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Enzyme kinetics
Stuff we discussed before about kinetics:

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

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

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

·  1st order : increasing the number of reactants increases the rate of the reaction , before saturation  (Unit of K  time-1  )

· Behavior of simple Enzymes (hyperbolic plot) : At first , the relation is linear , after increasing concentrations it changes gradually to a curved line, finally it becomes plateau (starting as 1st order reaction , ending as a zero order at Vmax )

· VMax : an inherited property of an enzyme ( the  VMax is the capacity of a cretin enzyme ,  enzymes usually doesn't reach it )

    Since all simple enzymes behave in the same manner, then they do follow a Mathematical equation, which gives a "hyperbolic plot" by drawing the relation between [S] and velocity. This hyperbolic plot starts sharp -linear- then change to a curve and finally gives a plateau!

    And here came the Michaelis-Menten equation, which represents a theory that describes the behaviour of the SIMPLE enzymes, but why ?? 

The benefits of having mathematical equations in these cases:
· For predictions. 
· Numbers are easier to deal with.
· For comparison.
As any other mathematical equation we need at first to have some assumptions to be able to Derive the equation . Two Scientists,  Michaelis and Menten used two assumptions to Derive a general equation :
·  (
Important
)First assumption : enzyme catalyzed reactions are irreversible , so there's no K-2 . 
· Second assumption (steady state assumption)(حالة الثبات)  : ES complex(Enzyme-substrate complex) is in steady state , (its concentration doesn't change during reaction ) , which means that : 

The [ES] (enzyme-substrate complex concentration)  is not changing over time . which means that Changes of  [ES] over time equals zero. (rate of formation = rate of degradation )

· Note : The process that forms ES complex is Association of  E and S (reaction that has k1 rate constant) , rate of formation of  ES =K1 [S] [E].
· Also , the processes that degrade ES complex are : backward reaction towards the reformation of substrate ( K-1[ES] ) , and the formation of products ( K2[ES] ) .

K1[E][S] - K-1[ES] - K2[ES] = zero , so :

K1[E][S] =K-1[ES] + K2[ES]

·  Fact: any enzyme has two states (bound or free ) , but at VMax  [E]t = [E] bound 
After derivation , the final formula of Michaelis-Menten equation  is : 
 (
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The Michaelis constant , Km :

From steady state assumption : 
K1[E][S] =K-1[ES] + K2[ES]
This can be mathematically ordered this way :
K1 [E][S]= [ES](k2+k-1) , so :
[image: ]
   This value is always constant for the any enzyme-catalyzed reaction ,  all these constants can be replaced by one (Km) Michaelis Constant
                            [image: ]
· But what's the km ?? think about the rate constants and there arrangement on km formula  , does it give a since ?  
A :We notice that k2+k-1 are related to the overall rate of degradation  , and K1  is releated  to the rate of  association , this gives us an idea about the tendency of enzyme to bind its substrate , which is called enzyme affinity  .
· So Km is an indication of the affinity of an enzyme , its inversely related to the affinity . However it's not a "Real" measure for affinity. But WHY? :'( 
A: we will see later , that  K2 must not be taken into consideration when dealing with affinity.
How Does  Michaelis-Menten explain enzyme behavior   ?

 (
Mathematical facts :
In Addition And Subtraction , any relative small quantities could be  neglected ( 100000+1 and 100000 are nearly the same )
However , in deviation and multiplication , we can't ignore any small quantity   .
)  ok , any equation should be able to predict an explain the results and situations  of the phenomenon . how can we explain the behavior of a simple enzyme , using this equation ?? 





Answer :

1-At the Beginning ( at low concentrations of substrate ) [S] value is much smaller than value of km , that we can neglect it in the Denominator , so we can say that  :
                                   [image: ]
This  is a linear equation ( Y=AX . ص=أس) , it crosses the point (zero , zero) , the slope of the curve = Km/Vmax = constant , which explains the 1st order reaction ! 

2-At the End (high concentrations of substrate ) , All the active sites will  [S] is very high, much higher than Km , (here ,  Km can be neglected)
V= Vmax
   it’s a constant equation( Y=A , ص=أ )  which explains zero order reaction . this matches our theory  :D    
And here it's a "zero order kinetics" adding [S] would not affect the velocity! 
· Now think about Km , if the [S] equals Km  what will happen ??
Vº=Vmax [S]/[S]+[S]
Vº=Vmax/2
 (
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)[image: ]The velocity =half the maximum V (تتحقق نصف كفاءة الإنزيم).
 (
To sum up , Km is :
-It is an indicator of affinity.
-it is the (rate of dissociation of ES complex/rate of association of ES complex)
-it is the concentration when V is half the maximum V of the simple enzyme.
)We can say that Km is the substrate concentration when  v =half Vmax . 






· Note :Scientists  found that the enzyme can work on more than one substrate, as the free rotation around the carbon happens in nature, this makes the state of proteins "Enzymes" dynamic not static !. So the enzyme could work on many different substrate but with different km (different affinities) and different Vmax , which supports Induced-fit theory.
 (
Example : 
A biochemist obtains the following data for a certain enzyme
-catalyzed reaction , this enzyme known to follow 
Michaelis-Menten
 , approximately what's Km and 
Vmax
 ?
[S] (
mM
)  
          
  V○ (
mmol
/sec)
  2                               149
  4                               233
  8                               349
16                               466
256                             676
512                             698
1000                           699
)	











 (
Strategy :
-How to read ? 
You should take every given information into consideration , here we notice that (1) the experiments follow 
Michaelis
 equation (2) the word "Approximately" tells you that the numbers you'll get won't be exact
 . 
)



!
 (
-How to think ? 
At the beginning we notice that increasing the concentration is highly affecting the velocity with the same quantity of multiplying 
(149 , 233 ..) 
which means that the relation is linear and the equation is at its first order kinetics
 .
Continue comparing till reaching the point where increasing the concentration is no longer affecting the velocity
(676 , 698 . 699 )
 in order to determ
ine 
 the 
Vmax
 . 
( Here 
V
max
 = 700 )
-How to find Km 
?
At first you must determine the 
Vmax
 , now look for a concentration that gives you half 
Vmax
 , which is 8mM
 .
)
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· Note : you can also use calculations to know the values , but you should be smart by thinking in other ways to avoid spending time on calculations .
Other constants that describes enzymes behavior :
· KD :

   Back to the note we said at first:" km is an indicator for Affinity, but not REAL measurement for Affinity", WHY??
A: to measure the real tendency of an enzyme to bind its substrate , we must calculate the ratio between substrate association and the disassociation , but in Km , we have K2 , which has nothing to do with the substrate ( k2 is inversely related to the enzyme affinity to the products , not substrate ! )   
So the REAL measurement of affinity = (k-1/k1) called Kd .
However , Km is more commonly used  than KD , why ?!
A: because we need very sophisticated instrument to find KD. since whole forming and degrading of ES happens in milliseconds so we use  Km value, since it’s easy to be calculated with any simple instrument! Again, KD doesn't take consideration of products formation so it is a better indicator of affinity of Enzyme .

· The effect of enzyme concentration on the rate 
      Michaelis-Menten equation describes the effect of substrate concentration on the reaction rate , here we the rate of the reaction increases by increasing substrate concentration , until we reach Vmax  the strong question is , can we increase the rate of the reaction above the Vmax ?? and how ??    

A: the only way that makes a car walks over its maximum Velocity is using another Engine beside the one it has!!
And so does Enzymes! We can increase the Vmax by increasing enzyme concentration hence increasing the number of Active sites as well, double, triple (active sites) double, triple . note that Km remain the same here , we still want the same amount of substrate to reach the half of  Vmax, even thought that Vmax is changed !

· Kcat :

     K2 is the rate constant of the products formation . when enzyme is fully saturated ( all active sites are occupied ) K2 = Vmax , but taking in consideration the effect of concentration . because Vmax changes with enzyme concentration , think about this problem :    
· If you were told that you have 2 enzymes one with Velocity of 10 and the other with Velocity of 20, can you tell which one is faster?? 
A: You can't! You need to know the enzyme concentration!
· From this point came the term "Kcat" = the catalytic activity of the enzyme (القدرة التشغيلية للإنزيم )
By taking (Vmax/enzyme concentration) we are normalizing all values of Vmax and this is what they called "catalytic rate constant of the enzyme (Kcat).
 it's the same as Vmax, but  with taking the enzyme concentration into consideration and so it's a better indicator of the affinity.
 (
Example : 
You are working on an enzyme 
msdicine
 
shich
 has (MW = 5000 g/mol ) , you have used , 10 micro-g of the enzyme in an 
experiment
 , and the enzyme converts at best 9.6mM/min ,
whats
 the turnover number for the enzyme ?  
How to read ?
Notice that the question said 
"at best"
 ,
 
"When it's saturated" or "at best" 
Vmax
!
-How to think ? 
We want to calculate 
Kcat
 , and we have given 
Vmax
 , we can also calculate number of moles of the reactants , we don’t need the volume , because it will be canceled ! 
Now just put the numbers , and calculate ! 
Kcat
 = 
Vmax
 ( in seconds)/number of moles 
The answer:
Kcat
 = 
Vmax
 /[E]
= 9.6/(10/50.000)
=48000 per minute /60
=800 s-1 
The V is given in minutes but the answer is required in seconds.
 
)




















 (
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 (
Example :
 (from the slides)
 
a 10-6 M solution of carbonic 
anhydrase
 catalyzes the formation of 0.6 M H2CO3 per second when it is fully saturated with substrate
?
 
-How to think ? 
We were asked to find 
Kcat
, and all we need is 
Vmax
 over the [E].
Kcat
: how much the enzyme catalyzes the conversion of reactants to products per unit of time per enzyme concentration, when it's fully saturated .
If 600000 
rxns
 happen per second, then each reaction needs?
1/600000 = 1.7 micro second
)











· Note :physiologically, saturation does not occur. But if does then that means the enzyme is weak and this usually doesn’t happen in nature
     The turnover numbers of most Enzymes(Kcat) with their physiological case have the range from 1-10000 (s-1).
     By looking at Kcat values they found a high or wide variation which makes it difficult to use Kcat values in the comparison between enzymes, the same thing was found in term of Km values
     So we need another measurement to help in the comparison! Which is the “Specificity constant” by dividing Kcat and km for each enzyme.
   For example, if you take enzymes in the body you will find that the variation determined by the specificity is less than 1000
· SPECIFICITY constant = Kcat/Km  (efficiency/affinity)
If it was high this either means high efficiency or low affinityhigh Kcat& low Km ! 
·  (
Important
 :
Reaction RATE as a term
 
:
 how much concentration are consumed or produced per unit of time
 .
Enzyme ACTIVITY as a term
 : 
how much substrate moles are consumed per unit of time or how much product moles are produced per unit of time
 .
)An enzyme with high specificity is a strong one.



The difference between these two terms:
 (
Enzyme activity = rate of reaction × reaction volume 
Specific activity
 :
measures moles of substrate converted per unit time per unit mass of enzyme (mol/{
s.g
})
 
Specific activity = enzyme activity / actual mass of enzyme 
the term Specific activity of enzymes is used to determine the purity of enzymes upon manufacturing, by dividing the enzyme activity over its actual MASS. 
Turnover number
:
 measures moles of substrate converted per unit time per moles of enzyme (min-1 or s-1) 
)
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