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DEFINITION: they are tne

0I0logical System, colloidal,
NErMOIabIE & Protein In nature.
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=ik Wlthout erszmes life as we know it wou'Id
~ not be possible.

* enzymes occupy central roles in health &
diseases.

Enzymes give information to physicians in
ia"“'gnostic & prognosis..
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4.6 Protein Primary Structure

(a) Primary structure

Ami

no acids

(b) Secondary structure

B-Pleated
sheet

(c) Tertiary structure

(d) Quaternary structure

Figure 4.12
The relationships among the four levels of protein structure: (a) primary or covalent structure,
(b) secondary structure, (c) tertiary structure, (d) quaternary structure.
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Enzvme Is Biocatalysator

Reaction kinetics '
without enzyme — }
B— H gaction with gnzyme Enzyme + substrate Enzy;71e- En‘zyn-1e> acts
substrate
E . complex
& ® @
2 L ®
. Enzyme-product complex Enzyme and products
0 ‘
Time — — - Model Fischer : Rigid
Red circle = substrate; black circle = product. C = energy Acﬁve
level of substrate; D = energy level of product. C o A= gile

activation energy in the absence of enzyme; Cfo B is
activation energy in presence of enzyme; B to A =
lowering of activation energy by enzyme

Koshland’s Induced Fit Theory

The subsirate induces conformational changes in the
enzyme, such that precise orientation of catalytic groups is

K effected.

Substrate

Enzyme




Model Activity of Enzyme

Pleated
sheat

Fig. 9.2: Induced-fit modet

TABLE 5.1: Examples of co-enzymes

Co-enzyme Group transferred
Thiamine pyrophosphate (TPP) Hydroxyethyl
Pyridoxal phosphate (PLF) Amino group
Biotin Carbon dioxide
Co-enzyme-A (Co-A) Acyl groups
Tetrahydrofolate (FH4) One carbon groups
Adenosine triphosphate (ATP) Phosphate




(1) lowering the energy barrier (activation energy) for
the product to form
(2) increases the favorable orientation of colliding
reactant molecules for product formation to be
successful (stabilize transition state intermediate)
Aotive
------------- site
AG*, Free energy
of activation Transition stats
‘ conformation
&)
& " AG?, Energy of activation
g Ghicpa e~ NN ¥ with enzymes
o + 60,
&

AG, Free energy
released

6CO, + 6H,0

Progress of reaction /




Catalytic Power

* Enzymes can accelerate reactions as much
as 10'® over uncatalyzed rates!

* Urease 1s a good example:
— Catalyzed rate: 3x10*/sec

— Uncatalyzed rate: 3x10 "19/sec

— Ratiois 1x10'*




Specificity
* Enzymes selectively recognize proper
substrates over other molecules

* Enzymes produce products in very high
yields - often much greater than 95%

. Speciﬁcity 1s controlled by structure - the
unique fit of substrate with enzyme
controls the selectivity for substrate and

the product yield




" Classes of enzymes (IUB System)

1.

Oxidoreductases = catalyze oxidation-reduction
reactions (NADH)

Transferases = catalyze transfer of functional
groups from one molecule to another.

Hydrolases = catalyze hydrolytic cleavage

Lyases = catalyze removal of a group from or
addition of a group to a double bond, or other
cleavages involving electron rearrangement.

Isomerases = catalyze intramolecular
rearrangement.

Ligases = catalyze reactions in which two molecules
are joined.

Enzymes named for the substrates and type of

reaction




Class

1. Oxidoreductases

2. Transterases

3. Hydrolases

4, Lyases

5. lsomerases

6. Ligases

Example

{reaction type) Reaction Catalyzed

Alcohol dehydrogenase i B Pl O
(EC 1.1.1.1} CH,CHOH e = CH,—C
{oxidation with NAD ™) - H
Ethanol Acetaldehyde
Hexokinase CH,OH CH PO, -
(EC 2.7.1.2) e TP ALF A—0o oH
{ phosphorylation ) ~ .
IH
o-Glucose--phosphate
) : - H.0
Carboxypeptidase A Flfﬂ_1 n' R, ix R R,
{EC 3.4.17.1) N +
: . —N—C——C —MN—C — OO0 ————— —PN—C—CO Ho W — i — 00
{ peptide bond cleavage) | E| t | i| coo C—CO0  + HN—C—C0
H H H H H H H
C-terminus of Shortened C-terminal
polypeptide polypeptide residue
Pyruvate decarboxylase 'ﬁ' -ﬁl
(EC 4.1.1.1})
: AP —C —C— CH, Ht — o0, H—C— CH
{ decarboxylation ) 0C—C—CH; + Gl C—CH,
Pyruvate Acetaldehyde
Maleate isomerase gl O, P
(EC 5.2.1.1} o= —_— o=
{c1s—#rans isomerization) H H H b
Maleate Fumarate
Pyruvate carboxylase (I:IJ ATE ADP + F, [llltl
{EC 6.4.1.1) e M o . « I | B I
{carboxylation ) SOC—L— e + Ll = - s —C — CH, — OO
Pyruwvate Oxaloacetate



Co-enzymes

* Non-protein molecules that help enzymes
function

 Associate with active site of enzyme
* Enzyme + Co-enzyme = holoenzyme
* Enzyme alone = apoenzyme
» Organic co-enzymes - thiamin, riboflavin,
niacin, biotin
o Illwor'ganic co-factor - Mg **, Fe**, Zn*",
N




N

Metal
Zinc

Magnesium
Manganese
Copper
Iron

Calcium
Molybdenum

/ TABLE 5.2: Metallo-enzymes

Enzymes containing metals

Carbonic anhydrase, carboxy peptidase, alcohol
dehydrogenase

Hexokinase, phosphofructokinase, enolase,
glucose-6-phosphatase

Phosphoglucomutase, hexokinase, enolase,
glycosyl transferases

Tyrosinase, cytochrome oxidase, lysyl oxidase,
superoxide dismutase

Cytochrome oxidase, catalase, peroxidase,
xanthine oxidase

Lecithinase, lipase

Xanthine oxidase

Name of enzyme Important amine acid at

the catalytic site
Chymotrypsin His (57), Asp (102), 5er (195)
Trypsin Serine, Histidine
Thrombin Serine, Histidine
Phosphoglucomutase Serine
Alkaline phosphatase Serine
Acetylcholinesterase Serine
Carbonic anhydrase Cysteine
Hexokinase Histidine
Carboxypeptidase Histidine, Arginine, Tyrosine

Aldolase

Lysine

~

Amino acid side chains

(A) Unfolded protein
with no activity

Folding
process

/e

(B) Folded protein
with enzyme activity

Amino acid side
chains from the
active center of enzyme

TABLE 5.4: Active center of enzymes Box 5.7: Factors affecting enzyme activity

Enzyme concentration

Substrate concentration

Product concentration

Temperature

Hydrogen ion concentration (pH)
Presence of activators

Presence of inhibitors

Presence of repressor or derepressor
Covalent modification.

—————————————————————— —




Factor Effecting Enzyme ActivityE

Reaction Kinetics
without enzyme

>
|
Enz. acfivity
{Rale of reaction)

Reaction with enzyme

0 ®

Time: s

Red circle= substrate; black circle= product. C= energy
level of subsirate; D= energy level of product. C to A=
activation energy in the absence of enzyme; C to B is
activation energy in presence of enzyme; B to A =
lowering of activation energy by enzyme
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Enz. concn.

Fig. 9.8: Effect of enzyms comncaentration 0% Temperature
on enzymabic reachon
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Fig. 9.4: Lineweaver-Burk plot
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s

Fig. 9.6: Effect of temperature on
enzymatic reaction
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Fig. 9.7: Effiect of pH on enzymatic reaction’
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Fig. 0.9: Effect of substrate concentration
on enzymatic reaction
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[Substrate |

[Product]

Concentration

[E]
Data from a single experiment performed

with at a single [S]. | A
(single point on Vo vs. [S] plot) g ~

Time

[Pmducl]/

Concentration

k Time
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Types of Reversible Enzyme Inhibitors

(a) Classical competitive inhibition () Uncompetitive inhibition
=0l () — =8




Enzyme Inhibition

-3

Following are few examples of competifiveinhibitars.

fwme  Swstdo Competiive nhibiter

+ Lactate Lactate Oxamata
Dehydrogenase

+ Aconitase Cisaconitate Transaconitate

Substrate (5) SR N S Swiwe Mo
Dehydrogenase
= 7 * HMG-CoA  HMG-Cok HMG
Ernzyme :> Roductzso
(E) . T + Diyarofolste 18 Dinydrofolate ~ Amethopterin
Inhibitor Raductase
{(h
Dingrarnmatic presentation of compefifive infubition
Enzyme-Inhibior i siven in Fietre 0,
Complex (El} is givenin Fipure 9,10

Fig. 9.10: Competitive inhibition /




Substrale
Inhibitor site

site
2l ek
@ - : 2
1

A = Active site; Allo = Allosteric site; S = Substrate;

inhibilor AA = Allosteric activator; In = Inhibitor site;
SUbStY ate Ain = Allostericjnhib_itor. The enzyme has separate active site
() Enzyme and allosteric site. Figure 1 depicts that the activator is fixed at
(S) the allosteric site, when active site has correct conformation,
(E) and the substrale is correctly fixed. Figure 2 shows that the

inhibitor is fixed at the allosteric site when active site is deformed
and the substrate could not fix.

Fig. 5.25: Action of allosteric enzymes

‘f’ E TABLE 5.7: Examples of allosteric enzymes
l Enzyme Allosteric Allosteric
\ - inhibitor activater
1. Phosphofructokinase ATFE citrate  AMP F-2,6-P
2. ALA synthase Heme
3. Aspartate trans- CTP ATP
carbamoylase
4. HMG Cof-reductase Cholesterol
Fig. 9.11: Non-competitive inhibition 5. Pyruvate carboxylase  ADP AcetylCoh
6. Acetyl Cof-carboxylase AcylCoh Citrate
7. Citrate synthase ATP
8. Carbamoyl phosphate MAG
synthetase |

9. Carbamoyl phosphate UTP
synthetase Il




10.

Table 9.2: Differentiation of competitive and non-competitive inhibitions

Competitive inhibition

Reversible

Inhibitor and substrate resemble each other in structure
Inhibitor binds the active site

V oy 5 53ME

K increased

Inhibitor cannot bind with ES complex

Lowers the substrate affinity io enzyme

Complex is E-I

Michaglis-Menten equation changed to

Vrnax [3]
1+(0)

K
Lineweaver-Burk plot:
1t =, 0,1
v K I‘i]
Eadie-Hofstee plot: No cl'mg-e inY intercept (V) but
possesses steeper slope and smaller X intercept

+

10,

1.

Non-competitive inhibition

Reversible or Imeversible

Does not resemble

Inhikitor does not bind the active site

Vi Iowered

Ko Unahtered

Inhibitor can bind with ES complex

Does not change substrate affinity for the enzyme
Complex is E-5-1 or E-|

Michaslis-Menten equation changed toc

m[5]
’ ‘lm 5]

Lineweaver-Burk plot

UL 1

V™ VR [51 Vo 1K, ]

Eadie-Hafstee plot: No change in slope (-K_) but
Y intercept is lowered and X intercept declines in value



/ THERAPEUTIC USES OF ENIYMES \

Name of the enzyme

A, Enzymes used systemically
= Strepfokinase arnd
* Urokirasc

* L-Asparaginase

* Dugestive enzymes
Amuylase, lipase
and profrasc

* @-chymotrypsin

= Serrafopeptidese

B. Enzymes used locally
* Hyaluronidase

Availability

Pure stabilised
- E'I:rlzlltnhnm available
750,000 to 1500000 ITT vial

* Urokinase—350.000 to 500,000

ITT =il

Arvrailable as “Leumase”, 10,000
EU of L-Asparaginase per vial

Avrailable as tablets and syTup

577D mg :-'uhlin;g_u:l fablets

EmEh.'I:rlcl

Available as “Hyalasc” 1500
ILT pex ml

Mechanism of action

Increases amounts of probeolytic

enzyme “plasmin® by either

* Increasing the circulating level
of its precursor “plasminogen™ or

* Increasing the conversion of
plasminogen to plasmin.
Flasroin acts directly oo “fihrin"
breaking it down to achieve
thrombolysis (Fig. 9.14)
Certain fumour cells require
L-Aspazagine for growth
L-Asparaginase hydrolyses
L-Asparagine and growth of
tumour cell suffer

R:Phl:ment ‘Eh.l:l.'l]:l'? in P amcreatic
ins .

Mucelytic and profeolytic activity

Tibrinolytic ackvity, high bradykinin
dﬂumrn.:ing a.cl:i.".-i.‘l'l_,.'. and ]:|-|:|'|:I|.=:|:|:I:
:m:i:n.ul],rl:i.-l: adi'l."i.l}r

Brings about depolymerisation of
g:-u-l:l:n.d substance amd ]1.-=I]:.-.' i
absorption of Huids

Indications

* Acube myocardial infarction
* A ute thrombosis of arteries
* Deep ven thrombosis (DVT)
* FPulmonary embolism

* Acute leukaernia
* Maliznant lymophomas

* Cystic fbrosis

* Chronic panceatifis

* Following pancreatectomy

Used as adjunct therapy

* In management of inflam-
matery sedema due to mjury,
Postsurgical infections and
dental procedures

* Effective adjunct in inflarm-
mmation after traumatic mjury
and after operation

* Subconuncival bleedmg

* Promotes diffusion of fuids
* Intra-articular injection

in joints to alleviate pain

in ostesarfhrifis

/




TABLE 5.5: Clinically useful competitive inhibitors

Drug Enzyme inhibited Clinical use O
1. Allopurinol Xanthine oxidase  Gout
2. Dicoumarol Vitamin K-epoxide- Anticoagulant
reductase
3. Penicillin Transpeptidase Antibiotic HO—C N H2
4. Sulfonamide Pteroid synthetase  Antibiotic
5. Trimethoprim FH2-reductase Antibiotic
6. Pyrimethamine Do Malaria PABA
7. Methotrexate Do Cancer
8. 6-mercapto- Adenylosuccinate  Cancer PABA precursor to folic acid in bacteria
purine synthetase
9, 5-fluorouracil Thymidylate Cancer O
synthase
10. Azaserine Phosphoribosyl- Cancer

amidotransferase

11. Cytosine DNA polymerase Cancer H2 N_S NH 2

arabinoside
12. Acyclovir Do Virus
13. Neostigmine  ACh-esterase Myasthenia 0)
14. Alpha-methyl Dopa-decarboxylase Hypertension
dopa
15. Lovastatin HMGCoA-reductase Cholesterol
lowering
16. Oseltamiver MNeuraminidase Influenza Sulfanilamide
( Tamiflu)

- /




Irreversible Inhibitors

CHs F CHs o
H ’:C O |F||’ o %—H S C——0——CH,CHj
Diisopropyl fluorophosphate @ CH,
(nerve gas) C|:H3 L e
o)
S —
HsC—0 |F|> S NO,
I\ /
(|3H3 *Organophosphates

*Inhibit serine hydrolases
parathion 'Acetylcholinesterase inhibitors




Inhibition of Enzyme Activity Neostigmine

Mechanism of of action:

acetylcholi ne‘ \ By — acetate
" " muscarinig nicotinic
anti-cholinesterase - \/. . \ sctychole eicole

00000000008

Inhibits activity of acetyl-

cholinesterase

post-synaptic acetylcholinesterase stimulatory
membrane G-protein

Effects: increase Acetylcholine (ACh)

cytoplasm

levels in the synapse.

[
-

-

e

DOO® S 100 000,0.’
Clinical use: treatment of myasthenia 4 m 000000000008

-
gravis |
post-synaptic

membrane

cytoplasm




Myasthenia Gravis: autoimmune disease

Normal Neuromuscular Junctlon

by MUSCLE celL

——— i e it

Myasthenia Gravis

AChR Antibodies ~ Blocking of
ACh Binding

¥y
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Action of Neostigmine

Somatic Nervous
System (voluntary)

< ACh

%

Neostigmine ,///\\\\

acetate

-

choline

Nicotinic ACh
receptor

Skeletal
Muscle




Inflammation and COX

Infection

W

Arachidonic Acid

(released from cell membrane)

‘ Cyclooxygenase (COX)

Prostaglandins

/\

Pain Fever

Injury

e

White blood cells escope
into tissues and release
further pain chemicals



http://www.drugdevelopment-technology.com/projects/prexige/images/1_Pain_Signal_Chemicals.jpg

e
Action of Aspirin

Infection

iy

Arachidonic ACid (released from cell membrane)

‘ CW enase
1 Prostaglandins \
, \ Aspirin
1Pain Fever 1

-
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Gout
» Gout is a disease due to high levels of uric acid in
body fluids
ot @ | *70mg/dLand above

» Uric acid accumulates because of:
» Overproduction or

/ » Underexcretion
4 ¢
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Allopurinol and Hypoxanthine

HCkN/C\N/
H
Hypoxanthine
(enol form)

N

O
HN. SN
Ay
H.N | N H
(GGuanine

guanine
deaminase

0.

%5\
HN | \> Hypoxanthine
K S (keto form)
.

. - H.O + O.
xanthine|}” H,0 + 0,
oxidase
* H,0,

HO*\.\'

0
l

HN |/3> Xanthine
"N
i

(keto form)

: : - H;0 + O,
xanthine
oxidase
* H O

O

N
HN o
=
HOA.\' l\{

Unic acid
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Regulation of Enzyme Activity
Enzyme quantity - regulation of gene expression (Response time =
minutes to hours)
a)  Transcription
b)  Translation

c) Enzyme turnover

Enzyme activity (rapid response time = fraction of seconds)
a)  Allosteric regulation

b) Covalent modification

c) Association-disassociation’

d) Proteolytic cleavage of proenzyme




Allosteric Regulation

* End products are often inhibitors

e Allosteric modulators bind to site other than
the active site

* Allosteric enzymes usually have 4° structure

* Vo vs [S] plots give sigmoidal curve for at
least one substrate

» Can remove allosteric site without effecting
enzymatic action




Allosteric control: either an activator or inhibitor acts on a
portion of the enzyme other than the active site to regulate
enzyme function.

Negative allosteric control Positive allosteric control
Substrate b
te cantt -. :
Active site c::t :r can Unavailable Substrate

Positive ‘

allosteric
regulator

!

2

Negative \
allosteric
regulator

Allosteric
site




Hexokinase Glucoseb-

Phosphfructo

ATP AMP,ADP

| Pyruvate
| carboxylase

Acetyl CoA |

| Acetyl CoA
carboxylase

Palmitate  Isocitrate

III |



Phosphofructokinase( PFK)

Fructose-6-P + ATP ----- > + ADP
*PFK catalyzes 15t committed step in glycolysis (10 steps
total)

Glucose + 2ADP + 2 NAD™ + 2Pi =2 2pvruvate + 2ATP +
PY
A JADH)

'Phosphoenolpyruvate 1s an allosteric inhibitor of PFK

*ADP is an allosteric activator of PFK




/

Allosteric modulators bind to site other than
the active site and allosteric enzymes have 4°
structure

Fructose-6-P + ATP ----- > Fructose-1,6-bisphosphate + ADP

(a) (b)

Allosteric Activator (ADP) binds distal to

active site

\




e

Regulation of Enzyme Activity
(biochemical regulation)

o 1 committed step of a biosynthetic pathway or
enzymes at pathway branch points often requlated
by feedback inhibition.

( AENRED.
2 37
B A
& mm) C i
4 5
‘ E F ) G ]
» Efficient use of biosynthetic precursors and

energy
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_ MODIFICATION

IVIEﬁ'y‘ enzymes exists in the active and inactive
~ ~form which-are Iintercovertible depending upon the
needs of the body

= Covalent modification is the change in the activity
of the enzyme by either adding a group to enzyme
protein by covalent bond or removing a group by
cleavmg a covalent bond.

ludes,

e —

a.—-§__

e

2. Adenvylati 'eylatlon
3 ADP nbosylat|on Uridylation ,Methylation



Model Kerja Enzim Elastase

Coding exons
Gene ! | i !
(19p13.3) B R g, B R R
Histidine Aspartic acid Serine

Elastase2

Substrate




Innate immune defense
neutrophils, macrophages and epithelial cells

ol-AT
zaring proteasas (NE) al1-macroglobulin
cathapsin Protzasze- Elafin
matalloproteasas (MMP) inhibitors SLAI
Proteinase 3
+ |nflammatory response (local and systemic)
+ |ntercellular signalling & Neutrophil migration
Cleavege of adhasion molecules
Citokine modification (processing and degradation)
Cell-surface racaptor activation and chemotactic activity
+ Matrix and tissue ramodalling
¢ Up reguiation of NE inhibitors
+ Bactanal clearance (neutrophil azurophil granules)
Tissue rapair P :
: B . Progressive
Imfaction claarance tissue damags

Imjury resolution

F'{-.u.re 1 - Inndfe ormune J.it'_,ﬁ'nir. ®l-AT = n@&futr anlitrypsin; MMP = muirix nhﬂhp‘ﬂh'mm; NE = n.t'utmpfllf el tase; SLPI = secretory
leukooyte protease infubitor.



ENZYI\/IES

-r—-‘—‘-—fv‘ q‘_h -

= Some enzymes eX|sts In Iatent forms and

~ Tatent forms as such are inactive for Eg
enzymes may be synthesized as
proenzymes or zymogens which undergo
Irreversible covalent activation by the
breakdown of one or more peptide bonds

=.g. chymotrlpsmogen trypsinogen, and.
la: dgen are respectively converted to
cl ymotrypsm trypsm and plasmin
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Modification in the concentration of the enzyme

— —

~this is done by regulating the rate of enzyme
synthesis that is Induction and repression of
enzyme synthesis

=  |nduction - Increased synthesis of the enzyme

= Repression — Decreased synthesis of the
il A " e

4

. . | T ——
S is coordinated at the level of gene and is also
medlated malnly through the hormones




—————-

~ = Enzymes are present in all the tissues

- = |tis having different applications clinically
1. Diagnosing a disease

2. To diagnose a congenital disorder

3. Measurement of compounds

4

9

. As therapeutic agents

Enzymes linked to insoluble materials are used
eactors. T —
re acting by inhibiting the

W\

- l %
as chemice
S vy ) r’:_.
\YITaln N

o a2 ‘ | |
v ' ‘ ‘ ;
o

enzymes
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Functional Non- functional

Specific to plasma
Have definite function

Present in high
concentration

j These non- functional enzymes are more

Important for clinician to diagnose a disease
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They e“ter :

* when disease process cause changes in cell
membrane permeability -

* When cell dies
' Slnce there is gross dlfference between




*__‘_:_,:___]"hc-; levels are maintained by the following
factors
1. Rate of release of enzymes into plasma
2. Stability of enzymes in plasma

3. The clearance rate of enzymes by reticulo

W - endothelial system W—




Plasma enzymes

1.

Plasma specific enzymes:
cholinesterase,

plasma superoxid dismutase,
lecithin-cholesterol acyltransterase,

Serin proteases — inactive zymogens of coagulation factors and
factors of fibrinolysis (faktor II - prothrombin, factor VII, IX,
XIII) and complement system components, non-specific

immune system (components C1 — C9).
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Plasma enzymes (cont.)

Enzyma name abbrevi | Causes leading to increased
ation 1 eyels
. : ALT liver and biliary tract disease
Alanine aminotransferase pancreatic diséase
decompensated heart defects
Aspartate AST liver diseases
aminotransferase myokardium damage
disease of skeletal muscle and myocardium
akcaline phosphatase ALP liver and biliary tract disease
bone diseases
Creatin kinase CK disease of skeletal muscle and myocardium
Lactate dehydrogenase LD, s Myocardium disease (LD,, LD,) and muscle disease
hepatopathy
y-glutamy ltransferasa GMT liver and biliary tract disease and

pancreatic disease




Enzyme

Asparginase Acute Lymphoblastic Leurkemia
Streptokinase To lyse Intravascular Clot
Urokinase Do

Streptodornase DNAse; applied locally
Hyaluronidase Enhances Local Anaesthetics

Pancreatin(Trypsin and Lipase) RElldg-1aloR g} a (e S ple) 70 ¢!
administration

papain Anti'lnflamma

Alpha 1 — Antitrypsin AAT Deficieny; Emphysema







