92
4 Theseio o
shape, |y is"r";::’ﬁ SIe is not rigiq in structure and  (A)
Substrage 1. iher fle. 'o promote the specific v =
= hlndlﬂg -
3 Substrate
5. GE”E“""?- the acti i "'""_"_':
b o Ve sjte POssesses a Compatitive
latie sile and ; catalytic site, The Enzy Inhibltor
T is for the Catalysis of the s ific reacti
5 Yie Pecific reaction, hibHor
S'Dm' CoeNnzymes o cofactors on which E"”"::-fm
th e enzy, nd are present a5 a part of :
€ Catalytic gjpe. (8)
7. The Substrate(s) binds at the active site by C=
Noncovalens bonds, Subetrate
Enzyme L B
8. Eﬂl_‘r'm'i-s are specific in their function due ﬂ
€ existence of active sites, gaive st mn—m;ﬁ:rﬂﬂ =
inh
9. Th\:!‘ commonly found amino acids at the Enzyme-inhibitor
dctive sites are serine, aspartate, histidine, Other sile complex
Cysteine, lysine, arginine, glutamate, tyrosine etc. il
ng these amino acids, serine is the most Fig. 8.7 : A oisgrammaiic :Mm
fr'E'i.';l..'«zl"ul.‘h,fr found. ) Gompeitive and (B

10. The substrate(s) binds the enzyme (E) al
the active site 1o form enzyme-substrate complex
(ES). The product (P) is released after the catalysis
and the enzyme js available for reuse.

E+S=F5—E+p

ey mwaimon

Enzyme inhibitor js defined as a substance
which binds with the enzyme and brings about
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. lIrreversible inhibition.
3. Allosteric inhibition.

1. Reversible inhibition

The inhibitor binds non-covalently with

enzyme and the €nzyme inhibition can be

reversed if the inhibitor

IS removed, The

reversible inhibition s further sub-divided into

-

I. Competitive inhibition (Fig.6.74)
I, itive inhibition (Fig.6.78)

I. Competitive inhibition : The inhibitor I.lfl
which closely resembles the real suhstr.late _{5.1 is
regarded as a substrate analogue. The H‘!hlhlllur
competes with substrate and binds at the active
site of the enzyme but does not undergo any
catalysis. As long as the competitive inhibitor
holds the active site, the enzyme is not available
for the substrate to bind. During the reaction, ES
and El complexes are formed as shown below

S AESIE+P
i/
g
The relative toncentration of the substrate and
inhibitor and theijr respective affinity with the
€nzyme determines the degree of competitive

inhibition. The inhibition could be overcome by
a high substrate Concentration, |n competitive

E
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Methanol js tox
converted 1o f“”'“ifdeh-,;
alcohol de"'?dfﬂgenas.e (A
compete with methang|
can be used in the
poisoning.

ic 1
0 th bﬂdy when it is
€ enzyme
- E

+ Thus, ey
Ireatmen, of ﬁmh:ﬁ

ﬂl‘l’limabﬂlilﬂ : These a
compounds that block the m
by their inhibitory actio
Antimetabolites are usually
of substrates and thys are ¢
(Table 6.2). They are

e the chemical
etabolic reactions
N On  enzymes,
structural ana|

Ompetitive inhibitors
in use for cancer therapy,
gout etc. The term tivitamins is used for the
antimetabolites which block the biochemical

actions of vitamins causing deﬂciencies.] eg.
sulphonilamide, dicumarol. -

Il. Non-competitive inhibition : The inhibitor
binds at a site other than the active site on the

enzyme surface. This binding impairs the
Enzyme function, The inhibitor has no structural
resemblance with the substrate. However, there
usually exists a strong affinity for the inhibitor to
bind at the second site. In fact, the inhibitor does
not interfere with the enzyme-substrate binding.
But the catalysis is prevented, possibly due to a
distortion in the enzyme conformation.

The inhibitor generally binds with the
enzyme as well as the ES complex. The overall
relation  in non-competitive  inhibition s
represented below

E+S#E—FE+ P

)

For non-competitive inhibition, the K, value
is unchanged while V,,,, is lowered (Fig.6.9).

Heavy metal ions (Ag*, Pb2*, Hg?* etc.) can
non-competitively inhibit the enzymes by
binding with cysteinyl sulfhydryl groups. The
general reaction for Hg2* is shown below.

E-SH + Hg™* = E~5 - Hg* + H*
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b.d Suies tegd FRamples ol engymas wilh thair respeclive substratas and
u_,'mm . - enificance of inhibitor(s)
ondess Hypaxanthune Asicpurnnal uﬁmnmﬂddwhm*ﬂ-
anvthing mdﬂﬂmw“
“‘“"ﬂhm Calechoiamines I phucene. mumwﬂ""“‘
(apwiephvine, norepnephine)  amphotamine
nﬂlm and
reductase  Dibydrotoe ackd Amiogtenn. Employed in e (reatment of leukemis
amethoptenn ofher CANCan
Sslerase  Acelyicholing Suconyl choline  Used in surgery lor muscle
anaesinelised pabents
:'H""m Para amincbenzoc sk Sufordamide  Prevents bacterial synthesis of fokc ackd
(PABA)
K spoxide Vitamin K D umarc Acts as an anbcoaguiant
reductase
HMO CoA reductase  HMG CoA Lovastatn intatel -holesterol DiosyNINes:s
———— ... ...

immeversible. These inhibitors are usually loxig

Heavy metals alw lead 10 the tormation of
pononous substanoes

covalent  bonds  with carboxyl  growgs  and
histidine, often resulting in irreversible inhibition '

loddoac etate s an irreversible inhibitor of the

2. irreversible Inhibition ensymes  hke  papain and  glyceraldehyde

Lphanphate dehydrogenase  lodoasd etate combines

The inhibitors  bind covalently  with the  with sulthydryl | - SH, #rougs at the active site ol
enzymes  and nactivate  them.  which 18 these ensymes and makes them inachive

Vinas

|
,
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Mﬂ
gas developed by : 0
World War. D !“ the Germans “linn,“*
FP irreversibiy binds w lh“ il
h eorvime

containing serine at the M live
. MIC. e i serine
Many
8 OrRAnOPhospborn IV i e
hlm afe toNie o animals
as 1
y block the activin o acetyl by
esterase (essenhial e nerye H'H":‘!‘ g
resulting in paralysis of vital bosdy fu 1"«'“"‘“‘-
ncCTons

Diswlfiram (Antabuse®
se™) s a dru
::arrrmt ol alcoholism. it lﬂﬂ'l‘*:i:;;-dlr‘::d:.:
vt t':n"w aldehyde dehydrogenase. Alcohol
: _thd,. when treated with disulfiram become
f ;;d ue to the accumulation of acetaldehyde
ing to alcohol avoidance. (Nete : Alcohol is
lr::-t;bn:;zed Ihv two enzymes. It is first acted
s |: alcohol dehydrogenase to yield
a vde. The enzyme aldehyde dehydro-
genase converts acetaldehyde to acetic acid.)
_ The peni;iflin antibiotics act as irreversible
inhibitors of serine - containing enzymes, and
block the bacterial cell wall synthesis.
Irreversible inhibitors are frequently used to
identify amino acid residues at the active site of
the enzymes, and also to understand the
mechanism of enzyme action.

Ilh{l
Himw h"i'nﬂ mani

Suicide inhibition

Suicide inhibition is a specialized form of
irreversible inhibition. In this case, the original
inhibitor (the structural analogue/competitive
inhibitor) is converted to a more potent form by
the same enzyme that ought to be inhibited. The
so formed inhibitor binds irreversibly with the
enzyme. This is In contrast to the original

inhibitor which binds reversibly.

A good example of suicide

allopurinol (used in the treatment
Chapter 17). Allopurinol, an inhibitor of
xanthine oxidase, gets converted 10 alloxanthine,
2 more effective inhibitor of this enzyme.

The use of certain purine and pyrimidine
analogues in cancer therapy is also e_xplained
on the basis suicide inhibition. For instance,

5-fluorouracil gets converted t0 fluorodeoxy-

inhibition is
of gout, Refer

L

viriehylate whic by inhibits the enpyme thymidylawe
synthase  arwl thus e leotide synthesis

3. Allosterie Inhibition

The details of this type of inhibition are green
regulation a4 a2 pant of the

under  alloster
in the  livirg

regulation  of enzyme Tty

Enzvmes are highly spec ific in thedr action
when compared with the chem al catalysts. The
occurrence of thousands of enzymes in the
biological system might be due to the specific
nature of enzymes. Three types of enzyme

wystem

specificity are well-recognised
1. Stereospecificity,
2. Reaction specificity,
3. Substrate specificity,
Specificity is a characteristic property of the

active site.
1. Stereospecificity or optical specificity :
e compounds which

Sterepisomers are th
the same molecular formula, but difter in ther

structural configuration.
The enzymulctofﬂrnnmmand.
therefore, exhibit stereospecificity.

-amino acid oxidase and D-amino acid

e L
and D-amino acids

oxidase act on L-
respectively.
Hexokinase acts on D-hexoses;

Glucokinase on D-glucose;
Amylase acts on a-glycosidic linkages:

Cellulase cleaves B-glycosidic bonds.

Stereospecificity 1s explained by considering
three distinct regions of substrate molecule

specifically binding with three complementary

regions on the surface of the enzyme (Fig.6.10).
belonging to isomerases

The class of enzymes
, since they are

do not exhibit ste :
specialized in the interconversion of isomers.
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2. Reaction specificity : The same substrate

can undergo different types of reactions, each
catalysed by a separate ensyme and this s
referred to as reaction specific ity. An amina acid
€an undergo tramsamination, eoxidative theami-
nation, decarboxylation, racemization efc. The
enzymes however, are different for each of these

reactions (For details, refer Chapter 15),

3. Substrate specificity : The substrate
specificity varies from enzyme 1o enzyme. It may
be either absolute, relative or broad.

« Absolute substrate specificity :  Conain
enzymes act only on one wibstrate og
Blucokinase acts on gluc e 10 give glucose f.

phosphate, uregee cleaves urea 1o AMIMcnia
and carbon dicxide.

* Relative substrae specificity : Some ENzymesy
act on Mructurally related substances, This in
furn, may he dependens on the spe ifjc Broup
Of a bond presen The action of trypsin iy

Sroup specific

B A A AT Y

a
i Iﬂlf"."‘ £
whyeomiclaniss acting o0 wly! ::"J#r bpprachs A

¢ artwihyidrates, lipases o leavit
lignels wii
« Broad IFII'“:H‘; _-q :
rly reelistend s G
G boresaal  suibsstrates spped ihie Ny
i Ry L e, ETRTIIHEPOE
PRI

Tl
T U Iy
ales which bs commimen

bessee shedrrasar e s oy gl o, '"-: g
aned  glucemarmine  and m:n:mml N onilarily
|-
sihle  that s ptr !
::m::lu the  first  fesur uquﬂ:;ﬂii Bl
thetn o common subwstrate Jor 1

Fuersiapbed rnanses,

[hes prestesin part of the enzyme, ur;-':': :::jl';; ::
not always adequate to bring about g b
activily, Many enzymes require  cerlain S
protein small  additional  factors,  colle llv Y
referred 1 as cofactors for catalysis,

The cofactors may be organic or inorganic in
riature,

The non-protein, organic, low molecular
weight and dlalysable substance amsociated with
enzyme function Is known as coenzyme

The functional enzyme is  referred o as
holoenryme which is made up of a protein par
(apoenzyme) and 4 Aen-parotesin part
(coenzyme). The term prosthetic group is used
when a non-protein mowety is tightly bound 10
the enzyme which s net easily separable by
dialysis. The term activator 8 referred 1o the
INOrganic cofactor (like €42+, Mg?*, Mn2+ elc.)
necessary to enhanee enzyme activity, | may,
however, be noted thay some authors make no

distine tion between (e lerms cofactor,
coenzyme and prostheic Broup and use them
intere hanur-ahly. '

~ Coenzymes 4y econd  substrates :

fegarded 44
"'r.f"r iinu'

the second
they  have

' : with that of
f'n.-. substrates, Coenzymes underg, alterations

rnacliuﬂi, which are later
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...... (fommyl, methenyt eic.) . =

Coenzymes participate in various
involving transfer of atoms or groups |like
hydrogen, aldehyde, keto, amino, acyl, methyl
carbon dioxide etc. Coenzymes play a decisivé
role in enzyme function,

reactions

Coenzymes from B-complex vitamins : Most
of the coenzymes are the derivatives of water
soluble B-complex vitamins. |In fact, the
biochemical functions of B-complex vitamins are
exerted through their respective coenzymes. The
chapter on vitamins gives the details of structure
and function of the coenzymes (Chapter 7). In

Table. 6.3, a summary of the vitamin related
coenzymes with their functions is given.

Non-vitamin coenzymes : Not all coenzymes
are vitamin derivatives. There are some other
organic substances, which have no relation with
vitamins but function as coenzymes. They may
be considered as non-vitamin coenzymes eg.
ATP, CDP, UDP etc. The important non-vitamin
coenzymes along with their functions are given
in Table 6.4.

Nucleotide coenzymes : Some of the
coenzymes possess nitrogenous base, sugar and

Table 6.4 Coenzymes not related to B-complex vitamins
Abbreviation Biochemical functions

ATP

Donates phosphate, adenosine and adenosine monophosphate
" Reguired in phospholipid synthesis as carrier of choline and
" Carrier of monosaccharides (glucose, galactose), required for

Donates methyl group in biosynthetic reactions.
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M- Suich Coengyived  gee  hesisline
eRarched an Wotides oy NADY WAL

FMN. FAD. comnryme AL LIDPE, e
Coenzymes do not decide enzyme specificity «

A Darticular LHMNEN IS iy it ipaie e atalyii
Ao along  with diltoront  pnsyimes o
Mlance. NAD* i as o coeneyme dor L tabe
'-*"h“*tmw and alcohol dehydrogenase In
buoth the EOIYINC rean Bons, NADY ik involved
" hvdrogen  trancier The  specificity of the
enIyme is mostly dependent on the apoenzyme
and not on the CUenIyme

MECHANISM OF ENZYME ACTION

!h Catalysis 15 the primwe fundbion ol e yimes
The nature of catalysis taking place in the
bologwcal system i« similar W that of non
b"f"ﬂ'!l'.'-lf catalvsis. For any chemical read lion 1o
occur, the reactants have to be in an activated
state or transition slate

Enzymes lower activation energy : Ihe
energy required by the reactants to undergo the
reacton s known as activation energy. 1he
reactants when heated attain the activation
H‘ﬂmjﬂlr catalyst (or the enzyme in the
brological svstem) reduces the activation energy
and this causes the meaction to proceed al a

lower temperature. Fnzymes do not alter thie
equilibnum constants, they only enhance the

velocity of the reaction

The role of catalvst or enzyme is ¢ omparable
with a tunnel made in a mountain 1o reduce the
barrier as illustrated in Fig.6.11. The enzyme
lowers energy  barner of e tants,  therehy
making the reaction KO laster ||Ih|l PNZyInes
reduce the activation energy of the rea tants in
such a way that all the biologi al systems occur
at body temperatyre (below 40°() |

Enzyme-substrate
complex formation

mrﬂ't pame requisite for enzyme catalysis s
the substrate (s, must combine with the
enzyme (£ at the dctive site o form enzryme.

(ES) which ultimately rps
; I A UII!
tormation iP).

paie ot o R AT EEES

.

e
i A

\

'"""IJ _t'

B pimripy LA

‘
Aciiamthont Bty Al 1 A

WIEH mri gy

: acfivaiien SHBGY
Fig. 8.11 1 Effect of sneyme o i
cutmirate and 8 /o
oot Ereyme ocroases Auivasn snery)

——Mﬁﬂ'__—#
E+8+EB HE+P

A fow theoties have beon ot forth to sepldain

mechanlsm  of  enzyme substiate ¢ origiles

losrrmation 3
'

Lock and key model
or Fischer's template theory

This theory was propesed by a Coetran
hiochemist, Froil Fischer This s in faet the yhly
first maodel  proposed 10 sxplain an snzyime
vatalysed reaction,

According 1o this model, the shiueture o
contormation of the eneyme is tigid. 1 he stibrslrate
fits 1o the binding site (now ac tive she) Jusl as
key fits into the proper lock or « hanel ity 1l
proper glove, Thus the active site of AN Bnzy e |y
a rigid and preshapid wmplate whes only
specitic substrate can bind. This model tioes et
Rive any scope for the e e nalure of snzyrmes,
hence the maodel totally falls 10 explain maty facts
ol eneymatic Feac Hons, the st Important being
the effect of allosteri modulators

Induced fit theory
or Koshland's model

Koshland, 1958, proposed 4 MiFes
acceptable  and  realisti mudel  for B2y e
substrate comples foriation As per this imacel,
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e actve st s nof nexd and preshaped The
essential negoures Of tThe substrase bonding <e are
present af the nascent actne ste The interacthon
of the substrate with the enzyme mduces a it or
2 conmformaton change n the ennyme., resuiting m
the formaton of 2 srong subsrate bending site.
Further due o mduced "t the appropnateé ameno
acics of the enzvme are repostioned 1o iormn the
active site and brng abour the catahvsss (Fig 12

Induced fit model has sufcient expenmental
evidence from the X-ray dfiraction studses.
Koshiand's mode! also explains the action of
aliosserc modulators and competitive inhibition
Oon enzvires.

Substrate strain theory

hmﬁrmdﬁ.#:mhﬂrnsnnm:hen

the induced conformation change in the enzyme.
it is also possible that when a subsirate binds o

hmﬁﬂmm.hmmHa
strain 10 the substrate. The stramned sufstrate

leads to the formation of product.

In fact. 2 combination of the induced it
nmﬁw#ﬂtuﬁunwﬁnum-ﬁdﬂuih
ummumm?

———

MECHAMNISM OF ENZYME CATALYSIS
The saormabon of an  enzvme-substrate
compley (ES 8 very crucual tor the catalysis to
occur, and tor the product formation. M s
extimatexd that an enzvme catalysed reaction
proceeds 10%F 1o 1071 times faster than a non-
catahsed reaction. The enhancement in the rate
of the mreacthon s manhy due to four processes :
1. Acsd-base catahvsis:
Subarate dram
Conalent catalvsis;
. Entropw efiects.
1 Ackd-base catalysis : Role of acids and
bases == guite important in enzymology. At the
phvssological pH, histidine is the most important

amino acd. the protonated form of which
tunchons as an aod and s comresponding

cmnMaﬁebaﬁe.ThenﬂmacmEm—DH

group of tYTOsINe. —~SH group of cysteine, and
£-amino group of lvsine. The conjugates of these
acsds and carboxvl jons (COO™ function as

Dases.
Ribonuclease which cleaves phosphodiester

bonds in 2 pyrimidine loci in RNA is a classical
ewrdedﬂt:ﬂedacidandbaseint}ﬂ

catalvsis.

] Substrate straim : Induction of a strain on
the substrate for ES formation is discussed above.
During the course of strain induction, the eneTgy
level of the substrate is raised, leading © @
fransmon state.

The mechanism of lysozyme (an enzyme of

tears, that cleaves B-1.4 glycosidic bonds) action
is believed 10 be due to a combination of

substrate strain and acid-base catalysis.

3 Covalent catalysis : In the covalent
catalysis, the negatively charged tnucheophilic)
or positively charged (electrophilic) group 15
mthwmmm. This
group attacks the substrate that results in the
covalent binding of the substrate 1o the enzyme.
hmmmimmmemﬂw
presence of serine al active site), covalent
catalysis along with acid-base catalysis occur,
e.g chymotrypsin, trypsin, thrombin etc.

b b
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than one of the o sssss a0l bases 1 atalysis,
siilliale sleabin, o ovalisnl o atalysis anil sy
e sillaneonsly apetative This will el the
stlbmtratetal b attain o tansition state leading to
the formation o pivendii |n

THERMODYNAMICS OF
ENZYMATIC REACTIONS

Phe  eneyme calatysed s s may e
broadly  grouped (o thiee typon brasedd  on
thermadyimamic lenerywy) onslderations

I Wothermlc  reactions ¢ [he ey
exnchange hetween  reactants  and prosducts s

nerligible oy wlycogen phosphorylase
Glycogen + 1 v Gilucose | phosphate

4. Exothermlc (exergonic) reactions : [ nergy
Is Hberated 1n these reactions e Hourease

Lirea * NH ¢ €Oy, 0 energy

Frimrpy

BICCHEMIES THY

reactions |

fpaltinns e §

i kedethermie  (enderganic)

e ¢ onsumed in these

IIREANETE

Cilieesss o ATE s Glucose B phosphate + ADP

AEGULATION OF ENZYME

ACTIVITY IN THE LIVING BYSTEM

I biological system, regulation of enzyme
at Nwittes e irs at different stages in IH‘I-EI‘ Inr
miore of the following ways 10 achieve cellular

(A {ll']l'l'”l'r'
I Allosteric regulation
2o A tivation of latent #nzymes

b Compartmentation  of metabolic
prathways

4. Control of enzyme synthesis
5 Engyme degradation
h. Istensymes

1. Allosteric regulation
and allosteric inhibition

Some of the enzymes possess additional sites,
known as allosteric sites (Greek allo-other),

BIOMEDICAL / CLINICAL CONCEPTS

#¢ The existence of life s unimaginable without the presence of enzymes—the blocatalysts.

v Majority of the coengymes (TPP NAD*, FAD, CoA) are derived from B-complex
Uitaming in which form the latter exert their blochemical functions,

v Compelitive inhibitors of certain “neymes are of great biological significance. Allepurinol,
employed In the treatment of gout, Inhibits xanthine oxidase to reduce the formation
of urle acid The other competitive Inhibitors Include aminopterin used in the treatment
of cancers, sulfanllamide as antibactericidg) agent and dicumarol as an anticoagulant.

*= The nerve gas (dilsapropyl fluoraphosphate), first developed by Germans during Second

World War, inhibits acetylcholine esterase, the entyme essential
and paralyses the il body functions

for nerve conduction
Many organophosphorus Insecticides (e.g.

melathion) also block the aclivity of acetylcholine esterase

* Penteillin antibiotics Irreversib

ly Inhibit serine containing enzymes of bacterial cell wall

e
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