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THE KINETICS OF ENZYMATIC REACTIONS:

If you want to study any biochemical reaction you can study it from tow points of

view:

thermodynamically: ( where you can study AG of the reaction ,the starting and ending
points of the reaction ,and deal with potential energies of the reaction).

-

kinetically: (where you can study the reaction within the ending and starting points or

within a specific period of time .Also you can study the path of the reaction, the steps of the
reaction and the velocity[rate] of the reaction), all of the above-mentioned definitions are

working effectively to change AG of the reaction.

Biochemical kinetics: the science that studies rates of chemical reactions.

» If you want to define the rate or the velocity of something, obviously you will look for

the change of that thing divided by the
time >>> so in case of the rate [velocity]
of the reaction we are looking for the
change in the concentrations of the
reactants or products divided by time.

in following chemical reaction:

The rate can be calculated by> V=d[P]/dt

» Biochemical Kinetics: the science that studies rates of chemical reactions

» An example is the reaction (A 2 P), The velocity, v, or rate, of the reaction A &
P is the amount of P formed or the amount of A consumed per unit time, t. That
is,

or

or V=-d[Al/dt

» Applying arithmetic operations to this equation is not a simple matter because of the
presence of integration, and in this case the result must be found by integrating the area
under the curve, In order to facilitate these steps, the scientists noticed that this curve,
which contains the required area under it, increases by a fixed amount. Therefore, they
replaced the integration with a fixed value (K), which led to a change in the reaction rate

law to the following:

Rate=k * [A] » The rate satem cf:r%rgec'.'erX!me

» The rate will be proportional to the conc. of the reactants
In general: + Itis the mathematical relationship between reaction rate and concentration of
the reaction rate law = K[A]"[B]"?[C]"3...... reactant(s
K: the rate constant ( the higher the activation energy Forthe reaction (A + B P) the ratelawis
-energy barrier- the smaller the value of K. s e D O 3 R Y
(n1+n2+n3): the overall order of the reaction. le: n1 B S .

the order of reactant A, n2 the order of reactant B, n3

the order of reactant C.

» From this expression, the rate is proportional to the concentration of A, and kis
the rate constant



THE ORDER OF THE REACTION:

» When any reaction occurs, it is logical that the concentrations of all the reactants
contribute to an increase or decrease in the rate of the reaction. However this case may
not be necessary and there may be exceptions in which not all reactants participate in
contributing to the rate of the reaction. -These exceptions will be mentioned and
explained later-So if you have one reactant ( A---> C) Rate= K*[A]"! ////// 2 reactants
(A+B------ > C) Rate=K*[A]"! *[B]"2.

And if we have 3 or 4, or 5 ... reactants the rate law will be written in the same way
because the rate of the reaction depending on every single reactant which make a

participation in the reaction. How do we derive the unit of

. . constantK ?
~ A multistep reaction can go no faster than the slowest step

v = k(A)™(B)"*(C)"3 When the overall order is 0:

- kis the rate constant: the higher the

N : V=K >>M/S=K >>K=M *§!
activation energy (energy barrier), DE—

the smaller the value of k . WHERE M(MOLARITY) S(SECONDS)
» (n1+n2+n3) is the overall order of the reacti on_,
» Dimensions of k (A when the overall order is 1:
Overall order V= | Dimentions of k V=K*[A]>> M/S = K*M >> K=1/S>>
Zero k (conc.)(time)™? P K=S1-
First k(A) (time)=

[A)

=

» So when we say that the overall order|for the rate of the reaction is zero that’s mean
the concentration of the reactants doesn’t effect the rate of the reaction so V=K (
constant value ) mathematically : ¢ |
V=K*[A]°
V=K*1
V=K

» When we say that the overall reaction order is equal to one, this means that the rate of
the reaction depends on the concentration of one reactant, and that does not mean
that the reaction contains only one reactant. It is possible that the reaction contains
more than one reactant, but the rate of that reaction depends on the concentration of
only one of them. Mathematically : <«

~

V=K*[A]° *[B]" *[C]°
V=K *1 *[B] * 1
V=K*[B]

» What is used to determine the reactants with the required concentrations
that affect the rate of the reaction? First when the overall reaction order is
zero:




When you increase the concentration of reactants in this case you are
increasing the velocity of the reaction but there is a limit for this increasing
process this limit becomes when we have saturation or over saturation for
the whole active sites of the enzymes.

» recall: In order for the enzymatic reactions to take place correctly reactants must be close to each other and putting
them in the exact orientation for the active site.
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Second when the overall reaction order is one:

Here, in this case, it was discovered by certain experiments in the laboratory,
where the properties of each reactant and its impact on the reaction are known.
First, the reaction takes place in the presence of enzymes, then we put an excess
of a specific reactant and exclude a substance and surround the reaction with all
the factors that guarantee its success, as the substance that was made Its
exception is the substance that we wants to study. When the excluded substance
is placed in the reaction, the reaction occurs efficiently, and from here we know
the impact of this substance on the reaction. These reactions, which are
controlled to make them first order reactions , while they aren’t are called
pseudo first order reaction. So we do a lot of these pseudo first order reactions so
we can able to study them.

Enzyme kinetics:

The two experts, Michaelis and Menten, began studying and observing the
behavior of enzymes in their solutions and reactions, and they conducted several
experiments in which they were able to reach an important mathematical
relationship to calculate the maximum reaction rate.

They first began to bring large quantities of enzymes, regardless of their nature,
structure, function and even their reactions , and they put their substrates .they
started with several experiments so that the concentration of the substrates is
increased in each experiment and they started taking notes and studying the



effect of this increase on the rate of the reaction.They found that there are many
similar behaviors between these enzymes that are completely different from each
other .As they drew a curve representing the increase of the reactants and their
impact on the reaction rate. They concluded that part of these enzymes
represented their curve in the form of hyperbolic plot which are called (simple
enzymes) and the other part are presented in a sigmoidal plot they called
(allosteric enzymes). -we will focus on the simple enzymes and their curve-

WHY DO WE MEAN BY HYPERBOLIC PLOT OR HYPERPOLIC ACTIVITY ?

Any small change in the concentration of the reactants (the x-axis) is offset by a
large change in the reaction rate (the y-axis) until both the concentration and the
rate reach the stability state.

» Enzymatic reactions: either have a simple or complex (allosteric) behavior

~ Simple: as the concentration of the substrate rises, the velocity rises until it
reaches a limit

~ Thus; enzyme-catalyzed reactions have hyperbolic (saturation) plots
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1) Atthe beginning we have a straight increasing line (first order reaction)
that’s due to the abundance of active sites compared to the small amount
of reactants. In this case, when two reactants bind to two active sites, the
reaction rate increases to double, and if 3 reactants are bound to 3 active
sites, the reaction speed increases to 3 times and so on.

2) Here we have a number of reactants almost equal to the number of active
sites for enzymes, and in this case the reaction rate increases, but at a
lower rate than before, and the stability phase begins



3) At the end we have almost horizontal line(zero order reaction) that’s due
to the over saturation for the active sites by the substrates in this case we
have a “plateau” what do we mean by plateau ? The stage in which no
matter how much the concentration of the reactants increases, the
reaction rate is not affected at all. In addition the reaction reaches the
maximum reaction rate (Vmax) in this stage.

» The maximal rate, V,,,,, is achieved when the catalytic sites on the
enzyme are saturated with substrate

» V., reveals the turnover number of an enzyme

» The number of substrate molecules converted into product by an
enzyme molecule in a unit of time when the enzyme is fully
saturated with substrate

» AtV .., the reaction is in zero-order rate since the substrate has no
influence on the rate of the reaction

As we mentioned earlier, the main objective of these experiments carried out by
Michaelis and Menten is to find a mathematical equation to calculate Vmax .
There are two ways to calculate this value. We start with the most difficult
method, which is to do the previous experiment in its entirety. This method
consumes a lot of money, energy and time. Therefore, scientists went to study
the properties of enzymes and their similar repeated behaviors, which led to the
conclusion of a mathematical equation to calculate this value without wasting any
resources, which is The easiest and most accurate method.



Expression of enzyme kinetic reactions
“Steady State Assumption”

E S‘ k 1 E:S‘ k 2 L; | [) ES — E r - S
AR S S > T ko1 ¥ k2)/ki + S
o E; ks S
E+ S ‘kl ES k> E+ P (k-1 + k2)/k1 + S

k_— ' Vmax S

El’ = k> ES‘:

dES
dt

[0=ki E.S—k_y ES— k2 ES]| <
|E; — E + ES ]

=k E.S —k_y ES— k> ES

Concentrution

E: Enzyme / S: Substrates / ES: Enzyme substrate complex/ P: Product
K1: association constant between E & S which gives ES / k-1: degradation constant for ES which gives E&S
K2: degradation constant for ES which gives E&P / k-2: association constant between E&P which gives ES

Etota=E+ES (the concentration of the free enzymes that are not bound to any substrates + the concentration
for the enzymes that are bound to substrates).

The mathematical equation that was found by Menten and Michaelis was put on
the basis of two scientific assumptions in order to find the maximum reaction
rate, and these assumptions are:

1) Once you can see the product in a reaction that means the reaction is
irreversible (when the product is produced it can not go back and form the
enzyme substrate complex -ES- again) So there is no need for K-2.

2) “steady state assumptions” when the enzyme substrate complexin a
steady state that means the concentration of ES is constant (not changing)
Which leads to the conclusion that the rate of formation of ES and the rate
of its degradation are equal, and therefore their subtraction is equal to
zero.
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If you are interested in the derivation of the mathematical equation based on
the previously mentioned assumptions watch this video

https://youtu.be/7u2MkbsE dw

~ For areaction: \(E STEADY STATE APPROXIMATION
S
k k. ‘ I(“ . K, [E]IS] - K4 |ES| - x,|ES] = 0 (approx.)
E+ S<—_k—> ES—E+P
l;.j,!tll\—l - K': s S Ky Equation 1
S =
~ K, called the Michaelis constant is Ky = k., k,
k

» In other words, K, is related to the rate of dissociation of substrate
from the enzyme to the enzyme-substrate complex

> K, describes the affinity of enzyme for the substrate

the chemical equation that is presented in the previous slide is the final equation according
to Michaelis and Menten’s assumption and through this chemical equation they arrived to :

V=Vmax*S/(Km+S)

Since Km=k-1+k2/k1

The importance of this constant lies in determining and giving an initial impression about
the affinity between enzymes and substrates ,as well as the ability of the ES complex to
degrade to give the products .

And it is not considered a real measure that is adopted to calculate the attraction of
enzymes with their substrates, but rather it calculates the approximate value, so we say
that Km gives an INDICATION for the affinity between enzymes and substrates.
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