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Enzyme kinetic Equations:

· Note: The rate of reaction and its thermodynamic favorability are two different topics, although they are closely related. we can note that  the thermodynamics studies the changing in  free energy that stored in bonds and relative stabilities of reactants and products , in order to determine if  the reaction will occur or not . On the other hand, kinetics are concerned with rate of the reactions.

· Rate of the reaction: the rate of the reactants consumption or products formation (change in the concentrations of reactants or products over time).

·  Rate in general >>>> any change over time.
· Note that the rate of formation of products always equal the rate of consumption of reactants, why?
· A: Material cannot be created nor destroyed, but it can be converted from one form to another. (Each molecule of the reactants is being converted to a molecule(s) of products at the same rate, if the rates are different, we are creating or destroying materials. which is impossible!  ). However , these rates are different in signs ( consumption  -ve , formation +ve ) ,   ( remember that any rate =  final state – initial state)
   
   We know that the velocity of any chemical reaction depends on the concentrations of reactants, but why??   
· [image: ]A: when we increase the concentration, we are increasing the number of molecules, so we have a higher chances to form enzyme substrates, this also increases the number of successful collisions. These collisions are producing energy. If any collision produced an amount of energy that equals the EA, it will reach the transitional state.  
 (
10:00
)

   Let's say that  we have 10 active sites in an enzyme , each active site can only bind to a one substrate , and we have two test tubes , one contains 10 molecules of the substrate and  the other contains  20 molecules , we then added  an enzyme for each test tube , will we note a difference in velocities of the reactions  ??!    
· A: the answer is yes , even though  that the all active sites are occupied with the substrate , increasing in the number of substrate molecules will increase the chances of  substrate binding to the active site ( higher chances of binding  less time required to consume the reactants  higher velocity ) 

     As a consequence, increasing the number of molecules will increase the reaction rate. Note that the difference in velocity between 10 molecules and 20 molecules of substrate added to the previously mentioned enzyme is much higher than the difference between 20 and 30 molecules which is higher than the difference between 30 and 40, and so on.
 we note that these differences are decreasing gradually , until we reach a situation that the differences between these concentrations are very minimal  that we can ignore them ( there's nearly no difference between 1000000  and  1000000.1 ) , the strong question is why ???!! -_-

· A: at high concentrations we reach a state of crowding, that increasing the number of molecules won't change the density of substrate around the enzyme. :D

     Experimentally, scientists noticed that the velocity of each reaction are changing regularly when they change the concentrations of reactants                      (changing in a fixed rate).
 (There’s a linear relation between them, and of course, any linear relation depends on a constant), this relation depends on a constant called RATE CONSTANT (K).
· RATE CONSTANT (K): determines the relationship between the concentration and velocity of a specific reaction.

·  (
20:00
)[image: ]Notice that  when we have more than one reactant and we want to calculate the reaction rate , we can use any one of these reactants , because these reactants will interact with each other to undergo a chemical reaction , they are working as one  ( imagine that we have 10 students that are walking together  as a one unit  , there velocities are not  equal , and if you wanted to know there velocity  you measure the velocity of  the slowest one  ) . 

A+B                     C 
· So the rate of A consumption equal the rate of B consumption equal the rate of C formation. 

·    The question that arises now, can we find reactions where its velocity doesn't depend on the reactants??

· A: Of course yes , we have many reactions  like that  (SN1 , E1 reactants ( some reactants are very fast to react so they don’t affect on the rate of reaction – if we want to determine the rate we look at the slowest  step -) , radioactive decay , etc ..) , but such reactions are rare in enzymes bio-systems .
     However, scientists noticed that in any enzymatic reaction we can reach a state that increasing concentrations won't change velocities, this happens after reaching the saturation state. (We explained that previously)   
· Q :   V= K[A]
This is the general formula of the rate of the following enzyme catalyzed reaction:
A+B  C

1) When dose the rate of this reaction will not depend on the concentration??
2) What's the overall order of this reaction??
3) What's the unit of the reaction constant (k)??
4)  What's the reaction order with respect to reactant B?? 

· A : 
1) - if we have an excess of A ( after saturation )   
 -if the reaction is  zero order
2) The overall order of this reaction is 1
3) K unit is  1/ time  >>>>>  (time)^-1 
4) The reaction order with respect to reactant B is zero!
· Note: questions 2, 3, 4 will be discussed soon.

· Reaction order: the number of reactants moles that is required to produce 1 mole of products. ( 2 moles  1 mole , 2nd order / 3mole 1mole , 3rd order / any quantity  1mole . zero order )

· Zero order reaction : increasing the number of reactants (substrate) has  no effect on the reaction velocity , this occur after saturation , here V=K (unit of K  [conc]/time )

·  (
30:00
)[image: ]1st order : increasing the number of reactants increases the rate of the reaction  , we find it for most simple enzymes at the beginning of reaction  , before saturation ,  (Unit of K  time-1  )

· Notice that the unit of the rate constant depends on the order of the reaction 
  Behavior of simple Enzymes:
    If we study the relation between the concentration and the rate of the reaction in a simple enzyme (as seen in figure bellow) we notice that the relation follows a certain pattern in all enzymes:
[image: ]
  
     At first, the relation is linear, it changes gradually to a curved line after increasing concentrations, and finally it becomes plateau. (starting as 1st order reaction , ending as a zero order ) , do you know why ?? : P
· At low concentrations of substrate , all the active sites are available , it's easier  to find a binding site for the substrate and bind to it , at this situation , increasing concentration will increase the velocity  of the reaction (we are binding more molecules at the same time )

· However, increasing the concentration in very high amount will cause a state of crowdedness, the substrates need more time to find a binding site, and these factors will decrease the effect of increasing concentration gradually, until we reach the plateau.
   
·  Notice that the enzyme will reach the maximum velocity (VMax)   after the saturation state (plateau) 

· Note : VMax in an inherited property of an enzyme ( the  VMax is the capacity of a cretin enzyme ,  enzymes usually doesn't reach it ) EX: catalase enzyme (which converts hydrogen peroxide to water + oxygen , ) has a capacity (VMax)  of 108  H2O2/s , but we can't find 108 molecules of H2O2 in one place in the body , so this enzyme never work at its maximum capacity .
Michaelis-Menten approach to enzyme kinetics: 
  We have seen previously that the behavior of all simple enzymes are similar, we conclude that the mechanism of work of these enzymes are similar too, also we can derive a mathematical equation that can describe the behavior of any simple enzyme.
 (
40:00
)[image: ]Two Scientists, Michaelis and Menten, tried to drive a general formula, that describe the relation between the concentration of the substrate and the rate of an enzyme   catalyzed reaction:
[image: ]
· In this general formula of enzyme catalyzed reaction  , we notice that the formation of ES (transitional state) depends on rate constant k1 , reversible reaction , depends on k -1
· [bookmark: _GoBack]Also, the formation of products depends on rate constant k2, reversible reaction, depends on k -2.
· First assumption : enzyme catalyzed reactions    are irreversible  ( formation of products is irreversible )  , so there's no K -2 ( products can't go back and form ES complex ) , but the process of forming ES from reactants is reversible , because it has nothing to do with the products , so the equation becomes like that :  
  [image: ]

· The rate of the products formation =K2[ES]

· Second assumption (steady state assumption)  : ES complex is in steady state , (its concentration doesn't change during reaction,  ) (rate of formation = rate of degradation )
K1 [E] [S] =K-1[ES] + K2 [ES]
·  (
50:00
)[image: ]Third assumption (it’s a fact  ) : any enzyme has two states (bound or free ) , but at VMax [E]t = [E] bound 

[E]T= [E] + [ES]
The rest is a mathematical derivation, I think it will be discussed in next lectures, anyway, the final formula of the equation is:

[image: https://upload.wikimedia.org/wikipedia/commons/thumb/2/20/Michaelis_menten_equation.jpg/220px-Michaelis_menten_equation.jpg]
  I want to add one more information, if we applied this equation on an enzyme and it described its behavior accurately, then the enzyme is simple, otherwise, the enzyme is conjugated or complex. :D 
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