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Exercise

Short Questions

2. Write three properties that are common to all enzymes.
Ans:

The enzymes are organic catalysts. However, they have many properties of in

organic catalysts like

(1) The enzymes increase the speed of chemical reaction by, 106-10'4
times faster than the rate of uncatalyzed reaction.
(i) Enzymes are highly sensitive to pH and temperature changes of the
system.
(iii) Some enzymes require proper co-factor for proper activity.
(iv) Enzymes lower the need of cctivation energy.
OR

(i) They are made up of proteins.
(i) They do not used up iInreachon.
(i) Theyspeed up creacthon.

(iv) They are specific in nature.

3. What are ribozymes?

Ans:
Ribozymes:
Ribozymes are the enzymes which consists of RNA and are found in nbosomes

Example:
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For example, peptidyl transferase 1s ¢ nbozyme, which controls polypeptide

elongation dunng translation process.

4. What is the structure of enzyme?

Ans:

Structure of Enzymes:

With exception of nbozymes, all enzymes are globular proteins, which are made

vp of one or more polypephages

Many enzymes consist of a protein and non-protein (called the cofactor). The
proteins in enzymes are usually globular. The intra- and intermolecular bonds
that holds proteins in ther secondary anad terhary structures are disrupted by

chonges in temperature and pH.

COFACTOR

PROTEN /
Without the colactor Colactor binding
attached, the protein activates the
i3 NOt active, protein.

5. What is active site of the enzyme? Write its shape and function.

Ans:

Active Site:
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In biology, the active site is the region of an enzyme where substrate molecules
bind and undergo ¢ chemical reaction. The active site consists of residues that
form temporary bonds with substrate and residues that cotalyse of that substrate
(bonding site) and residues that catalyse of that a reaction of that substrate
(catalyhc site)

Shape of enzymes and components of an active site:

Majority of enzymes. which are protein in nature, con have moleculor weights
ranging from about 10,000 to over 1 million. Such enzymes have tertiary or

quatemnary structures.
Function of an active site:

The catalytic activity of an enzyme is located in its active site which i1s a specific
charge bearing three-dimensional cavity. The substrate (the reactant which is to
be converted into product) molecules is attached to the active site by non-

covalent interactions like hydrogen bonding and hydrophobic reactions
Components of an active site:

Active site consists of 3-12 amino acids which may be scattered in the
polypeptide but are brought together in a particular fashion due to secondary
and tertiary folaing of the protein molecule, e.g. the active site for the cldolase

consists of glycin, histidine and clanine amino acids.
Functional regions of active site:

An active site consists of two functional regions. i.e binding site and catalytic

site.

Some amino acids have active site which makes bonds with substrote constitute
the binding site while the other amino acids which cause conversion of substrate

into product (catalysis) constitute the catalyhic site.

Shape of an active site:
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The shape of active site Is designed accorading to the substrate therefore only @
particular substrate can gttach to the active site. However, sometimes relgted

sUpRSsirgie can glso bind 1o the Qchve siie,

ALCTIvNE e

’ars vl

S UNE JNIC

(h)

Active Site: (a) Which substrate fits the active site? (D) Groupiag of anuno acids
ol a polypeptide dunng the formution of tertry structure o produce 20 sctn e sie.

6. What is cofactor? Explain.
Ans:

Cofactor:

Enzymes consist of a non-protein called cofactor.
OR

A cotfactor 1s a non-protein chemical compound or metallic ion that i1s required
for a protein’'s biological achivity to happen. These proteins are commonly
enzymes ond co-factors can be considered “helper molecules” that assist In

biochemical transtormations.

7. Explain the enzyme pepsin that does not require cofactor.

Ans:

The enzyme pepsin that does not require cofactor can also show active and

nachve sites.
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Pepsin:

Pepsin is an example of such enzyme. It is secreted by gastric gland from
stomach wall in an inactive state, the pepsincgen. In this state, it has an
additional polypeptide fragment cttached to its acctive site which does not
allow the binding of substrate; hence it remains inactive. When pepsinogen is
exposed in HCI {(as in stomach cavity), the additional polypeptide fragment is
removed and as a result, inactive (apoenzyme) pepsinogen is changed into its

active (holoenzyme) form, the pepsin.

8. Explain inorganic cofactor.
Ans:

Inorganic cofactor:

The inorganic cofactors are different metallic ions such as Fe, Mg, Cu, Zn elc.
These are only attaoched to the enzyme when substrate gets bind 1.e. they are
detachable cofactrors are also called activators.

Glucose+ATP hexokingse+ Mg*?  Glusoce-6-
——

phosphate+ADP

9. Explain organic Cofactor.

Ans:
Organic cofactor:

The organic cofactors are either co-enzymes or prosthetic groups. The

coenzymes are the denvatives of vitamins.
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For example, ATP, NAD*, FAD' are common coenzymes. Like inorganic
cofactors. They are also attached to the enzymes when substrate gets bind i.e.
they are glso detachable cofactors.

Ethyl alcohol alcohol dehydrogenase+NAD
. —l
Aceteldehyde+NADH:?

10. What is prosthetic group? Give an example.
Ans:

Prosthetic Group:

A prosthetic group i1s covalently bonded part of an enzyme. Which is
permanently attached to enzymes and does not detach after the completion

of a reaction.

Example:

An iron containing porphynn rnng attached to some enzymes like cytochromes is

the example of prosthetic group.

11. What is the mechanism of enzyme action?

Ans:

Mechanism of enzyme action:

In an enzyme-catalysed reaction, the substrate first binds to the active site of the
enzyme to form an enzyme-substrate (ES) complex, them the substrate is
converted into product while it I1s attached to the enzyme (EP complex), and

finally the product is released, thus allowing the enzymes to start all over again.

£ + S > ES > EP > E + P
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Enzyme Substrate Enzyme-substrate complex  Enzyme-product
complex enzyme  product

Actually, the enzyme can make the local conditions inside the active site quite
different from those outside (such as pH, water concentration, charge), so that
the reaction is more likely to happen. For example, if a substrate is to be split, o

bond might be stretched by the enzyme, making it more likely to break.

12. What is role of free energy of activation in a chemical reaction?

Ans:

Role of free energy of activation in a chemical reaction:

About 1,000 chemical reactions are being carmed out Iin a cell ot any time.
Energy of activation required for such a large number of reactions cannot be
provided by living system.

The living system works in isothermal condition; the excited state of
molecules or reactants is achieved by biochemical process. Enzyme € reacts
with reactant (A) to form an AE tfransitional complex. The energy level of AE
complex reaches to the energy level of reaction B. AE complex then reacts with

reactant B to form AB and enzyme € is relecsed,

A+E » AE complex+B — % AB+E

Enzyme does decrease the energy of activation by changing energy
dependent process to energy independent process. Thus, the energy of
activation is energy reqguired to breck the existing bonds and begin the
reaction. An enzyme grectly reduces the activation energy necessary to initiote
a chemical reacthion.
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13. List the external conditions that affect rate of enzyme reaction.

Ans:

Factors affecting rate of enzyme reaction:

The rate of enzymatic reaction is measured by the amount of substrate

changed or amount of product formed, during a penod.
The external condiions that affect rate of enzymes reactions are:

(1) Tempercture
(i) pH
(i) Concentration of enzymes

(iv) Substrate concentration

14. Compare the optimum temperatures of enzymes of human and thermophilic
bacteria.

Ans.

Al human enzymes have an optimum tempercture of about 37-38°C. but
boctena living in hot springs may have an optimum temperature ot 70°C or
higher. Such enzymes have been used in biological washing powders for high
tempercture washes. If temperature 1s reduced to near or below freezing point.
Enzymes are inactivated, not denctured. They will regain their catalytic
influence when higher temperatures are restored. This temperature where on

inactive enzyme becomes active again is called minimum temperature.

www.topstudyworld.com



www.topstudyworld.com Biology

—L—-—————_—__“'_—_“———-—_-—
Ophmai temporature for Opbmal winperdtuie lor sonw
ITOS! Buman ey nes ™~ VI@IMOpNhe DACI 3! endymes =

Rate of Heacthon

L ®
- d I P - ' . - - - — - - --'- - -—— ----‘--- - - - - = - -r-*l'- - - q

O 0 20 30 40 5 60 T0 80 90 100
Temperature (°C)

Optimum temperature for human enzymes and thermophilic bactena.

15. Describe the range of pH at which human enzymes function.

Ans:

pH:
Every enzyme function most effectively over a particular pH range. This narrow

range of pH at which the maximum rate of reaction is achieved is called

optimum pH.
Effect of pH:

Enzymes confirmation is sensitive to pH changes because pH influences the
charges on the amino acid side chains thet are involved in maintaining tertiary
and quaternary structures of enzymes, Slight change in optimum pH of an
enzyme cause ionization of amino acid of the enzyme therefore, they become
inactive temporarnly. On the other hand, extreme changes in optimum pH alter
the ionic charge of the acidic and basic groups of enzymes and therefore

disrupt the ionic bonding (denaturation) that helps to maintain the specific

shope of the enzyme.,
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Optimal pH for pepsin Optmal pH

(stomach enzyme) for trypsin
(iIntestinal
enzyme)

6 7 8 9 10

g

Eﬂect of pll on the rate of an enzyme - controlled reaction

The optimum pH valuves for most enzymes fall in the rcnge of pH 6-8, but there
are exceptions. Some enzymes like pcpain from green papayac act both in
acidic and glkaline media. Protein digesting enzymes pepsinis active in acidic
medium at pH 2 and trypsin is inactive at this pH but shows maximum activity n

alkaline medium at pH 8.

16. What are enzyme inhibitors? Name the molecules which acts as enzyme
inhibitors.

Ans:

Enzyme inhibition:

The phenomenon in which an enzyme fails to catalyze areaction is called
enzyme inhibition and the molecules which react enzyme but are not converted

INto desired products are called enzyme inhibitors.

In genercal, the enzyme inhibition 1s a normal part of the regulction of enzyme
activity within cells but sometimes when external factors cause enzyme

inhibition. It may become dangerous for life.

Molecules acts as enzyme inhibitors:
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The molecules which act as inhibitors include poisons, cyanides, antibodies,
antimetabolites, pencillin, sulpha drugs etc. inhibition may be competitive or
non-compettive.

17. What is importance of competitive enzyme inhibitors?

Ans.

Importance of competitive enzyme inhibitors:

(a)lt supports lock and key hypothesis.

(b)It shows that substcnces which are similor to substrate are not acted upon
by enzymes.

(c)Competitive inhibitors are used cs drugs in the control of bactenal
pathogens. Antibiotics known as sulphonamides are used to combat

bactenal infection.

18. Describe cyanides as irreversible non-competitive inhibitor.
Ans:
Irreversible non-competitive inhibitor:

An reversible non-competitive enzyme inhibitor destroys enzymes by altenng its
shape so that the substrate cannot bind to the active site. The examples of
ireversible non-competitive inhibitors include cyanides and salts of heavy

metaqls.

Cyanides:

Cyanides are potent poisons of living organism because they con kill an
organism by inhibiting cytochrome oxidase essential for cellular respirgtion. They
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block the action of these enzymes by combining with iron which may be

present in the prosthetic group.

19. Describe ions of heavy metals as ireversible non-competitive inhibitor.

Ans:

Ireversible non-competitive inhibitor:

Anmreversible non-competitive enzyme inhibitor destroys enzymes by altenng its
shape so that the substrate cannot bind to the active site, The examples of
ireversible non-competitive inhibitors include cyanides and salts of heavy

metaqls.

lons of heavy metals:

lons of heavy metals such as mercury, silver and copper (Hg**,Ag* and Cu**)

combine with thiol (-SH) groups In the enzyme breaking the disulphide bridges.
These brndges are important in maintaining tertiary structure. When these bridges

are broken, the enzyme becomes denatured and inactive.

20. List the diagnostic uses of enzymes.

Ans:

Diagnostic uses of enzymes:

(a) Aldolase: Progressive muscular dystrophy, viral hepatitis and advonced
cancer of the prostate

(b)Creatine Phosphokinase: domage to muscle cells.

(c)Gamma-gSutarnyl franspeptidase: in assessing liver function.

(d)Lactic Dehydrogenase: in differentiating heart attack anemia, lung injury,
or liver disecse.

(e)lipase: Docmage to the pancreas.
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21. Describe venoms as enzymes inhibitors.

Ans:

Venoms as enzymes inhibitors:

Snake venom is highly modified salive that is produced by special glands of
certain species of snakes. Snake venom is ¢ combination of many toxins
(proteins) and different enzymes use for the purposes like increasing the prey's
vptake of toxins. Snake venom is an inhibits cholinesterase to mcke the prey lose
confrol of its muscles. Venom is an inhibitor for an essenticl enzyme’s

cytochrome oxidase in the cells.
Three are three distinct type of venom that act on the body ditferently.

(1) Hemotoxic venoms act on the heart and cardiovascular system.

(2) Nevurotoxic venom acts on the nervous system and brain

(3) Cytotoxic venom has g localized action gt the site of the bite. Venom
occupies the active site of the enzyme or combining with the ron
which may present in the prosthetic group or which may be requred

as an enzyme achvalor,

22. Describe/Explain briefly:

Carbonic anhydrase, active site, holoenzyme, apoenzyme, pepsinogen,

cofactors, prosthetic group, non-regulatory enzyme, allosteric enzymes, energy

of activation, enzyme inhibitors, reversible inhibition, reversible non-competitive
enzyme, irreversible non-competitive enzyme, oxidoreductases, transferases,
hydrolases, lyases, isomerases, ligases, proteases, lipases, carbohydrates,

nucleases.

Ans:
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Carbonic anhydrase:

Carbonic anhydrase is an enzyme that assist rapid inter-conversion of carbon
dioxide and water into carbonic acid, protons and bicarbonate ions. This
enzyme was first identified in 1993, in red blood cells of cows. Since then, it has
been found tc be abundant in allmammalian tissues, plants, algae and
bactena. This ancient enzyme has three distinct classes (called alpha, beta, and

gomma carbonic anhydrase)

OR

Carbonic anhydrase which can add Oz in hemoglobin as well s can control

the formation of carbonic acid and bicarbonates in blood.
Active site:

In biology, the active site is the region of an enzyme where substrate molecules
bind and undergo a chemical reaction. The active site consists of residues that
form temporary bonds with substrate and residues that catalyse of that substrate
(bonding site) and residues that catalyse of that a reaction of that substrate
(catalytic site)

OR

The active site refers to the specific region of an enzyme where a substrate bind
and catalysis takes place or where chemical recction occurs. It is ¢ structural
element of protein that determines whether the protein is functional when

undergoing a reaction from an enzyme.
Holoenzyme:

An enzyme which requires a cofactor becomes active only if the cofactor is
combined with it. Such an active enzyme i1s called holoenzyme.

Apoenzyme:

www.topstudyworld.com



www.topstudyworld.com Biology

If the cofactor is not available, the remaining protein part of the enzyme
becomes cotalytically inactive ond is called gpoenzyme.

Pepsinogen:

Pepsin is an example of such enzyme. It is secreted by gastric gland from
stomach wall in an inactive state, the pepsincegen. In this state, it has on
additional polypeptide fragment cttached to its acctive site which does nof
allow the binding of substrate; hence it remains inactive. When pepsinogen is
exposed in HCI (as in stomach cavity), the additional polypeptide fragment is
removed and as aresult, inactive (apoenzyme) pepsinogen is changed into its

active (holoenzyme) form, the pepsin.
OR

Pepsinogen is released by the chief cells in the stomach wall, and upon mixing
with hydrochloric ccid of the gastnc juice, pepsinogen activates to become

pepsin.

Cofactor:

Enzymes consist of a non-protein called cofactor.
OR

A cofactor is a non-protein chemical compound or metallic ion that is required
for a protein’s biological activity to happen. These proteins are commonly
enzymes and co-factors can be considered “helper molecules” that assist in

biochemical transformations.
Prosthetic Group:

A prosthetic group is covalently bonded part of an enzyme. Which is
permanently attached to enzymes and does not detach after the completion
of a reaction.

Example:
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An iron containing porphynn ring attached to some enzymes like cytochromes is
the example of prosthetic group.

Non-Regulatory Enzymes:

The mechanism of enzyme action can be explained by two different models.
Emil Fischer proposed Lock and Key model in 18%4,

According to this model active site, have definite structure and ngid shape.
Shae of acthive site 1s complementary to the shape of substrate. Therefore, the
substrate of a specific shape can bind to the active site. The active site remains
change or unchanged durnng the reaction. Lock and key model assume that ¢s
a particular key opens ¢ particulor lock, ¢ specific enzyme (key) acts upon G

particular substrate (lock).

Actually, the notched portion of the key is equivalent to the acthive site on the
enzyme. It reflects that enzymes are highly specific in their action and each
enzyme carmry out only one particular recction. The enzymes which work
according to this model are called non-regulatory enzymes.

However, this model is exercised by a very small number of enzymes, for
example, sucrose, maltase etc. The ability of enzyme to catalyze one specific
reaction is perhaps its most significant property. Although, many enzymes show
broad range of specificity towards the substrate they catalyzed. When one
enzyme can catalyze only one substrate and essentially no other, it is called
absolute specificity, E.g. Urease
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Urease

Urea + Water —_— Ammonia + Carbon dioxide

"\ Substrate (key) ‘ ProduCIs‘
" A
I /

)

| Acltive sile
' /

_’
Enzyme —
(lock)
Enzyme -~ substrate entering Enzyme substrate Eazyme ¢ p"‘)du_f"-"
active site complex leaving active site

Fisher's "Lock & Key” Hypothesis of Enzyme Action

Allosteric Enzymes:

Koshlanc proposed Induced fit model in 1959.

According to this model, the achive site is flexible, theretore it is moditied cs the
substrate interacts wvith enzyme. The amino acids which mgakeup the gactive site
are molded into ¢ precise shape which enable an enzyme to perfume its
catalytic function more effectively. The change which is induced in the shape of
active site s responsible for the change in the shape of substrate into product.
AS the reaction Is completed the active site regains its onginal shope. This is the
flexibiity of cchive site which allow more than one type of related substrates to
be attached on the active site and therefore, an enzyme ccon camry on more
than one type of related reactions. The example 1s carbonic anhydrase which
can add Oz in hemoglobin as well as can control the formation of carbonic

acid and bicorbonates in blood.

Enzymes which follow induced it model, are called regulactory or allostenc

enzymes, for example, hexokinase.
Hb+40; corbonic anhydrase = HbB40O:; (oxyhemoglobin)

CO2¢H20O carbonic anhydrase H2COs3 carbonic anhydrase H* +HCO
— > »
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Koshland's "Induced Fit* model of enzyme action

" Substrate 'Produas.

Active site

Enzyme changes shape shghtly
as substrate enters active site,
making the tit more precise

Koshland's Induced Fit Hypothesis

Energy of activation:

Molecules do not react with each other unless they are achivated in some way.
The energy thot must be added to cause molecules to react with one another is

colled activation energy.

Enzyme inhibition:

The phenomenon in which acn enzyme fails to catalyze areaction is called
enzyme inhibition and the molecvules that react enzyme but are not converted

INto desired products are called enzyme inhibitors.
Reversible inhibition:

A type of enzyme inhibition in which enzymes acthivity is blocked by the
presence of c chemical that complete with the substrate tor binding to the
active site is called competitive inhibition, Usually, a compehtive inhnibitor is
structurally similar to the normal substrate and so fits into active site of the
enzyme. However, it is not similar enough to substitute fully for the normal

substrate in the chemical reaction and the enzyme cannot attack to it to form
reaction products. Compettive inhibition 1s usually temporary, and the inhibitor

eventually leaves the enzyme hence it is also called reversible inhibition.
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This mecns that the level of inhibition depends on the relative concentrations of
substrate and inhibitor, since they are competing for places in enzyme active
sites. Therefore, if the concentration of the substrate is increased relative to the
concentrations of the inhibitors, the active site will usually be occupied by the
substrate. An example of the inhibitor is malonate. Succinate dehydrogenase
that catalyzes the formation of fumarcte from succinate is competitively

inhibitec by malonate.
Reversible non-competitive enzymes:

Reversible non-competitive enzymes inhibitors work not by preventing formation
of enzyme-substrate complexes, but by preventing the formation of enzyme-
product complexes. S0, they prevent the substrate to be converted into
product.

Example:

Feedback inhibition is an example of reversible non-competitive enzyme
iNhibition.

Ireversible Non-competitive Enzymes:

Anreversible non-competitive enzyme inhibitor destroys enzymes by altenng its

shape so that the substrate cannot bind to the active site.

Examples:

The examples of ireversible non-competitive inhibitors include cyanides and

salts of heavy metals.

Oxidoreductases:

The enzymes catalyze oxiagation/reduction of their substrate and oct by
removing or adding electron or H* ions from or o the substrate.

Example:

Cytochrome oxidase oxidizes cytochrome.
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Transferases:

These enzymes catalyze the transfer of specific functional group other than
hydrogen from one substrate to another. The chemical group fransterred in the

process is not | a free state.

Example:

Hexokinase transters a phosphate group from ATP to glucose.
Hydrolases:

These enzymes bring about the breakdown of large complex organic molecules
Into smaller ones by adding water (hydrolysis) and breaking the specific

covalent bonds.

Example:

Examples are proteolytic enzymes which breakdown proteins into peptones anac

peptides such as pepsin, renin, and trypsin. Other digestive enzymes that work in
digestive tract are also examples of hydrolases.

Lyases:

These enzymes catalyze the breakdown of specific covalent bonds and

removal of groups without hydrolysis.

Examples:

Histidine decarboxylase breaks the covalent bonds between carbon atoms in

histidine forming carbon dioxide and histamine.
Isomerases:

These enzymes bring about intfra-molecular rearrangement of ctoms in the

molecules and thus forming one isomer from another.
Examples:

Phosphohexos isomerse changes glucose 6-phosphate to fructose 6-phosphate.
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Ligases:

These enzymes bring about joining together of two molecules. The energy is
denved by hydrolysis of ATP,

Example:

Polymerases are responsible for inking monomers into a polymer such as DNA or
RNA.

Proteases:
These enzymes act upon proteins.
Example:

Pepsin and frypsin (both digest large polypeptides or peptones).
aminopeptidases and carboxypeptidases (both digest peptones into

dipeptides) and Erypsin (aigest dipeptides into amino acids)
Lipases:

These enzymes hydrolyze lipids into fatty acids and glycerol.
Example:

Pancreatic ipases.

Carbohydrases:

These enzymes cause breakdown of carbohydrates.

Examples:

(a)Amylase (digest starch or glycogen into maoltose)
(b)Cellulose (digest cellulose into cellubiose, disacchande)
(c)Maltose (Digest maltose into glucose)

(d)Diastase (acts on starch)

(e)Sucrose (digest sucrose into glucose and fructose)

(f) Loctase ( digest loctose into golactose and glucose)
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Nucleases:
These are involved in breakdown of DNA and RNA.
Example:

(a)RN Aases (digest RNA into nbonulcleotides)
(b)DNAases (Digest DNA into deoxyribo nucleotides)

(c)AT Pases (cause hydrolysis of ATP in muscles etc)

23: Define:
(a)Metabolism (m) Reversible inhibitors
(b)Enzymes (n) Allosteric Site
(c)Active site of enzyme (o) absolute specifity of enzymes
(d) Cofactor
(e)Coenzymes

(f) Apoenzymes
(g)Holoenzymes

(h) Prosthetic group

(i) Non-regulatory enzymes
(j) Regulatory enzymes

(k) Feedback inhibition

(I) Energy of activation

Ans:

(a)Metabolism:
The sum of all chemical reactions going on in a cell is known Qs

metabolism.

(b)Enzymes:
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Enzymes are biological catalysts and therefore they speed up
biochemical reachions without being consumes. Without enzymes
reactions are possible but they would proceed ot very slow speed that will
have no significance for life.

(c)Active Site:

In biology, the active site is the region of an enzyme where substrate
molecules bind and undergo a chemical reaction. The active site consists
of residues that form temporary bonds with substrate and residues that
catalyze of that substrate (bonding site) and residues that catalyse of that

a reaction of that substrote (catalytic site)

(d)Cofactor:

A cofactor is a non-protein chemical compound or metallic ion that is
required for ¢ protein’s biological activity to happen. These proteins are
commonly enzymes and co-factors can be consigered "helper

molecules” that assist in biochemical transformations.

(e)Coenzyme:
A coenzyme i1s an organic non-protein compound that binds with an

enzyme to catalyze a reaction. Coenzyme are often broadly collec
cofactors but they are chemicolly different. A coenzyme cannot function

alone, but can be reused several times when paired with enzyme.

(f) Apoenzyme:

If the cofcactor is not available, the remaining protein part of the enzyme
becomes catalytically inactive and is called apoenzyme.

(g)Holoenzyme:
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An enzyme which requires a cofactor becomes active only if the cofactor
iIs combined with it. Such an active enzyme is called holoenzyme.,

(h) Prosthetic Group:
A prosthetic group is covalently bonded part of an enzyme. Which 1s
permanently attached to enzymes and does not detach aofter the

completion of a reaction.
Example:

An iron containing porphyrin ring ottached to some enzymes like

cytochromes is the example of prosthetic group.

(i) Non-Regulatory enzymes:

According to Lock and key model, active site, have definite structure and
ngid shape. Shae of active site is complementary to the shape of
substrate. Therefore, the substrate of ¢ specific shape con bind to the
active site. The active site remains change or unchanged dunng the
reaction. Lock and key model assume that as a particular key opens G

particular lock, a specific enzyme (key) acts upon a particular substrate
(lock).

Actually, the notched portion of the key is equivalent to the actlive site on
the enzyme. It reflects that enzymes are highly specific in their action and

each enzyme carmry out only one particular reachon. The enzymes which

work according to this model are called non-regulatory enzymes

(J) Regulatory enzymes:

www.topstudyworld.com



www.topstudyworld.com Biology

A regulatory enzyme is an enzyme in a biochemical pathway which,
through its responses to the presence of certain other biomolecules,
regulates the pathway activity, This is usually done for pathways whose
products may be needed in different amounts at different amounts ot

different times. Such as hormone production.

OR

In @ multi-step enzymatic process, there will be one enzyme which will be
responsible for the overall rate of that process. This cntical rate limiting
enzymes is called the regulatory enzyme. Regulatory enzyme shows
enhanced or decreased catalytic activities in response to other

molecules (signals) in the cell.

(k) Feedback inhibition:

The activity of almost every enzyme in a cell can be regulated by its
product. When the activity of an enzyme is inhibited by its own product. It
IS called Feedback inhibition.

() Energy of Activation:

Molecules do not react with each other unless they are achtivated in
some way, The energy that must be added to cause molecules to

react with one another is called activation energy.

(m) Reversible inhibitors:

A type of enzyme inhibifion In which enzymes activity 1s blocked by the
presence of o chemical that complete with the substrate for binding to

www.topstudyworld.com



www.topstudyworld.com Biology

the active site is called competitive inhibition, Usually, a competitive
inhibitor is structurally similar to the normal substrate and so fits into
active site of the enzyme. However, it 1s not similar enough to substitute
fully for the normal substrate in the chemical reaction and the enzyme
cannot attack to it to form reaction products. Competitive inhibition is
usually temporary, and the inhibitor eventually leaves the enzyme

hence it 1s also calleg reversible inhibition.,

(n) Allosteric site:
In non-competitive inhibition, the inhibitor molecule binds to an

enzyme other than cctive site. The other binding site of enzyme Is

called qllosteric site,

(o) Absolute specificity of enzymes:

when an enzyme can catalyze only one substrate and essentially no

others it is called absolute specificity e.g. urease

24. Write the difference between:
(a) Binding site and catalytic site

(b) apoenzyme and holoenzyme
(c) Prosthetic group and coenzyme
(d) Inorganic cofactor and organic cofactor

(e) Lock and key model and induced fit model
(f) Competitive and non-competitive enzyme inhibitors

(g) Reversible non-competitive enzyme inhibitors and irreversible non-

competitive enzyme inhibitors
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(a) Binding site and catalytic site:

The active site consists of residues that form temporary bonds with the substrate
(binding site) and residues that catalyze a reaction of that substrate (catalytic
site). An active site consists of two functional regions, i.e. binding site and
catalyhc site. Some amino acids have active site which makes bonds with
substrate constitute the binding site while the other amino ccids which couse

conversion of substrote into product (catalysis) constitute the catalytic site.

(b) Apoenzyme and holoenzyme:

If the cofactor is not available, the remaining protein part of the enzyme
becomes cotolytically inactive ond is called gpoenzyme.,

An enzyme which reguires a cofactor becomes active only if the cofactoris

combined with it. Such an active enzyme is called holoenzyme.

OR

Difference between Holoenzyme and apoenzyme

Holoenzyme Apoenzyme

Holoenzyme is an active enzyme Apoenzyme is the protein component
consisting of an apoenzyme bound to | which lacks its cofactor

its cofoctor

.-

Holoenzyme is bound to its cofactor Apoenzyme is the enzyme

component without cofactor

.-

Holoenzyme is catalytically active It is catalytically inactive
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Holoenzyme is complete cnd can It iIs ncomplete and cannot initigte

initicte the recction the reacthion.

——

DNA polymerase, RNA polymergse Aspartate tfronscarbamoylase is an

are examples of holoenzyme. exaomple for apoenzyme.

(c)Prosthetic group and coenzyme:

The organic cofactors are either coenzymes or prosthetic groups. The

coenzymes are the denvatives of vitamins.

For example, ATP, NAD*, FAD* are common coenzymes. Like inorganic cofactors
they are clso attached to the enzymes when substrate gets bind 1.e. they are

Qlso detachable cofoctors.

Ethyl Alcohol Alcohol dehydrogenase+NAD acetaldehyde + NADH:;

»>

On the other hand, ¢ prosthetic group i1s covalently bounded part of an enzyme
which is permanently attached to enzyme and does not detach after the
completion of reaction. An ron containing porphynn rnng attached to some

enzyme like cytochromes is the example of prosthetic group.

OR

Difference between Prosthetic group and coenzyme

Prosthetic Group Coenzyme
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Prosthetic group i1s a type of helper Coenzyme is a specific kind of

molecule which is ¢ cofactor molecule which is an
nonproteincceous compound that organic molecule that helps enzymes
helps enzymes to perfome their to catalyze chemical reactions.

funchion.

They bind tightly or covalently with They bind loosely with active site of

enzymes to aid enzymes. the enzyme to help cotaolytic function.

Composition:

Prosthetic group are metal ions. Coenzyme are vitamins, vitamin

Vitamins, lipids or sugars derivatives or nucleotides

It mainly provides ¢ structural property | Coenzyme mainly provides ¢

to the enzyme. functional property to the enzyme.

They cannot be easily removed from | They can be easily removed from

enzymes enzymes

e S I

Flavin nucleotides and heme AMP, ATP, coenzyme A, FAD, NAD?, S-

adenosyl methionine

(d)Inorganic cofactor and organic cofactor:
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The inorganic cofactors are different metallic ions such as Fe, Mg, Cu, Zn efc.
These are only attached to the enzyme when substrate gets bind i.e. they are
detochable cofactrors are also called activators.

Glucose+ATP hexokinagse+ Mg*?  Glusoce-6é-
»

phosphate+ADP

On the other hand, the organic cofactors are either co-enzymes or prosthetic
groups. The coenzymes are the denvctives of vitamins,

For example, ATP, NAD*, FAD' are common coenzymes. Like inorganic
cofactors. They are also attached to the enzymes when substrate gets bind i.e.

they are also detachable cofactors.

Ethyl alcohol alcohol dehydrogenase+NAD Aceteldehyde+NADH:;
— . >

OR
_ Cofactor (inorganic) Coenzyme (organic)

Definition It is @ non-protein It is defined as small,
chemical compound organic, non-protein
that is bound tightly or molecules, which carry
loosely to an enzyme, chemical groups

between enzymes

Characteristics These are inorganic These are organic

substances substances

Function

It assists in biological It aids or helps the

transformations function of an enzyme.
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They are chemical They are chemical

Type
compoungs molecules

Bound They are tightly bound It 1s loosely bound to an

1O enzymes enzyme.

They act on catalyst to They act as camers to

increase e speed of the enzymes

reachon

Example Metal ions like Zn**, K+, Vitamins, biotin,

Mg** elcC. coenzyme A etc.

(e)Lock and key model and induced fit model:

Lock and key model Induced Fit model

Active site is a single entity Active site is made of two

components,

There is no separate catalytic A separate catalytic group is

group. visualized

Active site is static. In contact with substratum, the

buttressing group undergoes

conformational change.

Development of fransition state |, ., ;4o the development of

is not considered. transition state before the reactants

undergo change
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It does not visualize the Catalytic group is believed to weaken

weakening of substrate bonds

the substrate bonds by nucleophile

and electrophile attack.

It does not explain the It gives a mechanism for non-action

mechanism of non-activity in over competitive inhibitor

case of competitive inhibitor.

() Competitive and non-competitive enzyme inhibitors:

Competitive inhibitors Non-competitive inhibitors

A competitive inhibitor will block the A Non-competitive inhibitor will bind
enzyme's active site (i.e. it will occupy | to the enzyme somewhere other than
the same spoce as the natural active site of the enzyme, an qllosteric
substrate, blocking it from being site. This will change the shape of the
catalyzed) enzyme such that the nctural
substrate may or may not be able to
bind the enzyme’s active site, but the
enzyme will not be agble to complete

the chemical reaction necessary.

Antibodies, antimetabolities, pencillin, | Acetaldehyde, Di-isopropyl

iodoacetate, melonate, CoA (high fluorophosphates (DFP-nerve gas),

concentration) mercury, silver, copper, cyanide

OR

‘ Competitive inhibitors I Non-competitive inhibitors \
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The structure of inhibition
molecules is similar to that of

the substance

The structure of inhibition molecules is

entirely ditferent

The inhibitors get attached fo
the active site of the

enzyme.
It competes with substrate

molecule for the enzyme.

It does not alter the structure

of an enzyme

The inhibitor forms complex at a point

other than the achve site.

It does not compete with substrate.

It alters the structure of enzyme such
that the substrate may get attached
to the acthive site but products are not

formed

The reaction can be
reversed by increasing the

substrate concentration.

Examples are sulpha drugs

given to bacteria complete

with para-amino benzoic
acid (PABA) and folic acid
synthesis is inhibited.

The reaction goes on decreasing as
more and more inhibitors contoct the

enzyme till sgturation is reached

Examples:

Cyanide combines with the prosthetic

group of cytochrome oxidase inhibits
the election transport chain

(g)Reversible non-competitive enzyme inhibitors and irreversible non-

competitive enzyme inhibitors:

Reversible non-competitive enzyme

inhibitors

ireversible non-competitive enzyme

iNnhibitors:
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They work not by preventing the They destroy enzyme by altenng its

formation of enzyme-substrate shape so that the substrate cannot
complexes but by preventing the bind to the active site.

formation of enzyme-product

complexes so they prevent the

substrate to be converted into

product.

Feedback inhibition is on example. Cyanides and salts of heavy metals

are examples
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