
6. ENZYMES 

Medical Biochemistry 

Molecular Principles of Structural Organization of Cells 



Virtually, all reactions in the living organisms are 

mediated by enzymes, that are protein catalysts, 

increasing the rate of reaction, without being 

changed in the overall process.  

Among the many biological reactions that are 

energetically possible, the enzymes selectively 

channel reactants (substrates) into useful 

pathways.  

Enzymes thus direct all metabolic events. 



 ENZYMES AND NONBIOLOGICAL CATALYSTS – 

COMMON FEATURES 

Catalyze energetically feasible reactions only 

Never alter the reaction route 

Do not affect the equilibrium of a reversible reaction but 

accelerate its onset 

Are never consumed during the reaction  



DISTINCT FEATURES OF BIOLOGICAL CATALYSTS 

(ENZYMES) 
Are due to the structural specificities of the enzymes which 
are complex protein molecules. 

1. The rate of enzymic catalysis is superior to that of 
nonenzymic catalysts (the enzyme lowers the activation 
energy of reaction more than nonbiological catalysts). 

2. Enzymes exhibit a high specificity that enable them to direct 
metabolic processes to strictly defined channels. 

3. Enzymes catalyze chemical reactions under mild conditions:  
– normal pressure,  

– low temperature (37oC),  

– pH close to neutral. 

4. Enzymes are catalysts with controllable activity, which allow 
changing the rate of metabolism, adapting it to the action of 
various factors. 

5. The rate of the reaction is proportional to the amount of 
enzyme – that is why the reduced amount of enzyme 
induces a lower rate of the metabolism 

 



STRUCTURAL AND FUNCTIONAL 

ORGANIZATION OF ENZYMES 

Features characteristic of the protein structural organization: 
primary, secondary, tertiary, quaternary.  

The preponderent type are the enzymes with quaternary 
structure, composed of protomers (subunits). 

Enzymes 

Simple enzyme proteins = apoenzymes 
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FUNCTIONAL ORGANIZATION OF ENZYME 

Simple enzyme (apoenzyme) APO 
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MULTIPLE MOLECULAR FORMS OF ENZYMES 

differ among themselves in primary, secondary, tertiary and quaternary 

structure and physical-chemical properties 

catalyze the same reaction in the organism  

classified in: 

– Isoenzymes arise due to genetic differences in the primary structure 

(physical-chemical properties are of genetic origin) 

Malate dehydrogenase (MDH) in mitochondria and cytoplasm 

Creatine kinase (CK) in brain, heart, muscles 

– dimer formed of 2 types of polypeptide chains: B (brain) and M (muscle) 

– 3 isoenzymes: CK-BB=CK1, CK-MB=CK2, CK-MM=CK3 

Lactate dehydrogenase (LDH) in liver and heart;  

• tetramer structure formed of 2 types of chains: H (heart) and M (muscle):  

• 5 isoenzymes: H4=LHD1, H3M1=LDH2, H2M2=LDH3, H1M3=LDH4, M4=LDH5 

– Multiple forms of enzymes (nongenetically origin). 

Phosphorylases A and B 

Chymotrypsins 

Glutamate dehydrogenase 

 



ENZYME SPECIFICITY 

Enzymes (E) exclusively bind to and react with  

 particular molecules or classes of molecules that are 

substrates (S) for the reactions they catalyze.  

The specificity is determined by  

 the functional groups of the substrate or product,  

 the functional groups of the enzyme and cofactors,  

 the physical proximity of these various functional groups. 

Enzymes have a double specificity:  

1. substrate specificity and  

2. action specificity 

 



1. SUBSTRATE SPECIFICITY 

is determined by the apoenzyme; includes more types: 

 Stereochemical substrate specificity: 

– fumarate hydratase catalyzes the conversion of fumaric acid but not 

of maleic acid, its stereoisomer;  

– L-aminoacidoxidase catalyzes the oxidation of only L-α-aminoacids 

and  not of D-α-aminoacids)  

Absolute substrate specificity – catalyzes the conversion of a single 

substrate only  

– urease converts only urea 

Absolute group substrate specificity  

– alcohol-dehydrogenase catalyzes the conversion of different 

alcohols at different rates 

Relative group substrate specificity – specific activity towards individual 

bonds within a group of substrate  

– digestive enzymes pepsin, trypsin, are specific towards peptide 

bonds formed between certain aminoacids in various proteins 

 Relative substrate specificity – substrates belong to different groups of 

chemical compounds – the least specific enzymes (cytochrome P450) 

 



2. ACTION SPECIFICITY 

is determined by the cofactor: the coenzyme determines the 
nature of the reaction of the substrate combined with the 
apoenzyme 

 

Each enzyme E catalyzes a certain type of biochemical reaction. 

 

The mechanism of interaction between the E and the S is 
explained by more hypotheses 

Fisher – “key and lock” hypothesis: the E is a rigid structure 
where the active center is a replica of the substrate S 

Coshland – “the induced fit model” hypothesis: the active 
center is not a rigid replica of the S which enforces the active 
center to adopt an appropriate form to the “key” on the E-S 
contact 



THE MECHANISM OF ENZYMIC ACTION 

Michaelis and Menten proposed a simple model that 
accounts for most of the features of enzyme-catalyzed 
reactions.  

1. Diffusion of a substrate (S) to an enzyme (E) resulting a 
stereospecific binding of S to the active site of E to form an 
enzyme-substrate complex [ES]  

2. Conversion of ES complex into one or more activated ES 
complexes (ES*)  

3. Detachment of the reaction products (P) from the active center of 
E and diffusion into the environment: 

S + E  [ES] 

[ES]  E + P 

or 

S + E  [ES]  E + P  

or 

   E 

S  P 



KINETICS OF ENZYMIC REACTION 

The kinetics of enzymic activity is a branch of enzymology 
concerned with the studies of enzyme-catalyzed reaction rates as 
affected  

– by the chemical nature of S and E,  

– by the conditions of their interactions  

– as well as by environmental factors. 

The rate (velocity) of an enzymic reaction (v) represents the number 
of substrate moles converted to product per unit of time, usually 
expressed as moles of product formed per minute (moles/min): 

               dS 

    v = k _______ 

               dt 
The rates of reactions are dependent on the environmental factors 
(temperature, pH of medium, influence of native or foreign materials) 



1. DEPENDENCE OF ENZYME REACTION RATE ON 

SUBSTRATE CONCENTRATION [S] 

The cellular E concentration [E] is limited while the S concentration [S] may 

vary depending of environment.  

– At low [S], when [S] is double, the probability of collision of the S molecules with 

E molecules is double thus the concentration of P [P] is double 

– At higher [S], the reaction rate v may become virtually independent of [S] 

An enzymic reaction is described by the following equation 

 

              k1               k2        k3 

    E + S  [ES]  [EP]  E + P 

               k-1              k-2           k-3 

 

k1,k2, k3, k-1, k-2, k-3 = rate constants 



The Michaelis-Menten equation  

describes how the reaction rate varies with [S]. 

                    [S] 

v = vmax  
____________          

                 km + [S]                        

 where:  v     = reaction velocity 

              vmax= maximal reaction velocity 

              km    = Michaelis constant 

              [S]  = concentration of substrate 



Michaelis constant (km)  is a characteristic of an enzyme and a particular 
substrate reflecting the affinity of the enzyme for the substrate. 

km is numerically equal with [S] at which v = 1/2 vmax, is expressed in mol/L  

km does not vary with [E]. 

-    low km represents high affinity (low [S] is needed to half saturate the E, to 
reach v=1/2 vmax;) 

-     high km represents low affinity. 

 



When v is plotted against [S] it is not always possible to determine when 
vmax has been achieved because of the gradual upward slope of the 
hyperbolic curve at high [S]. 

If 1/v is plotted against 1/[S], a straight line is obtained (called Lineweaver-
Burke plot, a double reciprocal plot) and is used to calculate km and vmax as 
well as to determine the mechanism of action of enzyme inhibitors. 

The equation is: 

                           1         km                         1 

                        ______  = __________  +  _______ 

                           v        vmax[S]        vmax 

The intercept of  

x axis is: -1/km and  

y axis is: 1/vmax. 

 



2. DEPENDENCE OF ENZYME REACTION RATE ON 

ENZYME CONCENTRATION [E] 

v is proportional to [E] if the concentration of substrate [S] is constant.  

 

 

 

 

 

 

 

 

 

The larger the number of molecules of a given enzyme in the organism cells 

the faster are the reactions catalyzed by the enzyme. 

 



3. DEPENDENCE OF REACTION RATE ON THE  

pH OF THE MEDIUM 

Small changes in pH causes large changes in the ability of a given enzyme 
to function as catalyst 

The change in pH can alter the following: 
The ionization state of the S or E binding site for S or cofactor 

Ionization state of the catalytic site of the E 

Protein molecules conformation and catalytic activity change 

The enzyme activity is maximum in a narrow pH range and decreases at 
both higher and lower pH values.  

The pH corresponding to the maximum activity is called optimal pH: 

Pepsin pH 1.5 

Dehydrogenase pH 7.8 

Alkaline phosphatase pH 9.9 



4. DEPENDENCE OF THE REACTION RATE ON 

TEMPERATURE 

Most enzymes have an optimal temperature in the range 25-37oC. 

Enzyme activity first increases because of an increase of the 

number of collisions between E and S molecules and an increase of 

the energy of these collisions 

At higher temperature enzyme activity decreases rapidly due to the 

heat denaturation of the enzyme 

Examples 

– certain E are denatured at 40oC 

– majority inactivated at 40-50oC 

– catalase has maximum activity at 0oC 

– adenylate kinase resists to a short- 

term exposure at 100oC 



REGULATION OF ENZYMIC ACTIVITY 

Regulation can be effected by enzyme modifiers or regulators that can  

accelerate the reaction (activators) or retard the reactions (inhibitors) 

Activation is the acceleration of enzyme–catalyzed reaction observable after 

the onset of a modifier action 

Activators:  

 are compounds affecting the active center  

– Substrates 

– Cofactors 

Coenzymes 

Metal ions: some enzymes need several ions for normal functioning (e.g. Na+, K+-

ATP-ase responsible for the transport of monovalent cations through the cell 

membrane requires the presence of Mg, Na and K ions as activators) 

 some enzymes can accomplish activation by structural modifications, 

leaving the active center unaffected: 

- activation of an inactive precursor (proenzyme) 

- activation by addition of a specific modifying group to the enzyme 

- activation by the dissociation of an inactive complex protein-active enzyme 

 



Inhibition is produced by 

1. Reversible inhibitors temporary block the activity of the 

enzyme:  

– Competitive:  

Inhibitor (I) competes with S for binding to the active site 

(catalytic site) of E forming EI complexes (reversible reaction); 

the activity of I is influenced by the [S] 

E + I  [EI]     Km;  vmax ct 

– Noncompetitive:   

There is no structural analogy with the S;  

I binds both to the free E and ES at the allosteric site distinct 

from the active site;  

E + I  [EI]; [ES] + I  [ESI];  Km ct  vmax  

                  Inactive            inactive 

– Allosteric/Uncompetitive:   

I binds only to ES complex at a site distinct from the active site 

(e.g.allosteric);  

[ES] + I  [ESI];   Km  vmax  



All allosteric enzymes:  

– Have quaternary structure (2 or more polypeptide chains) 

– Have 2 or more binding sites, distinct in location and shape:  

– an active site specific for substrate 

– a regulatory site specific for a regulator molecule 

– Binding a molecule at the regulatory site determines a change in 

the three-dimensional shape of the E and the active site, 

increasing the activity (activators) or decreasing it (inhibitors). 

 



2. Irreversible inhibitors bind covalently or so tight to the 
active site of E that they are inactivated irreversibly (the 
complex EI is undissociable, ireversible); they have no 
specificity for the enzyme  

Affinity labels are S analogs that posses a highly 
reactive group that is not present in the natural substrate 
– it permanently blocks the active site of the E from the 
S 

Mechanism-based or suicide inhibitors are S analogs 
that are transformed by the catalytic action of the E; the 
product is highly reactive and covalently combines with 
an aminoacid residue in the active site, inactivating the 
E. 

Transition-state analogs: S analogs whose structures 
closely resemble the transition state of the natural S; 
they bind the active site so tightly that they irreversibly 
inactivate it. 

Examples: Pb2+, Hg2+, CO, CN-  



ESTIMATION OF THE ENZYME ACTIVITY 

STANDARD CONDITIONS: 

– pH – optimal for each E (appropriate buffer is used) 

– [S] – greater than the saturation value at which the reaction 

proceeds at the maximal rate (supersaturation) 

– [Cofactor] - superior to the saturation limit 

– Standard temperature of 25oC 

The conditions provide a zero-order reaction ([S] or [P] is dependent only 

on [E] in the medium) 

To correctly measure the enzyme activity, the initial reaction rate is to be 

determined. 



UNITS OF ENZYMIC ACTIVITY 

Nomenclature Committee of the International Union of 

Biochemistry (IUB): 

 

Unit (U) is the amount of E required to turn over 1μmol of S  

 per minute under standard conditions (μmol/min) 

 

Specific gravity of enzyme is the amount of E (mg) needed to 

consume 1μmol of S per minute under standard conditions 

(1μmol/min/mg protein) 

 

Katal (kat) is the amount of E required to turn over 1 mol of S 

per second under standard conditions (mol/sec) 

 



NOMENCLATURE OF ENZYMES 

TRIVIAL NAME:   

 name of substrate + type of reaction  catalyzed + suffix –ase 

 e.g. lactate + dehydrogenation + ase = lactate dehydrogenase 

 

TRADITIONAL NAME:  

 e.g. pepsin, trypsin, chymotrypsin 

 

SYSTEMATIC NAME:  

 name of substrates + name of the type of reaction + -ase 

 e.g. reaction: lactic acid + NAD+  pyruvic acid + NADH+H+ 

           enzyme:  L-lactate: NAD+-oxydoreductase 

 



CLASSIFICATION OF ENZYMES 
Six classes - type of chemical reactions catalyzed by the enzymes:  

1. OXIDOREDUCTASES 

2. TRANSFERASES 

3. HYDROLASES 

4. LYASES 

5. ISOMERASES 

6. LIGASES (SYNTHETASES) 

Subgroups – the nature of the S moiety that is subject to the enzyme 

attack 

Subsubgroups – the nature of the S bond to be cleaved or nature of 

acceptor involved in reaction. 

Ordinal number in subsubgroup 

Numerical classification  system: 4 part number whose numerals are 

separated by a point.  

 

e.g. Lactate dehydrogenase (LDH, LD) is 1.1.1.27  



1. OXIDOREDUCTASES 

1.1.DEHYDROGENASES-REDUCTASES 

The substrate subject to oxidation is a hydrogen donor: 

AH2 + B  A + BH2 

The enzymes are called dehydrogenases or reductases or  

    systematic name is donor:acceptor-oxidoreductase. 

 

Coenzymes are capable of reversibly accept electrons and protons 

Oxidized forms             Reduced forms 

NAD+  Nicotinamide adenine dinucleotide   NADH+H+ 

NADP+  Nicotinamide adenine dinucleotide phosphate  NADPH+H+ 

FAD  Flavin adenin dinucleotide    FADH2 

FMN  Flavin mononucleotide    FMNH2 

 

 

           lactate dehydrogenase 

Example: lactic acid + NAD+    pyruvic acid + NADH+H+ 



1. OXIDOREDUCTASES 

1.1.DEHYDROGENASES-REDUCTASES 

a. Nicotinamide coenzymes  

NAD+    Nicotinamide adenine dinucleotide 

NADP+ Nicotinamide adenine dinucleotide 
 phosphate  

Structure: dinucleotides formed of  

 2 mononucleotides linked with  

 a phosphodiester bond 

Source:  

  nicotinamide = niacin = vitamin PP 

Reversibly accept electrons and protons:  

– 2 H are donated by the substrate 

– 1 H adds to C4 of nicotinamide ring 

– 1e- of the second H is accepted by 
the quaternary N 

– 1H+ rests free 

Reaction: 

          Dehydrogenase 

S-H2 + NAD+                         S + NADH+H+  

          Dehydrogenase 

S-H2 + NADP+                       S + NADPH+H+  

N+

CONH2

R

H

N

R

H H

CONH2
+ 2 H

- 2 H

+ H+

    NAD+                                          NADP+ 

NAD+ (NADP+)  NADH+H+ (NADPH+H+) 

oxidized form          reduced form 



1. OXIDOREDUCTASES 

1.1.DEHYDROGENASES-REDUCTASES 
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b. Flavin coenzymes  

FAD Flavin adenine dinucleotide 

FMN Flavin mononucleotide 

Source: riboflavin = vitamin B2 

Reversibly accept electrons and protons:  

2 H are donated by the substrate and 
accepted by N1 and N5 

Reaction: 

                    Dehydrogenase 

S-H2 + FAD                          S + FADH2  

reduced   oxidized 

        Dehydrogenase 

S-H2 + FMN                         S + FMNH2  

reduced   oxidized 

 

FAD (FMN)                 FADH2(FMNH2) 

oxidized form                reduced form 



1. OXIDOREDUCTASES 
1.2. TRANSELECTRONASES - CYTOCHROMES  

Function – cellular respiration 

Structure:  

– Cyt a, b, c differ in the polypeptide chain aminoacids composition and in the 
number of protein subunits 

– Carry an iron ion (Fe2+ alternating with Fe3+  states) except 

 cyt a3 that carries a copper ion (Cu2+ alternating with Cu+ states)  

            -e- 

  Cyt (Fe2+)               Cyt ( Fe3+ ) 

  reduced form   + e-       oxidized form 

1.3. OXIDASES           oxidase 

  AH2 + ½ O2   A + H2O  (O2 is an acceptor) 

             oxygenase 

  A + O2    AO2 (O2 is incorporated in the substrate) 

1.4. PEROXIDASES      peroxidase 

  S-H2+ H2O2   S + 2 H2O (decomposition of hydrogen peroxide) 

1.5. CATALASES          catalase 

  H2O2 + H2O2  O2 + 2 H2O (decomposition of hydrogen peroxide 
           as the donor is hydrogen peroxide) 



2. TRANSFERASES 

Catalyze the transfer of various moieties  

from one substrate (donor) to another (acceptor): 

                                 transferase 

  S1-G + S2                   S1 + S2-G 

2.1. METHYL TRANSFERASES 

Function: transfer of –CH3 from 

Donors: choline, methionine, betaine to 

Acceptors: glycine, cholamine, noradrenaline 

 



2.TRANSFERASES 

2.3. ACYL TRANSFERASES 

Transfer of acyl (R-CO-) 

Coenzyme A (CoA-SH) 

Source: pantothenic acid, ADP(3’5’) 

Function: -SH  is capable of adding acyl group producing acyl-CoA forming a 

macroergic (~) thioester bond 
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Pantothenic acid 

CoA-SH Acetyl-CoA 

CH3-COOH + HS-CoA + ATP    CH3-CO~S-CoA + AMP + H4P2O7 

acetic acid           acetyl-CoA 

CH3-CO~S-CoA + HO-CH2-CH2-N
+(CH3)3  CH3-CO-O-CH2-CH2-N

+(CH3)3  + HS-CoA  

acetyl-CoA  choline    acetylcholine 

~ 



2.TRANSFERASES 

2.4. GLYCOSYL TRANSFERASES 

transfer of glycosyl group from a donor G-1-P or UDP-glucose 

biosynthesis of oligoglucides (lactose) and polyglucides (glycogen) 

    phosphorylase 

 (glucose)n-1 + G-1-P                       (glucose)n + H3PO4 



2.TRANSFERASES 

2.4. AMINO TRANSFERASES - TRANSAMINASES 

The transfer of the -NH2 group from one -amino acid to an -keto acid. 
R1   R2    transaminase R1  R2 

|               |   |  | 

CH-NH2 + C=O   C=O + CH-NH2 

|               |   |  | 

COOH  COOH   COOH  COOH 

aminoacid1                   ketoacid2   ketoacid1  aminoacid2 

Coenzymes pyridoxal phosphate (PALP) and pyridoxamine phosphate 

(PAMP) = derivatives of pyridoxine = vitamin B6 

 

 

 

             PALP                        PAMP 

The most important reactions with amino transfer in the human organism 

are catalyzed by: 

Glutamate-oxalylacetate transaminase (GOT) = aspartate aminotransferase (AST) 

Glutamate-pyruvate transaminase (GPT) = alanin aminotransferase (ALT) 
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2.TRANSFERASES 

2.4. AMINO TRANSFERASES - TRANSAMINASES 

Aspartate aminotransferase (AST) = Glutamate-oxalylacetate transaminase (GOT) 
 

COOH             COOH                                     COOH             COOH 

|               |   |  | 

CH2                 CH2              GOT(AST)          CH2                  CH2 

|   |   |  | 

CH-NH2    +    CH2                                                C = O      +        CH2 

|   |   |  | 

COOH             C = O                                       COOH              CH-NH2 

   |     | 

                         COOH                                                               COOH 

aspartic acid  - acid ketoglutaric          oxalylacetic acid glutamic acid 

 

Alanin aminotransferase (ALT) = Glutamate-pyruvate transaminase (GPT) 
 

CH3                   COOH                                            CH3                   COOH 

|               |   |  | 

CH-NH2            CH2                GPT (ALT)               C = O                CH2 

|               |   |  | 

COOH       +     CH2                                                       COOH       +      CH2 

   |     | 

                           C = O                                                                         CH-NH2 

   |     | 

                          COOH                                                                       COOH 

L-alanine         -ketoglutaric acid   pyruvic acid glutamic acid  

                                                            



2.TRANSFERASES 

2.5. PHOSPHO TRANSFERASES 

Transfer phosphoryl group –H2PO3, -H3P2O6 from ATP 

in the synthesis of carbohydrates, lipids, proteins 

 

 ATP + R-OH    R-O-PO3H2 + ADP 

 ATP + R-COOH    R-CO-AMP + H4P2O7 

 ATP + R-OH   R-H3P2O7 + AMP 



3.HYDROLASES 

catalyze the substrate bond cleavage adding water 

        Hydrolases 

 R1-O-R2 + H2O     R1-OH + R2-OH 

Digestive enzymes, cellular enzymes in lysosomes and other organelles 

Decomposition of large biomolecules into simpler molecules 

 

3.1. ESTERASES 

3.1.1. CARBOXYLESTERASES: lipase, cholinesterase 

3.1.2. SULFATASES 

3.1.3. THIOESTERASES 

3.1.4. PHOSPHOESTERASES 

 

3.2. GLYCOSIDASES: cleavage of glycosydic bonds - amylases, cellulases, 

maltase, lactase, glucuronidase, hialuronidase 

 

3.3. PEPTIDASES: cleavage of peptide bonds - endopeptidases, exopeptidases, 

dipeptidases 



4. LYASES  

Catalyze the cleavage of bonds in a substrate without oxidation or 

addition of water (4.1.C-C lyases, 4.2. C-O lyases, 4.3. C-N lyases, 

4.3.C-S lyases) 

Reactions of synthesis and decomposition of intermediary metabolites 

5. ISOMERASES 

Catalyze the structural rearrangement within a single molecule 

Isomerization reactions: 5.1. Racemases and Epimerases 5.2. Cis-

trans isomerases 5.3. Intramolecular oxidoreductases 5.4. 

Intramolecular transferases 5.5. Intramolecular lyases 

6. LIGASES (SYNTHETASES) 

Catalyze the addition of 2 molecules using the energy of phosphate 

bond; energy sources are ATP and other nucleoside-phosphates 

Determine the formation of covalent bonds (6.1.C-O, 6.2.C-S, 6.3.C-N, 

6.4.C-C) 

Synthesis of proteins (peptide bonds), lipids (ester and amide bonds), 

acyl-S-CoA (thioester bond) 

    ligase 

 A + B + ATP   AB + AMP + PPi (H4P2O7)  



ENZYMES AND THE HEALTH SCIENCES 

Diagnosis of diseases, for example:  
– transaminases used to diagnose the diseases with hepatocytes 

or myocardial destruction,  

– phosphatases in the diagnosis of bone diseases, cholestasis 

Laboratory reagents, for example:  
– glucose oxydase method used to dose glucose, 

– cholesterolesterase method used to dose cholesterol in the 
blood 

Sites for the action of drugs, for example:  
– statins inhibit the activity of an enzyme interfering the cholesterol 

synthesis in the liver 

– cyclo-oxygenases (COX1 and COX2) are inhibited by anti-
inflammatory drugs 

Treatment - substituents of deficient enzymes 


