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Biochemistry lecture 3:
enzymes 2 of 3

Ahmed Salem, MD, MSc, PhD, FRCR



Factors affecting the rate of enzymatic
reaction

Enzyme concentration

Substrate concentration

Product concentration

Temperature

Hydrogen ion concentration (pH)
Presence of activators

Presence of inhibitors

Presence of repressor or derepressor.
Covalent modification
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Effect of enzyme concentration

el VA il ¢ sl Gl L JS 5 o 3l dele YA products Y substratesd! dsai Jaxs o4 velocityd)
 Rate of a reaction or velocity (V) is directly proportional to the enzyme
concentration, when sufficient substrate is present s . enzymesd) s ik e v 5

ST 4eSs enzymes ie 13) 30l 55 sy substrated) (e 488 S 3 5a 5 byl (1) VAN @)y ST enzymes 4 OS L JS Cuay
Vdl a3z LAl gle enzymes <) Lagas , 408 o i sale A Le 43Y Jaidy 2c B (e agie & Ja Cuso substratesd) o«

* This is true up to a point when a further increase in the enzyme concentration
is not accompanied by an increase in the velocity of the reaction

» Atthis point the substrate is said to be the limiting factor o7 mesd) 52l 5 43) dla jal Joa 3 Wl

(Jel@l) yud saadl Jalall ) limiting factord) (sese Cai & jlia substratesd! o sSi Ve il L

 This property is made use of in determining the level of particular enzyme in

plasma, serum or tissues
» Known volume of serum is incubated with substrate for a fixed time
» Then reaction is stopped and product is quantitated
 Since the product formed will be proportional to the enzyme concentration, the latter
could be assayed Jaiud Haan Lald V5 enzymesd! A4S o (proportional) 4w 483e & 45 Loy
(substratesd! (s Baxss A4S e (g siny A 5) aalle serum capai 43) aleaiy MU L2l enzymesd) A4S 4 jaal jhi9eS g gaia gall
enzymesd) xS e Juin Lia s productsd) S i <asdl s padlll Gasil aa 5 5a0aa 5ae ey




23z EJ S i n e JSele JS0 Lua Ahme oy )k A usaa LIS velocityd) s enzymesd) 3sS 5 ¢ 483l | s 2 graphs (s Le
il Gily) plateau 48 suas U ladle U graphdb La substrated) xS 5 s curved) JS& e il 75 I AY) Jeladl oS3 VI
* substratesd) swai As o Jiasi e aal V) @i j3 Jaal = 5 EJ) 38 5 2 3 b JS 30 substrate 4 Ue Ual) g8 (5 5bue pan
by AU Al o1 Jelaill sybstrate (ash (el Ll Ual 43) juay A A gl s graphdle plateaud! be oS5 limiting factord)
ila g ) aall Lgle Jaila 61K d0aS LS| ST V) 1)) 4] 481K e
LaS S5 Ll h g oan g allay yiaay (QEY) (e g 8855 (00 ) s 3 (e B V15 EJ) e IS 48) 48 Jaa iy 15 cpaille ) graphd] 4l L
_limiting factor Jbo L Ll Wla (8 55 () 50 V) ad i 5 substrate «asal Jual 3,080 gaie Cusy 30les ¥ 5 A substrated)
z enzymedi | limited 4isS substrated! oS 13 Jeléll JMA Y e g b a8l ) & G limited OsS substrated) 45) g s se OY)
Gle Gahis i) jaay Cuan oyl o ciaiall Cogli e (52 5 8le i g sk 7 VAL A sless productsd substrated! JS sy
(e Gl g g Claca i 3 yaa & unlimited o5Ss 48 substrated) Wlxd Jeli L Le #8110 5 30l 6l L) L EJI 3ol ) 5 (<lnd) 5 sae) X axisd)
a5k = VUl s productsd Je\S substrated) Jsaiy & <d )

\ Cinalle |5 38 y**
pen L:é)ﬂ\ | sagdl 5
V PO ! YOV GITEN
* Jaiad Claga
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Effect of substrate concentration

» The velocity of the reaction 1 as the substrate concentration 1 up to point
where the enzyme is saturated
limiting factord) <& ba enzymesd! 43) A jal Jua g8 La dolad VUl 2 3 = ) substratesd) xS 5 3l ) L JS
(Lliind enzymes & Lo 43Y 2din) = ) Lo substratesd! S 5 (e @) Laga s, J2id enzymesd) JS o585 b Alladl)
* The Viincreases to a maximum value VmaxX cactiond (il Lo Ul sl velocityd! = Vidl

enzymes saturatedd! | s_uas L Js8 reactiond) Wba s 75 V el (& s Vmaxd! 4l daa 5 L 4 (Velocity initial)

» The substrate concentration that produces half the maximal velocity is
termed Michaelis constant or Km  VmaxJ o= deass ity I substrated) 48 2 Kmd|
a5 ) Jeud) s maximumd! (8IS a5 a3 JSG ) Lhe) B aa Vmaxd) 49Y  Vmaxd) (e S Kmd! aigis s
(S 2O A 5 affinityd) <oes 43 Lete SV aalal) i Caaglly  Kmd! aies el olie | 1/2 Vmaxd!
» When [S] is approximately equal to Km, Vi is very responsive to changes in
[S], and the enzyme is working at half-maximal velocity

aiasi maximal VJ! o=t e Jas enzymedls ,SA (responsive) «slaia o5& Aaidl LWle Kmd! s sbos 0550 SJI W

3 AV Liall 8 Al 5 3ab il L ) aell




Lo dglal V) dze 2 3 5 2 30 S8 1) ma g Ji8 IS SN 38 3 Jelall Aoy oS o A5 S5 VA G (Fisie be (98 3 ) saally
P, Ja mal o) GRS e ALE jual ) V) JUll s L b 5 enzymes 482 (s substratesd) 48] s el Ula g
A3 e s Vmaxd cla s L

4 A Smaller Km reflects higher affinity of the enzyme for its
substrate

= A

V ‘@@ .b(.g.. .
ce Se T

Maximum velocity ( Vmax)

A

px
¢ 5

© @ @ e enzymes = Jaadl 1/2 Vinax }

substrates = YL

Substrate concentration [S]

v
e ey

Enzyme molecules are shown as half-circles. Substrate molecules
are red dots. (A) Substrate molecules are low; so only a few l‘\ml h_l . \l/ !\'
enzyme molecules are working and velocity is less. (B) At half-

maximal velocity (Km), 50% enzyme molecules are bound with R o o ) Lt
substrate. (C) As a lot of substrate molecules are available, all | T~ SUY bstrated) olai enzymed! affinityd) 43) slias (ala Kmd) <lé Le JS**

enzyme molecules are bound. (D) Further increase in the substrate o=l 1/2 VmaxJ d*")—’ Glde Lealiag I §J) 4S8 \-" IS gm 3
will notincrease the velocity further. alls affinityd\ iy Kmd <ol ) o | eSalls el EJ) e SJ! (affinityd\) oailad o) cadlas 4l ity




Michaelis Menten Constant

» Describes the behavior of enzymes as substrate concentration is changed
SJl S i sy B b paadi e Josy

* Km denotes the affinity of enzyme for substrate
(oS 5 affinityd) @3 ) Kmd) <l e JS) SUI e EJY affinityd) WlaSaty o 5850 ashy Kmd s

» The lesser the numerical value of Km, the affinity of the enzyme for the
substrate is more

* Km is independent of enzyme concentration
* If enzyme concentration is doubled, the Vmax will be doubled
* But the Km will remain exactly same
@l A e G Km daally (81 Lemd 5l 5 Vmaxd) e Sl 7 G Ul EJ) 385 (e Camd y Lagas | EJ) S5 28de ) e Kmd)
(ED) 38 5 )y o s Lewd dami = 5 SV s EJ) O affinitydl s 2el8 (ie Ul 43Y) ity le o8 Lo ) daails Lale il



Michaelis Menten Constant

» According to Michaelis Menten Constant:
» the enzyme— substrate complex is a reversible reaction
* the breakdown of the complex to enzyme + product is irreversible.

What does km tell ws?

Rote. of reaction, V

HidACI subgtrle Concentcation
Vi | | to o Vpu

E nz,sr\c A

v

'/z\/rw( @ @ @ @

€nu3w;6
N
Ka®) ke (A) ®®®®

s dbg‘-(;"L corcentration

K—\

ol o8 Jelailly
JSI affinitydl Gl
,enzyme A/BJ) (»
dia s LaaJIS 4l
zbal A oS8 Vmaxd!

s sﬂm © ol o el 55 5

H\S
offaity for
it substrak.

,Vmaxd dea s lic
) Kmd) Y B Liw
S S S i il
dha s Qlie 4alial
4 iy e B S
lle aiag affinityd)

K1 K3
E+S&———E-S >E+P

If concentration of substrate is increased, the forward reaction
K1 is increased, and so K3 as well as total velocity] is
correspondingly enhanced. The three different constants may
be made into one equation,

Km = K2 + K3 J}KSJ\e)S%*
. Y REA|] A gad
(]
Km is called as Michaelis Constant. . t'}w}d
Itis further shown that Jie (equationsd)
Velocity (v) = Vmax [S] * S aga
Km + [S]

When concentration of substrate is made equal to Km, i.e.
When [S] = Km

Velocity (v) = Vmax [S] = Vmax [S] = Vmax
[SI+[S]  2[9] 2
orv =% Vmax



Salient Features of Km

«Km value is substrate concentration (expressed in moles/L) at half-maximal velocity

-It denotes that 50% of enzyme molecules are bound with substrate molecules at that
particular substrate concentration
& J&d Enzyme JS3 haae il Kmd)
-Km is the Signature of the Enzyme intrinsic dsals jaxe Jelil I substrated
« Km value is thus a constant for an enzyme Al el 5 enzymedl (iiias)
+It is the characteristic feature of a particular enzyme for a specific substrate

-The affinity of an enzyme towards its substrate is inversely related to the dissociation constant,
Kd for the enzyme— substrate complex

ers Xt seome X esp * The smaller the tendency for the dissociation of the complex, the greater
Kd:.ng o K23 is the affinity of the enzyme for the substrate
Kl Kl Km denotes the affinity of enzyme for substrate. The lesser the numerical value

of Km, the affinity of the enzyme for the substrate is more
oSall 5 affinityd) @al ) Kmd) i L JS | aa¥) ddadill 5 diasll



enzyme (= daglaa Sihaay o Ja enzymesd) om 4Gl aradind Kmdi**
@l Gl ol gl o) daslaay a8l Sy Y U 13S (5 st 4l) Kmdl 43) Cpne
. .. two enzymes b Ll (<1 Gaii e aixd affinityd) 13 5l die Jaalis
? d -
Why is this important ~ h iz 8 1y Lyin 35l g U s gin a0 OS) K ishons
SERUT R AR IPWEN UL BRI - JP

a2l glucosedle | slxik enzymesd) 1.0
Jemy A LAY JS 8 552 5 9 hexokinased)!

L.?_HL:"J\) ,:\ﬁl.la gkus g|ucosed\ P ‘;r_
s, heparind) 2 29 sl glucokinased! Vi

Hexokinase
K.=01mM

m

0.5

Ladli o Y glucosed) (A3 e Jax Vs &:lucolilg?‘:%
1208 | Js0all 2 sa 5e Lo (5 et Kmdh @A = :
glucose (& Jwayy JUady) de o o Wl aile
43Y hexokinased Jiad ) glucosed! sl 0 | | |

38l sl A8 e la il 5 glucosed! [ Glucose | (mM)

Kmd) deal ety 58

HL’J‘ ) Q\A.p.a ,0a0 g ) Q\A.p.a




Effect of temperature

The velocity of enzyme reaction increases when temperature of the medium is increased >

reaches a maximum and then falls (Bell shaped curve)

Optimum range
of temperature

Optimum temperature: Temperature at which maximum amount of the substrate is ‘[
converted to the product per unit time

As temperature is increased, more molecules get activation energy, or molecules
are at increased rate of motion 0 10 20 30 40 50 60
» - so their collision probabilities are increased and so the reaction velocity is enhanced

Temperature in °C

But when temperature is more than 50°C, heat denaturation and consequent loss of tertiary
structure of protein occurs: fe A . , S e %
- So activity of the enzyme is decreased  20C 5~ 42 2 (e denaturation Ll sa: enzymesd) 42|
Ll y L Ld bal W Jsh s optimal temp as2ic enzymesd! JS -
4K activation energy e L Ll 43 Jixy (=la optimal tempd!
23 7 s ,activation energyd le 3 # ) tempd! Lad ) L JSé Jelall
velocity of Js (collision probabilities) <ty jal) G asbaill ¥ laia)
33 3 eba 2y optimum ranged Ja s W sl & 35~ ) the reaction
S tempd! Al Jia 5 Lo aal Lead 5 e velocityd) JIE 7 tempdlé
4Y irreversible dxi & A5 enzymed denaturation Jei
zo L sl enzyme i bk s proteinde (AU bondsd! jeSi jla
aan Lo 5 ) slaidy Ll enzymesd) 8k 4dle 4l Lo 43y affinitydle il

Most human enzymes have the optimum
temperature around 37°C

Plants: optimum temperature around 50°C

Certain bacteria living in hot springs will have
enzymes with optimum temperature near 100°C



Effect of pH

Each enzyme has an optimum pH at which it shows maximal activity Pepsk
) specific 5<% ,optimal pH 4! enzyme JS v _
Activity decreases as we go away from the optimum pH e
Activity virtually stops about 2 units of pH above or below this pH
T T T T 1
pH 2 4 6 8 10 12

Lt il Jit enzymed! activitydl L 2 units ey il ol <aol 5130 sla pHU) dadd s
Slight changes in pH causes marked changes in enzyme activity due to alterati

of the charges on the substrate and on the catalytic site of the enzyme

Extreme changes of pH cause denaturation and irreversible inhibition of
enzyme action

Usually enzymes have the optimum pH between 6 and 8  8J 6 (1 &l optimum pHJ (585 enzymesd) abass

Some important exceptions are:
* pepsin (with optimum pH 1-2) **aa dage A 5 exceptions & oS
« alkaline phosphatase (optimum pH 9-10)
+ acid phosphatase (optimum pH 4-5)



Effect of Concentration of Products
* In a reversible reaction (S <« Pwheneqbimseaded

 the reaction rate is slowed down
S Je productsd) 3= 5 sba L) A jal Jea 53 W oK1 productsd substratesd) Jsas glie enzymesd) padiud ole <0 Ual Lua
s enzymed! inhibition Jas3 7 productsd) S 55 x bl G| ale JS& ol s (a5 | OleS &3 enzymed) (e gline cilly el (ald
acidic daw s J2ids 5 5S8 enzymed) Al ) ,pHJ) iy Sl natured! sas 48 ) 3k 330 ¢SS inhibitiond) (Saas 4l gréa o 3
s (@) genesdy s (See sy (i) regulationdle ik (Ses 5l optimum pHJ) i basic daub <3 ¢ S5 productsd s
Sl s allosteric sitedle Jaidy (San sl 33 5a sall enzymesd) 4aeS Ji&y ML 5 (s 1) translationd! s (7l transcriptiond! e
oyl oy of a8 Wl b Jelai) productsd) S5 u o Wl ale JS6 <o enzymed) Jae 44,k e

» When product concentration is 1, the reaction is slowed or stopped
- feedback inhibition

Sl B3 o JiA be jla s JUdL E1 E2 E3
Lo U5 23 S ba product Cd) 4xs A - — B e —> C — | —D
4 Jha e D Jsatip ) Lo juay . . .
B 5 i 3L 31 o3 L EZ; Jibas Jee C If E3 enzyme is absent, C will accumulate, which

Adeadl i 5 Ml BT ke s U (N turn, will inhibit E2. Consequently, in course of
Jasl time, the whole pathway is blocked.



Effect of cofactor concentration

ale aaixy enzymed) 43) As b o il 4) o S cofactord)

* If the enzyme requires a cofactor
(coenzyme or activator) for its activity:

« the velocity of the reaction will be directly
proportional to the concentration of the cofactor

velocityd 2 3 cofactorsd! xS 55 3l ) L S5
* This is true till acertain point

« After this point, any increase in cofactor [
concentration will not increase the
velocity of the reaction:

+ the enzyme concentration is the limitingfactor

limiting factord) s& enzymed) L juan A ddadill Uilia 5 b 3 jaan oS
=allle Co-factord) S 5 8 83l ) sl g8

lie Cacld giall Cand 3ie i) aell




Enzyme activation

« Some enzymes show higher activity in presence of inorganic ions
* chloride ions activate salivary amylase inorganic ions 2sa s Ll ¢S5 enzymesd) Gies
+ calcium activate lipases
» Another type of activation is the conversion of an inactive pro-enzyme or
v~ zymogen to the active enzyme
Ul .t e By splitting a single peptide bond & removal of a small polypeptide from trypsinogen >
pro-J! active trypsin is formed
“enzymes This results in UnmaSking of active centre (zymogen) pro-enzymes PRI e L)) Al enzymesd\ Uaz Ula
v activationd)s 3k 2 i leias (polypeptide chain Lle ) Leé catalytic sited) jSwe (231 4 058 4d) s inactive oS
*enzymed! aul ¢ 4ii* Trypsinogend) Lasdity lawal) (s 5 substratedb Ll )3 ~Uis catalytic sited! a> 1 chaind) gla S @ik (e

» Trypsin activates chymotrypsinogen, to form active chymotrypsin and two peptides (A and B peptides)
As a result, three amino acid residues, his(57), asp(102) and ser(195) that are far apart in the primary sequence are aligned at
the active site and take part in the catalytic process ()2 juan L;na ..amino acidsd! < yi = 48a) den) (o yriy Ui Lua

active Lxa (lie amino acidsdb s s s Cusy catalytic sitedb s (A juan 4)
All the gastrointestinal enzymes are synthesized in the form of pro-enzymes, and only after secretion into
the alimentary canal, they are activated. This prevents autolysis of cellular structural proteins
Al agaaiial Ol Jad | gy 5 active ) 535S aal) By Lo ) sl 5 400l pro-enzymes JS6 e agaiinat o3 GITJL enzymesd! JS s
+ Coagulation factors are seen in blood as zymogen form (A ) slaidy g jaall AN Sl glia 1 s juas activationd) s
zymogen formdb | 5 588 < Il J sl agialise (fie Ua) 43Y coagulation factorsdl 4wl (5 (e



Enzyme inhibition

* Two main types:
» Reversible
* |rreversible

/strong acids O\S o)) denaturation dex: 31 i protein o= 3ke enzymed) 4 Ga ke ¢S5 Ll
4ca 5 covalent bonds Jew 3V sl | irreversible s dsleal 256 (high temp /(< 5B) alkalies
O5Sh gl reversibilityd) o<1, reversible ¢S s il Taally coclia e 3 (gl Wiw | irreversible
Cral (6 (San Lpmny 5 Joms 0583 (San lguamy | (e 2



Competitive inhibition (reversible) - enmes e subsates binaing.e

*reversible 4ilac

» A competitive inhibitor is structurally similar to that of substrate:

» It competes with substrate to bind reversibly at active or catalytic site substrated! o oeslitly ausl A Zﬁ*"’}‘n
(analogs) structurally similar ~&¥ catalytic sitedb bbs )Y e 3508l aavie 8l 4aa Suss enzymed) e competitive inhibitord) s

» The degree of inhibition depends on the ratio of the concentration of the
(inhibitor : substrate) and not on the absolute concentration :.< .. 1.l s inhibitiond! e siee s

50%-50% dasill 0585 el (53 (0585 75 Uie %90 Jiie 10% 52 52 sall inhibitorsd) 4 cuilS o aST sy 3358 sall substrated) s inhibitorsd!

« The inhibition also depends on the relative affinity of the substrate and the
inhibitor to the enzyme

) Eifect 1( petitive Enzyme Inhibitors

DMy (e (S ffinitydle Lay) adiay " s
Al ClS 13 Aala agi ratiod) sl 5 @sé Reversible reaction ¢ B3 // &

il 51 M iy Aosluda o 4y laia S %J’L i3

Phes L;:.i inhibitors! affinityd) / e E-S complex Reaction products + free enzyme

oS substratesd! affinityd) il
T Uie 10% L inhibitorsd! S 3
Lled ) i

@

No reaction

E-I compley=———> e
| (enzyme inhibition)

active J! ke inhibitord)
delaill & gaa o Loy site




Competitive inhibition (reversible)

activityd) s velocityd! il s | occupied by inhibitors ¢ s<u active sitesd! u=i <lw 50 inhibitor 550 substrate Ue 43 Lia @ 4
i b & s sall 48 aiey =) ) CE ) e il s Vmaxd) deasi 7 Aleidl <o 334 ) substrate Cudas Ul gl (1 aill ¢l enzymed!
il L Laliata LJ\ substrated! S P Lie (alia) L,’J]\ (Vmaxd\.:; g_a).\\ L u—’"‘") Vmaxd! Jua s zo ALl el cla
ki Kmd) e < i inhibitorsd)

 No Effect on Vmax:
« Effect of acompetitive inhibitor is reversed by 1[S]

« At a sufficiently high [S] concentration, the reaction
velocity reaches the Vmax observed in absence of
inhibitor

* Increase of Km:; 12\

» Acompetitive inhibitor increases the apparent Kmfora
given [S] _
« This means that, in the presence ofa competitive K.1 K.2 :
inhibitor, more [S]is needed to achieve 2Vmax 15

el e Ui i i 5um pal




PURINE CATABOLISM

gl e ) gty AN QL) amy HYNW Lie 1ol s
. s ; idJl Al | gall pa
oo peiallae oy uric acid l‘ ,warfarind!

s s allopurinold) ik XANTHINE kel 5l Ul L

competitive ¢ 5k l< ............. . Xanthine Oxidase (3o S| 41aSs 45

Xanthine Jb ks inhibitor Py ol ‘j:u |

K . urinary excretion)* abln € |

Ge Jysall a 3¥Y1) oxidase Allopurinol ] );'” dﬂj
- - . . - P o= ’

' U Oxidase------- > 5

Jiy Ml (unE acidd) ¢psSs L s l vit K i s

aaln) ALLANTOIN & Qe

(urinary excretion) ?@—‘:"‘ ratiod)
* A normal endpoint of purine metabolism in humans ranged e

Allopurinol

HN
\> Hypoxanthin

Precursor PORC ANl -S— Bacterial growth

HzNGSozN
Sulfanilamide

\uHun umide Block

PABA

**\J.; peas LS; d)d&j‘ L_.Q.um**

Table 5.5. Clinically useful Competitive Inhibitors

(Tamiflu)

Drug Enzyme Clinical Refer
inhibited use chapter
1. Allopurinol xanthine oxidase  gout 39
& 2. Dicoumarol vit.K-epoxide- anti- 33
reductase coagulant
3. Penicillin transpeptidase bacteria 2
4. Sulphonamide pteroid synthetase bacteria 34
5. Trimethoprim  FH2-reductase bacteria 34
6. Pyrimethamine do malaria 34
7. Methotrexate  do cancer 51
8. 6-mercapto- adenylosuccinate  cancer 51
purine synthetase
9. 5-fluorouracil  thymidylate cancer 51
synthase
10. Azaserine phosphoribosyl- cancer 51
amidotransferase
12. Acyclovir DNAP of virus antiviral 42
13. Neostigmine ACh-esterase myesthenia 23
14. Alpha- - hypertension 17
methyl dopa decarboxylase
15. Lovastatin HMGCoA- cholesterol 12
reductase lowering
16. Oseltamiver Neuraminidase Influenza




substrated) (-l das A S (5 54 J8 competitiveda
sl O L Al gall il ) ghad y cpilll 43) gctive sitedle

Non-competitive Inhibitor “sl C il S mhior o e

affinitydie Jib L + active sitedb

* No competition occurs between substrate and inhibitor to bind at
active site of enzyme

* Inhibitor is not structurally related to substrate
+ Inhibitor binds to a site different than the active site of enzyme

» The inhibitor can bind either the free enzyme or the enzyme
substrate (ESI Complex pOSSIble) free S o) LB s enzymedl Ladi 538l sxie 58 inhibitordué
(Enzyme Substrate Inhibitor complex (ESI) Ue 380 Alall sles ) Sbal substratec Ly G 131 5 | (substratec by )

* Increase in the substrate concentration generally does not relieve this

inhibition substrated) S 55 (e 235 Lo 8 4] ey (aled adle (il Y5 active sitedb A83le 4) L inhibitord) Jee 43) L
alee 3:US (30 JI& 7 ) Y5 inhibitordle i 6l juai 7 ) L



L)) o 5

substrated! \

L)) o 5
inhibitord) ~ |

Non-competitive inhibitor

Effect Of Noncompetitive Enzyme Inhibitor

/ -S complex
ﬂ 18
\ Slow reaction
ﬁ

(enzyme inhibition)

E-1-8 cumplcx

k-1 com )Iu 5 y
! (imactive)

axe Vs free oS o) Lkl paxs enzymedl Lasi ) inhibitordé | ¢ st 5 seally Ca sy L s )
Y IS 8 abeay N5 4 Dl )¥) 0 substrated) g W freedl ksl Wy substrate
a8 5y Lo 050, Uad reactiond) (e 4d)




Non-competitive inhibitor

e Effect on Vmax:

« Non-competitive inhibition cannot be overcome
by increasing the concentration of substrate

» = non-competitive inhibitors decrease the Vmax i | ki
L) d=izo Kmd 8 Vmaxd! Jis # | i //

« Effect on Km: . g

» Non-competitive inhibitors do not interfere with 7
the binding of substrate to enzyme i

« > the enzyme shows the same Km in the G s L ket

presence or absence of the non-competitive '
inhibitor  inhibitordl Y | & L ) affinityd! Juai = substrated) S 5 (e 2 Lege 43Y *Kmdie Sl
Sl ik L bw-wu 5 3 = L substrated) (s Lalisy I 4Sld | sybstratesd) bl ) aia e

) s Caliall 5 & 5 sl elilid 3l agll




Examples of non-competitive inhibitor

» Cyanide and carbon monoxide inhibits cytochrome oxidase

* Fluoride will remove magnesium and manganese ions and so will inhibit
the enzyme, enolase, and consequently the glycolysis

* lodoacetate would inhibit enzymes having-SH group in their active centers

« BAL (British Anti Lewisite; dimercaprol) is used as an antidote for
heavy metal poisoning
» The heavy metals act as enzyme poisons by reacting with the SH group

* BAL has several SH groups with which the heavy metal ions can react and there
by their poisonous effects are reduced.

&= ) slelily a5 heavy metalsd! L Ju <o | several SH groups sxie BALJ's , SH groupdle 555 agils aglee 435 )1 heavy metalsd)!
poisonous effectsd) Jib Jibs enzymesd! ) sha s agriay Oliic agaa Jeldly g agaday BALD) ) juay A ade ) ) S ji 5 enzymed)



(g sl ra Gie i J8 ) e i sall padli (e 5 ke Llad ) Lads Jgaadl

Table 5.6. Comparison of two types of inhibition

Competitive Non-competitive
inhibition inhibition
Acting on Active site May or may not "haga ALt
Structure of Substrate Unrelated molecule L Ldirreversible »»
inhibitor anal 423 9o yalay inhibitord)
In og o 4Y enzymed! & s
Inhibition is Reversible Generally imeversible = ok dik s
2 e luaalay 4SS
Excess substrate Inhibition relieved No effect | Ui 3 oY) (o i€
led srie ) (alel
Km Increased No change (duration of actiond)
Vmax No change Decreased et A O
Significance Drug action Toxicological
N\ 4

e 1 sbid drugsd) e S
(20 22w sl U s 5) competitive inhibitiond) faw



141 : = P Enzyme Substrate Inhibitor Le uas 43 bl lalaw
U n-com petlt Ive In h I b Ito r 43wl g Kmdls Vmaxd) ox JS Jas ,complex (ESI)
Ly substrated) moa S 4 Ji affinityd)
o= (A &3) neutralized sSs oLl 081 enzymedy

Vmax and Km both reduced ESI complexd! ¢k

e.g. phenylalanine inhibits placenta alkaline phosphatase

3. Uncompetitive Inhibition

b e
T o
Competitive Vo
inhibitor Substrate 0.5 vm“ _____

A

Nonc

inhibitor

N

0.5 Vi

’
8
1
Voo
Inhibitor->Active site Inhibitor-> Allosteric site Inhibitor->ES complex 0 A
:




Inhibitors that exert their effects on
apoprotein part of the enzyme (examples)

* Anti-enzymes (specific for the enzyme that binds with it and

produces Its Inactivation).
> eg. Antithrombig(acti¥ated by heparin) inhibits blood clotting (acts via formation of complex
with active site - conformational change in enzyme) I s s active sitedl 1o 43 alaxs I

L (e enzyme e Jaids (pee anti-enzyme Cuss specific 055 4lxd s (conformational change Jex)

* Inhibitors that denature proteins:
 e.g. strong acids, alkalis, alcohols and salts of heavy metals
(denaturation 4lexi 43 8 )k e enzymed) Jae ai 53)

* Inhibitors that block chemical groups:
> e.g.

+ aspirin produces acetylation of hydroxyl group of serine at the active site of cyclooxygenase enzyme
(responsible for PG synthesis), explaining anti inflammatory & antipyretic actions of aspirin

+ Inhibitors that block SH group; e.g. Lead salts inhibit heme synthase - anaemia

slia i g 4an Lol 8868 LeIS (5 ) sal e gind ) gl




Allosteric regulation
Control of enzyme activity

* Allosteric enzyme has one catalytic site where the substrate
binds and another separate allosteric site where the modifier
binds (allo = other) ¢ A

Enzyme has separate
catalytic (C) and
Enzyme allosteric (A) sites

Action of allosteric enzymes

S Ac
Ayl ic site e (s sin I ¢ ala & il
. T Ca.taIYtIC Slt_e < ¢ L enzym.e"S,J o= &}J ‘ When activator (Ac) is fixed, the
BTN catalytic sited) 43 J Y ,Ol e LA‘; Jaidn g ,allosteric sited catalytic site assumes correct
2 . . . s . three dimensional structure, so
<uas allosteric sitedb s modifier >n W Y substrated) Juio Enzyme that substrate (S) can now bind

s modifierd) s substrated! as (ilaia (is catalytic sited) JS& o &S
~ h . . * . . RESTIRT 5
Aal 2 catalytic sited) JS& sl EhGlon ,‘;_‘Ld\ laall | alSs S . e red When inhibitor is attached to
modifierd) bl o8 (gsale 48 Jasi 5y j04) 5 substrated) ge Giaie l the allosteric site (A), the
. T .. . . catalytic site (C) do not
enzymed! affinityd! 2 3 5 enzymed) i e Jany Al gley 4 50 c A

assume the correct shape,
so that substrate (S) cannot

Enzyme fit correctly



Allosteric regulation
Control of enzyme activity

* Allosteric and substrate binding sites may or may not be

physically adjacent (Gt o 5 Gipell B )

» The binding of the regulatory molecule can either:  *AkA=Also Known As*

» enhance the activity of the enzyme (allosteric activation) > AKA
positive modifier, or

« inhibit the activity of the enzyme (allosteric inhibition) > AKA negative

modifier (enhancement) a3 Jemy enzymedl basi n 7 A modifierd) (Ses s

(inhibition) ks Jexy (Sae



Allosteric regulation
Control of enzyme activity

+ The binding of substrate to one of the subunits ofthe Vmax — /——‘
enzyme may enhance substrate binding by other subunits. = 7 wanscsiive
This effect is said to be positive co-operativity / / modifier
a4 ) curved! by 7 positive modifier<: enzymed! bl )|

Sigmoid curve
Y2 Vmax —

* If the bindin% of substrate to one of the subunits _
decreases the avidity of substrate binding by other sites, With negative

the effect is called negative co-operativity modifier
AP S curved S ) negative modifier— enzymed) bl )

> S
* In most cases, a combination is observed, resulting ina

S;IngId shaped curve e Vs e il e 5% ) el a g -
G A curved) Le ziu 5 a¢in combination & Jwas UL s modifiersd) Allosteric inhibition

+ Key enzymes: body uses allosteric regulation for
regulation of metabolic pathways

enzymed (key reaction 4 (W 5) pathway of metabolismdJ! # J»=: reaction Jsl 48] (8 aSis ¢ suimsall als daaa
allosteric regulationd) p2aiw dale anall 5 allosteric regulation e 5 A5 key enzymed) 4eul (S die J 5l
metabolic pathwaysdb L sl K regulation Jdasy lie



Allosteric regulation
Control of enzyme activity

,non-competitive inhibitiondb legadi (Sae AV (sla dasda a5
« The inhibitor is not a substrate analog & &= i« (positive/ negative Ll (=x) modifierd! —us
sited! oséis Jasi 2 ¥ 5 substrated!

« Itis partially reversible, when excess substrate is added

* Kmis Usual!y .increased - Usually due to conformational changes in enzyme that
(YW IS (8 i) make it less suitable to unite/ activate substrate

* Vmax is reduced | s catalytic sitedle sy U saall i) s Colalall 3 535 G g o
il Ll s enzymed! affinitydle il (Sae

» The effect of allosteric modifier is maximuym, @:5 Qfg near, %quogt‘r_.’qjtg. 1, graphsds ihay 13 Lus

.. . concentration equivalent to Km .
G el 4] o}g D) ~—}‘~8 & Vidl e abregulation ) JUlk <@ (the most steep) 1as s laie curved) oS (initial velocityd))
Vi part of the Jb 0 sSu 43 | &) B3 substrate concentrationd! ¢sS Wl (3 s 681 0 s regulationd! Lls < (the most effect)

- When an inhibitor binds to the allosteric site, the configuration of catalytic e

site is modified such that substrate cannot bind properly



Examples of allosteric enzymes

*age Jsaall
Enzyme allosteric  allosteric ATP Ue 3 0sS W anally ole dgw
inhibitor  activator ATPJ) sl pathwaysd! JS < S
1. ALA synthase heme T ATPJ) 4d) o s (Sae clia (liie (e gy
2. Aspartate trans- CTP ATP (= 55 allosteric inhibitor o ke

allosteric ¢S AMPJ) Laiy YA
(sl I JUA (6 3) activator
Gl | oSl (58 gl ans (& G

carbamoylase
3. HMGCoA-reductase Cholesterol

4. Phospho- ATP, AMP, L a0 e ahian
- . o Laa) | SUl enzyme (e alidsy
fructo kinase citrate F-2,6-P inhibitor ce 3 ue ATPJI 43 GllSa,
5. Pyruvate carboxylase ADP AcetylCoA 43l olira Lalgd 13X enzymed!
6. Acetyl CoA- AcylCoA Citrate sp 5 ATPJ) zl) asiuda sl enzymed!
carboxylase 5555 3 0 W G metabolismd! aee
7. Citrate synthase ATP ' (inhibition Jexy (il ATPJ)
8. Carbamoyl phos- NAG '
phate synthetase |
9. Carbamoyl phos- UTP

phate synthetase Il




Covalent modification covalent bondsd) le A L3 L

*Irreversible & iz (aled
ALY KU irreversible ale JSi 4)
( reversible & 38 83 g sall

» The activity of enzymes may be increased or decreased by covalent modification

« Either addition of a group to the enzyme protein by a covalent bond; or removal of a
group by cleaving a covalent bond ,covalent bond e group i Ll b La)
bonddl W & e group dasu

« Zymogen activation by partial proteolysis is an example of covalent activation

» Addition or removal of a particular group brings about covalent modification of enzyme protein. This is
a reversible reaction covalent activationd) g! s asi s )il (Say Zymogen activationd! s

« Commonest type of covalent modification is the reversible protein phosphorylation and
ADP ribosylation

Gl 8 g oll gy i g 8 g5l @il ) aglll




Examples of covalent modification

*i Lhuau d}d';“u)%)*

Enzyme Phosphorylated enzyme
Acetyl-CoA carboxylase Inactive
Glycogen synthase Inactive
Pyruvate dehydrogenase Inactive
HMG-CoAreductase Inactive
Pyruvate kinase Inactive
PFK2 Inactive
Glycogen phosphorylase Active
Citrate lyase Active
Phosphorylase b kinase Active
HMG-CoA reductase kinase Active

Fructose-2,6-bisphosphatase Active




(2S) liverdl (osbal (S48 43335 a5 homo-polysaccharide s 5 ,stored form of glucosed! s glycogend) -

Glycogenolysisd) e glucosed glycogend! Jdis~i dlee - Glycogenesisd! L=l glycogend glucosed) Ji a3 diee -

Example: glycogen synthesis/degradation
Glycogen

Protein phosphatase

N

y Protein phosphatase

y

Protein kinase A

e

Phosphorylase kinase

Glucose 1-phosphate

Insulin (well fed state): works via phosphatase - activates synthase and inactivates phosphoylase

Glucagon (fasting): works via kinase - activates phosphoylase and inactivates synthase



Read from book:
Paragraph on co-operative binding

Paragraph on suicide inhibition

Textbook of Biochemistry for Medical Students.
Damodaran M. Vasudevan and S. Sreekumari.
9th edition



** 28 dde kgl 18 L Al ALl ala**

Enzyme Inhibition: Suicide Inhibition

A special type of irreversible inhibition of enzyme activity

It is also known as mechanism based inactivation

The inhibitor makes use of the enzyme's own reaction mechanism to inactivate it (mechanism
based inactivation)

The structural analog is converted to a more effective inhibitor with the help of the enzyme to
be inhibited

* The substrate-like compound initially binds with the enzyme and the first few steps of the pathway are
catalyzed

This new product irreversibly binds to the enzyme and inhibits further reactions

Examples: ornithine decarboxylase

4l gala die Jo3% | Ciaghy Culaia gl 8y o Lo e gind ) aglll




