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LECTURE 14

Enzymes
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What are catalyst?

.*~ Participate in reaction

>~ Not consumed or any permanent change
.* Required in very small quantities.

.~ Lowers the activation energy

. Enhance the rate of reactions

*” Do not change the equilibrium. Keq, o
v*~ Do not influence free energy change. ) NG = =RT In Keg,

"

~
~
/
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Enzymes/Biocatalyst:

N

99 | < I .
*  Proteins or RNA — OYJo\mc,

* Substrate specific, stereo-specific

* Enhance rate of reaction by forming weak
interactions with substrates, Revevsible

*  Work at optimum pH and temperature
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/Active site of enzyme

The active site is a 3-D cleft formed by R-groups of amino acids that come from different
parts of the amino acid sequence.

The active site takes up a relatively small part of the total volume of an enzyme.
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Enzyme Specificity S l-Non-covaIent Interactions

" | between enzyme and substrate
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Figure 3: Interaction between enzyme and substrate
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Free energy of activation : £n2v9y YULUIW’J W abdawn tyonsihon Stote
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Enyme |ends 4o -
Transition-state stabilization: obr SubStale N‘UWPM A= AT 'f%ﬁm

T
l%mdmj u\.mg.{ - 7\
Achvohm gnevjy = d

Rt % Rx" = 7
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Progress of reaction —

Bindin multi interactions with substrate, decreases activation
enersy required i iti ate
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FACTORS AFFECTING REACTION VELOCITY

A. Substrate concentration
Low [S] = Fivsk order
_________ H@h (s] = Zevo Ordev

Vmax

T n ennwedi ot <1 -—O)
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Reaction velocity (vo)
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8o=2
B.Temperature

Jhermo Stable 2nyyme
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Enzyme Classes: International Union of Biochemistry and Molecular Biology (IUMB)

1 tlawwst . Oxido-weduchnse SL/éN S, 2 Dak7dm9€ha$e

Tv an séu ob ele thon bet” Subshates OX1denSe
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. ' 5 R A — |
A Lljase A 4+ B —~— 3
ATP ADP

Form bond with mveéSkment Ob— Enevgy (ATO TP ....)
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Su bstrate/
Co-factor [ Susbstrate ¥
COfaCtO r binding ste . binding site
| < I-[

Holoenzyme

. . (Tnochve)
Inorganic Organic (Holo-snzyme] - Apo-Snzyme +
- Metals ,, _LCo-enzymes (Active) Co-Enzyme

Mg, M )

( co- A

Strong binding

Weak binding
(CO -éh] Yy é)

Prosthetic group
_ J




b LECTURE 14 BIOCHEMISTRY | CSIR | GATE | SET

Inorganic Co-factors —» metal ions
——> mMost ob_ Divalent Co+10nS

M32+.‘ Kinase { Nuuea\se, P0L7mm'a.se

Fe’“-' CW’OCV\YDme oxidase ) Aconitase Pwly/ hydroxylase

zy,“ : Cavrbonic a\nhydvase) Alcohol c/elnydvvjemeSe

CUJU- : LVSVI ox»dasel T\/mgl'nase/ a,l— C oxidase

|\|\2* . Ureasle

Se“ « Glytlo Hhone  Peyoxidase

Mn®" : Super oxide dis mufmse, watey sPtckhtaj Engyme (PSTT)
MOH . NLhrDjé,mmSﬁ ’ Nitratz wedvctonse

K : P\/yu vate Kinase
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Co-Enzyme 8

Co-enzyme: carriers of specific chemical groups
I__; ijo\m'c 5 devived from Vitamins (f;/ C)
wa ey Soluble
s Thiamine P!1Y0Ph05pl/\atc (TPP) Aldelyde gvoup Hansdev oY
C—-C Cleavage ov bomm—wn freoathon
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Vi B
ENZYME KINETICS — Michaelis - Men ten 7 I o

o How Incryense ivn [s7)
ébbeu» ve,tocu—.1 ob

C o L«13¢d YeoLHon
cé)

G444

Q] o-1 0.2 0-3 (0.4

2nzyme

Li"'&‘f""‘] =Same
TemP =~ Same
“pv = Same
Solv(nl' ZSoamé

P - ——
=
o

Vo ‘) "/

Where, Vo=

B K. +8]
vanoble
Initial reaction velocity
Vmax = maximal velocity (constany)
Km = Michaelis constant = (k_; + k)/k

[S]= substrate concentration
(Nanoblw
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Assumptions of Michaelis and Menten Equation

P ——

E+S +——r—-——*E+®
el 7

. Initial velocity (v,) : No prduck
2.[ST>>[E]
3. ES dissociation is insignificant

4. Steady-state assumption:
5. Rate limiting step is K2 e D% K_%

Keg = K-1 DI SSOUNMON
K, Forw otom Conc’
Ky = K-1+ K2 DisSocokon

K, Formation

(Slow)

Cs]

m J

K, = Rate constant fov
fomM(Wl % ES conpleix

K_ ;= D120 ciaHON 0& £S to & +S

K,= Dissotlakon of &S h &E+P

K“l + K — - K'

2

\ -

Ts)

Lime
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What is Km? K, = K-.q1 + Kz
K CsJ
L K @: \may =
v Dissociation constant for ES complex K -
Substrate concentration where_\io=0.5 Vmax “Wl +
) R
(\/MNV}--“ '-/—“--————— 0'5 VVV\AfJ: \/W)ﬂ 652
) R +
0.5 YwGpr y C:S = ()= K,, Vo= ’évmy‘
\/\/,31 T ! N Km+€9 094K, V,X< Y, e
2 ' ' l c <D .
( = i Cs) ) K \V, v
} | 2 T Ko, +C 2K Mo 7 fyVreer
]
rsl] — Kon +C8) = 2CY
K = 20s) -
(Km) ~

Km = CSJ
Ky does not vary with the concentration of enzyme.
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Vmax T o KM 1€ cons tant
S [ Enzyme - dlonot Vo vy vy
"a\ ; g\/’ojma C«OHCY ov
8 Snayme Conc”
SV Y\Enzymf-.zz 34
o % l
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O /Abbmnhl bov SubShroTe
2
&J 0 ‘ Csj:KM \/0: '/)/ VW
3040506070~ 80 ——2=8Kn ——
- [Substrate] =Y vy S ? e
N Vo= £ Vmax
K K Kw + (8D 3
M1 Rm2 o e

Low Hwh e
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\f, = \/Mt:/x (9/

Apply your Mind K+ (S)
7 7

The enzyme alkaline phosphatase was tested for its catalytic activity using the substrate
para-nitrophenylphosphate. The Km obtained was 10 mM and Vmaxwas 100 umol/min.
Which one of the following options represents the initial velocity of the reaction at a

\W concentration of 10 mM?
0 umol/min -

- Kpn = CS2
(2) 100 pmol/min Kop = (O mM Con

(3) 500 pmol/min S = 10mm vo = Y, @
(4) 20 pmol/min
Vo= ! ¥ 100 Mo iy

e D ’-‘ W\“'/mw,
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(el  ($D= 6.5 Km Vo= 7
Apply your Mind (e 2 08D = 2\/Kwn Vo= ©

What is the fold difference between v at [S] = 2 Km and v at [S] = 2Km where v is the

initial velocity of an enzyme catalyzed reaction, [S] is substrate concentration and Km is
the Michaelis constant!?

(1) 2 @ Vo= Mmer () o Vuax 0:5Km
Ka+(S)

(2) 4 1R +0-5K,,
(3) ’U = umap % - gvvv\asx
(w10 N Ml R - L = Y, e
1 Ky, +2Kny 3 m,
_I_ \/W\M/—\’ — Ve
2 2

0-33 \/W‘Md 0. 64 V rayo
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What is Kcat or turnover number? SPee d 017 Slwﬂ 1e 2@7 Ymd

_ S K2
Kcat _VmaX/Eg_'_s ____<—V______}; £S T§mP - &+ F \/mrax _ K cos
K1 (Stowd) Er

Voax = KZ_ ¢ £T

S —
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Fast and slow enzymes

i) Enzyme

Catalase
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Kt

ii) Turnover

4.0 x 10’

number

Carbonic anhydrase

N 1.0 x 10°

Acetylcholine esterase

—

- 2.5x 10"

Lactate dehydrogenase

——

1.0 x 10°

Urease 1.0x 10*
Chymotrypsin 100.0

Rubisco 3.0 J}—Sslov
Lysozyme 0.5 |

*For Ribozymes and restriction endonuclease, it is expressed

per minute

Keat = (coulvm%

7&,.4} Linygme = Kiat 2
Slowo 20\)7\”!(: Kq\,(—-\J/

> clonok van«/ uf
Sybsho Clanc’ ov Snjyme

COV\CY.
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Specificity constant or catalytic efficiency K,,M =l Keat = 7

DesIve

Kcat/Km is rate constant that refers to properties and reactions of free enzyme and free
substrate

Enzyme Substrate Ky (M) ket (571 K ¢cat-/ kun

_ Acetylcholinesterase  Acetylcholine 95% 1075 14X 10* ~ 2 % JO&
Carbonic anhydrase CO, 1.2 X 107 1.0 X 10° — 9 10 &
Superoxide dismutase Superoxide ion (O,~) 3.6 X 107* 1.0 X 10° __ 2x 10 )
Catalase H,0, 25X 1072 1.0 x 107

(Kcat/Km of 2 X 108 for enzyme indicates that the value is close to diffusion controlled

I‘Wr @
(5
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HAPPY LEARNING
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