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Enzymes- An introduction

- Biologic (organic catalysts) polymers that catalyze the 

chemical reactions.

- Enzymes are neither consumed nor permanently altered as a 

consequence of their participation in a reaction.

- With the exception of catalytic RNA molecules, or 

ribozymes, enzymes are proteins.

- In addition to being highly efficient, enzymes are also 

extremely selective catalysts.

-Thermolabile, site specific, with a high turn over number 

compared to the inorganic catalysts.
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Highlight
all enzymes are protein in nature except 1 and it is the ribozymes (called small nuclear archney)

ribozymes are short stretches of archney between 90 to 300 ribonucleotide, they carry catalytic character
catalytic means behaving like enzymes  
they are initiated or works when RNA processing takes place 

RNA processing is the synthesizing of RNA from DNA (copying DNA in RNA form) which means the the deoxy ribonucleotide found in the DNA will be represented as ribonucleotides in RNA 
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ribozymes are short stretches of archney between 90 to 300 ribonucleotide, they carry catalytic character
catalytic means behaving like enzymes  
they are initiated or works when RNA processing takes place 

RNA processing is the synthesizing of RNA from DNA template (copying DNA in RNA form) which means the the deoxy ribonucleotide found in the DNA will be represented as ribonucleotides in RNA

the diff between DNA & RNA is in their sugars 
DNA has deoxy while RNA has ribos sugar 
and only one nitrogenous base are diff 

when RNA is replicated from DNA it is called heterogeneous RNA and in order for it to work it should undergo processing 
which is by removing portions (introns) of the RNA and leave the exons without removing it 
RNA is made up of 2 parts (exons and introns and in this form is called heterogeneous RNA) and when it is in this phase it is not a working or non functional RNA unless all introns are removed leaving only exons joined together to form a mature mRNA and to perform translation of proteins 
and this whole process is done by ribozymes 

so in short ribozymes are non protein and have catalytic characters and are responsible for processing the RNA by the removal of introns from the immature heterogeneous RNA and joining the exons together to form a mature mRNA (called primary transcript) to be translated in a continues manner on ribsomoes 
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enzymes are not consumed and are not permanently altered during the reaction 
meaning that enzymes enter the reaction and make it faster and exits in the same form to go to another reaction 

in comparing the organic catalyst (bio catalyst which is the enzyme) with inorganic catalyst (which is metal ion) we will find that enzymes can convert 10^6 molecules of substrate to 10^6 product molecule in 1 second 
while metal ion will convert only 10^3 in 1 second 
which means that enzymes have higher activity rate and are better than metal ions  

enzymes are highly efficient and specific (acts on 1 substrate) and the activity of enzyme can be estimated by turn over number (is the number of substrate molecules to be converted into products)

How many molecules can be converted by 1 molecule of enzyme per unit type (which is 1 second and called turn over number) ?
Ans: it can convert million or 10^6 of substrate into products while inorganic catalyst converts only 1000 molecules of substrates into products  
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is used to judge the efficiency of the enzymes 
cuz it is the number of substrate molecule to be converted into products molecules per unit time (1 unit enzyme)
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enzyme is a site specific for particular biochemical reactions requiring particular enzymes in the site 
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an enzyme 
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-not all enzymes require cofactors 
enzymes that does not require cofactors are called Active enzymes (100% active) 

-Apoenzymes requires cofactors which means that apoenzymes could be non functioning (not active) enzymes by their own or that they function but with low efficiency 
when a cofactor attach to an apoenzymes these enzymes will change into holoenzymes (the active form of apoenzymes) 
holoenzymes are apoenzymes + a cofactor 
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Highlight
except ribozymes 

what is globular protein ?
they are soluble proteins like enzymes, hormones, and carrier proteins hemoglobin 
globular proteins (dynamic proteins) are specialized from fibrous proteins (structural proteins) by axial ratio (length to width) 
if length to width is more than 10 then it is a fibrous protein if less than 10 it is a globular protein 
mostly the surface amino acids in globular proteins are hydrophilic and the inside are hydrophobic, cuz globular protein are moving in the blood and mostly 92% of blood is water so the surface amino acids of globular must be hydrophilic 
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enhancing (accelerate and facilitate) the reaction by lowering the activation energy to result in products acting on a specific substrate not required in great amounts and are recycled and reused cuz enzymes are not altered or consumed and leaves the reaction to join another reactions 

a million molecules can be converted by 1 enzyme 
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until the life span of the enzyme expires 
which is usually minor minutes and seconds for enzymes and globular proteins 

not like fibrous proteins like actin, myosin, collagen, keratin, elastin, etc 
have longer life span cuz it is for protection  

Note
Highlight
enzymes can be inhibited and activated 

cell economy means that the cell cant be continuously activated which means it alters depending on the need, it could be activated or inhibited 

Note
Highlight
the place where the substrate attach to an enzyme is called the active site or catalytic site and is a small cleft on the surface of the enzyme molecule not exceeding 3 to 12 amino acids and the enzyme is affected by factors such as temperature, pH, existence of activators, inhibitors and cofactors, but this is not applicable in human body cells cuz everything is controlled unless some pathological changes occur such as fever that will affect the enzymes cuz they are designed to to act at the optimal temp of 37 and 7.34 to 7.45 pH but enzyme activity will not be stopped and will only work to a specific efficiency 
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acts inside the cell 
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acts outside the cell 



Nomenclature of enzymes
-In most cases, enzyme names end in –ase

-The common name for a hydrolase is derived from the 
substrate

Urea:  remove -a, replace with -ase = urease
Lactose: remove - ose, replace with - ase = lactase

- Other enzymes are named for the substrate and the reaction 
catalyzed

Lactate dehydrogenase
Pyruvate decarboxylase

- Some names are historical - no direct relationship to
substrate or reaction type

Catalase
Pepsin 
Chymotrypsin 
Trypsin 

Note
Highlight
not an efficient way cuz the name indicates only the site upon which the enzyme will act on 

does not show if oxdiation, dehydrognation, etc occur 
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uric acid = uricase
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enzyme that works on histidine = histidinase
enzyme that works on argnine = argninase 
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this enzyme is working on lactic acid and cause dehydrogenation (oxidation) and it will be converted to pyruvic acid 
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this enzyme is working on pyruvic acid and cause the removal of carbon dioxide  
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removal of carbon dioxide 

carboxylase is the addition of carbon dioxide 
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Classification of Enzymes

- Enzyme Commission (EC) – according to International 

Union of Biochemistry and Molecular Biology (IUBMB)

- Each enzyme was given 4 digit numbers [1.2.3.4]

1st one of the 6 major classes of enzyme activity

2nd the subclass (type of substrate or bond cleaved)

3rd the sub-subclass (group acted upon, cofactor required, etc...)

4th a serial number… (order in which enzyme was added to list)
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the made the classification of the enzymes 

they made for each enzyme a 4 digit number called the commission numerical code 
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1st indicates to which class does the enzyme belongs to
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in order
1- oxidoreductases 
2- transferases 
3- hydrolases 
4- lyases 
5- isomerases 
6- lygases 
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order for adding the enzyme in the EC by oldest to newest  



1- Oxidoreductases (EC.1) catalyze redox reactions, such as 

(Alcohol dehydrogenase [EC 1.1.1.1])

- Reductases

- Oxidases

2- Transferases (EC.2) transfer a group from one molecule to another,

such as            (Hexokinase [EC 2.7.1.2])

-Transaminases catalyze transfer of an amino group

- Kinases transfer a phosphate group

Note
Highlight
performs 2 reactions at the same time 
oxidation (removal of hydrogen) and reduction 

when hydrogen is removed it should be carried through a carrier in order not to be free cuz if they are free in the cell with out carrier the will cause a change in the pH and if the pH is changed it will affect the activity of the enzyme so that is why oxidation is required for the removal of hydrogen and the reduction is for carrying the hydrogen 
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NAD (nicotinamide adenine dinucleotide) is the hydrogen carrier 
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it is a reversible reaction
cuz like the cell gets ride of the hydrogen ions it may also sometimes need the hydrogen to join the pyruvic acid to form lactic acid     
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methyl transferases act upon this reaction to give epinephrine 
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methyl group 
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phenylethanolamine is the methyl transferase enzyme 



3- Hydrolases (EC.3) cleave bonds by adding water, such as 

(Alkaline phosphatase [EC 3.1.3.1]) 

- Phosphatases

- Peptidases 

- Lipases 

4- Lyases (EC.4) catalyze removal of groups to form double bonds or the 

reverse break double bonds, such as

(Pyruvate decarboxylase [EC 4.1.1.1]) 

- Decarboxylases

- Synthases

Note
Highlight
are related to all digestive enzymes starting from amylase in mouth to pepsin in stomach to other enzymes in the intestines 

Note
Highlight
a 3 water molecule is added to triglyceride and will results in 3 fatty acids and 1 glycerol molecule 

the bond that is broken in this is enzyme are the ester bond, this process can be called esterase 
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removal or adding of groups 
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fumaraic acid with water molecule in the presence of fumarase enzyme 

the water molecule does not cause cleavage of the molecule (breaking into 2 separate molecules) like the water molecule in hydrolases that breaks the 
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it does not belong to hydrolases enzymes even though it used water but it did not break the double bond 
it just added the water molecule to break the  double bond in the fumaric acid to convert it to malic acid 



5- Isomerases (EC.5) catalyze intramolecular rearrangements, such as                       

(Alanine racemase [EC 5.1.1.1])

- Epimerases  

- Mutases 

6- Ligases (EC.6) catalyze a reaction in which a C-C,   C-S, C-O, or C-N 

bond is made or broken, such as 

(Isoleucine-tRNA ligase [EC 6.1.1.5]) 
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a phosphate group is attached to carbon 3 

Note
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the mutase enzyme moves the phosphate from carbon 3 to carbon 2 
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works on epimers and coverts glucose to galactose 
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ligases enzymes are the only enzymes that require ATP (adenosine triphosphate) or energy 
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الانزيمات الرابطة
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bonds DNA together and forms phosphodyester bond 



Note
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the enzyme should combine with a substrate to form a product 
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Highlight
products are released and the cycle repeats 



Active site

- Takes the form of a cleft or pocket

- Takes up a relatively small part of the total volume of an enzyme

- Substrates are bound to enzymes by multiple weak attractions

-The specificity of binding depends on the precisely defined 

arrangement of atoms in an active site

-The active sites of multimeric 

enzymes are located at the interface 

between subunits and recruit residues 

from more than one monomer
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size of active site is a small cleft from 3 to 12 amino acids 
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like a gate on the surface of the enzyme 
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the binding of a substrate to the active site is not done in a random way, it requires special characteristic 
an interaction occur between specific functional group in the active site in the enzyme and a specific functional group in the binding substrate for stabilizing the substrate 




Note
Highlight
active sites must contain some characteristics:
- particular amino acids 
it should contain amino acids with functional groups like acidic amino acids, basic amino acids, hydroxy containing amino acids, imidazole ring amino acids, in order for a reaction to occur with the functional groups of the active site and the functional groups of the binding site for stabilization of the substrate in the active site

-the active site has 3 dimensional configuration so that the substrate connects to it and then it is stabilized and then after the converging of the substrate into products should be relesed  
so the thing that happens between the active site and the functional group and the binding site of substrate is an interaction process not bonding like hydrogen, electrostatic, hydrophobic, sometimes a disulfide bridge are created in the case that the substrate is a protein and discontain cystiene amino acid with the cystine found in the active site 
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the specificity of enzyme depends on the arrangement of the functional groups in the active site 
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if the enzyme are made up of more than 1 polypeptide chain the active site will be at the interface between both of the polypeptide and this will recreate more functional groups and the stabilization of the substrate are much stronger than those in a single polypeptide 
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active site characteristics 
- small region of the enzyme from 3-12 amino acid 
-looks like a cleft or pocket 
- contains polar amino acids 
- has 3 dimensional configuration for complemetarity purposes at the 3d active site and 3d binding site 
- distribution of the functional group at the active site is the one that controls the specificity and arrangement of the enzyme 
-if an enzyme is made up of more than 1 polypeptide chain the active side will be between the polypeptides (at the interface)
this will make it easier for recruitment of the functional groups from more than 1 polypeptide chain and which means that more stabilization of the substrate at the active site of the enzyme 




Enzyme substrate binding

-Two models have been proposed to explain how an enzyme 

binds its substrate: the lock-and –key model and the induced-

fit model.

- Lock-and-Key Model of Enzyme-Substrate Binding, in this 

model, the active site of the unbound enzyme is 

complementary in shape to the substrate.

-"lock and key model" accounted 

for the exquisite specificity 

of enzyme-substrate interactions, 

the implied rigidity of the 

enzyme's active site failed to 

account for the dynamic 

changes that accompany 

catalysis. 
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is a rigid model that is not capable of changing or modification 
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what is the definition of substrate ?
are the substance to be acted upon by enzyme to be converted into products 

it attach o an enzyme at the active site 

what is the active site ?
it is a small area of an enzyme made up of 3 to 12 amino acids, it is a pocket like structure found at the surface of an enzyme 
and most amino acid that are involved are polar amino acids so that interaction between the functional group of the active site of enzyme and an interaction between the functional group and the binding sites of substrate takes place 
they will meet to stabilize the substrate in the active site 

what type of amino acids should be involved at the active site of the enzyme ?
they should contain polar amino acids, such as: basic amino acids like lycine & argnine & histidine , acetic amino acids like glutamic acid & asparatic acid, hydroxy containing amino acide, thrionine, serene, thyrosin, hydroxy lycine, hydroxy prolin   

they have polar in order for functional groups at the active site to interact with the functional group of that of the binding site of the substrate 
and the goal of this interaction is stabilizing the substrate at the active site  
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lock and key model are one of the interactions between active site and substrate 

this model is a rigid model and doesnt require to undergo any dynamic change 
so as long as the 3 dimensional configuration in the active site of the enzyme are complementary to the 3 dimensional configuration of the binding site of substrate then a reaction will take place 




Induced-Fit Model of Enzyme-Substrate Binding  

- In this model, the enzyme changes shape on substrate 

binding.

-The active site forms a shape complementary to the substrate 

only after the substrate has been bound.

- When  a substrate approaches and 

binds to an enzyme they 

induce a conformational change, 

a change analogous to 

placing a hand (substrate) into 

a glove (enzyme). 

Note
Highlight
it is formed under the effects of some factors that can induce the conformational change so that the substrate could fit and mostly it is caused by the effect of hormones 
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this model is a flexible model that changes shape so that the substrate can fit 
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hormones induce the change in the active site 
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induced fit model is the second type of interaction 

at the very beginning this model is not suitable meaning that the 3d configuration of the active site and the binding site are not complementary and will not connect, but when the substrate gets closer to the active site a partial binding takes place and will cause some conformational changes at the active site of the enzyme so that it becomes suitable for the binding of the substrate 
so in all, this model is flexible and can undergo dynamic changes 
this changes occurs not by the enzyme itself but through other different factors such as hormones 



Mechanism of Action of Enzymes

- Enzymes are catalysts and increase the speed of a chemical 

reaction without themselves undergoing any permanent 

chemical change. They are neither used up in the reaction nor 

do they appear as reaction products. 

- The basic enzymatic reaction can be represented as follows:

- Where E represents the enzyme catalyzing the reaction, S the 

substrate, the substance being changed, and P the product of

the reaction.

-The mechanism of action of enzymes can be explained by 

two perspectives:

1- Thermodynamic changes 

2- Processes at the active site
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substrate 
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enzyme 
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product 
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enzyme 
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enzymes leave the reaction as it enters without any damage or alteration 

Note
Highlight
when substrate connects to enzyme it forms enzyme-substrate complex that will later change to enzyme-product and then to products that will leave the enzyme 

IMPORTANT
how many reaction or constant take place in the mechanism process ?
ANSWER: 4 
the first one is called K1 and is the formation of enzyme-substrate complex 

the second one is called K-1 and is for the dissociation of enzyme and substrate in case the substrate withdraw itself from the reaction (بدهاش تكمل بالمختصر)

in the case of enzyme-substrate complex that continues to the step of forming a product-enzyme it will undergo 2 reactions 
K2 is for the production 
and K-2 is if it withdraw itself and change again from product to substrate and forms enzyme-substrate complex 

other words 
 K1 and is the formation of enzyme-substrate complex 
K-1 and is for the dissociation of enzyme-substrate complex
K2 is for the dissociation of enzyme-product complex to form a product (يفك من البروداكت عشان يكمل مشوارو الى الامام)
and K-2 is for the regeneration of enzyme-substrate complex 


in any chemical reaction the catalyzing of reaction in the presence of an enzyme must contain 4 constant processes 


these K1, K-1, K2, and K-2 all 4 are called constant Km 
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Thermodynamic changes

- All enzymes accelerate reaction rates by providing transition 

states with a lowered  ∆G F for formation of the transition 

states.

-The lower activation energy means that more molecules 

have the required energy to reach the transition  state.  
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non catalyzied reaction
very high energy of activation energy  
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catalyzed reaction
contains very low energy of activation    
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IMPORTANT 

what is the diff between catalyzed reaction and non catalyzed reaction ?
ans: both of them catalyzed or not, for a substrate to change to a product it must reach the transition state but in the case of non catalyzed reaction the energy of activation and time is higher than those of the catalyzed reaction 

in catalyzed reaction the activation energy is very low and this is the function of enzyme (making the process faster) that makes the molecules of substrates carry a little of energy that can change into product
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the diff is in 
-energy of activation 
-timing 
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is the energy needed for a substrate to reach transition state (the state that indicates the substrate molecule is binded to the enzyme)
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requires high amount of energy for activation in order to convert the substrate into products 
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the amount of energy required for activation are little and will not take much time 

Note
Highlight
the enzyme lowers the activation energy 



Processes at the active site

1- Catalysis by proximity: for the molecules to react they 

must come within bond-forming distance of one another. 

When an enzyme binds substrate molecules at its active 

site, it creates a region of high local substrate 

concentration.   

Enzyme-substrate interactions orient reactive groups and bring 

them into proximity with one another. 

2- Acid base catalysis: the ionizable functional groups of aminoacyl 

side chains of prosthetic groups contribute to catalysis by acting as 

acids or bases. 

- General acid catalysis involves partial proton transfer from a    

donor to lower the free energy of the transition state. 

- General base catalysis involves partial proton abstraction 

from an acceptor to lower the free energy of the transition state.

Note
Highlight
the substrate gets close to the active site until it reach the bond forming distance 
proximity will result in the formation of local region of high concentration of substrate to push one of the substrates in to the active site and during the push the functional groups in the active site will start orientation so that the functional groups in the substrates fits with the functional groups of the active site 
the functional groups that is orientated are those of the active site not the substrate or the binding site 
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اقتراب 
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an interaction occurs between the substrate and the active site, this interaction cant form if the substrate is far from the active site and it should be very close 
for it to be very close, not only 1 substrate molecule but a crowd (high local substrate) of molecules on the active site so as a result of this crowdness a single molecule of substrate enters the active site causing an orientation to the functional groups of the active site of the enzyme so that an interaction takes place 

Note
Highlight
requires 2 types of amino acids at the active side 
- acidic that loses nitrogen (cause of ionization) carrying negative charge 
-basic that adds nitrogen(cause of ionization) carrying positive charge 

the main purpose of these amino acids is to create field of charges at the active site of the enzyme to allow interactions between active site and binding site 
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3- Catalysis by strain: enzymes that catalyze the lytic       

reactions involve breaking a covalent bond typically bind 

their substrates in a configuration slightly unfavorable 

for the bond that will undergo cleavage.

4- Covalent catalysis: accelerates reaction rates through 

transient formation of enzyme-substrate covalent bond.             

Three stages in covalent catalysis:

1- Nucleophilic reaction between enzyme and substrate

2- Electrophilic withdrawal of electrons from substrate

3- Elimination reaction (reverse of stage 1)

Note
Highlight
strain means pressure 
this type is not applicable for all enzymes 
and is applicable on lytic enzymes (*digestive enzyme*) important word

digestive enzymes have hydrolases which means it breaks down a bond in a macromolecule to result in micromolecule 

The catalysis by strain works when the substrate attaches on an enzyme but not completely making a bond that is in a configuration slightly unfavorable and this configuration causes more pressure on the bond that are supposed to undergo cleavage 
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is the transient formation of covalent bond between enzyme and substrate for a temporal amount of time 
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nucleophilic means ionization of the functional groups in the active site of the enzyme and the ionization of the functional groups of the binding site of the substrate 

both of them should be ionized for an interaction to occur 
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electrophilic is the withdrawal of extra electrons because if the stay they might break the bonds between the enzyme and substrate after the interaction took place 
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opposite of nucleophilic 
the ionization that formed will reverse and the ions that was dissociated from the functional groups to form ionization will attach again  
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it is a temporal formation of covalent bond not a permanent bond 



5- Metal Ion catalysis

- Two classes of metal ion dependent enzymes:

1- Metalloenzymes contain tightly bound transition metal ions

(Fe2+, Fe3+, Cu2+, Zn2+, Mn2+)

2- Metal-activated enzymes loosely bind metal ions (alkali or 

alkaline metal including Na+, K+, Mg2+ and Ca2+)

- Metal ions enhance catalysis in three major ways:

1- Binding to and orienting substrates for reaction as Mg2+ 

binding to ATP

2- Mediating redox reaction through changes in oxidation state

such as reduction of O2 to H2O through electron transfer

3- Electrostatic stabilization or shielding of negative charges as 

Mg2+ binding to ATP
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metal ions make another classification of enzyme 
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some enzymes have metal ions that are involved in their components such as copper, iron, zinc, manganese 
and are an essential part of this enzyme 
meaning that if the metal is removed from this enzyme, the enzyme will not function 

Note
Highlight
 they are enzymes that have metal ions included in their components but this type the metal ions are not essential so if they are removed the enzyme will still function but will lose some of its activity 
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substrate-metal ion-enzyme
the metal ion is in between the enzyme and substrate 
the function of metal ion is to bind the substrate and the enzyme together  (attract them toward each other)

2nd type 
metal ion-enzyme-substrate bridge is formed so that the metal ion push the enzyme toward the substrate 

3rd type 
the substrate is found in between the metal ion and the enzyme 
this forms a bridge called metal ion-substrate-enzyme 
the function of metal ion in this case is to push the substrate toward the enzyme 
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it reduces the charges found at the active site through mediating redox reaction 
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it reduces the effect of negative charges on the active site 
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6- Electrostatic catalysis

- Enzymes seem to arrange active site charge distributions to 

stabilize the transition states of catalyzed reactions

- Substrate binding generally excludes water from an enzyme 

active site generating a low dielectric constant within the active 

site

- Electrostatic interactions are stronger

- pka's can vary by several pH units due to proximity of charged 

groups

- Alternative form of electrostatic catalysis: several enzymes as  

superoxide dismutase apparently use charge distributions to   

guide polar substrates to their active sites

Note
Highlight
in this type of catalysis the functional group of the active site at the enzyme is rearranged
so it will be spread all over the active site so that when a stabilization of the substrate at the active site occur it would be in the correct configuration 
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the first step the electrostatic catalysis do is excluding water from the enzyme cuz water are easy to dissociate into hydrogen and will carry a positive charge and a hydroxl group that will carry a negative charge and this will cause a lowering in the dielectric constant 
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this enzyme is a type of antioxidant that uses charge distribution to guide polar substrates into the active sites 
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Enzyme Specificity

- In general, there are four distinct types of specificity:

1- Absolute specificity: the enzyme will catalyze only one 

reaction. 

2- Group specificity: the enzyme will act only on molecules 

that have specific functional groups, such as amino, 

phosphate and methyl groups

3- Linkage specificity: the enzyme will act on a particular 

type of chemical bond regardless of the rest of the 

molecular structure

4- Stereo chemical specificity: the enzyme will act on a 

particular steric or optical isomer. 
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the enzyme acts on 1 substrate and catalyze 1 reaction 
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the enzyme act on a group 
example such as methylase enzyme that is responsible for incorporating a methyl group in a substrate 
or ex 2 like phosphatase enzyme that is responsible for removing phosphate group from a substrate 
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enzymes that act on bonds no matter what are the groups around this bond 
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Highlight
enzyme will act on a 1 optical isomer 
example: epimerase which works on epimers 
or ketoaldo ismerase 
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- Some enzyme require cofactors to 

be  active.

- Cofactors are a non-protein

components of the enzyme.

- Organic Molecules (Coenzymes)

- Inorganic ions e.g., Ca2+ , Zn2+  

(Prosthetic group)

- Cofactors may be:

1- The Permanently attached 

cofactors,  are called Prosthetic 

group (such as a  vitamin, sugar, 

or lipid or inorganic such as a  

metal ion)

2- Temporarily attached cofactors 

are  called coenzyme, its detach 

after a  reaction and may participate 

in the  reaction with other enzyme.
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cofactors are either prosthetic group or coenzyme 
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prosthetic group are tightly bonded to the enzyme by covalent or non covalent bond 
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coenzyme are loosely bounded to the enzyme so that it can move from one enzyme to another 
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Cofactors

- Cofactors can be subdivided into two groups: metals and

small organic molecules

- Cofactors that are small organic molecules are called 

coenzymes.

- Most common cofactor are also metal ions.

- If tightly bound, the cofactors are called prosthetic groups.

- Loosely bound Cofactors serve functions similar to those of 

prosthetic groups but bind in a transient, dissociable manner 

either to the enzyme or to a substrate
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Prosthetic groups

- Tightly integrated into the enzyme structure by covalent or 

non-covalent forces. e.g.;

Pyridoxal phosphate 

Flavin mononucleotide ( FMN)

Flavin adenine dinucleotide (FAD)

Thiamin pyrophosphate (TPP)

Biotin 

Metal ions – Co, Cu, Mg, Mn, Zn 

- Metals are the most common prosthetic groups
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derivated from riboflavin vitamin b2  
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Coenzymes

- Very often vitamins

- They serve as recyclable shuttles—or group transfer 

agents—that transport many substrates from their point of 

generation to their point of utilization. 

- The water-soluble B vitamins supply important components 

of numerous coenzymes.

- Chemical moieties transported by coenzymes include 

hydrogen atoms or hydride ions, methyl groups (folates), 

acyl groups (coenzyme A), and oligosaccharides (dolichol).
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Important Prosthetic Groups and Coenzymes

Prosthetic Group Enzymes/ Proteins

Zn++
Carbonic anhydrase , Alcohol   

dehydrogenase

Fe+++ or Fe++ Hemoglobin, Cytochromes, ferrodoxin

Cu++ or Cu+++ Cytochrome oxidase

K+ and Mg++ Pyruvate Phosphokinase

Coenzymes Vitamins

Nicotinamide adenine  dinucleotide (NAD+)

or nicotinamide adenine  dinucleotide phosphate (NADP+)

vitamin B3 

(niacin)

Flavin mononucleotide (FMN+) 

or flavin adenine dinucleotide(FAD+)

vitamin B2 

(riboflavin)

Pyridoxal phosphate vitamin B6 

(pyridoxine)

Coenzyme A Pantothenic Acid
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Diagnostic significance of enzymes

1- Enzymes can act as diagnostic markers of underlying 

diseases .

2- Enzymes can also act as reagents for various biochemical 

estimations and detections

Enzymes as diagnostic markers

1- Functional plasma enzymes ( Plasma derived enzymes): 

- Certain enzymes, proenzymes, and their substrates are 

present at all times in the circulation of normal individuals 

and perform a physiologic function in the blood. 

Examples of these functional plasma enzymes include 

lipoprotein lipase, pseudo cholinesterase, and the proenzymes 

of blood coagulation and blood clot dissolution .

The majority of them are synthesized in and secreted by liver.
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2- Nonfunctional plasma enzymes (Cell derived enzymes): 

- Plasma also contains numerous other enzymes that perform 

no known physiologic function in blood. 

-These apparently nonfunctional plasma enzymes arise from 

the routine normal destruction of erythrocytes, leukocytes, 

and other cells.

-Tissue damage or necrosis resulting from injury or disease is 

generally accompanied by increases in the levels of several 

nonfunctional plasma enzymes. 
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Isoenzymes (Isoenzymes)

- Are homologous enzymes that catalyze the same reaction but 

have differences in enzymatic   properties. 

- Often different isoenzymes are found in different locations in 

a cell or in different organs/tissues of an organism.

-They are from different polypeptide chains that coded by 

different genes and so, they are affected by different 

activators and different inhibitors in different tissues.

e.g.:
Lactate dehydrogenase isoenzymes, 
- The enzyme interconverts lactate  and pyruvate  (LDH)
- Humans have two isoenzymic chains for lactate 

dehydrogenase: LDH ( M ) found in muscle and LDH ( H ) 
found in heart. 

- M is optimized to work under anaerobic conditions and H 
optimized to work under aerobic conditions.
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these enzymes have 3 things in common and 3 things that are different 
similar in everything regarding a reaction like 
acts on the same substrate, giving the same product, and catalyzing the same reaction 

the difference are : 
-the origin (some come from brain some from heart, etc) 
-effect of inhibitors and activators 
-molecular mass, running under the effect of electrophilic mobility is different 
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-There are 5 different isoenzymes. 
-The relative ratio of the isoenzymes depends on the location in 
the organism as well as the developmental stage. 

CK/CPK Isoenzymes

- There are three Isoenzymes.

- Measuring them is of value in the presence of elevated levels 

of CK or CPK to determine the source of the elevation. 

- Each isoenzyme is a dimer composed of two protomers ‘M’ 

(for muscles) and ‘B’( for Brain).  

-These isoenzymes can be separated by, electrophoresis or by 

ion exchange chromatography.

Tissue originIsoenzyme

Cardiac and kidneyLDH1  (H4)

Cardiac, kidney, brain and RBCsLDH2  (H3M)

Brain, lung and WBCsLDH3  (H2M2)

Lung, skeletal muscleLDH4  (HM3)

Skeletal muscle and liverLDH5  (M4)
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can we use any one of the isoenzymes randomly to diagnose and disease ?
Ans: No we cant use 1 parameter (biomarker)for the diagnosis of the disease, 
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Isoenzyme Electrophoretic mobility Tissue of origin Mean % in blood

MM(CK3) Least Skeletal muscle

Heart muscle

97-100%

MB(CK2) Intermediate Heart muscle 0-3%

BB(CK1) Maximum Brain 0%

Enzyme Kinetics

- It is the field of biochemistry concerned with the quantitative 

measurement of the rates of enzyme-catalyzed reactions and 

the study of the factors affecting  these rates.

-The rate of a chemical reaction is described by the number of 

molecules of reactant(s) to be converted into product(s) in a 

specified time period which is dependent on the    

concentration of the chemicals involved in the process and on 

rate constants that are characteristic of the reaction.
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