 
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1 will bind only so the reaction is either between an enzyme-inhibitor or enzyme-substrate depending on which one of them have higher concentration 
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both of them can bind on the same enzyme but the inhibitor will bind on another site not the active site 
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in this case the substrate will bind to the active site first, then the inhibitor will bind close to the substrate and will close the pathway so that no products are released 
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Suicidal inhibition

- Irreversible inhibition

- Structural analog of the substrate is converted to more 

effective inhibitor with the help of enzyme to be inhibited.

-The new product irreversibly binds to the enzyme and 

inhibits further reaction.

- Such as ; 

Ornithine decarboxylase: is irreversibly inhibited by 

difluormethyl ornithine, as a result multiplication of 

parasite is arrested . 

Used against trypanosome in sleeping sickness 
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is when there is an enzyme and an inactive inhibitor, the enzyme will work on the inhibitor to convert it from the inactive form to the active form and when it becomes active this means that the enzyme will be destructed so it is called suicidal because the enzyme itself is the one that activated the inhibitor and caused its own destruction this type is irreversible and could have similar structure to substrate 
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is one of the important enzymes that produces spermine and spermidine and use for DNA replication and cell division and growth difluormethyl ornithine is used to inhibit ornithine decarboxylase that will result in stopping the production of spermidin and spermin and this will cause the inhibition of DNA replication, cell division, and growth this is used as a cure for the disease called sleeping sickness caused by the parasite trypanosome 
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-Allopurinol is oxidized by xanthine oxidase to alloxanthine 

which is  a strong inhibitor of xanthine oxidase

- Aspirin action is based on suicide inhibition 
Acetylates a serine residue in the active center of cyclo-oxygenase . 

Thus, PG synthesis is inhibited so inflammation subsides 

- Disulfiram: used in treatment of alcoholism 

Drug irreversibly inhibits the enzyme aldehyde 

dehydrogenase preventing further oxidation of 

acetaldehyde which produces sickening effects leading to 

aversion to alcohol.
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zyloric or nouric is the brand name of allopurinol and used to cure gout (النقرس او ما يسمى ب داء الملوك) gout was believed that it was caused from eating to much meat and caffeine which increases the production of uric acid is a drug that acts on the main enzyme that produces uric acid that is called xanthine oxidase and xanthine oxidase will convert the drug allopurinol from weak inhibitor through oxidation to a strong inhibitor called alloxanthine which is the inhibitor form of allopurinol to the xanthine oxidase  Allopurinol by itself is a weak inhibitor until it is converted to alloxanthine  
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aspirin is an acetylsalicylic acid that inhibits the cyclo-oxygenase enzyme that is responsible for converting arachidonic acid (an essential fatty acid) to 3 types: prostaglandins, prostacyclins, thromboxane   Aspirin is responsible for inhibiting the production of prostaglandins (PG) because it is a responsible mediator for inflammation, pain, and fever thats why aspirin is used as antipyretic analgesic and anti inflammatory when aspirin is consumed it will dissociate into acetate group and salicylic acid groupand the acetate group will make acetylation(the attaching of acetate group to the hydroxyl group found at the serene amino acid) of serene amino acid at the active site so as a result the enzyme will be inhibited and will lose its function to produce prostaglandins 
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aspirin is anti inflammatory and antipyretic analgesic 
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are used to cure chronic alcoholismalcohols contain ethanol, so after drinking alcohol the ethanol directly goes to the liver and is oxidized and converted to acetaldehyde (is the form that will cause instability, sickness, drunk, imbalance) so disulfiram inhibits the aldehyde dehydrogenase enzyme so this will stop the effect of alcoholism on the central nervous  
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most of the inhibitors till this slide are pharmacological agents (used in medications) 
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Allosteric inhibition

- Some enzymes have other site (allosteric site) similar but 

different from the active site which may or may not 

physically adjacent to the active site.

-This site binds an effector called the allosteric effector that 

may be an activator (positive modifier) or inhibitor (negative 

modifier).

-The allosteric effector is usually a metabolite or a product 

resulting from the process of metabolism.

- Enzymes having these sites are called allosteric enzymes.
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can be called allosteric regulation cuz it is used sometimes for inhibition and sometimes for activation meaning that this type can be manipulated by 2 types of modifiers: going up with the enzyme or going down against the enzyme this type of enzymes have another site other than active site which is called allosteric site (means another site) modifiers are the one that binds to the allosteric sites if it gives positive results then the modifier is an activator or positive modulator or positive modifier  if a molecule binds to this site and it goes down with the activity of the enzyme then the modifier is an inhibitor or negative modifier or negative modulator both modifiers can make the active site in a great condition and can make it in a bad condition meaning that the active site of the enzyme will undergo some conformational changes that could be for making a suitable site for binding the substrate or it could be for making the site unsuitable for the binding of the substrate these enzymes have quaternary structure (more than 1 polypeptide chain) which indicates that their is cooperativity between the polypetides chains and in this situation the mechails-menten curve will indicate that the relationship between the substrate concentration and the enzymatic activity will not be in a hyperbolic curve, cuz the increase in the activity of the enzyme will be gradual which means it will increase 1 by 1 so the curve will be S shaped so this allosteric inhibition does not follow the mechalis-menten method 
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these enzymes can be subdivided into 2 diff types: one that affects Vmax and is called Vmax series enzymes and the other one is were Km is affected and called Km series enzymes the one that affects Vmax will not affect Km and vice versa 



- Inhibitor is not a substrate analogue.

- Partially reversible, when excess substrate is added.

- Km is usually increased (K series enzymes).

-Vmax is reduced (V series enzymes).

- When the inhibitor binds the allosteric site, the configuration 

of the active site is changed so that the substrate can not bind 

properly.

- Most allosteric enzymes 

possess quaternary 

structure.
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is for binding the allosteric modulator that can be activator or inhibitor 
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in this pic the distorted active site was improved and enhanced by some conformational changes by the allosteric modulator which indicates that the modulator was positive and made a suitable site for the binding of the substrate at the active site 
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Switching off

- When the inhibitor is present it fits into its site and there is a 

conformational change in the enzyme molecule.

- The enzyme’s molecular shape changes.

- The active site of the substrate changes.

-The substrate cannot bind with the substrate and the reaction 

slows down.

-When the inhibitor concentration diminishes the enzyme’s 

conformation changes back to its active form. 

-This is not competitive inhibition but it is reversible

Example: Phosphofructokinase -1(PFK-1)
- It catalyzes phosphorylation of fructose-6-phosphate into 
fructose 1, 6 biphosphate 

- It has an allosteric site for an ATP molecule (the inhibitor).
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is an enzyme that oxidizes glucose to produce energy through glycolysis pathway the duty of the glycolytic pathway is to produce ATP if the cell have sufficient amount of energy a shift to the reaction will occur (inhibition)cell economy Adenosine triphosphate consist of adenosine diphosphate and inorganic phosphate PFK-1 is one example of enzymes that connects both phosphates to produce ATP are the function of the phosphate in the cell just to produce ATP ?no, it is also responsible for DNA & RNA and cell membrane so phosphate in our cells are not only designed to create ATP from ADP  PFK-1 is a type of allosteric enzymes, meaning that 2 modulators works on this enzyme one for activation and the other for inhibition the negative modulator in the PFK-1 enzyme is the ATP itself,how? when there is sufficient amount of ATP, one ATP molecule will bind to the allosteric site at the PFK-1 enzyme to change/induce/enhance the active site of the enzyme making it unsuitable for substrates to bind (the substrate that binds to the active site is fructose-6-phosphate)so in short In PFK-1 the inhibitor is the extra ATP and the activator is fructose-6-phosphateQUESTION impif the cell wants to retrieve the activation and cancel the inhibition what should happen ?the cell should reduce the ATP by using it in another reaction so that the concentration of ATP decreases and there will be no extra ATP to bind at the allosteric site and inhibit the enzyme so the cell will use another way by adding the fructose-6-phosphate to PFK-2 enzyme rather than adding it to PFK-1 to produce fructose 2,6 biphosphate rather than fructose 1,6 biphosphate so the ATP will start dissociating from the allosteric site and the activators that is ADP will replace them In PFK-2 the activator is ADP that will bind to the allosteric site to make the active site a suitable site for the binding of the fructose-6-phosphate to produce ATP when the cell is in short 
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-When the level of ATP in the cell falls (↑ ratio of ADP to 

ATP) no ATP binds to the allosteric site of PFK-1, so, the 

enzyme’s conformation changes and the active site accepts 

substrate molecules causing activation of glycolysis.

-The respiration pathway accelerates and the level of ATP in 

the cell increases (↑ ratio of ATP to ADP) in the cell, ATP 

molecules can fit into the allosteric site of PFK-1 molecules. 

-The enzyme’s conformation changes again and stops 

accepting substrate molecules in the active site

- Respiration slows down
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Feed back(end point) inhibition

- Cell processes consist of series of pathways controlled by enzymes. 

Each step is catalyzed by a different enzyme (eA, eB, eC etc).

A B C D             E F
-The first step (controlled by eA) is often controlled by the end 

product (F), therefore negative feedback is possible (end products   
are controlling their own rate of production, no build up of 
intermediates (B,C, D and E).

- Usually such end product inhibition can affect allosterically.

- Accumulated product binds at a site other than the active site to bring 

about conformational changes, so as to inhibit the binding of the 

substrate and the reaction rate declines.

eA eB eC eD eE
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could be called end product inhibition 
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-F is the end product -not all enzymes can be inhibited by the end product -F will inhibit the key regulatory enzyme in the pathway the key regulatory enzyme could be anyone of the letters (A,B,C,D,E)so the end product F will bind to the key regulatory enzyme and will cause conformational changes to the active site that will prevent the binding of the substrate (looks like allosteric but it is not allosteric cuz not all enzymes have allosteric sites) 
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the regulator in this example is eA
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