Enzymology- An overview-2



Factors affecting Enzyme activity

-Numerous factors affect the reaction rate:

Temperature

-The reaction rate increases with temperature to a maximum
level, then abruptly declines with further increase of
temperature

- Most animal enzymes rapidly become denatured at
temperatures above 40°C

-The optimal temperatures of the enzymes in higher
organisms rarely exceed 50 °C

-The Q,, Or temperature coefficient, is the factor by which
the rate of a biologic process increases for a 10 °C increase in

temperature.
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factors affecting enzymes: 
- temperature, pH, enzyme concentration, substrate concentration, inhibitors, activators, cofactors   
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in chemical changes inside the cell in body, everything is optimized 
any change in pH or temperature will cause problems 

example in hyperthermia and hypothermia, the enzyme optimal temp is 37 but in case of hyper and hypo thermia the enzyme activity will be affected 

Note
Highlight

Note
Highlight

Note
Highlight

Note
Highlight

Note
Highlight

Note
Typewritten Text
some plants have the optimal temp of 50C 
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Effect of Temperature
- For mammals and other homoeothermic

organisms, changes in enzyme
reaction rates with temperature
assume physiologic importance
only In circumstances such as
fever or hypothermia.

Effect of enzyme concentration

-As the amount of enzyme Is increased,
the rate of reaction increases.

- If there are more enzyme molecules
than are needed, adding additional
enzyme will not increase the rate.
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- Reaction rate therefore increases then it levels off.
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why does the enzyme activity increases until it reaches the optimal temperature and then decreases as the temperature increases rather than increasing with temperature ? 
ans: the increase of temp before the optimal will cause an increase in molecules movement resulting in bombarding movement that will cause the energy to increase and as an effect the substrate will reach the transition state faster 
but after reaching the optimal temp and maintaining the increase, the enzyme activity will start decreasing because denaturation occurs at the active site of the enzyme and the polypeptide chain 
denaturation means the breaking of bonds that stabilizes the secondary, tertiary, and quaternary structure and it doesnt mean breaking the polypeptide bond itself 
meaning that it will convert the tertiary structure(active form) of the enzyme into primary structure (inactive form)
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an increase in enzyme concentration will result in an increase in enzyme activity until it reaches saturation  
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when studying temp then anything other than temp will be constant and when studying concentration then anything other than the concentration will be constant 
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substrate amount are constant so when adding enzymes continuously the reaction will reach a point were it will level off because there will be an exceeding number of enzymes to the constant substrates, so the there will be no substrates to be acted upon if the number of enzymes is more than the amount of substrates that exists 


Effect of pH on enzyme activity

-The rate of almost all enzyme-catalyzed reactions exhibits a
significant dependence on hydrogen ion concentration
- Most intracellular enzymes exhibit optimal activity at pH

values between 5 and 9.

-The relationship of activity to hydrogen ion concentration
reflects the balance between enzyme denaturation at high or
low pH and effects on the charged state of the enzyme, the

substrates, or both.
- [EXcept for Pepsin, acid
nhosphatase and alkaline
phosphatase, most enzyme
nave optimum pH
netween 5 to 9.
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most enzymes function at the optimal pH 7.35 to 7.45 and inside the cell at 7.9 
but there are some exceptions
for example 
-pepsin that have an optimal pH of 1.5 to 2 
-salivary amylase optimal pH of 7
-arginase optimal pH of 8.5 to 9 

why after reaching the optimal pH the activity will start decreasing to 0 ?
Because increasing the pH means that ionization of functional group at the active site and the functional groups of the binding site at the substrate takes place to form interaction so after reaching the optimal pH the ionization amount is greater than needed and the bonds that are formed will start dissociating and the substrate will start losing stabilization at the active site 
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Effect of substrate concentration

- At lower concentrations, the active sites on most of the
enzyme molecules are not filled because there is not much
substrate.

- Higher concentrations cause more collisions between the molecules.

-The rate of reaction increases (First order reaction).

-The maximum velocity of a reaction is O
reached when the active sites are
almost continuously filled.
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Rate of reaction

- Increased substrate concentration
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substrate concentration Is increased s
o
L
S

First order reaction

but it levels off (Zero order reaction).

The shape of the curve that relates activity
to substrate concentration is hyperbolic. Substrate Concentration
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most important factor 
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the graph looks like if it is divided into 2 parts 

as the substrate concentration is increased the activity of enzyme will increase until it reaches the point of saturation (x point at the graph)
so at this point the substrate molecules has occupied all available enzyme molecules and there will be no increase in the activity of enzyme 

-zero order reaction is the point after saturation and in this phase, any increase in the concentration of substrate will not cause any change to the rate of reaction 

-first order reaction is the phase before reaching saturation and is the first phase where adding substrates increases the rate of the reaction 
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Enzyme Kinetics

- It is the study of the chemical reactions that are catalyzed by enzymes.

- In enzyme Kinetics, the reaction rate is measured and how get
changes in response to changes in experimental parameters such as
substrate concentration, enzyme concentration etc.

- This is the oldest approach to understanding enzyme mechanisms and
remains the most important.

- The Initial rate (or initial velocity), designated VO, when [S] Is much
greater than the concentration of enzyme [E] can be measured by
Michaelis—Menten kinetics. It is one of the simplest and best-known
models of enzyme Kinetics.

- Note# Michaelis-Menten equation, the rate equation for a one-
substrate enzyme-catalyzed reaction.


Note
Highlight

 they are related to the effect of substrate concentration and enzyme concentration on the enzymatic activity of an enzyme 
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both scientist agreed on 1 theory which is that they will study the activity of the enzyme without changing the enzyme concentration or the substrate concentration and they should consider that the enzyme undergo only 1 reaction 

a 10^6 (million) substrate can be converted by an enzyme in 1 second 

meaning that the enzyme will work only at one substrate molecule that will be converted into 1 product molecule


Michaelis-Menten Kinetics

-The Michaelis-Menten equation Is a quantitative description
of the relationship between the rate of an enzyme-catalyzed
reaction [Vi], the concentration of substrate [S] and two
constants, V max and km (which are set by the particular
equation).

-The symbols used in the Michaelis-Menten equation refer to
the reaction rate [V;], maximum reaction rate (V max),
substrate concentration [S] and the Michaelis-Menten
constant (km).
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V initial (the activity of enzyme at the beginning of the reaction)

the enzyme is catalyzing 1 reaction only 

and the relationship between substrate concentration 

and 2 constants: Km (is the all constants: K1,K-1,K2,and K-2)  


Note
Highlight

Note
Highlight
Km : michaelis-menten constant 
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Michaelis-Menten eguation

-The dependence of initial reaction velocity on [S] and Km
may be illustrated by evaluating the Michaelis-Menten
equation under three conditions.

ol [ S ]
i+ S5

1- When [S] is much less than km, the term km + [S] IS

essentially equal to km.

Since V max and km are both constants, their ratio is a
constant (k).

In other words, when [S] is considerably below km, V max
IS proportionate to K[S].

The initial reaction velocity therefore is directly
proportionate to [S].

1
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maximum activity multiplied by substrate concentration 
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V initial 
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in this case the S in the denominator is removed from the equation 
 
new equation: 
Vi = (Vmax X S)/km 

Vmax and km are constants and can be replaced by K 

Vi = S
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at the beginning of the reaction, as increasing the substrate concentration the activity of the enzyme will be increased 
which means that there is a relationship between the S concentration and the enzyme activity (Vi)


2- When [S] is much greater than km, the term km + [S] Is
essentially equal to [S].
Replacing km + [S] with [S] reduces equation to
Vi = Vmax
- Thus, when [S] greatly exceeds km, the reaction velocity is
maximal (V max) and unaffected by further increases in
substrate concentration.

3- When [S] = km
Equation states that when [S] equals km, the initial
velocity iIs half-maximal.
Equation also reveals that km 1s a constant and may be
determined experimentally from—the substrate
concentration at which the initial velocity is half-maximal.
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when S is much greater than Km then Km can be removed from the equation 

so the new equation will be:
Vi = (Vmax X S)/ S

lower S cancels higher S so the final equation is 
Vi = Vmax

in this situation the enzyme is indicated to be in its maximum activity phase 
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when S is equal to km then km is removed and replaced by S 

so the equation will be 

Vi = (Vmax X S)/(S+S)

THEN 
Vi = (Vmax X S)/2S
THE LOW S CANCELS THE HIGH S 
THEN THE FINAL EQUATION IS:

Vi = Vmax/2

it indicates that it is at the half of the maximum activity which will give us the amount of Km 
because Km is the middle of the activity 





Plot of substrate concentration
versus reaction velocity
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)

K.,
Substrate concentration, [S] (mM)

Graphical Representation of Michaelis-Menten equation

- The equation describes the kinetic behavior of all enzymes that
Michaelis Menten Kkinetics.

- This equation practically determine the
value of Km and Vmax and, also describe

the analysis of inhibitor action.

- But double-reciprocal plot is more
convenient procedure, to determine an
approximate value of Km.
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the curve shows that the relationship between the substrate concentration and the initial velocity of the enzyme is directly proportional at a specific part and have no relationship on the other part 
meaning they have first order reaction and zero order reaction 

so at zero order reaction phase there is no relationship between V1 and S 

and at the first order reaction there will be a direct relationship (perpendicular)
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zero order 
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at the middle of the maximum activity a line can be drawn downward to indicate Km 
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Types of curves:
-Linear 
-S shape
-hyperbolic 
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this curve is a hyperbolic curve 
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hyperbolic have 1 part with direct relationship and 1 part with no relationship  


Lineweaver-Burk Plot
- A Linear Form of the Michaelis-Menten Equation is used to

determine km & V max.
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- Lineweaver-Burk plot, has the great advantage of
allowing a more accurate determination of

Vmax, and Km.

- The double-reciprocal plot is very useful to
determine the mechanism of enzymatic reaction

- This line has a slope of Km/Vmax, an intercept —

of 1/Vmax on the 1/VOy -axis, and an intercept 7
: T 1 1/(1
of -1/Km on the 1/[S] x-axis . K. [sl(ﬁ)
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it has x-intercepts that will help identifying the value of substrate concentration and km 

and has y-intercept that will identify 1/Vmax 

and the slop will identify the Km/Vmax 
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linear form formula 
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another name for Lineweaver burk plot 
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Km and its significance

-The Michaelis constant K. Is the substrate concentration at
which V; is half the maximal velocity (Vmax/2) attainable at
a particular concentration of enzyme

- It 1s specific and constant for a given enzyme under defined
conditions of time , temperature and pH

- K., determines the affinity of an enzyme for its substrate,
lesser the Km for is the affinity and vice versa, it is inversely
proportionate to the affinity

- K., value helps In determining the true substrate for the
enzyme.


Note
Highlight

Note
Highlight

Note
Highlight

Note
Highlight

Note
Typewritten Text
relationship 
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when affinity increase the Km will decrease and vice versa 
meaning the least amount of substrate molecules the enzyme can be at its maximum activity 
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it help in indicating the type of the substrate that the enzyme works on 




