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COURSE TITLE: BCH352 REACTION MECHANISMS
ENZYMATICS

Course objectives:

This course entitled MECHANISMS OF ENZYMATIC REACTIONS can also be called Structural and

functional enzymology to oppose formal enzymology which studies the kinetics of enzymes and the

factors influencing it)

This course gives students:

- The notions on the constitution of the active site of enzymes
- The relationship between the structure and the function of enzymes
- The notions on the mechanism of enzymes as well as the implication of certain

amino acid residues and some of this mechanism
- The factors responsible for the specificity and efficiency of the enzyme catalysis

Program
Chapter 1: The active sites of enzymes and cofactors
Chapter 2: Factors Governing the Specificity and Efficiency of Enzyme Catalysis
Chapter 3: Mechanisms Showing the Relationship Between the Structure and Function of Some Enzymes

INSTRUCTIONS:

The lecture BCH352 is divided into two parts taught by two teachers:

Part I: REACTIONAL MECHANISMS OF ENZYMES, It is placed under the responsibility
of Pr ZAMBOU

Part II: MECHANISMS OF CHEMICAL REACTIONS, The course is given by Pr TEPONO Remy

During each exam (CC or EE), the student will face two tests:
- A test for MECHANISMS OF ENZYMATIC REACTIONS, evaluated at 10

points out of 20

- A test for MECHANISMS OF CHEMICAL REACTIONS, evaluated at 10 points
out of 20

For ENZYMATIC REACTION MECHANISMS, the evaluation will consist of short
open-response questions (QROC).
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CHAPTER I: ACTIVE SITES OF ENZYMES AND COFACTORS

I- ACTIVE SITES

1) DEFINITION

One of the remarkable qualities of enzymes is their specificity of action. Indeed, enzymes only act

on a certain number of substrates and on this substrate the enzyme catalyzes only one type of reaction.

This narrower stereospecificity is due to the fact that the substrate molecule must have several functional

groups in a spatial configuration allowing them to react with the functional group of the enzyme. These

functional groups of the enzyme are not close to each other from the point of view of the tertiary structure

but from the point of view of the three-dimensional conformation, they are folds of the chain which bring

them together to form sites of the active center and this is why the catalytic activity acquires a native

conformation and disappears during the denaturation of the protein. In the active site, a distinction is made

between the binding site and the catalytic site. Thus, certain amino acids are involved in the first step of

the enzymatic catalysis which is the recognition of the reaction

E + S ES

Other amino acids will be involved in the second step, the chemical
transformation of the substrate according to the reaction:

ES E + P

Other amino acids, on the other hand, are necessary for maintaining the configuration of the active

site and for the proper positioning of the enzyme in the cell. The active site includes the amino acids of the

two groups and sometimes other elements called cofactors.

Application exercise:

1. What is the meaning of “active site of an enzyme”

2. If the carboxypeptidase chain were perfect alpha helix, how far apart (in
nanometers) would Arg145 and Tyr248 be? Arg145 and Glu270?

3. Explain how it is that these three amino acids, so distantly separated in the sequence, can catalyze a

reaction occurring in the space of a few tenths of a nanometer?

4. If only these three catalytic groups are involved in the mechanisms of hydrolysis, why is it necessary

for enzyme to contain such a large number of amino acid residues?
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The study of the active site is delicate and requires the simultaneous use of different methods:

2- THE IDENTIFICATION METHODS OF FUNCTIONAL GROUPS ESSENTIAL TO THE
ENZYMATIC CATALYSIS

Among these methods, we can cite:
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- The comparative study of the three-dimensional structure by X-ray diffraction

- Chemical modifications

- Affinity marking

A- Comparative study of the three-dimensional structure by X-ray diffraction

By examining the interaction of the enzyme and the substrate on three-
dimensional models obtained by X-ray diffraction, the active site appears in the form
of a cavity of the enzyme protein (small in front of the volume of the enzyme). This
cavity is defined by folds in the polypeptide chain of the enzyme

B- Chemical modifications

The chemical changes have provided as much information as possible about the amino

acids that make up the active site. For this, reagents capable of covalently modifying the

functional groups of the enzyme are used in order to establish whether or not these groups

are essential for catalytic activity.

EXAMPLE 1 Alkylation of the Histidine Residues of the Ribonuclease by Iodoacetate

When the ribonuclease is treated in the presence of iodoacetate at pH 5.5, the enzyme is alkylated and

loses its catalytic activity. Two inactive forms of the enzyme are thus formed

i) A form where the imidazol ring of the histidyl residue at position 119 is alkylated and

ii) The other form in which the histidine residue in position 12 is alkylated
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Since under these experimental conditions no other functional group of the enzyme is
alkylated, it can be concluded that the histidine residues in potion 12 and 119 are
necessary for the enzymatic activity

EXAMPLE 2 PHOSPHORYLATION OF SERINE RESIDUES OF CERTAIN ENZYMES WITH
DIISOPROFLUOROPHOSPHATE

DiisoPropylFluoroPhosphate (DIPFP) is a phosphorylating agent whose action on certain

enzymes leads to the formation of inactive groups in which the hydroxyl group of serine is

phosphorylated. This compound is part of a group of organophosphorus compounds called

"nervous poisons" because they combine with acetylcholine esterase and blocks the

hydrolysis of acetylcholine.

DIPFP irreversibly inhibits the enzymes having the hydroxyl group at their active site (that is to say the

enzymes containing in their chains amino acid residues having one on their hydroxylated side chain: Ser,

Tyr Thr). Chymotrypsin, trypsin,

Course material prepared for undergraduate students in Biochemistry by Pr ZAMBOU N François, D3C, PhD

5

phosphorylase, elastase phophoglucomutase, Acetylcholineesterase are some
enzymes that can be inhibited by DIPFP

B- THE AFFINITY MARKING

It is a method for identifying the functional groups of the active sites of enzymes. Affinity labeling consists

in reacting the enzyme with a synthetic molecule resembling the real substrate. This synthetic molecule is

prepared in such a way that it binds to the active site like the real substrate but has a group capable of

reacting covalently and rapidly with a specific group located near the active site d or on the active site

itself. the enzyme. This is the case of the reaction of chymotrypsin with a marker such as N-Tosyl
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Phenylalanine Chloromethyl cetone (TPCK). TPCK resembles the normal substrate of chymotrypsin (the

normal substrate of chymotrypsin is a polypeptide containing in its structure one or more amino acid

residues with aromatic side chain, donor of carbonyl group in the peptide bond)

Example of chymotrypsin substrate:

However instead of containing the peptide bond to be broken in the normal structure
of the substrate, TPCK rather contains in its structure, a group which acts as a
powerful alkylating agent.

Structure of the TPCK reacting with
 

enzyme groupings Enzyme cleavage site
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The incubation of TPCK with chymotrypsin proves its attachment to the active site in
the same way as the normal substrate but instead of the hydrolysis of the normal
substrate we obtain the alkylation of histidine at position 57. This indicates that HIS
57 is found close to the normally hydrolyzed bond.
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NB: N- α-Tosyl-L-lysine chloride (TLCK) is another reagent which is used for the
alkylation of the histidine residue in the active site of Trypsin. Thus, the histidine
residue 46 located in the active site of the enzyme is alkylated by TLCK

In conclusion, all these chemical modifications when they are carried out in parallel
with the study of the enzymatic activity are intended to highlight, the correlations
between the chemical modifications of one or of amino acid residues of the enzyme
and variations in its catalytic properties.

To establish its correlations, different methods can be used:

a) One or more residues can be chemically modified and a comparative study made on the

samples taken over time. We then define the quantity of modified residues and the remaining

catalytic activity. A linear relationship between these two determinations allows us to

conclude that the loss of activity is linked, for example, to the incorporation of the reagent.

One can also determine the number of reagent incorporated so that the enzyme is inactive.

This determination gives the stoichiometry of a reaction (ie the number of moles of substrate

and of products per reaction). If the reaction is specific to the active site, we can therefore

determine the number of active site enzyme molecule.
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b) Another technique consists in measuring the kinetics of chemical modification of
the enzyme. The kinetics of activity loss should be compared with the rate constant of
the two reactions. If the modification concerns n 1 + n 2 residues,

if the residue n 1 is modified by a reaction of order 1 we will have V 1 = k 1 [A] (n = n 1 e 1 )

(n is the number of residues n 1 native remaining at each moment)

if the residue n 2 is modified by a reaction of order 1 with the speed constant K 2 we will have

V 2 = k 2 [A] (n '= n 2 e 2 )

(n 'represents the number of native n 2 residues remaining at each moment)

Overall, the number of native residues at any time in the enzyme will be given by the
relationship:

N = n 1 e 1 + n 2 e 2 

-K t 

-K t 

-K t -K t

Contact Camertutos 682734373 (Whatsapp) 

Camertutos.com

Camertutos.com   votre meilleur site éducatif

camertutos.com


if all the native residues are necessary for the enzyme to be active i; e if it is sufficient that only one of

these residues is modified for the enzyme to be inactive, the fraction of activity remaining is equal to

% of remaining activity = (e 1 ) ( e 2 ) …… ( e n  )

c) The study of the enzymatic action as a function of pH also makes it possible to determine

the functional groups essential to catalysis. Indeed, the different ionizable chemical groups

which are present in a protein can be protonated or deprotonated according to the pH. This

variation in ionization state can in no way affect the structure of the protein but it can also

modify it, as well as decrease or even suppress the catalytic activity if it is an enzyme.

The pH can act on several factors:

 the ionization of the substrate and / or the product

 protein structure: therefore the stability of the enzyme

 the binding of the substrate to the enzyme

 the catalytic activity of the enzyme

This explains that, experimentally, the reactions must be carried out in a buffered
medium, therefore with a constant pH throughout the experiment.
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Good to know: it is this modification which explains the loss of activity of salivary alpha

amylase in the stomach (optimal pH of alpha amylase 7 in the mouth the enzyme becomes

inactive in the stomach at pH 2) or pepsin in the duodenum (optimal pH of pepsin 2 in the

stomach, the enzyme becomes inactive in the small intestine at pH 7)

The pH can also play on the ionization of the substrate and / or the product. In this case, a

preliminary study is essential if the ionization state modifies the spectral characteristics of

the compound that is assayed during kinetics. In other words, when using a chromophore

compound, it is necessary, before any kinetic measurement, to know whether or not there is

modification of the molecular absorption coefficient (ε) of the compound with the pH.

As for the stability of the enzyme as a function of pH, it is evaluated in a control experiment which consists

in preincubating the enzyme alone in buffer solutions of different pH, then it is incubated in the study buffer

solution in the presence of times of the substrate: this control experiment makes it possible to see the

irreversible inactivations of the enzyme.

Suppose this experimental model.
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 EH 2 : the two amino acids are protonated

 E: the two amino acids are deprotonated

 HE: one amino acid is protonated, the other deprotonated

In this model, it is in the EH form that the two amino acids are in reverse ionization states: one protonated

and the other deprotonated. It is the active form of the enzyme. This
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experimental scheme shows that only the EH form is capable of binding the substrate and transforming it

into a product. K 1 and K 2 are the acidity constants of the side chains of the amino acids involved in

catalysis. In fact, experimentally, to study the catalytic behavior of an enzyme as a function of pH, we work

essentially with a saturating concentration of substrate. We therefore measure a V M app which is certainly a

V M but is only apparent: it is the greatest measurable speed at the pH considered

Using the following equations we can establish the speed variation or that of Km as a
function of pH

 1. [E T ] = [E] + [EH] + [EH 2 ]
 2. K 1 = [EH] [H  ] / [EH 2 ]

 3. K 2 = [E] [H  ] / [EH]

 4. V M = k 2 [E T ]

is:

By plotting log (V Mapp ) = pH, we get a bell curve with slope 0, -1 and +1

+

+
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This bell curve is related to the state of ionization of certain amino acid residues which are in a precise

state of ionization essential for the enzymatic activity. At the top of the bell curve, the enzyme has

maximum activity: it is at its optimum catalysis pH. The simplified theory which makes it possible to

explain the existence of an enzymatic activity which passes by a maximum according to the pH of the

solution is as follows: there exist in the catalytic site of the enzyme, two ionizable amino acids which

participate in catalysis.

By using the intercepts of these lines as well as the general equation at optimum pH, it is easy to deduce

the individual values   of K 1 and K 2 . We can use the same reasoning and plot the log curve (V Mapp / Kmapp)

= pH which always gives a bell curve.

These pK1 and pK2 values   can subsequently be verified by using, for example, covalent
reagents of these suspected amino acids and see whether the addition of these
reagents, to the reaction medium, inhibits the catalytic activity of the enzyme.

Example if we suspect serine we treat the enzyme with DIPFP and we test its activity
thereafter
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II- THE COFACTORS

1- Definitions and mode of action of cofactors

Certain enzymes for the fixation of the substrate or the enzymatic catalysis require
mineral or organic chemical substances of a non-proteinic, thermostable and
dialyzable nature called cofactors. We can cite :

- The metal ions necessary for the catalytic action of metalloproteases

Example: the Zn  ion necessary for the activity of enzymes such as carboxypeptidase, carbonic

anhydrase, alkaline phoapsphatase. In the mechanism of these enzymes, the fixation of Zn2 + plays a

structural role because it stabilizes the effective conformation of the active center.

This is also the case for Mg2 + involved in the enzymatic mechanism of enolase and many Kinases. K +, Na

+, Ca2 +… ions are also used by other enzymes.

- Prosthetic groups: these are organic cofactors of a non-protein nature strongly linked to the enzyme

and whose presence conditions the enzymatic activity. This is the case of porphyrin and heme covalently

linked to the protein part of enzymes (apoproteic or apoenzyme) such as: catalase, peroxidases and

cytrochrome oxidase

- Coenzymes are small organic molecules compared to the enzyme protein. There
are two main categories of coenzymes:

- Coenzymes forming part of the active site of the enzyme such as:

Case of biotin in the mechanism of pyruvate carboxylase or pyridoxal phosphate in the
enzymatic action of transaminases

Transaminases + Vit B6
αAA1 + αCETO ACID 2 αAA2 + αCETO ACID 1

Certain coenzymes can be considered as co-substrates. This is the case with NAD + or
FAD.
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The mode of action of these enzymes involving the coenzymes is as follows:

AX + Co A + Co-X
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Co-x + B Co + BX

     
E + Co

 

AX + B A + BX

During the first step, there is fixation of the X molecule to be transferred to the coenzyme. The second

reaction is the simple transfer of X to the second substrate. It can be seen that the coenzyme reacted

stoichiometrically and that it has been regenerated. If the two stages are catalyzed by the same

enzyme, the intermediate Co-X compound is not generally released because the coenzyme remains

bound to the enzyme. This is the case of the reaction catalyzed by GAP dehydrogenase, the

mechanism of which is as follows:

Course material prepared for undergraduate students in Biochemistry by Pr ZAMBOU N François, D3C, PhD

13

If, on the other hand, the two reactions are catalyzed by two distinct enzymes, the
coenzyme will behave as a transporter of X and must be able to dissociate easily
from these numerous combinations with the two enzymes. The two enzymes
therefore have a specific site for the reversible attachment of the coenzymle which
then behaves like a cosubstrate.
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2- STRUCTURES AND CLASSIFICATION OF COENZYMES

(the student can refer to his course in Structural Biochemistry of vitamins and coenzymes)

The following table lists the main coenzymes involved in enzymatic reactions. This
table establishes their role and shows the food sources (mainly the water-soluble
vitamins from which they are derived.

The structures of some showing their functional groupings are drawn on the following
pages.

Application exercise: For each of the coenzymes whose structure is drawn below ,

1) Identify the role in metabolism (illustrate with an enzymatic
reaction)

2) Indicate the relationship between its structure and its function.
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CHAPTER II: FACTORS GOVERNING THE SPECIFICITY AND EFFICIENCY
OF ENZYMES

I- GENERAL LAWS ALLOWING THE UNDERSTANDING OF THE CATALYTIC ACTION OF
ENZYMES

A small number of laws govern all the characteristic features of enzymatic reactions.
We cite :

- The speed of enzymatic reactions which do not vary significantly despite the very
wide variety of types of enzymatic reactions.

- Only a small number of functional groups play a role in the chemical catalysts induced by

all of the enzymatic proteins. The non-reactive side chains of amino acids such as Ala, Gly,

Phe, leu, Val, Ile do not intervene in the enzymatic catalysis. On the other hand, the number

of chemical group involved in the constitution of a catalytic site is very limited. These are

generally the side chains of Histidine, Serine, Lysine and Cysteine. Other arguments suggest

the intervention of the Glu and Asp carboxyl groups which also participate in catalysis.

- The native enzyme molecules are very large compared to their substrates.

II- FACTORS RESPONSIBLE FOR THE EFFICIENCY OF ENZYMES

Enzyme-catalyzed reactions take place at 10  to 10  times faster than the corresponding uncatalyzed

reactions. Among the chemical catalysts, only a few possess an activity which approximates that produced

by enzymes. Five main factors seem to contribute to the strong accelerations produced by enzymes.

- The proximity and orientation effect of the substrate

- Covalent catalysis

- General base acid catalysis

- Tension effects in enzymatic catalysis: relation between conformation and
catalytic activity

- The effects of conformational constraints
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II-2 THE EFFECT OF PROXIMITY AND ORIENTATION OF THE SUBSTRATE

The simplest way for an enzyme to catalyze a reaction is to behave as a means of attaching or fixing the

substrate molecule to the active site. According to the orbital orientation hypothesis, the substrate and the

catalytic group of the enzyme must not only be brought close to each other but in addition they must be in a
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suitable alignment so that that it has regrouping of the orbitals concerned. So there is a high probability of

reaching the transient state

II-2 THE COVALENT CATALYSIS

Another way used by certain enzymes to increase the speed of a reaction is the formation of

a highly reactive covalent intermediate between the enzyme and the substrate which has a

very high probability of entering the transient state.

Example 1: the formation of the covalent schift base in the reaction catalyzed by F1.6
Biphosphate aldolase or in that catalyzed by aminotransferases

Example 2: The formation of the acyl enzyme (in the hydrolysis reactions of esters.

The enzymes forming these covalent complexes are:

- Serine class enzymes (Chymotrupsine (acyl enzyme), phosphoglucomutase
(phospho enzyme) acetylcholine esterase (acyl enzyme)
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- The enzymes of the lysine class: Fructose biphosphate aldolase (forming the base
of schift) transaldolase (base of schift) amino acid oxidase (base of schift)

- Enzymes of the Histidine Glucose 6 phosphatase (phosphoenzyme) class
SuccinylcoA Synthetase (phosphoenzyme) class,

- Enzymes of the cysteine   class example: GAP dehydrogenase
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The most common reaction scheme in covalent catalysis involves attack by a nucelophilic grouping of the

catalyst on the electrophilic carbon atom of the substrate. The nucleophilic groups are the atoms rich in

electrons and are able to give these electrons. the molecules of enzymes contain in their structure at least

three kinds of nucleophilic groups potentially capable of functioning catalytically. The following table

groups together these different amino acid residues
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In addition, many coenzymes have nucleophilic centers. For the nucleophilic catalysis to take place, the

substrate must act more quickly with the nucleophilic catalyst than it would with the receptor group of the

catalyst. In addition, the acylated catalyst thus formed must also react more quickly than the original

substrate would. Thus, the formation of a covalent intermediate can lower the barrier of activation energy

in the reaction involving a transfer of acyl group.

Metal ions exert an electrophilic enzymatic catalysis. This is the case in the reaction catalyzed by

carboxypeptidase A or alcohol dehydrogenase in which Zn2 + polarizes the CO bond of the carbonyl group

of the substrate making the carbon more electrophilic and liable to be attacked by the hydride ion (H  )

NADH (See reaction scheme below). The proton of NADH + H  will therefore attack this intermediate to

release the ethanol.

-

+
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II-3 BASIC ACID CATALYSIS

The rates of many chemical reactions are changed by the action of acids and bases. The cell ph is 7, which

means that the concentrations of OH- and H + ions are all close to 10-7M. Such low concentrations are

unable to significantly influence the speed of a chemical reaction. However, the active sites of many

enzymes contain residues with acid or basic side chains capable of giving or accepting the protons of a

substrate molecule during the enzymatic reaction. The ability to acid or baside catalysis
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is therefore a structural attribute of the active site of many enzymes. In addition, since the

actual concentrations of these groups are high at the active site of the enzymes, these

groups are effective acid and base catalysts. These donors and proton acceptors are often

given the respective names of general acid catalysts and basic general catalysts. The most

effective acid-base catalyst would have a Pka of 7 because at this pH (normal cell pH) the

concentration of the acid form would be equal to that of the basic conjugated form.

By a slight decrease in pH (pH less than 7) the acid form becomes predominant and it
becomes a general acid catalyst (ie a proton donor).

By a slight increase in the pH of the medium (pH greater than 7), the basic form is predominant and this

catalyst becomes a proton acceptor including a basic catalyst.

In this way it is found that even the molecules with a higher or lower pKa prove to be effective acid-base

catalysts . Thus, the imidazol group of the histidine side chain of pKa 6 is involved in the acid catalysis

based on many enzymes.

For pH above 6, imidazol is more in its deprotonated form and behaves like a basic
catalyst

For pH below 6 imidazol is more in its protonated form and behaves as a proton donor
therefore as an acid catalyst.

Example 1: hydrolysis of an ester with catalysis by the imidazolium ion. For this
reaction, the slowest step is the transfer of a proton from a weak acid (imidazolium) to
the carbonyl group of the ester.

Examples of reactions subjected to this type of catalysis are:

- Addition of water to the carbonyl group

- Hydrolysis of a carbonic or phosphoric ester
- Elimination of a water molecule to form a double bond (case of the reaction catalyzed by enolase).

Other mechanisms are involved in this enolase-catalyzed reaction. We note the polarization of the
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carbonyl bond by the two atoms of Mg2 + followed by covalent nucleophilic catalysis by the NH2

residues of the enzyme lysine
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Enzyme molecules contain multiple functional groups that can function as general
acids

In acid catalysis - general basis two factors affect the reaction:

- The strength of the acid or the base (indicated by its pKa)

- The speed at which the acid or the base can be a proton donor or acceptor.
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For this criterion, the imidazol group is particularly effective since its protonation and
deprotonation rates are not only almost equal to a pH close to neutrality but also are
very high?

II-4 THE TENSION EFFECTS IN ENZYMATIC CATALYSIS: RELATIONSHIP BETWEEN
CONFORMATION AND CATALYTIC ACTIVITY

- Why is the native three-dimensional conformation of the enzyme molecule
generally required for enzymatic activity?

- Why are the molecules of enzymes so large compared to the structures of the
substrate sensitive to attack?

To answer these two questions we will illustrate with two enzymes (case of
ribonuclease and chymotrypsin)

a) Ribonuclease case

Ribonuclease studies have shown that histidine 12, 119 and lysine 41 are essential

to catalytic activity. Pancreatic RNase is an endoribonuclease which hydrolyzes the

phosphodiester bonds of ribonucleic acids where the alcohol functions are engaged in 3 ′ of

the pyrimidine nucleotides. It produces oligonucleotides terminated by a cyclic

2'-3 ' nucleotide whose nitrogen base is a pyrimidine. It is the smallest known enzyme (12

'amino acid residues, PM 12500).

Studies have suggested that the RNAse polypeptide chain is folded so that its two histidines separated in

the carbon skeleton by 107 residues are found close to each other at the active site. This idea was

confirmed by the interesting experiment carried out on the cleavage of the skeleton of the polypeptide

chain of RNase. Four dissulfide bridges maintain the tertiary structure of this protein. The active site is

formed by amino acid radicals which have direct contact (or through a water molecule) with the atoms of

the substrate. His 12, 119 and Lys 41. In the middle of the active site, a pyrimidine nucleotide is attached by

electrostatic bonds between the positively charged amino acids (Lys 41 and His 119)

A bacterial protease subtilisin cuts the RNase chain composed of 12 'amino acid residues

between aa20 and aa21. We obtain a long fragment called protein S containing His 11ç and a

short fragment called peptide S containing His 12.
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When its two fragments are treated differently, we find that they are catalytically zero. Mixed at pH7, the enzymatic

activity is simply restored although no covalent bond is formed between the two fragments. It is obvious that the

protein S attaches to the peptide S by low energy bonds so as to bring the two His residues back to the active site.

RNase mechanism

The reaction catalyzed by RNase takes place in five stages:

1- Protonation of His12: the nitrogen of His12 which is located near the secondary OH
function of ribose will capture the proton which is there. The oxygen will then attack
the phosphorus atmosphere to form a new bond

2- Release: Simultaneously, the ionizable proton of His 119 will be captured by the oxygen of

the ester bond and this capture removes the bond which united this oxygen to the

phosphorus. The nucleotide and all the rest of the RNA that follows it is released by the

enzyme

3- Entry of the water molecule: Under certain reaction conditions, the remaining nucleotide is released at

the same time in the form 2'-3 ' Phosphodiester. In other conditions, a molecule of water takes the place of

the released RNA to complete the hydrolysis.

4- Protonation of His 119: The nitrogen of His 119 which is located near the water
molecule will capture the proton. The oxygen will then attack the central phosphorus
atom to form a new bond

5- release of the hydrolyzed nucleotide: Simultaneously, the ionizable proton of His12 will be released by

the oxygen of the carbon 2 'of the remaining nucleotide. This capture removes the bond that united this

oxygen to phosphorus and the pyrimidine nucleotide is then released by the enzyme
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Chymotrypsin

This enzyme is synthesized in the form of an inactive precursor or proenzyme or zymogen called

chymotrypsinogen. The chymotrypsinogen is composed by a single polypeptide chain containing 245

residues of amino acids and comprising 5 intra-chain disulfide bonds. It is transformed into active

chymotrypsin by the enzymatic hydrolysis of four peptide bonds under the sequential influence of trypsin,

and chymotrypsinea with the release of two dipeptides. The active alpha chymotrypsin consists of 3

polypeptide chains maintained by two dissulfide bonds. Thus, two amino acids specific to the catalytic

activity His57 and Ser15 are found in two different chains. However, X-ray analyzes of the structure have

shown that these residues are found very close to each other in the native conformation of the enzyme.

b) active α-Chymotrypsin

a) Activation of the Chymotrypsinogen in α-
     

Chymotrypsin b) structure of α-

Chymotrypsin
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II-5 EFFECT OF CONFORMATIONAL CONSTRAINTS: “INDUCED ADJUSTMENT”

There is no clear separation between the binding function and the enzyme catalysis function. Indeed, the fixation

prepares the substrate which must undergo the action of catalysis. If the substrate deforms when it is fixed on the

enzyme, we can think that the enzyme also deforms. The constraints can extend to geometric deformations and to

the modification in the distribution of the electrical charges of the protein. Koshland was led to postulate that the

functional groups of the active site of the free enzyme are not in an optimal position for catalysis when the active

site is unoccupied. But when the substrate molecule is attached to the enzyme, the affinity of the bond forces the

enzyme molecule to take a conformation in which the catalytic groups ensure a geometrical position favorable to

the formation of the transient state. to say that there is an induced adjustment. In this active conformation, the

enzyme molecule is unstable and tends to return to its free conformation in the absence of the substrate. A bad

substrate, i.e. a substrate with a low affinity for the enzyme, is less likely to force the enzyme molecule to take its

most active form, either because such a substrate is too small or because its properties sterics are not correct.

Conformation changes occurring when the substrate molecule is linked to the enzyme would also be an important

factor in accelerating the enzymatic reaction.

Example: hexokinase and lysozyme are two enzymes which during the binding of their
respective substrate undergo an induced adjustment of their conformation.
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CHAPTER III: MECHANISMS SHOWING THE RELATIONSHIP
BETWEEN THE STRUCTURE AND THE FUNCTION OF SOME
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ENZYMES

I- REACTIONS INVOLVING PYRIDOXAL PHOSPHATE / PYRIDOXAMINE PHOSPHATE

Pyridoxal phosphate and pyridoxamine phosphate are coenzymes derived from vitamin B6.

These are the coenzymes strongly involved in the catalytic mechanism of several enzymes,

including transaminases and racemases.

In the case of transaminases which are used in diagnostics as markers of hepatocyte cytolysis, the amino

function of the amino acid reacts with the carbonyl of pyridoxal phosphate initially linked to the enzyme to

form a base of schift. This is transformed into its tautomeric form which undergoes hydrolysis and thus

gives a corresponding alpha ketonic acid.

at the base. The alpha ketonic acid leaves the enzyme and leaves its amine function
covalently linked in amine form to transfer the amine function to the other alpha
ketonic acid. This is a typical example of a BI-BI PING PONG mechanism

II- REACTION INVOLVING THIAMINE PYROPHOSPHATE (TPP)

Like pyridoxal phosphate, TPP and its free base, thiamine, can also participate

to certain reactions by forming the thiamine-enzyme complex . The catalytically functional part is the

thiazolium ring with 5 carbon atoms including a sulfur atom and an atom
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nitrogen. The hydrogen in position 2 of the cycle is rapidly exchangeable in aqueous

solution. It is well established that the catalytically active site of the molecule is on carbon 2.

The presence of an adjacent positive charge on the nitrogen in position 3 increases the

stability of the structure. The example of reaction where this coenzyme intervenes is the
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oxidative decarboxytaion of alpha ketonic acids such as that of pyruvate catalyzed by the

pyruvate dehydrogenase complex.
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III- MECHANISM OF PROTEASES

There are five main types of proteases (enzymes that hydrolyze peptide bonds). This

classification is based on their mechanism of action and the amino acid or the metal atom

directly involved in the mechanism. Those are :

- Serine proteases

- Cysteine   proteases

- Threonine proteases

- Aspartate proteases

- Mettaloproteases

a) Serine and cysteine   proteases

These two proteases work with a common general scheme in which the fixed protein is cut by releasing its

C-terminal part while the N-terminal part acylates the enzyme by its carbonyl group which has just been

released. In both cases, the hydroxyl of serine or the thiol of
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Cysteines are deprotonated transferring their proton to a histidine nucleus (which
itself is activated by an aspartate in the case of serine proteases). The essential
difference is in the intermediate acyl group.

In the peptide bond breaking mechanism, serine proteases polarize the peptide bond by their group in the

form of alcoholate. To reach this stage, a His and Asp residue forming the triad with the serine must be

positioned so that the OH bond of the serine is formed polarized. Among the proteases which function

according to this mechanism, chymotrypsin, trypsin, elastase, subtilisin, thrombin and plasmin.

b) Aspartate proteases

The most studied proteases of this type are pepsin, cathepsin D and the HIV protease. The mechanism of

these proteases is similar to that of serine or thiol proteases. In these aspartate proteases, two important

groups in the catalytic action are the two aspartates which alternately play the role of acid catalyst, the

other the role of basic catalyst. The covalent intermediate is a dihydroxylated amine whose cleavage

mechanism is analogous to the formation mechanism with a molecule of water as an intermediate.

c) threonine proteases

In known threonine proteases, the amino acid threonine plays the same role as serine.

The protease mechanism for serine, thiol, threonine or aspartate takes place in two

stages (BI-BI Ping Pong). In the first step, the cut is effective. The C-terminal peptide is

released into the medium. The N-terminal peptide acylates serine (chemically modified form
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of the enzyme). In the second step, the water (second substrate) cuts the acyl bond which

makes it possible to release the second peptide.

The structural elements which explain this catalysis ensured by the proteases are the following:

- The catalytic triad which polarizes the OH bond of the serine making it very acid,

capable of protonating Histidine. The alcoholate ion then attacks the carbonyl carbon

of the peptide bond which will be cut later. In the case of chymotrypsin, these three

amino acids are located in the two domains of the enzyme (Asp and His in domain 1

then Ser in domain 2
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- Bag capable of stabilizing the tetrahedral reaction intermediate which is an
unstable oxyanion.

- Pocket capable of interacting with the side chain of the peptide

- Non-specific hydrogen bonds participating in the stabilization of an enzyme-
peptide complex

d) metalloproteases

The most anciently known zinc metalloprotease is carboxypeptidase A. It generally contains in

their structure three histidines complexing a nitrogen atom.

In their mechanism of action, the zinc atom participates in catalysis by polarizing the

carbonyl bond belonging to the cut peptide bond. The carbonyl then becomes much more

electrophilic allowing an attack by water assisted by a glutamate group to give the unstable

dianionic intermediate which is cut by releasing the C-terminal amino acid and the remaining

peptide being released thereafter

Example: Mechanism of Carboxypeptidase A

The Zn atom participates in catalysis

by strongly polarizing the carbonyl

bond belonging to the cut peptide

bond. The carbon of the carbonyl then

becomes much more electrophilic,

allowing an attack by water (assisted

by a Glu group) to give an unstable

bianionic intermediate which is cut by

releasing the terminal amino acid C,
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the remaining peptide being released

thereafter.
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II- ACETYLCHOLINE ESTERASE ACTION MECHANISM

The main role of acetylcholinesterase is to hydrolyze the ester bond between the acetyl group and

choline in order to limit the concentration of acetylcholine in certain synaptic clefts. The enzyme is linked

to membranes via a phosphatidyl inositol. However, there are many cellular forms and localizations of this

enzyme. The enzymatic mechanism is of the BIBIPING PONG type with the formation of an acyl

intermediate on a serine. This serine has been identified by the formation of a covalent bond between it and

its irreversible inhibitors such as organophosphates). Acetylcholine esterase is one of the most effective

enzymes for which the rate of formation of the first complex approaches the limit rate due to diffusion. The

action of the various inhibitors or analogues of the substrate leads to the existence of two sub-sites for

fixing the substrate; The quaternary ammonium binding site (Sfaq) and the catalytic site (Sc).

The explanation for catalysis is quite similar to what we know in proteases

to serine. Indeed the mechanism of action includes:

- A serine activated in a catalytic triad (Ser200, Glu327, His 440).

- Two hydrogen bonds with the NH of glycine118 and 119 stabilize the oxyanion

- Complexation of the quaternary ammonium brings a certain specificity for the
choline esters

- The double site described above is located at the bottom of a narrow profnd pocket of about one

radius of the enzyme. The site lined with aromatic residues which would play a role in the initial

complexation of quaternary ammoniums and which would lead the substrate to the bottom where

the serine is found. In the quaternary ammonium binding site, is essentially aromatic, it is capable

of accommodating numerous groups of this type, some of which are inhibitors of the enzyme.
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IV- MECHANISM OF ACTION OF LYSOZYMES
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Lysozyme catalyzes the hydrolysis of the bacterial walls and more specifically the
polymers (NAM-NAG) n always between carbon 1 of NAM and carbon C4 of NAG. It
also hydrolyzes polymers (NAG) n. The reactive part of the substrate is the bond
between nucleus D (NAM residue) and nucleus E (NAG residue).

Lysozyme has a primary sequence of 129 amino acid residues. It has a tertiary structure containing

simultaneously the alpha helices and a beta sheet very stabilized by the dissulfide bridges. The active site

of lysozyme contains the carboxylic groups of Glu 35 and Asp52. These groups behave like proton donors

and acceptors in a concerted mechanism of general acid-base catalysis , and the residue Glu35is

surrounded by non-polar groups which should be able to increase the transfer of protons.

The fixation of the substrate molecule implies a change in conformation: The nucleus D twists into a

half-chair conformation . During the first stage of this reaction, a hydrogen atom of Glu35 attacks the

glucosidic oxygen between the two sugars. In the second step, the carbon atom C1 of the nucleus D

becomes a carbocation stabilized by the carbonyl groups neighboring Asp52. An OH- ion in the water

molecule attacks the carbocation to complete the cleavage. The NAG3 product is then released.
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Asp  stabilizes the oxonium ion by electrostatic interaction. The deformed half-chair
form of the D site NAM also stabilizes the oxonium ion which requires the coplanarity
of the substituents attached to the sp2 carbon of the resonant form of carbocation.
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