'INTRODUCTION AND HISTORICAL PERSPECTIVE "~ ==

PErhaps oldest known bio-chemical as well as bio- -organic phenomenon is
fermentamwm 10alcoholic _beverages. “Also; “this-was first-chemical——
transmrmatmn’cafa'lysed by enzymes contained wﬂhm living~yeast cells:—it was

R
discovered in 18 cenlury that | fermentation leads to conversmn of sugars into carbon
_dioxide_and alcohok3 '

‘ The 1™ century _witnessed both the identification of fermentation as a
_ physiological act of yeast cells jand introduction of Pasteurs view that life &
fermentation are lnseparable,BumLextractlon of enzymes from Dio-cells was
._known"& this discovery like most of scientific discoveries was accidental. In 1897,

.E.- Buchner required a_quantity of purmed i protein for therapeutic purpose. He
ﬁwwmmmt%w%%

to the filtrate w To_his astonishment sugar was rapidly &
; __the cell free extract. - B
Harder & Young made an important contribution in 1905 when they showed
that zymase displayed by 'Buchner required the addition of heat stable co-factor or
f co-enzyme. Thus, within a single decade two fundamental d|scovenes-solubhzanon
* of zymase activity & introduction of co- enzyme opened the route to the eventual
lsolatlon & identification of large number of individual enzymes and co-factors mak.. ]
VJ -~ up the zymase system. Subsequent attempts at the isolation & purification of
}11 nzymes proved their worth when J.B. Summer (1928) crystallized urease and

‘w}t U\ established the chemical nature of enzyme. Enzymes-were shown to be proteins that

ssess capability of catalysing specific chemical reactions.
1930-194C ecada Warburg & his school were successful in crystallizing

]
D’Mi and purifying nber of respi lory enzymes. Theorell working in Warburg institute
aversibly dissociated the “enzyme" Into a protein par, /.e, apoenzyme and a
o _;.,.. _grol @ Sepal z:M.. onls  were inactive, This

p mode of binding of co-factors
Qrts to break énzymes into their

_: _In\9§“9 in the first chemical
larant foutes. Alonggw\%'?mﬁn-
of studying & describing the kinetic
n at aguilgace. The total outcome

mechanism of the catalytic activity

c phosphate as well as co-enzymes J

-
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10 ESSENTIALS OF BIO-ORGANIC CHEMISTRY

caused_stimulation of carbohydrale oxidation in yeas! juice. Many of the

Siemediales in carbohydrate owdation were soon found to be sugar phosphales”
=nd & hecame_ for a time, the praciice to assign such tompounds the name of its

discoverer, eg, fniciose-1,_6-phosphate = Harder and Young ester. However, the -

fundamental role of phosphate in these processes was known from sludies of
muscies-bioche undsgaard revezled thal a phosphogen, phosphocreatin,

vanished from _contraciing muscles in which the carhohydrate metabolism was
blocked by iodoagetate. Lohman, Meyerhop, Lipmann and others brought cellular |\| ,, +24,
energelics (0 enzyme level when they showed that the phosphate of certain esters, < -

2 - 2 8w

7j —and-the phosphagens. These

B SUS EC = R

...i..i
compounds were said 1o contain the “high energy phosphate bond” (~P) and were
characlerized by a_very high- AF° (Standard free energy) of | hydrolysis. In his
review-article Lipmann suggested that such phosphorylated intermediates represent o 1}
the means by which the cel is zble 1o trap the chemical energy of carbohydrate, A N2 .
: that mm.cﬁa.mm.m_w.mu be used in mwﬁdma for the expensive mf:Emun reactions bt

_produced as a result of carbohydrate oxidation, existed in equilibrium with the | I
|

ere nof limited to yeast cells, but they

‘were camied ouf_on bacteria, moulds and higher plants also. In_muscle cells Pl
i j ic acid. By studies on cassehy: tabolism it ,.ﬂwr

could be grouped into 2 metabolic cycle. VL

{
_became clear that certain reactions

ENZYMES 11
Tk
understood. However, it is befieved that catzlylic rate acceleration 8 &

thal it provide new alternate low energy pathway for the reacion by lowedng £oegy

of Iransition state |Fig. 2.1].

-

~————

Aclivalion energy - . ¢ ,
— Tiweshoid eaergy wehont cazlys

For forward reaction w

Withowt caalyst

“ I\ . sWith catalyst

Reaczion Coornfimme ——
7N
1

: ,
( Y Fig. 2.4 Effect of catalyst on'fhe rate of reaction

As evident form Fig. 2.1, by the addifion of catzlyst, e actvalion energy for

reverse reaction-is lowered by exaclly the same amount 2s for the forward reaction.
This explains, why catalyst speeds up both forward and backward reactions 0 the

‘ _J<mmnmmam._:m onmeChanesmiobenzyinGachons werg mainly carried out in the - 7 _same extent. Thus, il a caalysT Goubles the ris of forward reaction, raie of
_beginning of 20™ century and led to two main aspecis: m\._... 3 backward reaction will a'so be doubled. Hence, catzlyst does not alier equilibium,

(a)_A group of enzymologists reagards enzymes simply as cafalyfic proteins.
Such studies were preceded by the development of elaborate ‘apparatus &
iechnigues{orobtzining the enzymes in pure states. Research in this field has
rovid lecular and kinetic data for a number of crystallized enzymes and has —
led to general acceptance of Enzyme-substrate compound theo first advanced
by Michaelis & Menten in 1913 . :

{b) On the other side, work was done considering enzymes as a cog in the
complicated metabolic machinery of the cell. Such investigations little cared for purity
of enzymes; but they worked on biochemical aspect and established metabolic cycles
& gave more fundamental understanding of cellular energetics.

CHEMICAL & BIOLOGICAL CATALYSIS L

\m.mzmamnm_ Catalysis o S
2 n )
(A& Catalysts are chemical substances which alter. the rate of reaction_and_th

B

- falvsis] The term catalysis is generally used for the

% enhancement in presence of a foreign substance which itself does not change

during the course of reaction & can be _recovered as such at the completion-of
In certain ¢ i as a catalyst. For

reaction. In certain =
mpl i anganale velocily
_ sence

e 10 11

it only hastens the attainment of equilibrium by speeding up bof r2i=s of backward
\.G,.Em__ as forward reactions to the same exient
_ ¢ | Characteristics of Catalysis: Chemical catalysis i characterized by
owing. aspects: O\
) \_.\memmam unchanged in Emma to amount and compesition at the end of
.N\amn:o:. However, it may undergo some physical change.

[

7,

# Only a_small amount of catalyst is required. For example, one mole of -

colloidal plantinum can catalyse decomposition of 10° fires of hydrogen
peroxide. However, in some homogenous catalytic reactions, the rate of
reaction is proportional to the concentration of the catalyst. For example, rate
of inversion of cane sugar catalysed by hydrogen ions varies with the

concentration of hydrogen ions present in the solution.
o Rate of heterogenously catalysed reactions increases with the surface area
of catalyst; this is why solid catalyst is more effective in finely divided state.
= 4-"The catalyst does not alter the position of equilibrium in reversible reaction;
. it only hastens the attainment of equilibrium. For instance, use of platinum

asbestos as catalyst in formation of sulphur trioxide
250; + 0p eS8 2504

s considerable change in the rate of reaction; but does not aiier the
reacta roduct al the equibrium at the given condition

Scanned by CamScanner



12

ESSENTIALS OF BIO-ORGANIC CHEMISTRY

SCataysis Ty Siter retes Ui Testions; they do not initiate them. For mxmav_m

Lt e LU decomposition _of
potassium o:_oﬂm_ﬂmﬂ.mﬂa of potassium perchlorate or. potassium nitrate.
Thus, mangasere dioxide is specilic_in_its mn__oy Almost all catalysts are

specific in action. mccma:omm nms_ﬁ_aa c_o_on_om_ processes are known as

_enzymes. Thus, all all enzymes are ma nm.mzm_m a_.; m__ nm_m:ﬁw are not m:~<3om

MO AV

Ch ‘,..EFP.‘ ; it 14,44

For instance, manganese dioxide can_calalyse the

. _2RCIOg + 2KCl + 30,
L= (catalyst) d
-, ) X e rf=Xi[ ey
__-Cst720 DR | 2CHYCH;OH + 200, D%Q@ wal _‘».cL.\.w:l, :
hgygu L&

ow -
s

LT RRA o ety e

T

8

Q

i

. e e

“KCIO5 upon heating will always decompose to Qive potassium chloride and
oxygen irespective to absence or presence of catalyst. However, manganese
dioxide will enhance rate of decomposition. Nitrogen & hydrogen always
combine to_produce ammonia, but presence of catalyst accelerates Ba of

formation.) A L
“But, there are some exceptions. Carbon dioxide and hydrogen give different

products in presence of different catalysts as given below:

i)

Cu

CO+Hy—— HCHO

Formaldehyde /

Zn0 + Cry (

0O +2Hy =, CHy0H /\
Methano!
N
CO +3Hp |..r.*& CHy + H0

Methane

Catalysts work most effectively at certain specific temperature e which is. _smwm:
as optimum temperature for its working Or Sifscliveness. ) s
"Certain substances mar effectiveness of catalysts; they are known as catalytic
paisons. For example, in contact procass for the formation of sulphuric acid
sulphur trioxide is needed, which is prepared by the combination of, sulphur
dioxide and oxygen. Rate of its formation is slowad down by the prasence o_“ ;

arsenic compounds even if they are present in traces.

Types of Catalysis: Process of catalysis is broadly divided into two types:

1. Homogenous Catalysls: i:o: both reactants m_.a catalysts are in a single

phase.

2 xoguo:oﬁ Catalysis: When reactants form one ._z_nue es_ ﬂs_va.

0
—/,./r

5
>y

s e o

ries for action o

Cataysts combine 1o Torm 2 teactive infentediate WHCHT, DET ONStEDE doano e

the _reaction to occur even under themm

" In terms of energy chahges enzymes do not directly yield products. _According

ENZYMES 13

explains the catalysis by solids only; because catalysts become more reactive in
powder form because of increase in the number of active siles:

Active site
)% X——x
A=
2t i coaversion | ]
_ _ 15 powdes form s ,_al — u_zl
8-active-sites etve ites

(B) Intermediate formation theory: This theory states that reactanis &

Scanned by CamScanner

energy, Emmxm down lo Yield products and setting ) free catalyst for further catalysis.
CiS— CS"—P+C

Here C stands for catalyst; S = Substrate and P = Product; CS® = Reactive )

intermediate. ; c 5 ¥

;7.\1

m_o_om_om_ Catalysis
A Enzymes are biological catalysts which m::m:om rate of biochemical reaction,

—

52 _that is, the reactions taking place in organisms.’T ms, These are generally proteins & cause

e ™ — e

unfavourable conditions; for

—— e e
I«.

example, reactions which generally occur under drastic condiions Occur under
normal condition of temperature & pressure in animal and plant bodies in their
presence. Enzymes participate in bio-chemical reacions without destruction or
Arreversible modfications during reaction, that is why they are considered biological
_catalysts. Word enz enzyme is derived from yeast (in Greek enzyme stands for yeast) &
was coined by Kuhne in 1878 to define fermentation of yeast celis. Enzymes differ
from catalysts in the Sense that they catalyse biokogical process & undergo change,

utare ultimately set free.

Jo_Eyring's transition_state theary reaction_proceeds through high energy
‘transition state. Transtition state is reached through kinetic energy of reactants. The
m:w@. required is called mouﬁzo: energy (&) which 3& De angsma from a

plot between logarithm of reaction rate versus E.o._ The hﬁ@nﬁp
is a state of maximum energy and is not intermediate E@i
concentration of activated complex at T.S. det IAWLE
The role of enzymes is that they redude e energy of activation, thereby aflowing
_the reaction to accur at lower ﬁéoaaa on 385~ 2 their Bﬁaw..o
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eS¢ = E8 =P
ES = Enzymo substrate complox, T TR
In enzyme catalysed reactions though aclivalion energy la lowared bul nol 0A- e puae
energolics of the reaction remain unchanged. ' /
- 034~
bts e 1 'y
.~ _ REMARKABLE PROPERTIES OF ENZYMES Mutawce | S TSNSt , ot
P 024 velealey | \.\..A\ r
* c\rﬂmwnn_:o_z ]
PE | Enzymes are reaction specilic, i.e., for a particular reaclion a particular enzyme 0.1~ Tyo- /W=
is néeded. For example: Pl e | S ) s 10
F-Ee—hyeeolysishysroxylase catalyses the reaclion, Among hydroxylases Qa = %\u\%, Do e G ol e Fimt (it bt =
¢ ~

| (> esterase hydrolyses esters only. This is an example of reaction specilic.” "
" enzyme. On the other hand, an enzyme may be subslrate spegific. 100. Such =y _
"#nzymes are specific for a particular compound or class of compounds. Fof * 2l _

instance, urease hydrolyses only _._a.m..nnu:omu:mam.w.ml hydrolyse_only A

phosphate ester.

(i) Lyases remove group Irom subslrate by mechanism other than hydrolysis,
leaving double bonds: ' -

; XY
|%IW||_ X=Y +/\n../0\ _ . '
.igases link together two compounds. They catalyse reactions forming C—0,

C—S, C—N, & C—C bonds.
) (iv)-Transferases transfer a group (other than hydrogen) between a pair of -

substrates, m.msa Y
— S—G+8— S—G+S

,ﬁ\s,zme‘ enzymes _exhibit E:mﬁ_otmmmn_mﬂﬁme example: esterase; although |
hydrolyses all esfers, but hiydrolyses different esters at different rates; pepsin J
) hydrolyses the peptide link, but is most active for those links in which amino m
group belongs to an madm:n amino acid and the carboxyl group is one of a
dicarboxylic amino acid.
3 _-}{vi-Many enzymes are_ sterospecific. For instance, maltase hydrolyses }
Fu./.._\ m%m@ww@:_ not B-glycosides; wheréas émufsion hydralyses the fatler but

V) Aot the former.) : - s
‘It shodld be noted that a given enzyme can exhibit more than one of

specificities. For example, estereases hydrolyse only eslers, may also
hydrolyse one enantiomer (of optically active) more rapidly than the other.

(S i

@

9, Catalytic Power ,
Enzymes catalyse rates of biological processes at extremely faster rates. A
chemical reaction in presence of enzymes proceeds hundred to one million times
faster. Further, these reactions occur at the body femperature (~ 310 K) and in the
physiolbgical pH range (~ 7). They exhibit their activity even when they have been

extracted from source._

3. Regulation A
@ {n enzyme-substrate reaction the reaction velpcity decreases as funclion of .~

time\(Fig. 2.2). g -
ll\\Ll|Jm i - .r.m; 1.\\\..n.u ‘n\,f 1

~
?

2,

Flg. 2.2 Progress curve of typical enzyme catatysls is reaction

@ The decling In velocity may be allributed to folow'ng reasons:

. e

u“hww._.:m approach lo an_equilbrium & 2ssecizled influence of e reverssd
reaction,

it The %m_%o:\ of substrate level due lo the cecuparey of zcTvest
&xﬁu@cﬂmrﬁamo_an may_inhibil the enzyme or change & the medium

23,
6 medum

Is ot properly bulfered,
¥} The enzymes may undergo some progressive inactwvation at fie temperatur
S or pH of the reaction due to instabifiy.

. For above reasons, enzymes are studied within their in#i2! velocty (V). The
initial velocity may be determined from slope of tangent to the~gurve a! the zero

y] m:? %s
© " (V). Concentration of enzyme also alters enzymatic activity. Joérezse in_enzyme.

concentralion _increases__ enzyme —activity; because with the increase in the
concentration of enzyme the number of active centres increases..Generally, reaction

e

elocity becomes double with doubling the concentration of enzyme.
For most of the_enzymatic reactions, if the substrate concentration is inilially

—

very high, tfie rate Willfirs[ Tollow a zero-order course and later on_will fall down lo

first-ordér Kinetigs. The m:@

by a single reaction order:

eaction is thus a mixiure which cannot be descnibed
e_know_that rale is_equal to_[Productjtime and hence

LML

(&

—-| This

roperty

-_——TEnzyme] lime = [Product] __

of- enzyme was described for, many years as

{ Enzyme-time-product relationship. Wilh the given concentration of enzyme a point
may be reached when all the substrate molecules get boUNd to~the™ enzymes—&

furthier Tcréase in enzyme does not have any effect on the formation of product

(Figrady™— ~ 777 T ommrTTm o e e .
P , _\ __\o% —\ﬁ#
s e I N
activity ) vn_o_:a\ —+ - .
—. - \u-<..$ﬂ.4 .

(s

Enzyme concentration

L. - > N

,.f Fig. 2.3 Effect of enzyme concentration Flg. 2.4 Effect of substrate concentration on

on enzyme activity
\

\c.ﬁ_&.._____ﬂ_

Concentralion of substrate —>

reaction rate when enzyme & substrate are
incubated for constant time

T4
’
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EXTRACTION AND PURIFICATION OF ENZYMES

tho_extraction & puriication of enzymes avallabillly and cost of slarll ng
material Is of prime importance. Concenlration of a singlo enzyma may vary In
a.:oss_ lissuos, It Is important to choose tissuo in which onzymo Is In zcz
“concontration. For this reason yeast, baclaria & fungi have corfain advanlages as

_source materials. They have a certain advantaga in thal these cells may be cultivated
under conditions favourable Tor tha production of enzyme]in question. Thera Is,
however, one disadvanlage of difficully in obtaining large quantities of microblal calls
other than yeast. -

frasbeen selected, a serles of sleps can be performed

over that lo effect mx.ao__oz & isolation of enzyme. A lew speciic examples of cerain
methods are discussed below:)

1. Sedimentation: If liver lissue is homogenized, as

in Potter-Elven hjem apparatus (Fig. 2.8) rather than common
blending devices, many of mitochondrial & other particulaté

cell bodies remain intact. They are easily sedimented out of
solution, and with them goes a repertoire of enzymes. 7
Physical separation by sedimentation is of practical utility only

in initial phase ol separation.

2, Extraction: Earlier classification of enzymes was in ,

. ! g Flg. 2.8
two main classes (i) soluble or lyoenzyme and (il) bound or  poyter-Elvenhjem
desmoenzyme. This is a poor classification; since homogenlzer
desmoenzymes are probably those enzymes for which proper
methods of solution have yet nol been discovered,

The acetone-powder (from which enzymes can be removed 3. extraction with
buffer) is, by the virtue of its fat-Iree nature, often the easiest material from which
enzymes can be exiracted. In any event, a fine-grinding is the first-step. Methods for
removing enzymes from micro-organisms include autolysis, lysozyme digestion,
grinding, freezing & thawing, sonic disintegration, shaking with solvents, shaking with
fine-glass beads, and, finally, explosion by sudden release by pressure.

3. Salt Fractionation; Ammonium sulphate is most useful salt in enzyme
fractionalion. Its advantages are: high solubility in water (760 g/lt} & a roughly neutral
reaction (pH 5 to 6) in concentrated solution. Dixon developed a nomogram chart
for the preparation of ammonium sulphate solutions and Kunits gave an equation for
calculating the ammonium sulphate to be added lo a solution to give the desired
final concentration. One disadvantage in use of ammonium sulphate in slightly
alkaline solution is that, even at pH 9.3; 50% of ammonium ions are converted into
ammonia. The pH of ammonium sulphate solution should be controlled by means of
a buffer. However, for crystallization of beefiver glutamic dehydrogenase sodium

sulphate has been used extensively.
4. Solvent Fractionation; Water-miscible solvenls like acetone, ethanol,

methanol and dioxane help in the isolation of enzymes.
In acetone extraction one should start below 0°C & then proceed towards higher

temperatures. Fractionation is done upto highest temperature that will not cause
much yield-loss. Because, acetone absorbs strongly in U.V. region, it must be

ENZYMED =

complotoly removed by dialysls or by dis llation under reduced pressure before the
product la subjoclod to spoctral-analysis,

Ethanol has found Increasing application in the isclation of enzymes. It has
boon usad lo obtaln crystalline factic dehydrogenase from rat-fiver,

Ivent-Metal lon fractionation: An important method for tha separation

of blood-proteins is by the combination of metaldons & solvents, paricularly *
and othanol. The Zinc-sats ing are oflen mora goluble than the sodium and
polasslum-salls and separale out more easily from the solution. From these, metal
lons may be removed by The Trealmenl with citrate, ethylene diamine letraacetate,
or lon-exchange re3im

6 Adsorption= A Variety of=substznces-frave ~been- used —as—prelein
adsorbents. One of the earliest preparations is hydrated aluminium oxide. Calcium
phosphate gel has also proved very usefui & benlonite has been empioyed in the
isolation of lysozyme.

o—7dsorption chromatography: Column chromatography on adsorbents is
very elleclive for the_separalion of proleins & hence for enzymes also. Anger
prepared calcium phesphate gel. This same adsorbent has been critically examined
by Swingle & Tiselius for general protein chromatography. Zechmeister has published
a review on general subject of enzyme chromatography.

In another approach, using biochemically specific adsorbent, isolation of

enzyme depends upon its catalytic specificity rather than on its general properties
as ua_ms. For instance, In the isolation of mushroom tyrosinase various adsorbents
containing p-azophenol & related groups were prepared from aromatic ethers of
cellulose. .
8. lon-exchange chromatography: The brilliant success of this method is
the isolation of low molecular weight compounds such as aminoacids. Cytochrome
C was purified in 1950, by the passage through a column of amberite IRC-50 &
same method was useful in isolating cytochrome from Ustilago. Ribonuclease &
lysozyme have been purified in a similar manner. lon-exchange chromatography is
essentially an electrophorelic separation in which the resin serves as an electrode
and gravily as the other. It may yet develop into valuable ool as the chemical
industry places more new resins in hands of enzymologists. Structures of some
cation-exchangers & anion-exchangers are shown below:

H H H H H CHy H CHy H H
[ Y 7011
—C—C—C—C—C— l_olwl_ulo_lnl
_
H H H COOHH
H
. mop_._ mOu: SO4H _
H —C—C—
_ ||
—C—C— H H
_ % Carboxylic acid cation exchanger

. H H '
Sulphonic acid cation exchanger
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\ ENTYMEY
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Clt,),N —CH, ® —
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|
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- -— e H H
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B = Bullor companment vieh baltes
E = Plalinum slectrodas
W = Filter papar wiick

P = Prassrs equatiairg whe
M= Weadum, such as starsn, soonga-nitibet

T=Trereh tor samoia

Quartenary amine anion exchanger

U~ H H t ]

_ |
Q' ©Y
H
CH;—N(CHy), CHy — N (CHy), .

~ n_:zﬁ_::_ v

|

|

H H
Tertiary amine anion exchanger

9. Complex Formation: In this procedure protamine has been used to a
lesser extent as -complexing agent. Some enzymes, e.g., muscle lactic
dehydrogenase, were isolated as the inactive mercury salts. Reactivation was

.achieved by dialysis against cysteine or potassium cyanide. Baslc lead acetate has

been emplgyed to throw down undesired proteins.

:a%.\%wﬁm”:_.mzoa Reactions: Brief heating from 50°C-70°C, is one of the
early steps. This method is sucessful in the crystallization of alcohol dehydrogenase
from yeast. Denaturation with trichloroacetic acid is used in the isolation of
cytochrome C. Shaking with chloroform is a very effective way to remove
contaminating proteins.

11. Dialysis: Theorell & Akeson designed electrophoretic cell for separating
proteins from salts. A current of air blown over a dialysis bag containing a protein
solution is an exceedingly gentle method to effect concentration. As long as
evaporation continues, the solution will remain at low temperature. i

12. Preparative electrophoresis: Large cells containing upto 100 mL, may
be used with special electrodes in the electrophoretic apparatus. Method in which
components are completely separated, have been designated as “Zone
electrophoresis,”

Zone electrophoresis on starch bed or on blocks of sponge rubber has become
a very popular tool for protein isolation. A schematic diagram for preparative zone,
electrophoresis cell is given below:

ie—Revel lechnique -developed byt v T
solutions of unequal density are tayered Gver each ciner o gve gH gradient
vertical wbe. The sample is inroduced & when cutrent s tumed on, the various
proteins migrate 1o their isoel
rapid resolution, since farther
they will migrate to isoeleciric Zone,

separating ‘ess com
a refinement of the

e Duter T
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ectic pomis & stop. The method s capable ot very
the proteins from pl (isoelectric point) the mote 1Py

The ..m,on:.avroﬂaw,m.ooa_mn.po:a apparatus of Kirknood may be applied for
plex mixtures. Electrophoresis convection may be regarded 2s
process of electrodecantation as iusirated below:

- Protein
molecules

N Semipermenble
\ membranc

R o T et e
] e A.u ST
- vo S

S S| M bt
bl ] T
el T A o
eidrnl | S0 oo
— — — U0OsoT T "=~

A schematic dlagram of the Electrophoresls Convection principle

?m PH throughout the apparatus is alkaline o the isoelectric-point of the
protein, and .4._@ protein has migrated 1o the anode. This Wil cause a higher density
next 10 the right side of the membrane, and the protein will sette down on that side,

thus giving rise to convection and eventually 1o a collection of the component at the
boftom of the cell,

“Purlfication (Criteria ot Purlty)®

The majority of the past and present Industrial uses ot enzymes have been witn
crude preparations. However, many of he uses for immobalized enzymes requite
highly purified forms. Techniques for the ‘arge-scale inial isolakion and parial
purification of enzymes from microbial, plant & animal sources make use mainly of

traditional processing steps, scaled-up in some instances directly from the an of tne

research laboratory. \n other cases, newer equipment has been developed,
especially for cell distuption and ceririfugation, The use of semipermeablie
membranes has proved very useful in the inltial isolation steps. However, major
advances in membrane development are needed for the tractlionation of enzyme

mixlures by this technique.

Final purification of enzymes is a tedious Yask, be i in the aboralory of
industrial plants, with chromatographic methods in preponderance. Gel permeal
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o?d.sm_ooau% & aflinity chromatography hold very high promise for simplilying tha
purification of enzymes. The later method consists of contacling a crude enzyme
preparation with a selid support to which is attached a reversible inhibitor or some
other types of molecule which will selectively & reversibly bind with the enzyme of
interest.  With the enzymes thus bound to immoblized inhibitors, the |
support-inhibitor-enzyme complex is separated Irom lhe intial crude leed and the

purified enzyme eluted from the support-inhibilor portion. The methods like |
gel-fiteration & aftinity chromatography as well as other chromatographic melhods
are appropriate because of reduction in cost of purification of enzymes as well as
due 1o larger supply & vaneties ol enzymes. However, development needs lo be !

ENZYMES i 27

O .
‘js onzymo-substrata complex then breaks dawn to give the products o

roaction. The enzyma is released & can be used over and over agan. ‘

r|||||l.\‘ . .
The Lock and Key model explains the action of many enzymes. But of other
_enzymes, lhere is evidence lhal 1his modeT 15 164 1esfrictive. Enzyme molecules are

in dynamic slale, not in slalic one. There are constant motions within them, so that
the active site has some llexib _

L—ES— E +Produt

KOSHLAND'S INDUCED FIT HYPOTHESIS

P — — -,

Come~ T 5canny up these methods. In purification anaphylactic or -preeipitation

reactions are also useful. In a methed antigen-antibody reaction is carried out in a

gel such as agar. The compounds are visible as precipitated zone in gel. . (e
b P

: 13 0 [ b

FISHER'S LOCK & KEY HYPOTHESIS , 7 "y pribit 7

Enzymes are highly specific. therefore, the reasonable question is what is their _u?,eoﬁr .

mechanism of action. According to Arrhenius 3 se the reaclion through \s%cc

ch o g
).r&_vr.._'“(f =

This model was given by Koshland (198%). [ the Fiscner modz!, ie., Lock and

Key model, the aclive-site is presumed to be preshaped to fit the substrate. In the
' Induced-fit theory, the subslrate induces a conformationz! changa in the enzyme.
This aligns amino acid residues or the other groups on the enzymz n the correct
spatial crienfafion for substrate binding & catalysis boihi. AT e same Time theother
amino acid residues may get buried in the intenior of the enzyme. Thus is shown in
the following Figure. 2.10.

.m i the formation of funstable intermediate. Simplest model to explain enzymatic action L. .n?.f.t
, is Lock & Ke! el proposed by Fischer. This model assumes that enzyme is rigid_ | ?&.9 re) Q.nu
_ _three-dimensional body. the surface of which has aclive-siles which have slots for ™ @@a\,
filling definite substrales jusl as a key fits in a particular lock (Fig. 2.9) ;cu us
f
. o AL Siatd 2-Dghuct
HRINCCEIPIRS Ax] Nr I
. I W g . : .
: C_ RPN 12 Fig. 2.10 Representation of an Induced fit by a conformational
o A .&mb p ) change In the protein structure
uma ] ~_ vu..o./\\ . " Inthis figure, in the absence of substrate, the catalytic and the substrate-binding
Lt \\\\ )2 mzc_:_.,o_._.“,___w_nnmn» i groups are several bond distance removed form one another. When the substrate
FF\\W\ P approaches there occurs a conformational change in the enzyme protein, aligning
7 \ . the groups correctly for subslrate binding and for catalysis. At the same time there
@_V also occurs a change in the spatial orientalion of the other regions.
Fig. 2.9 Lock and Key model of enzyme action Enzyme Path A § E
—_— “nzyme
\ An_enzyme molecule is very large (consisting of 100 to 200 ma_.gom_na @I_@._I_.mlu substrate Y
residues); but active-sites, which combine_with substrate have definite w.:%m.._: s:._n: + Substmte
substrate can fix, are_comparatively small (with few amino acid residues). Amino Substrate | Path B
~2595 of active siles are located at differenit places in the chain, whereas, olher amino
acids. which are not part of aclive-sites, are located in a definite sequence. JThis is . Enzyme e
“because of the fact that this sequence allows the whole enzyme molecule to fold in nzyme->1 oo LA
exaclly required manner. ®

An hypothetical example of mechanism of enzyme-action is given in above

fiqure. This is referred to as a “Lock and Key gmnﬂ_.m.Ema..__
ombina h the substrate to form an )

Q:m enzyme_enters into A chemical combinalion wit 1o forman

enzyme-subsirale complex xg__n:mm:mwgma_ma Euo_:memv{
E+5—ES

L

Substrate

Fig. 211 Hypothetical representation of alternate pathways of substrate Induced
conformational changes
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The main avidenco in favour of Induced fil modol comas from domonslration of
conformational changos during substrato binding & ci alysls with craalino kinaso,
phosphoglucomutase, and several olher onzymod. Upto this tima, tho oxacl
sequence of evenls in a subslrate induced conlormational changa has nol been
established. There may be soveral possibilities as shown In Fig. 2.11. Even il one
knows the complete primary struclure of enzyme, il is nol very easy lo decide exaclly

which residues exaclly conslitule catalylic sile,

_ CONCEPT AND IDENTIFICATION OF ACTIVE, ;\/,

.

. ,Ilw, ITE BY THE USE OF INHIBITORS___

L
Tre T

clell contains an active nn:ﬂwqm%?.%ﬁgbaso;mn_%.ma-oacmola _logelhe
such a way as lo cnable them to combine with [subslrala) The reaclive amino acids

- o e b

miay Tig widely separaled in the polypeplide chain. The chain, however, undergoes
folding in such # manner Ihat the reactive amino ‘acids come together in aclve sile.
believed Yiat when the substrale molecule binds to the aclive silo, ils parls

e ppmmd, A

; 0 ] por,
An enzyme has a distincl cavily or cleft in which the substrate is bound!, The
0d_ i

d Together in sch @ yay as 10 cause distortion of chemical bonds, 7.é., the

ar
ed.7This distortion ol chemical co:am\l& subsirate increases ils

bonds are weakened.”J ondsof
reactivily, and thus speeds up the rale ofmmn__ro._._i.b.:n_.naccn_w ol reaction @re
ed strain_model

a_ommnnvonmﬁm__._o:a_omm__:_:z bound=This mechanism i

of n.&u_ﬁw.v
—p—_— Thi 0 +
75T Tnhibitors are_compounds which decrease the rate of an enzyme-catalyscd

reactiof] Inhibition is diagramaclically shown below.

subdrare
Enzyme

@ m & — 483_4__”

Enzyme Inhibitor

Fig. 2,12 Inhibition @

@L@EEG; are of two types: lreversible & feversible _:zgoa\hﬁmﬁmﬁm

inhibilors-help_in_the_jdenlification_of agtive siles. Actlally, irreversible inhihition
inovoles the covalent.bonding of inhibitors to a functional group at the active sile or
elsewhere on enzyme. Because progressively declining, irreversible inhibition can't
be analysed by Michaelis-Mention kinetics: this type of inhibition is frequently used
to obtain infprmation regarding the functional amino acids al the active sites of the
enzyme too| Iffeversible jnhibitors include some of the peslicides, e.g., parathion Is,
an active inhibilor o_.ammmm.mnmz_nso:am slerase upon which normal propagation of
nervous impulses relies. Since inhibition is irreversible in which the subslrale in the
calalytic cycle is converted info a chemically reactive product which remains bound
1o active sile through covalent bonding, the enzyme is rendered permanantly inactive
& the identification of active site is done on the basis of ils reaction wilh inhibitor.

; i P ;

r
| ‘

CHZALS 23
./ AFFINITY LABELLING AND ENZYIAE MODIFICATIOH
BY SITE DIRECTED MUTAGENESIS
This method & its variants have been introsuced tur labeling stuses ard 1oe
PPl 10

greater promige for future dug 1o their versatity. Allinty lateling c2n b2 2 2
calalylic-regularity & antibody active iés, 23 4 Coes not cepend on having
uniquely active group within this site.

Affinity labelling can be dizgramatically represented a3 foions (Fig 2.13)

- e

Labelling
reagent

' c /

Active nile ,
Fig. 243 Schemalic representation of affinity labeliing: Alter the reversitie
complex C Is formed, the irreversitle preduct L is produced by
reaction between functionzl group X of the [2oefing
reagent and group Y of active site

In this method labelling reagent first combines specifically & reversibly vitn_

e

the site to form complex C by vintue of 2 suitably small & rezctve of
reagent, il can then react with one or more 2ming a&d resicuzs ¥in
irreversible covalent bond. Formation of irreversible complex so increases Ing loczl
concenlration of the labelling reagent in the site, as compared 10 n concenlralion
in free solution, that reaction with the group Y in the sile 1s markecly favoured over
reaction with any similar group Y cutside the site. The group ¥ need nct 10 be an
unusually reactive residue of its kind for this to occur. Cn2 thing impariant 1o mention
is that group X of reagent should be small so as to be encompassed within the
active site of enzyme. Needless lo say that this interacton mocifies the enzyme by
bringing aboul mutagensis of ils aclive site.

During affinily labelling enzymes modification related chemical principles are
apparenlly involved. An inleresting example is catalysis of transler of amide group
of L-glutamine (a) to formylglycinamide ribonucleotide to form tormylglycinamidine
nucleotide & glutamic acid.

0 NHp

0
| |
Iolmlwxlo_._mloxmlmlzxm IL H—CHp—O—C—CHN,
(@)

o
o
=}

oup X on the
e site 10 form

-
o

=

0 NHp ﬂ
|

(b)
0 NH; 0 0 NHz 0

:ol%lﬁ_wxioznnb%&loxﬁ xolh_wlwzloxwlﬂ__ulnxz
(c) (d)

0 NHz 0

_ |
lOINlmI+ IO|%.IDI|OIN|IO|M|OIZN
0 NHy
7 A _
- — N+ —CHy—S5—CH3 —Q—CH,—CH—COOH
(e)
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Buchanan and his co-workers found that this enzyme was specilically &
wreversibly inhibited by the glutamine antagonists  O-diazoacelyl-L-sering
(L-azasenne) (b) or 6-diazo-5-oxo-L-norleucine (C) but not by their D-analogs or by
the closely simidar compound 5-diazo-4-oxo-L-norvaline (d). These striking resulls
Suggest that the active compounds first form a specific & reversible complex in the
enzyme binding sile for L-gluizmine, following which the giazoaceltyl group (group X)
reacts with some suitably positioned residue Y in the aclive site. The slereochemical
analogy between the diazoacelyl group of these reagents and the amide group of
L-glutamine that is transferred in the nomal functioning of the enzyme aclive site
strongly suggests that the group Y is within the site. Subsequent wark by French et

maﬁjm kinetics can be studied in two parts:

"4l & David et.al showed that this group Y is a CysteinytTestive—te)—Thiscystery
residue is apparently uniquely reactive, since azaserine does nol react with free
cysteire, with the highly reactive —SH group in activaled papain or with —SH group
ol serum mercaptaalbumin.

The general idea thal active site binding can be used lo direct a specilic
chemical modification was reahzed and developad independently in a number of
Laboratories. The studies of Baker et al. were designed to inaclivate certain enzymes
specifically & irreversibly primanly for chemotherapeutic purposes, rather than to
obtain structural information about active sites.

Another imporiant example of the use of affinity labelling (Scheme-l) is the
reaction  of mzﬁuongmﬁ with  the chloromethylketone derived from
N-tosyl-L-phenylalanine (TPCK) (a). Here the chloromethylketone is the group X
attached 10 substrate-lixe N-tosylphenylalanyl residue. Specific mechanism as
depited in the general example (Fig. 2.13) was followed since the native enzyme
was modified to the extent of 1 moie per mole of protein, but was not modified in

N
.f..
N
; [0
M) 0 ~{
—C(H—~ .
CHY Qo&.lmla:la&\@ Drlﬁl_nxlc_u\©
_.mx _— HI
| .
mo.,lA vr..,:_ _n 05 CH,
TPCK "
“(a)
0
I o
CICH,— C— CH— CH,— CH,—CH,;— CH,NHj
. |
NH
|
uouk©ln_
TLCK
(c)

Scheme-1

ENZYMES a1

presence of B M urea. In other words, an N3l feversbla
nalive enzyme was implicated The |abetes EN2Ya a3 con
Trypain, having a different substrate spectony, was o 2"
been shown to be similarly nactivated by a5 Gun o ol a®nay |
the chloromethylkelone derivey from H-osy-L-Lysing (T LCK) (¢

The chioromethylketones in each casa alylate hugtay ¢
inferred to be present in these active sites,

KINETICS OF ENZYME ACTION

(A) Enérgy o actvalion *~———~ -

(B) Steady state enzyme kinetics

(A) Energy of activation: Enzymes czatalyse the rz'2 of rezcion through the
altemate pathway incorparating low energy of activation zna thus m2e 2 rezctions
generally occurring under drastic condition Possitiz 2zt romzl physiclogical
temperature. Energy of activation is the EnsrQy regured o rezch the rezciznts 0
Iransition state at which new bonds are parizlly formed & the o'd bongs zre paiz! Y
broken & is the state of highest energy during the cour £t "
highly unstable & breaks down to give the lower enarg
molecules of reactants only a small fraction contains eno 1
threshold energy. Increase in temperature makes morz mo'scuU'2s 1D agure enargy
equivalent to threshold energy (Fig. 2.14). But in fiving systzms s [mitzron is =t

2 IS very bile

i

reactions lake place under zlmost isothermal conditons as ther
temperature variation. In fact, enzymes help in the formation of enzyme-substrate
complex by activating the reactant molecules. Enzyr ¥ suDsirata complex has hi

e react ot factar
Y TE2Cl &l iaser

energy & makes the reaclants with sirained bonds, ther
rate. In addition, in enzyme-substrate complex reactant molecules zre so onente:
that their reaction becomes a certainity and not 2 matter of chancs, izt is
reaction rale becomes thousands of time faster.

T
AT

Number of T,> T
molccules with
certain definite s
amount of energy ——

) *3 fraction with

] enengy equal to

threshold cneray

Kinetic energy —»

Fig. 214 Elfect of temperalure Increase on fraction with threshold energy

Alternatively, it may be said that in presence of enzyme, energy of activation
lo reach transilion state (T.S.) is lowered (Fig. 2.15). However, all over free energy
change, under standard conditions of temperature and pressure (AG°) of reaction,

remains unaltered.
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Path A

TS uncatalysed reaction

Path B

Activation
Encrgy

Reactams

I Over all free
h energy (AGY)

—— Progress of reaction—a
Fig. 2.15 Effect of enzyme on Transilion stale of a reaction

The enzyme catalyses both forward as well as backward reaction of equiliorium
to the same extenl. Since AG® is not changed, equilibrium constant also remains
unchanged, but equilibrium is achieved quickly. Proportion of reactant & product of
well as uncatalysed reaction also remains same.

Steady-state enzyme kinetics: This theory, proposed by Michaelis and
Megnfen in 1913, is based upon following assumptions:
(i) Enzyme-substrate ooau_mx (ES) is in equilibrium with enzyme & substrate

‘ i - 3 _mﬂ
I \\\\um.#m =._ ES, m m:~<3m S = Substrate

] Ky S
\ _ (if) Product-formation is possible only threugh enzyme-sulbstrate complex:

! : L_Q TUQ\L(\ \.\érm\?hmv slow.
* %? EJ < ._w|. P+E [P = Product]

—_— ~

h
1 mmmmao:Smmmmmmc:ﬁ:o:m?\__.n:mm_-gmam:mgcmzc:nm:Umqm:,\mamm@?m:
r below:
Let us consider formation of enzyme substrate complex ES.

. E+S—=ES

. \ _ \\.@..,.mwﬂ
mbka\@\.ﬁw.sﬁa %\ .._3
L ‘ :

It is clear from assumption (i) and (ii) that clear equilibrium is not achieved in
the fast process, as Enzyme-substrale complex [ES] in constantly being removed in
the slow process. Concentration of enzyme is very much less than concentration of
substrates. Therefore, [E] << [S]. Hence, [ES] << [S]. The rate of reaction is given

as:
= }m F“n_ xu_mm, ()
Using steady state m%ax_smﬁ_o: for H:mhﬁemzo: of ES:
4592 - 4169 - S =0 .0
V4 -
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Concentration of Irae enzymes (£] Is not meaqurable in lring process. But lotal
enzyma concenlration [E); is measurable and can ba given by Equation (4).

Hm.s\m:mq_ S8
Here (£S] is bound enzyme concentration, therelore [Elcanbe ¢
(E)=1E)0 - [ES) .. 15)

Pulling this value in Eq. (3), we get

I sl IR R M .0
A=y
Upon simplification of above equation & grouping the constants
KylElglS] = (K_1 + Kz + x.__m._mmh. M
KlECNST
or —1M|,ﬂ|.” ﬂla 8)
Upon puttling this value of [ES] in Eq. (2)
KBS, e

Kat Ko+ KilS] =

.. (10)

[Cuomua.iaSm both numerator and

denominetor of eq. (8) by Kil
Here K is Michaelis constant & Equation (10) is Michaelis-Menten Equation.
Value of K, is given by the expression:
(K1+K) .

x3H|xle .

or

This equation correlates the components of enzyme reaction, [S] & (E]. to initial

& maximum velocity through rate constant (K,,):

Rate of breakdown of ES

x -
Rate of lormation of ES

Michaelis-Menten & Lineweaver-Burk Piots

V oor (Vmax) represents maximum velocity of enzyme reaction, whereas,
Michaelis Constant (K;) is the substrate concenlration at which enzyme
demonstrates 50% of its maximum velocity. Michaelis-Menten equation shows the

relation:

Ko (Elo 19] .
r= Ko+ (] ...,.::
This equation can be further simplitied. When all the enzymes have reacted
with substrate the reaction shows maximum velocity (Vinax). As at that stage no
free-enzyme is left (E]g = [ES). Therefore, Equation (2) becomes

fmax = Ymax = K2 [El .- (12)
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Hence, Michaelis-Menten equation{11) can be written as,
‘max [€]

re (1)

\

Now, here are two cases:

() It K >> [S). Then [S] can be fgm@:ﬁma from the denominalor, Then

This is a first-order reaction.
(i) It [S] >> R Then, Ry, can be neglected Trom denominator

7= Viaax [S]'= Constant o (15)

This reaction rate follows zero-order kinetics.

1
It ..nau._m_.. =g Vmax

As already stated, Michaelis-Conslant is equal to concentration of S at which
rate of lormation of product is hall of maximum rale. K, of equalion (12) is known
as turnover-number of enzyme. It is the number of molecules converted in unit-time
by one molecule of enzyme. It's value is in belween 100~1,000 per second. However,

sometimes it may be as large as 10 to 10%sec. Now question is why kinetics of

enzyme-catalysed reaction changes from 1%"order to zero order if the concentration
of substrates is increased. Probable reason is that at low concentration most of the
active-sites remain unoccupied. But, upon increase in concentration of substrates
lhese active-sites gel occupied and cause rate-enhancement. However, al very high
substrate concentration reaction-rate becomes constant as all the active-sites remain
occupied all the time. Michaelis-Menten plot for the kinetics of enzyme catalysed
reaction is given below:

~ Vmax

vaum. ) r=V_  (0-order)

A Vinax 5]

(1% - order)

T I | | | T T T I
J 4 5 6 7 8 9 10 1

Substrate concentration [S) ——

Flg. 2.16 Plot of kinetics of Enzyme-catalysed reaction

Thus, Kp, is substrate concentration at which ha¥ of the active-sites of enzyme
—

e o e -

are involved in the lormation of substrale enzyme complex. This is characlerstic of

a cmn_n;mﬂlmsﬁsmw From Michaelis- Menten equation i is possible (0 calculate
— S

v

-

__—~Tineweaver-Burk Equallon & plot:
1\\

0 J\\ e \4 .\H r
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(he ralo of reaction at any substrate concantration if K., & V are known Kinetcs of
onzymo-action is halplul in undarstanding metatoie pathways Detormnation of
Vinax & also K,y diroctly Irom the plot of r against (5] i rather gifficull However,
Michaelis-Menlon equalion can ba modified 10 gat plats from which Vi, can be
caslly dotormined. Two such plats aro Lineweaver-Burk plot and Eadie Holstee
plot.

fichaclis-Menten equation is

Vimax [5]
— e L == {16)
Taking reciprocal of both the sides \.N\ \( L \ P
1 Kmt[5)
== ... (1)
Veads :
Upon rearranging il Cos -
1 Km (S
L. S, (18)
I VinaxS] ’ Vimax [S] \ N:N, .
1 Km 1
Lo s -(19)
o T Vimax[S] Vimas ~
Equalion (19) is Linewear-Burk equation. A plot of Ha against m ie.,
Lineweaver-Burk plot [Fig. 2.17] is given below:
Y
bﬂm
i muomxlﬁﬂn
,
1
| g — ——(Intercept)
/ _ p
- El'

=K, (Intereept of X-axis)
Fig. 217 Llneweaver-Burk plot

The Lineweaver-Burk plot though uses the reciprocals of highest reaclion rates

& concentration of sibslrates [S), but is a popular methed for knowing velocity and

Michaeis conslant, ~,

mmn_m.xo_m_o.mmncm:_o: and Plot: Eadie-Hofstee equation (rearranged
Michaelis-Menten equation) is;

S = — _ L ... (20)
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y

Eadie-Holslee plot is a plot ol L against r and

(5]
is a straight line; slope of which gives -l and
Km |
intercepts on X-axis & Y-axis give Vinax & Tmax m_,__:,.-mu
. xa -
respectively. Thus, from plot (Fig. 2.18) both
maximum  velocity & Michaelis-Constt. can be
X

determined.

T T T VEnEmon Trom expetted  plot” ifdRates T vttt e o= e

82»35&3: by inhibitors, activators or impurities. Fig. 2.18 Eadie-Hofstee plot
m.a.. . multisubstrate  enzyme-catalysed reaclions

kinetic studies can be made by varying concentration of each substrate in presence
of salurating concentration of others. The value of Michaelis constants have been
tound 10 be inversely propational to enzyme activity. High value of K, indicales that
Em: concentration of substrate is required to gel half of maximum rate, ie., i
indicales enzymes have high affinity for substrate.

REVERSIBLE AND IRREVERSIBLE INHIBITION

Poisons act upon living bodies by inhibiting enzymes. For instance, Carbon
monoxide causes poisoning by combining with haemoglobin thus making it useless
for performing its usual role as carrier of oxygen. Cyanide poisoning is due lo its
combination with natural substances, particularly with metallic centre of cytochrome.
Poisonous effect of arsenates is due to its blocking of enzyme sites in place of
phosphates. On the other hand, inhibiting reagents are of utility in pharmacology and
medicines. Selective inhibitien may be used to tackle cancer-problems. Thus,
enzyme inhibition is a phenomenon that needs to be sludied. Inhibition can be
broadly divided into two catogeries:

(A) Reversible Inhibition (B) drreversible Inhibition,

(A) Reversible Inhibition: (I reversible inhibition inhibitors are loosely held
with the enzymes/ In this process free enzymes and inhibitor bound enzymes are in

equilibium with each other. Inhidilors may be removed from enzyme-inhibitor
complex by simple methods to furnish active enzymes.

("7.) (Reversible inhibition can be classified into: N
“—" "{a) Compeitive inhibition (b) Uncompelitive inhibition (c) Noncompelitive_
inhibition T -

(a) Competitive Inhibition: Compelitive-inhibition depends upon lack of

momo_camnmo_.:gzo::mn:maam__.mma:<=<o=mn=<mm_._m.Imamn_zmumzm

combines more or less loosely with the inhibitor which is structurally related lo

— subslrate A representative_example of this class is inhibition by malonic acid of the
2 ) énzym inic dehydrogenase. } -

,(.&\\ ..mlww\ mm_._on_:axa ydrog )
HOOC—CH;—CH,—COOH
Succinic acid

Enzyme is nol able lo distinguish between two dicarboxylic acids, hence both
are capable to react with il. The degree of inhibition depends upon malonate

HOOC—CH,—COOH
Malonic acid

ENZYMES 37

succinale ratlo. Upon incroasing concontration of succinate it displaces malonate
complotoly form (he anzymo. Basides malonate, other inhibitors ol this enzyms are
pyrophosphato, oxaloacetals & ozalale, Another iriportant example of compatitive
inhibltion Is malic dehydrogenase by adenina. Here, inhibior competes vith

co-enzymo lor aclive-sile on protein,

o] R -
Cx
%oo FAD FALIL, i B
cll 3 c—il
_ 1 AN )
P —_
ﬁ__u Sucanate f ﬁ_.
_DDG debydrogenane coc g
- - i~ — - - -
Succinate Furmurate
Om
I .
] =]
%.ooo 0=F—0 moo
[
Clt, 0 n_.:“
Lo® ¢ =0
C0o0 0=p—0
Malonate _ | o
0° Cou
Pyrophosphate Oruloucctate

Compelitive inhibitors are not always structure anzloguss of mcnm..qm..m.m. For
example, salicylate that inhibits 3-phospheglycerate kinease binds to the sit2 differen

from active-site. Competilive inhibitos change Kp, but not Vinay of enzyma-catalysed
reactions: because number of aclive-sites remains unaltered. Howsver, larger
concentration of substrate is required for the maximum utllization of active-sites, This

is why K is increased.

without inhib with inhibiter
N th inhibitor
with inhibitor
1 without inhibitor
el /. =
| : £ !
Yo V.
| ! m
I
]
KE >\E_m_ - l|_l ||_| P —_—
Ko Kn (8]

Rate versus [S] plot for competitive-inhibition )
Lineweaver-Burk plot for

(Competitive Inhibition) competitive-inhibition

Flg. 2.18 o
ﬁwo:msm_._n.a_m@aa for competitive inhibition is given below:
- @ Substrate 4
o . . ’
prm—
(\\»m_._uv::o Q linibitor
Fig. 2.20

— -
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(b) Uncompetitive-Inhibition; L'compelitive. inhibilor b
2 - or _binds wil 2
lormed enzyme-substrate complex o Shaai

type "ol inhibiti o
ancm_._:zz:o: in reactions with mulliple substrates and products. r versus (S plot
and Lineweaver-Burk plol for uncompetitive inhibilion are given below:

————— e

Ko Kul8] —

m

nie Vs [$) plot

Uncompetitive Inhibition
Fig. 2.21

Schematic-diagram for uncompetitive-inhibition is as follows:

% " _
B ) ﬁ T ’ @ alllru /w
\ Subcrate Inhibitor

Lineweaver Burk plot

Enzyme Enzyme-substrate Enzyme-substrate
A moanmg_ﬁmn inhibitor compley

(c) Non-Competitive inhibition: This type of inhibition cannot be reversed
by raising substrale concentretion [S]. Here, greater concentration of substrate is
unzble 1o prevent combination of inhibitor with enzyme. Thus, extent of inhibition is
affecled by concentration of inhibifor [f] & not by Hm._.\ Non-competitive_inhibitors
combine with enzyme 2t a point other than attachment of substrate; but even then

gy effectactive-site; They cnange only Vima,; but not K., These inhibitors interere
either with formation of enzyme-substrate complex or its breakdown to yield product.
Arginase is an enzyme which is competitively and non-competitively inhibited by
lysine & monoamino zcids, respectively. Non-competitive inhibilors show little
structurel resemblance with substrate as compared fo competitive ones. Heavy metal
ions Ixe mercury and lead act 2s non-competitive inhibitors which bind to
strategically positioned sulphydryl groups and modulate enzyme-conformation.
Rzzclion rate () versus substrele concentration [S] plot & Lineweaver-Burk plot for
non-competitive inhibition are given below:

=ihou inkibi

wry S ‘with inhibitor
20f

N v —

without ichibitor

Bk it

has equal effects both on xa_wlmar.._f.;_wi

on is rare In one-substralo reaction, bul causos a typa of

ENZYIES o

Schomatic-diagram lor non-competitive inhitition is 23 follows:,

4 A’Nm_.i_:ﬁ — d_v £
@_a_:?_i

Enzyme

complex

—
@ Inlbiter —

Ww.l\m. me-1ok ¢

Tu.,;umw\.:_l.\‘
i i ple | e T riritar tarme b
(B) Irreversible-Inhibition: In irreversible inhibtion, Tricitar forms coualent
1 o ¥ ¥ etep A 2 - ey Blo
bond with functional group at aclive site or 2ny other Canire 21 &n2yme [rreyersble
paarinat, B Py iype P v /o s

inhibition can not be analysed by Michaelis-Menten xinstics. Trus type of mhdton
gives informalion aboul functional amino zcids 2t
pesticides are irreversible inhibitors. For example, para
acetylcholine sterase upon wiich normal propagation © ends
Because inhibition is irreversible, inhibitor remains bounded to enzyme m...\m.,»hm by
covalent bond, rendening it permanantly inactive. Some nhibiors 2rz 2oV a3

drugs, on account of irreversible inhibition by them.

Other Types of Inhibition

Enzymes may be innibited by any protein nmumﬁww\.”. such 2s rea,
trichloroacetic acid, heat, foaming etc. Inhibition by p-chloromsercunioenzoziz 8 BJ.
monly reversed with cystzine, therefore, it may be conctudsd tha l=clively
wih —SH group. Actually, the type of inhicition depends on partculer w.&,..qum ﬁ,u\v.
investigation. For instance in ong enzyme —SH group may be essental for actty,

s fvatrata

but in 2nother it might be near the point of attachment of subsiale.

i rea

\

W
)
wn

Chemical Basis of Inhibition

Any reagent that rezcts with functional growp of protsin is .on”mnum_ mnd.ﬂm
inhibitor. Besices chemiczl modification of proten, any reagent which reacts win of
displaces a substraie, cosnzyme of 1€ wired meatal ion may nhidd the catalysed

Ay pevout 3
. P e talrtet] o
vt mechanism 06 20300

A0 4

reaction. Some representative inhibitiors of enzymes a'ong v
are given below:

- Sensilive Machanism | Representative
S. No. Inhibitor group of action _, ive e

1. [|lodoacetzmide Sutydnyi (20 RS|HI[CHCONH,  [Papn

—NH; gow) (ivohves 2iyason)
2. |lodobenzoate Sutlydni Mw_m.xﬂ_w_ C5H,COOH |Triose phospfa=

H|(cxdason) joyoogerase
3. |Trivelent arsenica’s |Sulfycry! R—SHO /.. Suconoccase
AsR
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toto at which molecular species transform the substrate. Isozymes may be primary
or secondary. Primary Isozymes are produced by multiple gena loci which code lor
distincl prolein molecules or are produced by multiple alleles at a single gene locus.
Those are also called alloenzymes. Secondary Isozymes are product of
posl-translational modifications inclucing glycosylaton. On accouat of their different
amino acid compositions primary isozymes may be identified un the basis of their
dilferent electrophorelic mobility. When enzyme variations are within same species
they are known as inlra-specific variants. But enzyme vanation from different species
is called interspecific or phylogenetic variant.

5.5 00

40
ESSENTIALS OF BIO-ORGANIC CHEMISTRY
S. No, [ i
Inhibito; wnu._...wmwn Mechanism Represeniative
R - ol actlon sensllive enzyme
otal Removal ol mela] Aspartase .
5 ARt _ (meral inactivation)
Moaus_n phosphate Compaetitive acceplor  |Phosphate
n N.mm_:wﬁ phosphata transacelylase
) rsenolysis)

6. [Alkoxy Serine or imidazole Choli
A % holinesterasa
(di-isopropy!fluorophol R

FP
sphate) .%ion.
- - — - - - —ann - — - m
Auzomu:oq_m_aa ) .ll

ALLOSTERIC ENZYMES

When initial velocity of some énzyme calalysed reaclion (V) is plotted as a
function of oo:oma.a:.o: of substrate [S]; curve is not hyperbolic but is sigmodal
mmﬂm. E such reaction at a given [S] is increased or decreased by the addition om
specific substance, ie. activators or inhibitors (modulators) [Fig. 2.25]. Such
enzymes are known as allosteric enzymes. Besides substrate binding sites (active
sites), these enzymes possess other siles in which activators & inhibitors may bind
and affect catalysis through induced conformational changes in the structure of
enzyme (Fig. 2.26).

With allosteric activator :
. Regulatory site
* Without & Y Ou:w_{_.__n

modulator \ sitc
€<j

—\
0 . E -1V
With allosteric _wmn g /
inhibitor eliceaar P
[Active enzyme]
Binding with allosteric
(5] —> i

now can't bind w
substrate

A [Lnactive enzyme]

Fig. 2.26 Conformallonal change In

Fig. 2.25 Effect of modulators on enzyme
allosteric enzyme

catalysed reactlon rates

ISOENZYMES

Isoenzymes (also known as isozymes) are oligomeric m:~.<3mm which nm.a_ﬁm
same reaction but differ in their subunit composition. These differences medify the

Scanned by CamScanner



