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Enzymes 
In previous lectures we talked about proteins and the fact that proteins have definite 3D 

structure and this structure is reproducible so that the protein would take the same 

structure over and over again every time it is synthesized, with the same distribution of 

amino acids having the hydrophobic amino acids inside and the hydrophilic amino acids 

outside and so on.. 

Now,  as amino acids determine the structure of  proteins, they also determine the 

binding of the protein to other molecules, and these molecules might be different, they 

might be small like O2 in terms of hemoglobin, or they might be larger molecules like 

receptors or other proteins forming protein complexes. This ability to bind to other 

molecules (ligands) is what determines the function of nearly all proteins. 

These interactions between proteins and ligands are related to two properties of a 

protein: 

1) Affinity: the strength of binding between a protein and other molecules. 

2) Specificity: the ability of a protein to bind one molecule in preference to other 

molecules. so It is not that protein can interact with any molecule, there is a really 

specific interaction between proteins and other molecules. 

NOTE: The binding of protein is based on noncovalent interactions. 

 

• What are enzymes? 

 
➢ enzymes are specialized proteins that are able to (catalyze/speed up) chemical 

reactions under biological conditions.  

➢ More than 99% of enzymes are proteins, but you can have enzymes made of RNA 

molecules which we talked about in the previous course.  

➢ Most enzymes have very specific functions converting specific substrates to the 

corresponding products, so they work very specifically, some with high affinity 

and some with low affinity. 
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➢ Enzymes usually exist in little amounts in our system relative to reactants because 

they are fast, so you can have an enzyme that catalyze thousands or millions of 

reactions per second. 

➢ Now, the enzyme starts the reaction, and at the end of the reaction it releases the 

product, and the enzyme itself doesn’t change. 

So at the first and the end of the reaction the enzyme is exactly the same, BUT 

during the reaction itself which is the black box, enzymes look different and there 

are many things that take place. If they change at the end then they are products 

as well. 

To express the enzymatic reaction: E + S ⇆ ES ⇆ EP ⇆ E + P 

The enzyme-product complex (EP) exists in very short period of time, because 

once the product is formed, it is released immediately. Whereas the enzyme-

substrate complex (ES) takes some time because we have many things happen.  

So for simplicity we write the equation as follows:  E + S ⇆ ES ⇆ E + P 

 

• What do enzymes do? 

 
➢ Enzymes accelerate reactions usually within a range of 106 to 1014 (up to 

1020)). If there is no enzyme a reaction would take a year or thousands of years 

to take place. In the presence of enzymes like catalase in the reaction below, 

the speed of the reaction would increase by 6.51 X 108, so we are talking 

about less than seconds. 

➢ If there is a platinum surface for the catalase reaction, it will also speed the 

reaction even though it is not the enzyme, HOW?  

The whole point of what enzymes do is to put the substrate into a proper 

structure so that a reaction would take place, so they facilitate the process of 

changing the substrate into product, now what platinum does is that it 

interacts with the substrate and helps this change in its structure a little bit so 

that the reaction can take place, but enzymes are more specific and they 

interact with higher affinity than platinum. 
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➢ Carbonic anhydrase is another enzyme that hydrates 107 molecules of CO2 per 

second (versus 102 to 104 for uncatalyzed reactions). 

 

  

 

• where does the reaction occur? 
 

➢ The reaction happens in a specific three dimensional shape that includes the 

active site which looks like a tunnel inside the enzyme. 

➢ The active site contains a specialized amino acid sequence that facilitates the 

reaction by interacting with the substrate. 

➢ If a substance fits into the active site and binds to the enzyme, it is said to have 

affinity for the active site. 

➢ Some enzymes have a regulatory site that regulates the binding of the substrate, 

it can speed up the reaction, or it can inhibit and block the reaction. 

 

 

 

Remember always that substrates react with enzymes randomly, and it depends 

on the collisions, so it’s not like the enzyme looks at the substrate and say: yeah 

there is a substrate let’s interact with! , it’s really a random diffusion and 

collisions, once they hit each other and if this is strong enough, then the reaction 

will occur. 

 

➢ In fact, the active site consists of two groups of 

amino acids that play a role in enzymatic reactions: 

catalytic site and binding site. 

 we have a substrate that binds to special amino 

acids within the enzyme which form the binding 

site, and we have other amino acids in the active 

site that catalyze the reaction. 
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So, The active site is usually located inside, and there are some amino acids on 

the surface near the catalytic site that bind to the substrate allowing it to go into 

the active site for the catalytic site to catalyze the reaction. 

Sometimes binding site and catalytic site are the same thing, so the substrate gets 

into the active site by itself and then we have amino acids that bind to the 

substrate and catalyze the reaction. 

 

➢ In some reactions, the interactions between amino acids and substrate start 

noncovalently and then there are covalent interactions, in some cases the 

noncovalent interactions are sufficient for the reaction to happen. 

 

• Binding specificity  
➢ The specificity and selectivity of enzymes is due to their precise interaction of 

active sites to their substrates and the degree of compatibility for this interaction. 

 

The active site is small relative to the structure of the whole enzyme, and this 

active site must fit the substrate, and there are different structures and shapes 

for the active site. 

 For example, trypsin, chymotrypsin and elastase, these are digestive enzymes 

that are secreted by the pancreatic cells, they go into the intestines to digest food 

and break down proteins. 

Trypsin cleaves a protein specifically if this protein contains arginine or lysine, so 

wherever it sees arginine or lysine it cleaves the peptide bond that follows them. 

Now lysine and arginine are positively charged amino acids that have chain 

structure, so you can imagine the active site: 1) looking deep so that the chain 

would fit into it 2) having negatively charged amino acids like aspartate or 

glutamate, so that there are noncovalent interactions that can take place 

between the positively charged amino acids of the substrate with the negatively 

charged amino acids of the active site. 

Chymotrypsin cleaves the peptide bond after aromatic amino acids 

(phenylalanine, tyrosine, tryptophan), so the active site has a suitable shape to 

fit the ring structure, and also has hydrophobic amino acids so that there are no 

repulsions between the substrate and the enzyme. 

Elastase cleaves the peptide bond that follows glycine or valine which have small 

groups, so the active site is small and also contains hydrophobic amino acids. 

✓ so the main idea here is that the active site must fit the substrate. 
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• features of the active site 
 

1) Chirality  

We said that our bodies can’t metabolize L-glucose but it can metabolize D-

glucose, even though the difference is really small, it is only a group that is 

switched, but when it comes to enzymes it is important, why?  

The active site can interact with different groups in one substrate, but when it 

comes to its mirror image these groups can’t fit anymore into the active site, 

the reason is that the interaction that takes place between the substrate and 

the active site is dependent on at least three points, if it depends on only two, 

then it doesn’t matter if we flip the substrate, but in reality three groups at 

least must fit the enzyme. 

 

2) We said that active site is made of certain amino acids, and if we look at these 

amino acids in the primary structure we will see that they are located at 

different parts away from each other, and then in the protein folding they get 

very close to each other forming a domain. 
 

3) The active site is small relative to the whole structure of the enzyme, so what 

is the importance of all of these amino acids surrounding the active site? They 

create the 3D structure of the active site, so the active site has its specific 

structure because this is how other amino acids form it. 

                 In many proteins the remaining amino acids may make up regulatory sites. 
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4) The enzyme looks like a canal, cleft or crevice. So it is inside the enzyme not 

outside, why? To prevent the nonspecific interactions and to kick out the 

groups that may hinder the reaction. For example, in some reactions water 

molecules shouldn’t exist in the active site, so what the active site does is that 

it allows for the substrate to go in and water molecules are kicked out. 
 

5) The initial interaction between substrate and active site starts noncovalently, 

and it’s a set of noncovalent interactions, and they are important for the 

substrate to get into the active site and for the reaction to take place. 

 

 

 

• How do substrates fit into the active site of enzymes? 
There are two theories: 

1. Lock and key model (old) 

It suggests that the substrate and the enzyme are like the lock and key, if you 

insert a key in a lock, does any of the structures of the lock and the key 

change? No, this theory is actually not very right, because proteins are 

dynamic, and when the noncovalent interactions take place there will be a 

movement of groups of the enzyme. Also, enzymes can bind to different 

substrates, and some enzymes can catalyze multi-substrate reactions. 

 

2. Induced fit model  
It suggests that the structure of the active site changes as it interacts with the 

substrate. So we said that substrate gets into the active site and starts forming 

noncovalent interactions, for example, the substrate have lysine and when it 

gets into the active site it looks for aspartate to form electrostatic interaction, 

or there might be van der waal interactions between the R groups of the 

active site with the substrate, so there is a movement of the active site or 

maybe the whole enzyme so that the substrate can fit into the active site. 
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• How do enzymes accelerate reactions?  

Let us go through the concept of "energy" .. there are two types or forms of energy:  

1) Potential energy: the energy that is stored within an object.  

So when we talk about chemistry, it is basically the energy that is stored within the 

chemical bonds (covalent bonds). 

✓ Capacity to do work (stored). 

✓ All molecules have its own potential energy (G). 

2) Kinetic energy: energy of motion.  

Now let us talk specifically about potential energy.  

Potential energy is more important in the study of biological or chemical systems.  

Molecules have their own potential energy stored in the bonds connecting atoms to 

molecules known as "free energy" (G).  

Free energy: it is the energy that is available for reactions .  

For any chemical reaction whether enzymatic or NOT enzymatic, you have a total 

amount of (G) for a substrate and you have total amount of (G) for products.  

"reactantsG – productsG = G"energies meaning that we have  So we have a difference in free 

 If products have less energy than reactants: that means that 

 reactants have enough energy to drive the reaction.  

 If products have more energy than reactants: that means                                                                    

we have to provide reactants with some energy so that                                                    

they can take this energy and they can convert to                                                       

products.  

 If G < 0: this reaction is spontaneous, it happens without 

 help and the rxn is exergonic so energy can be released                                             

in the form of heat and light, etc.    

 If G > 0: this reaction is non-spontaneous and it needs  

help, and the rxn is endergonic meaning that we have to  

add energy into the reaction.  
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 If G = 0: no energy is needed, both forward and reverse reactions occur at equal 

rates; the reaction is at equilibrium. And it only depends on how much products 

there is and how much reactants there is. 

 

What do enzymes do?                                                                                                         

Enzymes don’t change the G of the reaction, because they don’t change the (G) of 

substrates and the (G) of products.  

They reduce the activation energy (Ea), and it is the energy that is needed to initiate the 

reaction.  

The difference in free energy of the transition state and the substrate is also called the 

activation energy. 

  

  

 

    

 

 

 

Now what is transition state? 

Basically when the molecules have absorbed enough energy for the bonds to break, the 

reactants are in an unstable condition, this is known transition state.  

Any enzymatic reaction goes through a transition state (ES) that has a higher free 

energy than does either S or P. 

In reality transition state is not a single state, it is multiple transition states, and at the 

end you have release of product with its own (G). so Substrates often undergo several 

transformations when associated with the enzyme and each form has its own free 

energy value. 

- enzymes facilitate the formation of the 

transition state at a lower energy.                                                          

- At the highest energy level, the substrate 

configuration is most unstable and is most 

tightly bound to the enzyme . 

 

- The bonds or the electronic configuration 

are maximally strained. 
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The energy of activation does not enter into the final ΔG calculation for a reaction. 

Example: Adenosine Deaminase 

 

 

From the name "De" means remove so it removes an amino group from adenosine (the 

substrate) and forms a ketone group in inosine.  

Notice that in each one of the steps energy is needed. And here the activation energy is 

the difference between the energy of substrate and the energy of the last TS (the 

highest one). 

Note: you don’t have to know the details 

 

The activation energy of an enzymatic 

reaction isn’t the total collection of all these 

energies that exist here. The activation 

energy is the difference between the 

energy of the substrate and the (G) of the 

of these transition states. highest 
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How do enzymes catalyze reactions? 

There are different mechanisms depending on the enzyme: 

1. All enzymes share one mechanism which is proximity of substrates together. 

One of the reasons that a reaction can’t take place is that the substrates are far 

away from each other, it’s low probability that they collide, and in proper angle. 

2. Orientation of the active site to fit the substrate in the best fit possible. 

So enzymes push substrates close to each other, and orient them in the right 

angle, and this is true for all enzymatic reactions. 

 

3. Changing the energy within bonds allowing the break up and formation of bonds.   

acid/base , by bond strain that they can catalyze reactionis What enzymes do as well 

And we are going to discuss each one of  .covalent catalysisor they can do reactions 

them. 

Note: in some cases, enzymes use combination of these mechanisms. 

 

▪ Catalysis by bond strains:     

What enzyme do is that it takes the substrate and changes the bonds and the formation 

of substrate making the molecule vulnerable (weak). So the induced structural 

rearrangements produce strained substrate bonds, which more easily attain the 

transition state. The new conformation often forces substrate atoms and bulky catalytic 

groups into conformations that strain existing substrate bonds. 

  

 

 

 

 

 

 

 

example: Lysozyme, it breaks cell wall of                                                                                

bacterial cells by cleaving the bond 

between (NAM) and (NAG), and it does that 

by strain the bond of the sugar so it makes 

it easy for the bond to be broken.                                                                       
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▪ Catalysis involves acid/base reactions: 

The R groups of amino acids act as donors (acids) or acceptors (bases) of protons. 

- Histidine at physiological pH.  

- Serine in serine proteases. 

 

 

 

 

▪ Covalent catalysis: 

Covalent interactions form between the enzyme or coenzyme active site and the 

substrate. 

Examples of this mechanism is proteolysis by serine proteases, which include 

digestive enzymes (trypsin, chymotrypsin, and elastase).  

So chymotrypsin catalyzes the reactions by acid/base (accepting and donating 

protons), and covalent catalysis by forming transient covalent interaction 

between serine and the groups of peptide bond and then it releases one of 

these groups resulting in cleavage of the peptide bond. 

 

• Classification of enzymes:  

Simple Vs complex (conjugated)  

Many enzymes don’t need non-protein group, but some they do.  

. "Holoenzymes"are called These enzymes that need non protein group  

."Apoenzymes" are calledgroup The enzymes that don’t need non protein  

Example: Chymotrypsin in its active site 

has serine, serine does the reaction, but it 

needs a proton donor and acceptor, In this 

case it is histidine, so we have both serine 

and histidine in the active site of the  

 
enzyme, when the substrate goes into the active site, and you have histidine that can 

take a proton and release a proton during the reaction, this results in breaking down 

the peptide bond between the aromatic amino acid and the next amino acid. 
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."Cofactor"protein group is called -The non 

for example - the enzyme in the figure below needs to bind to the cofactor for 

the reaction to take place. 

 

If this cofactor an organic molecule we call it "Coenzyme", such as heme. 

."Metaloenzyme"If this cofactor is metal so we call this enzyme  

 

• Naming of enzymes:  

In general, enzymes end with the suffix (-ase).  

Most other enzymes are named for their substrates and for the type of reactions they 

catalyze, with the suffix “ase” added. 

• ATPase breaks down ATP. 

• ATP synthase synthesizes ATP. 

Some enzymes have common names.  

Example: the proteolytic enzyme trypsin.  

 

• Enzymes classes according to function: 

Dear doctors ,, you need to know these 6 classes , you need to know what they do 

exactly. 

It’s not necessary to memorize the reactions, but you need to understand what these 

enzymes actually do by looking at the reaction. " meaning that you look to the reaction 

and say this for this class and so on". 



13 | P a g e  
 

So as we mentioned before .. they are six classes:  

1) Oxidoreductases  

2) Transferases  

3) Hydrolases  

4) Lyases  

5) Isomerases  

6) Ligases  

We will talk about these classes in details in the next sheet inshallah. 

 

 

 

 


