E nzymes are biocatalysts - the catalysts of life.
! @ catalyst is defined as a substance that
increases the velocity or rate of a chemical
reaction without itself undergoing any change in
-the overall [.'lI‘UI:L"SS}

The student-teacher relationship may be a
good example to understand how a catalyst
works. The students often find it difficult to learn
from a text-book on their own. The teacher
explains the subject to the students and increases
their understanding capability. It is no wonder
that certain difficult things which the students
take days together 1o understand, and sometimes
do not understand at all - are easily learnt under
the guidance of the teacher. Here, the teacher
acts like a catalyst in enhancing the
understanding ability of students. A good teacher
is always a good catalyst in students’ life!

(Enzmes may be defined as biocatalysts
synthesized by living cells. They are protein in
nalture {exception- RNA acting as ribozyme),
colloidal and thermolabile in character, and
specific in their aﬂianﬂ

In the laboratory, hydrolysis of proteins by a
strong acid at 100°C takes at least a couple of
days. The same protein is fully digested by the
enzymes in gastrointestinal tract at  body
temperature (37°C) within a couple of hours.
This remarkable difierence in the chemical
reactions taking place in the living system is
exclusively due to enzymes. The very existence
of life is unimaginable without the presence of
Enzymes,

HISTORICAL BACKGROUND

Berzelius in 1836 coined the term catalysis
(Greek : to dissolve). In 1878, Kuhne used the
word enzyme (Greek : in yeast) to indicate the
catalysis taking place in the biological systems.
Isolation of enzyme system from cell-free extract
of yeast was achieved in 1883 by Buchner. He
named the active principle as zymase (later
found to contain a mixture of enzymes), which
could convert sugar to alcohol. In 1926, James
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NOMENCLATURE AND

CLASSIFICATION

In the carly days, the enzymes were piven
names by their discoverers in an arhitrary
Mmanner. For example, the names pepsin, trypsin
and chymotrypsin convey no information about
the function of the enzyme or the nature of the
substrate on which they act. Sometimes, the
sulfix-ase was added to the substrate for naming
the enzymes e.g. lipase acts on lipids; nuclease
on nucleic acids; lactase on lactose. These are
known as trivial names of the enzymes which,
however, fail to give complete information of

ORI TIYY

enayme  reaction  ype of reaction, cofactor
tequirement et

[ nzymes are sometines « ansidered under twa
broad categories : () Intracellular enzymes -
they are fundtional within cells where they are
synthesized, (h) Extracellular enzymes Thesse
enzymes are active outside thie cell; all the
digestive enzymes belong 10 this group.

Ihe International Unian of Biochemistry (ILE)
appointed an Enzyme Commission in 1961. This
committee made a thorough study of the existing
enzymes and devised some basic principles for
the classification and nomenclature of enzymes.
Since 1964, the IUB system of enzyme
classification has been in force. Enzymes are
divided into six major classes (in that order).
Each class on its own represents the general type
of reaction brought about by the enzymes of that
class (Table 6.7).

Enzyme class with examples*

Reaction catalysed

1. Oxidoreductases

Alcohol dehydrogenase (alcohol : NAD* oxidoreductase E.C. 1.1.1.1.),

crhgmu'na oxidase, L- and D-amino acid oxidases

Oxidation —— Reduction
AH,_ +B— A4+ EH2

Hexokinase (ATP : D-hexose 6-phosphotransferase, E.C. 2.7.1.1)),

Group transfer
A-X+B— A+B=-X

transaminases, transmaﬂ:ylas&g, phosphorylase

Lipase (triacylgiycerol acyl hydrolase E.C. 3.1.1.3), choline
eslerase, acid and alkaline phosphatases, pepsin, urease

Hydrolysis
A-B+HQO— AH + BOH

T P —

e owEwEcaos

4, Lﬁm

Aldolase (ketose 1-phosphate aldehyde lyase, E.C. 4.1.2.7),

L ot T T e P T —

Triose phosphate isomerase (D-glyceraldehyde 3-phosphate

Addition —— Elimination
A-B+X-Y— AX - BY

Interconversion of isomers

ketoisomerase, E.C. 5.3.1.1), retinol isomerase, A—a A
phosphohexose isomerase
”_é_figam“" - crems T ———r e
Glutamine synthetase (L-glutamate ammonia ligase, E.C. 6.3.1.2), Condensation (usually dependent on ATP)
acetyl CoA carboxylase, succinate thiokinase A+B P +A-B
ATP  ADP 4 Pi

—— = e - G i o
_— - o e o e e
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1. Dxidnmduﬂaiﬂ
Dmn'ahrmau.'duc. Hon reactions,

2. Transferases $
transfer of lunclional Broups,

3. Hydrolases :

Enzvmes that b
ydrol . at brin
hydrolysis of viarious :

compaunds

4. Lyases :
addition or remaoy

5. lsomerases
IsOmernization reactions,

6. Li R "
Ligases : Enzw?le& catalysing the synthetic
tk ligate—t0 bind) where two
jomed together and ATP is used,
[The word {?THH.[ (first letter in each class)
may be memorised 1o remember the six classes

reactions (Greek -
molecules grp

or enzymes in the correct order].

Each class in turn
sub-classes which are

assigned to each enzyme
(first digit),
ithird digit) and the individual enzyme (fourth

digitl. Each enzyme is given a specific name

indicating the substrate, coenzyme (if any) and

the type of the reaction catalysed by the enzyme,
Although the IUB names for the enzymes are

specific and unambiguous, they have not been
accepted for general use as they are complex
and cumbersome to remember. Therefore, the
trivial names, along with the E.C. numbers as
and when needed, are commonly used and
widely accepted.

CHEMICAL NATURE AND

PROPERTIES OF ENZYMES

All the enzymes are invariably proteins. In
recent years, however, a few RNA molecules
have been shown 1o function as enzymes, Each
enzyme has its own tertiary structure and specific
conformation which is very essential for its
cztalvtic activity, The functional unit of the
enzyrne is known as holoenzyme which is often

: Enzymos involved in

Enzymes that calalyse (e

abwount

Enrgmra specialised  in the
al of water, ammonia, CO, elc,

: Enzymes involved in all the

15 subdivided into many
o further divided. A four
digit Enzyme Commission (E.C.) number is
representing the class
sub-class (second digit), sub-sub class

w7

Mmatle up of apoensyme (the protein parth and a
caenzyme (non-protein organic part),

Holoenzyme — Apoenzyme + € Oeneyme

L tives enneyrim) fperedeirn [aart) Trwany greesteey paarty

The term prosthetic group is used when the
non-protein . moiety  lightly  (covalently}  binds
with the apoenzyme. The coenzyme can be
separated by dialysis from the enzyme while the
prosthetic group cannot be.

The word moenomeric enzyme is used if it is
made up of a single polypeptide eg. ribo-
nuclease, trypsin, Some of the enzymes which
Possess  more than one polypeptide (subunit)
chain are known as oligomeric enzymes e.g.
lactate  dehydrogenase,  aspartate  trans-
carbamoylase etc. There are certain multienzyme
complexes possessing specific sites to catalyse
different reactions in a sequence. Only the native
intact multienzyme complex is functionally active
and not the individual units, if they are separated
e.g. pyruvate dehydrogenase, fatty acid synthase,
prostaglandin synthase etc. The enzymes exhibit
all the general properties of proteins (Chapter 4).

Genetic engineering
and modified enzymes

Recent advances in biotechnology have made
it possible to modify the enzymes with desisable
characters-improved catalytic abilities, activities
under unsual conditions. This approach is
required since enzymes possess enormous
potential for their use in medicine and industry.

Hybrid enzymes : It is possible to rearrange
genes and produce fusion proteins. e.g. a hybrid
enzyme (of glucanase and cellulase) that can
more efficiently hydrolyse barley B-glucans in
beer manufacture.

Site-directed mutagenesis : This is a
technique used to produce a specified mutation
at a predermined position in a DNA molecule.
The result is incorporation of a desired amino
acid (of one’s choice) in place of the specified
amino acid in the enzyme. By this approach, it
is possible to produce an enzyme with desirable
characteristics. e.g. tissue plasminogen activator
(used to lyse blood clots in myocardial

Scanned with CamScinmnes



mﬂlﬂﬂl with increased  half life This iy

achi
weved by replacing asparagine (at position

120) by glutamine.

In recent years, it has abo bevome possible 10
produce bybrid enrymes by reamangement of
Benes, ‘Mlhn nmnovalive appwoach is  the
Production abrymes i Catalytic antibaodins, the

(antibody enzymes;.

FACTORS AFFECTING
ENZYME ACTIVITY

FANOCEHAE PN ”_'IY

2, Concentration of substrate
the  subsirate oM el ralinm

(RS L ]
p;rml;mllr increases  the velocity of enzyme
reaction within the limitisd range o submtrate
heveds. A rectangulae hyperbola s vibtained when
velocity  is plotied  againsd the  substrate
concentration (Fig.6.2). Three distined phases of
the reaction are obrerved i the graph iAlinear;

B-curve; C-almost unchanged),

Order of reaction : When the velocity of the
reaction is almeast proportional 1o the substrate
concentration (i, 5] is less than K), the rate of
the reaction 15 said 10 be first order with respeect
0 subnirate. When the |S] s much greater than
K the rate of reacton s independent of

sulmtrate concentration, and the reaction s said

to be revo order,

Enryme kinetics and K, value : The ensyme
(£) andd sulmtrate (5) combune with each other 10
form an unstable ensyme-substrate complex (E5)
bor the formation of product (P).

k k
EoSeatE5—Lpf 4 p
k,
::rn- ky, l;', ar:: ky represent  the velocity
wnstants  for  the fespeclivie  react
whicated by arromas sals

Ko the Michaelis-Menten ¢ Brig’
omnstant (or L]
and Haldane's coastand, is given by the formula

The ‘Cl"rjwlng equat : :
suitable algebeaic m p:zm" obtained  after

e Yol
ﬁ “quation (1)
W"‘I!r{- V= mﬂl‘!ﬂ thlﬂr,
=D e velocky,
= &-‘Kﬁ‘:ﬂ- mmm*
= Michaels, ‘Ml!'l'ﬁncm
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[

_.m_____“rm“m_,_*
mu:m«mmw,
vokchy (Adinesr: B.curve; C aimper ol 2™
K_+(5] o aglS
v""‘lll
K. +[5) = 2{%]
Ko = [5)

K stands far a
Michaelis tin K, )

Ky o the Michaelis-Menten conslant
defined  as  the  substrate concenlration
lexprewsael in moled) to produce half-maximum
velocily in an enzyme catalysed reaction. It
indicates that hall of the enzyme molecules (ie.
S07%) are bound with the substrate molecules
when the substrate concentration equals the K,

value.
K., value is a constant and a characteristic
feature of a given enzyme {(comparable o a

thumb  impression o signature). It is  a
representative for measuring the strength of E5
comples. A low K, value indicales a strong

affinity between enryme and substrate, whereas
a high K, value reflects a weak affinity between

thern, For majority of enzymes, the K, values
are in the range of 107% to 1074 moles. It may
howviever, be noted that K, 15 not dependent on

the: concentration of enzyme,
Lineweaver-Burk double reciprocal plot : For

the determination of K, value, the substrate

saturation curve (Fig.6.2) s nol very accurate

B9

snce V. is approached asympiotically. By
taking the reciprocals of the equation (1), a
Wraight line graphic representation is obtained.

- K_+|5
¥ Vo |5
5
1la K oy T
v Ve S| Veals
-i = Km x i + L
¥ vl'ﬂ-ll 5 l'i.‘l'l'll.l

The abeyve equation is similar to y = ax + b.
Therefore, a plot of the reciprocal of the velocity

[—" vs. the reciprocal of the substrate concen-
tration [ﬁ) gives a straight line. Here the slope
i KoV, and whose y intercept is 1/V ..

The  Lineweaver-Burk  plot is  shown
Fig.6.3. It s much easier 1o calculate the K,
from the intercept on x-axis which is {(1/K,).
Further, the double reciprocal plot is useful in
understanding the effect of various inhibitions

(dirscussed later).

Enzyme reactions with two or more
substrates : The above discussion is based on
the presumption of a single subsirate-enzyme
reaction. In fact, a majority of the enzyme-
catalysed  reactions  involve two or  more
substrates.  Even in case of multisubstrate

in

mu:mmwﬂ
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3. Effect of temperature

Velacit
increase irt ':::;a“ ENZyme reactinn increases with
mperature up to a maximum and

then declines
A .
o e .6.-1;_“” shaped curve is usually

T, 4
}ncr;':fﬂiil:ﬂreeﬁﬂeﬁrmnl or Qg is defined as
i zyme velocity when the
= re is mcr:eased by 10°C. For a majority
Incrﬁnzva}r-. Q1o is 2 between 0°C and 40°C.

Ease N temperature results in  higher
activation energy of the molecules and more
!'nﬂir.'cular (enzyme and substrate) collision and
Interaction for the reaction to proceed faster.

mathematical

_.1] pPrinciples conform
ics.

The optimum temperature for most of the
enzymes is between 40°C-45°C. However, a few
enzymes (e.g. venom phosphokinases, muscle
adenylate kinase) are active even at 100°C. Some
plant enzymes like urease have optimum activity
around 60°C. This may be due to very stable
structure and conformation of these enzymes.

In general, when the enzymes are exposed to
a temperature above 50°C, denaturation leading
to derangement in the native (tertiary) structure
of the protein and active site are seen. Majority
of the enzymes become inactive at higher
temperature (above 70°C).

Enzyme velocity —
L L

ﬂlnmaumsum?um

Temperature (°C)
____'_———____._

;_*““Ewﬂfﬁmmmmm,

Enzyme velocity ——+
1

Optimum pH

—t—

O pH——l-

Fig. 6.5 : Etfect of pH on enzyme velocly

it is worth noting here that the enzymes have

been assigned optimal temperatures based on the
laboratory work. These temperatures, hnwe?er,
may have less relevance and biological

significance in the living system.

4. Effect of pH

Increase in the hydrogen ion concentration
(pH) considerably influences the enzyme activity
and a bell-shaped curve is normally obtained
(Fig.6.5). Each enzyme has an optimum pH at
which the welocity is maximum. Below and
above this pH, the enzyme activity is much
lower and at extreme pH, the enzyme becomes
totally inactive.

Most of the enzymes of higher organisms
show optimum activity around neutral pH (6-8).
There are, however, many exceptions like pepsin
(1-2), acid phosphatase (4-5) and alkaline
phosphatase {10-11), Enzymes from fungi and
plants are most active in acidic pH (4-6)

) Hj'g,rdrpﬂgen ions influence the enzyme activity
y altering the ionic charges on the amino acids

(particularly at th i i
e active site
:: e ot ), substrate, ES

S. Effect of product concentration

The accumulatin

N of react
Benerally decreases e

products
the enzyme

velocity,
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6. Effect of activatorg

Some of the CNZymes
morganic  metallic catipng like 2

Zn'*, Ca*, Co?+ Cus*, Ny ;;'-MH 7
optimum activity, Rﬂ”'l','h ﬂﬂl-l'll-:!
for enzyme activity eR,

for amvylase. Metals functi
enzyme velocity through
combining with the

EQuiIre  Corpain

S are alwy ]
chlonide on (Cly

n.n a5 activators, of
arioys

Two categories of ENZYMes requis:
E : hy equi
for their activity are distinguish nng metals
« Metal-activated enzymes : The metal i

tightly held by the enzyme ang can be
exchanged easily with other jons

e.g. ATPase (Mg?* and Ca?4
Enolase (Mg?*)

« Metalloenzymes : These enzymes hold
the metals rather tightly which are not
readily exchanged. e.g. alcohol dehydro-
genase, carbonic anhydrase, alkaline phos-
phatase, carboxypeptidase and aldolase
contain zinc.

Phenol oxidase (copper);

Pyruvate oxidase (manganese);
Xanthine oxidase (molybdenum);
Cytochrome oxidase (iron and copper).

7. Effect of time

Under ideal and optimal conditions (like pH,
temperature eftc.), the time required ff]r g
enzyme reaction is less. Variations in the time of
the reaction are generally related to the
alterations in pH and temperature.

"

Fb;::mrmmum
oyme st achive e

8. Effect of light and radiation

Exposure of enzymes 1o ultraviolet, bels,
Barmma and X-rays inaclivales cerlam engymmes
due to the formation of peroxides. eg. UV rays
mhibit salivary amylase activity

Enzymes are hig in size compared o
substrates which are relatively smaller, Evidently,
a small portion of the huge ensyme molecule s
directly involved in the substrate binding and
catalysis (Fig.6.6).

The active site (or active cenire) of an
enzyme represents as the small region at which
the substrate(s) binds and participates in the
catalysis.

Salient features of active site

1. The existence of active site s due to the
teftiary structure of protein resulting in three-
dimensional native conformation.

2. The active site is made up of amino acids
(known as catalytic residues) which are far from
each other in the linear sequence of amino acids
(primary structure of protein). For instance, the
enzyme lysozyme has 129 amino acids. The
active site is formed by the contribution of amino
acid residues numbered 35, 52, 62, 63 and 101,

3. Active sites are regarded as clefts or
crevices or pockets occupying a small region in
a hig enzyme molecule,
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tis ragh (A)
5"hstrate d ding o promote the specific "‘:fg"
G Subatrate
subs;rarznefa”?' the actiye Site  possesses 5 C>
! tter i g 8 sife an 4 catalytic sitp, The Enzyme cmﬁ":}”
: or th atalysis of the Specific reaction,
B The COenzymes o cofactors on which E“zmﬁ:,m“m
E”'!YWE‘S dEpend are i
the Catalytie iy Present as a pant o
N 7. The 5uhsrraIElfSJ binds at the active site by
eak Noncovajen, bonds. Substrate

B. Enzymes are specific

; in their function due
o the existence

of active Sites,

9. The Commonly found 5

> mino acids at the
dCtive Sites

; are  serine, aspartate, histidine,
CYsteine, lysine, arginine, glutamae, tyrosine etc.
Amnng these aming acids, serine js the most
ffequent!y found,

10. The Substrate[s)

the active site tg form

ENZYME INHIBITION

Enzyme inhibitor is defined as 3 substance
which binds with the €nzyme and brings aboyt
a decrease in catalytic activity of that enzyme,
The inhibitor may be organic or inorganic in
nature. There are three broad Categories of
enzyme inhibition"

1. Reversible inhibition.

2. Irreversible inhibition,

3. Allosteric inhibition,

, i Reversible inhibition

The inhibitor binds non-covalently with
enzyme and the enzyme inhibition can be
reversed if the inhibitor g

A

Non-competitive
inhibitor

Enzyma-inhibitor
complax

o of
6.7 : A diagrammatic represe inbibition.
wgﬂmwwﬁimm

Othar sile

I. Competitive inhibition : The inhibitor {[lll
which closely resembles the real Sllbslfr:ll't? .‘5.] 5
regarded as a substrate anal‘ogue. The IﬂhlthHl;
competes with substrate and binds at the active
site of the enzyme but does not undeﬁrgu: any
catalysis. As long as the competitive IFI|1II|}II.‘|‘JF
holds the active site, the enzyme is not available
for the substrate to hing. During the reaction, S
and El complexes are formed as shown below

S
Ny

The relative concentration of the substrate
inhibitor ang their respective affin;

ould be overcome by

.. In Competitive
K, value increases whereag Vinax
unchanged (Fig.6.8).

remaing

The €Nzyme succinate deh
is a classical example of Competitive inhibition
with  succinic acid  as s substrate, The
CoOmpounds, Namely, malonic acid, glutaric acid

',fdrugenase (SDH)
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