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Enzymes- An introduction

- Biologic (organic catalysts) polymers that catalyze the
chemical reactions.
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- Enzymes are neither consumed nor permanently altered as a
consequence of their participation in a reaction.
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- In addition to being highly efficient, enzymes are also

extremely selective catalysts.
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-In most cases, enzyme names end in —ase Al jji/
By 50, Me yone of fhe f;fha;czyw Gt Ao L= g )
-The common name for a hydrolase is derived from the
substrate
Urea: remove -a, replace with -ase = urease

Lactose: remove - ose, replace with - ase = lactase

- Other enzymes are named for the substrate and the reaction
catalyzed )
Lactate dehydrogenase <>+ "o te
Pyruvate decarboxylase/) ngearen -
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- Some names are historical - no direct relationship to
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Classification of Enzymes

- Enzyme Commission (EC) according to International Union
of Biochemistry and Molecular Biology (IUBMB)

- Each enzyme was given 4 digit numbes [1.2.3.4]

Ist one of the 6 major classes of enzyme activity
‘(;/JOﬁ)I%‘J M A’NJQ_({ AV e f/‘/"}

2nd the subclass (type of substrate or bond cleaved)
lo< g ot DN P=0 sy e dem b Subiprabed b 2o

3rd the sub-subclass (group acted upon, cofactor required,
etc...)

4th  a serial number... (order in which enzyme was added to
list)



1< Oxidoreductases (EC.1) catalyze redox reactions, such as” /¢ vitlegjes
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2- Transferases (EC.ZSUtf){nsfer a group from one molecule to another,

suchas © (Hexokinase [EC 2.7.1.2])

-Transaminases catalyze transfer of an amino group

Kinases transfer a phosphate group et
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3- Hydrolases (EC.3) cleave bonds by adding water, such as

' Ieute .
leibescat stn (Alkaline phosphatase [EC 3.1.3.1])
- Phosphatases
- Peptidases | i B
ot ;;z;ipases CH, O%C(CHZ),,CII‘,
Wp?& oUW ot) g O CH,OH
lgenl ’ R ad C I—O—|LL(CH3),,.CH; + 3H20 CHOH + 3CH;(CH,),COOH
gl 5=
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Triglyceride Glycerol Fatty acids
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= Lyases (EC.4) catalyze removal of groups to form double bonds or the
reverse break double bonds, such as

(Pyruvate decarboxylase [EC 4.1.1.1])
- Decarboxylases
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5= Isomerases (EC.5) catalyze intramolecular rearrangements, such as
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”Zg e 2o g1 45 = (Alanine racemase [EC 5.1.1.1])
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w6r-' 1gases (ECﬁ 6) catalyze a reaction in which a C-C, C-S, C-O, or C-N
bond 1s made or broken, such as
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Active site, 7" L0 2

- Takes the form of a cleft or pocket

- Takes up a rela%‘_ely small part of the total volume of an enzyme
- Substrates are bound to enzymes by multlple weak attractions

/" 214

-The spe01ﬁ01ty of binding depends on the precisely defined
arrangement of atoms 1n an active site
-The active sites of multimeric

enzymes are located at the interface & J
between subunits and recruit residues

from more than one monomer
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Enzyme substrate binding
-Two models have been proposed to explain how an enzyme
binds 1ts substrate: the lock-and —key model and the induced-

wcdotr o binding bhe Subivake fo My cepy, oy

fit model. A) -
Jiglgw and- -Key Model of Enzyme-Substrate B1nd1ngm¢)1gvg1is
model the active site of the unbound enzyme is # " v
Lom{Vemen yarivy
complementary in shape to the substrate. pthcen yre SMWZ
midg Sre awd Ve achle Sike d
-"lock and key model" accounted ’ w’fﬂ%% Mo ) be wo

VA 6)7 bVl

for the exqu1s1te specificity

of enzyme- -substrate interac %
the 1mphed rigidity of the -
enzyme's active site failed to
account for the dynamic
changes that accompany wrome

| —



“Indii¢éd-Fit Model of Enzyme-Substrate Binding_

- In this model, the enzyme changes shape on substrate

o iweling 1‘3 Ve Subsyrake o Wre ovigiual $rm o} Yo ackie ke g Vw@%g;oc/ begawge Proe IS o Comflemedanly
binding. veweer perwes i o ey puay istng oF He sawate S e acie sse bu e
Ly £ bvx% S\ el Ve SHT0 5141l t&&la&w\&/@ié) adhive She U e wa

-The active site forms a shape complementary to the substrate

£k wocled — - aid
only after the substrate has been bound. 7 " =/ " ¢

- il — wn dungable
When a substrate approaches and e Bk 9 e
binds to an enzyme they e el Ul ) e 1o

wel
M/Iamc«!anlfy/bab Ve Comil wodkel Yiure i pebal

induce a conformational change, Nﬁ\‘fg’fﬁf e of Mo a b bt sy
a change analogous to e

placing a hand (substrate) into

a glove (enzyme).

Substrate

. —_—

ES complex

Enzyme
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Mechanism of Action of Enzymes il o e s & i
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- Enzymes are catalysts and increase the speed of a chemical -

’ i e (o T
reaction without themselves undergoing any permanentszais
Lo SIS St

chemical change. They are neither used up in the reaction nor|

. . -0 M(’\ﬁ'\
do they appear as reaction products. s ;sfi?giﬁi;ﬁ;g;iwgdfiis\uﬁv;%rf‘f

- The basic enzymatic reaction can be represented as follows:

S + E > P + E |

- Where E represents the enzyme catalyzing the reaction, S the
substrate, the substance being changed, and P the product of
the reaction.

-The mechanism of action of enzymes can be explained by

ol YLk, Vg o SV Lp gl St

two perspectives: WP O i pare

pinding o He ache Nye ho He evzgpre Fov

1- Thermodynamic changes o g s e
2- Processes at the active site e
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Thermodynamic changes’

- All enzymes accelerate reaction rates
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Processes at the - o vhe omgrs anel - 3 ol Gl
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1- Catalysis by pro 1m1ty for the molecules to react theyw % ‘f
p/mwlby oF Ve acng , oty o3 Pie subihai) (P _,S; (e g,

W adipe 5ie (o He ackwve Oleps o

+must come within bond- forming distance of one another. =7

huz“‘ﬁ sike o #Yh M:m&} {2/&/// s /’” ““‘"‘"dé aaaaaaaa
et~

hen an enzyme binds substrate molecules at its activew e

P e SR e (o e e

s1teZt creates a region of lﬁgh local substrate concentration.
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Enzyme- “substrate interactidns orient reactive groups and brmg

them 1nto proximity with one another. bt el v 0 35 5 5 i Y
,.a,AbSQ/d’ld Vo) A, L~ 5} /yj//mémab‘r(u—fj»)rﬁ‘ < ’_“__‘&u‘?dwzyi,,;,,,@ L
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e boud Loming el Fance i 08, @ i, Hn ot " 7 dan s S5 i it o
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27K cid base” ¢atalysis: the ionizable functional groups Qf aminoacyl side

Jet J7om
ore; Mﬂeﬁf achve Sie 06 Sy

chains of prosthetic groups contribute to catalysis by acﬁng as acids or
bases.
- General acid catalysis involves partial proton transfer from a
donor that lowers the free energy of the transition state.
- General base catalysis involves partial proton abstraction
from an acceptor to lower the free energy of the transition state.
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2- Acid base catalysis: the ionizable functional groups of aminoacyl side

chains of prosthetic groups contribute to catalysis by acting as acids
or bases.
- General acid catalysis involves partial proton transfer from a
donor that lowers the free energy of the transition state.
- General base catalysis involves partial proton abstraction
from an acceptor to lower the free energy of the transition state.
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3- ;atalVSlS by stan enzymes that catalyze the lytic

§’ reactions involve breaking a covalent bond typically bind
their substrates in a configuration slightly unfavorable for
th(e%}g)czr}d that will undergo cleavage. pJ/ﬁ Sl 2t
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4- Covalent catalysis: accelerates reaction rates through

transient formatlon of enzyme- substrate covalent bond.
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5- Metal lon catalysis SO
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6- Electrostatic catalysis el Mw,rwﬁj
- Enzymes seem to arrange active site chargedistributions to ,,;"*;’:h:‘j
stabilize the transition states of catalyzed reactions ”‘f«iﬁgﬁ“wﬁ‘f
- Substrate binding generally excludes water from an enzymé)ﬁ o« M
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- Electrostatic interactions are stronger e SRRl st 2

- pka's can vary by several pH units due to proximity of charged
groups
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- Alternative form of electrostatic catalysis: several enzymes as
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uperoxide dismutase apparently use charge distributions to guide

polar substrates to their active sites
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Enzyme Specificity
- In general, there are four distinct types of specificity:

wae s ccHg o bl le
I- Absolute specificity: the enzyme will catalyze only one

- /\&J
cefe = — ubﬁ)”m/"* NseaS enhre
reaction. /G, g T T Py S

2- Group specificity: the enzyme will act only on molecules
far Yicqlew”" Chemi it

that have specific functional groups, such as amino, ?rmvo

phosphate and methyl groups ﬁi&”’”“?’fﬁe AR
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+3- Linkage specificity: 77 the enzyme w111 act on a parfm cular
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4- Stereo chemical spemﬁmty the enzyme will act on a
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Cofactors
- Cofactors can be subdivided into two groups: metals and

. ‘ m Wamen
small organic molecules «=" = "2
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- Cofactors that are small organic molecules are called ™
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- Most common cofactor are also metal 1ons. PRV g

- If tightly bound, the cofactors are called prosthetic}gro@s.
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= Loosely bound Cofactors serve functions similar to those of

=->prosthetic groups but bind in a transient, dissociable glanner
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Prosthetic groups

- Tightly integrated into the enzyme structure by covalent or
non-covalent forces. e.g.;

Pyridoxal phosphate V%0

Flavin mononucleotide( FMN) v 177

Flavin adenine dinucleotide(FAD) V' Y 2

Thiamin pyrophosphate (TPP) v B2

Biotin V3%

Metal 1ons — Co, Cu, Mg, Mn, Zn

- Metals are the most common prosthetic groups



Role of metal ions pretaloenzyey Jlc £ N = weld) W\ b,
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- Enzymes that contain t1gff1y\£)ound m%‘al lons are termed —

H
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Metalloenzymes G o
- Enzymes that require'metal ions as loosely bound cofactors
are termed as metal-activated enzymes

- Metal 10ns facilitate:
- Binding and orientation of the substrate
- Formation of covalent bonds with reaction intermediates
- Interact with substrate to render them more electrophilic
or nucleophilic
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- They serve as recyclable shuttles—or group fransfer
Ly Ve nor hwhot«\v‘ a,cetf“” D A, AV Lo 2,25 e

agents—that transport many substrates from their point of
generation to their point of utilization.

- The water-soluble B vitamins supply important components
of numerous coenzymes.

- Chemical moieties transported by coenzymes include
hydrogen atoms or hydride 1ons, methyl groups (folates),
acyl groups (coenzyme A), and oligosaccharides (dolichol).
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1- Enzymes can act as diagnostic markers of underlying st~

. o st L !
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diseases . 2
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2- Enzymes can also act as reagents for various biochemical =
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estimations and detections (A esd 22
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Enzymes as diagnostic markers , sz et =—" W3

%;@Fun&tﬁﬁﬁﬁrgé;ﬁgﬁnzym ( Plasma derived enzymes):

““Certain énzg;fhes, ﬁ%’%ﬁ%@%@%j“ﬁnd their substrates are
present at all times in the circulation of normal individuals
and perform a physiologic function in the blood.

Examples of these functional plasma enzymes include
lipoprotein lipase, pseudo cholinesterase, and the proenzymes
of blood coagulation and blood clot dissolution .The majority
of these enzymes are synthesized in and secreted by the liver.
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2- Nonfunctional plasma enzymes (Cellgderlved enzymes):
C %Zgé/a.’\) 2y s =

- Plasma also contains numerous other enzymes that perform
no known physiologic function in blood. — ¢A/& aeisints2>
-These apparently nonfunctional plasma enzymes arise from

the routine normal destruction of erythrocytes, leukocytes,
and other cells. =5 o T e Gl A e
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-Tissue damage or necrosis resulting from injury or disease 1s
generally accompanied by increases in the levels of several
nonfunctional plasma enzymes.

Increased plasma levels
of Intracellular enzymes ‘
due to cell damage / [
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Isoenzymes (Isoenzymes) /',
- Are ’ﬁ&”ﬁ‘{’()’ig‘é‘éﬁé enzymes that catalyze the same reaction but
have differences in enzymatic properties.
- Often different 1soenzymes are found 1n different locations in

a cell or in different organs/tissues of an organism.
-They are from different polypeptide chains that coded by
different genes and so, they are affected by different
ators and different inhibitors in different tissues.
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fS' Tactate and pyruvate
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- The"énzyme interconver
- Humans have two 1soenzymic chains for lactate
pHlaven yn e efeer
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L.actate (fehy
dehydrogenase: LDH (M) found in muscle and LDH (H )™
.
o e e L A
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found 1n heart.
- M is optimized to work under anaerobic conditions and H::=

optimized to work under aerobic conditions.
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-There are 5 different isoenzymes. ¢ ST tid o o xhony O o

-The relative ratio of the i 1soenzymes depends on the location in
the organism as well as the developmental stage.

Isoenzymeﬁ%ﬁ;’?g S Tissue origin

LDH1 | H;ﬁ;iﬁ; “ uplyppses = Cardiac and kidney

LDH2 (H3M) ZVMV“ ‘e~ Cardiac, kidney, brain and RBCs
LDH3 (H2M2) Brain, lung and WBCs

LDH4 (HM3) Lung, skeletal muscle

LDHS (M4) Skeletal muscle and liver

@%M@}M /e@ cEF BB & Sl
f {f_‘g U«ua_;-é_eéo />Sz (/-g)fil

CK/ P\IM(MIDswoenzymes ””E,ﬁ;ﬁ?/:‘i‘ffé
- There are three Isoenzymeéz Z,
\V\ W 01771 /IA‘ v, =\ b\oww://éa{J(_-; 4 ﬁ_p‘w ":M:Jp{’fwf

- Measuring them 1s of value %n the preSefice of elevated levels
of CK or CPK to determine the source of the elevation.

- Each isoenzyme 1s a dimer composed of two protomers ‘M’
(for muscles) and ‘B’( for Brain).

-These 1soenzymes can be separated by, electrophoresis or by
ion exchange chromatography.




Isoenzyme Electrophoretic mobility Tissue of origin Mean % in blood

MM(CK3) Least Skeletal muscle 97-100%
M0, 15 < “Heart muscle
MB(CK2) Intermediate Heart muscle 0-3%
e N ZN v N2 2 C o LA S S oA
BB(CK1) Maximum Brain 0%

e T cancatahis
B-/;MM }l; )J_,_/—é \ ()%M/%k P /.,.»-«..(\ )_Ck_)

Enzyme Kinetics wign | e U2

- It 1s the field of biochemistry concerned with the quantitative
measurement of the rates of enzyme-catalyzed reactions and
the study of the factors affecting these rates.

-The rate of a chemical reaction 1s described by the number of
molecules of reactant(s) to be converted into product(s) in a
specified time period which is dependent on the

concentration of the chemicals involved in the process and on

rate constants that are characteristic of the reaction.

-
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Factors affecting Enzyme activity »* o< =79 o Ver

- Numerous factors affect the reaction rate: ube

Temperature Too 28 VI 250

-The reaction rate icreases with temperature to a maximum
level, then abruptly declines with further increase of
temperature

- Most animal enzymes rapidly become denatured at

temperatures above 40°C

- The optimal temperatures of the enzymes in higher
organisms rarely exceed 50 °C

-The Q,,, or temperature coefficient, 1s the factor by which
the rate of a biologic process mcreases for a 10 °C increase
in temperature.



Effect of Temperature
- For mammals and other homoeothermic
. ; Losn ooy o~ Cnicd
organisms, changes in enzyme > 7007
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reaction rates with temperature mw i e s
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assume physiologic 1mMportance ., o wawes =
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the rate of reaction increases. »y#o2c 7t <
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-/ Reaction rate therefore increases then it levels off.
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Effect of pH on enzyme activity

-The rate of almost all enzyme-catalyzed reactions exhibits a
significant dependence on hydrogen ion concentration
- Most intracellular enzymes exhibit optimal activity at pH

values between 5 and 9.

-The relationship of activity to hydrogen 1on concentration
reflects the balance between enzyme denaturation at high or
low pH and effects on the charged state of the enzyme, the

Aidtrny

substrates, or both. . % sz d

e O smarivan
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- Except for Pepsin, acid
phosphatase and alkaline

phosphatase, most enzyme

o‘eff dW

have optimum pH s
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Relative reaction rate

Arginase
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Acidic
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Effect of substrate concentration T bR % T
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At lower concentrations, the active sites on most of the
enzyme molecules are not filled because there is not much
substrate.

- Higher concentrations cause more collisions between the
molecules.

al N wee Laler ) de
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-The rate of reaction mcreases (First order reaction). %257 %5,
-The maximum velocity of a reaction is <~ X = point of saturation |

. . ubirared 2 So # wt add /'/1
reached when the active sites are o o eive Silppotie Mare

N
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Rate of rea

pe wo reackon

N
Increasing
concentration does

Lon Jar U not affect reaction rate
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almost continuously filled. ¥ » s

Sa Juyd P 10m

- Increased substrate concentration
after this point will not increase the rate.

R "‘”354(‘" “Substrate concentration

- Reaction rate therefore increases as 2.5

substrate concentration is increased

but it levels off (Zero order reaction). ,
The shape of the curve that relates activity to /

L,

=&
by add wave Suigare
ﬂ"?. ¥ NS mbreafe W He “‘"‘ﬁ"’““‘
aMV} e =, [,&.-pyf««»zm«m,

o S e ackivil-y
First order reaction
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Michaelis-Menten Kmetlc%) SRS W ,m;i‘*c":;i‘%
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-The Michaelis-Menten equatlon is a quantitative description
of the relationship between the rate of an enzyme-catalyzed
reaction [V.], the concentration of substrate [S] and two
constants, V max and km (which are set by the particular

equation).

-The symbols used in the Michaelis-Menten equation refer to
the reaction rate [V.], maximum reaction rate (V max),
substrate concentration [S] and the Michaelis-Menten
constant (km).
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