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The notes have been consciously designed in a way that is concise and revisable. To ensure this,
we have intentionally added only the most relevant modules and images that are needed for you.

The notes contain blank spaces primarily for labelling diagrams, completing cycles and more to
promote active engagement and reinforce learning.

Red icons, wherever present, serve as cues to faculty-emphasised sections, intended to guide
focused learning.

Reasonable care has been taken to ensure the accuracy of the information provided in this book.
Neither the faculty nor Marrow takes any responsibility for any liability or damages resulting from
applying the information provided in this book.

All Rights Reserved

No part of this publication shall be reproduced, copied, transmitted, adapted, modified or stored in any form or
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Basics of Enzymes

ENZYMES

00:00:20

Definition :

° Speciahzed pro’ceins thot oct as b'\o\og‘\cal ca’calﬂs’c.
* exception : Ribozymes eNp).

Ribozyme Locodion Function
Pepﬁdgl transferose a8 Sr RNA Peptide bond sgn’ches'\s
Sn RNA Sphceosome

&roup I\ introns (cel? spl\c’mg)

RNA sphc’mg

Ribonucleose P

- Post—transeriptional modification of tRNA

Properties of enzymes :
® 1% bﬂ uoe'\gh’c : M\’crogen.
* Heot labile.

° Prec'\p'\’ca’ced bﬂ pro‘ce'\n prec‘\p'\’coedng agen%s.

Types of enzymes :

v
S'\mple enzyme
(On\3 protein : F\poen25me).

v

Complex enzyme
(Holoen?,gme)

Components |

Protein Par’(
(F\poenzgme).

v

Mon—pro’ce‘m pour’r

/

Cofoctor :
* Inorganic molecule
* m/c: metal

l

me’cal\oenzgme :
°* metal: \r\’regrod pour’c.
e 8.8.1
-2nin mrbox5p6p+idase.
-Cuw in +5roginase.

metal-octivoted enzyme
* metal : Facilitotor.

° eg: Co®" in lipase and lecithinase.

v

Coenzgmes :
* Heot stoble.
* Organ‘\c molecule.
* Low molecular wt.
* Cosubstrote.
* m/c: 8 complex vitaming

Prosthetic group : Co—-en23me/ Co-factor ’dgh’dﬂ in‘cegm’ced into apoenzyme.
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2 - Biochemistry

----- Active space ----- (‘,Oﬂm_es :
Vitamin Active form Reoction involved
Thiamine di/ Oxidodive decarboxylation : BCHD, 0L—KEDH, PDH
Thiamine
pyrophosphate (TOP/TPP) | * Transketolase
RiboSlowin FAD , FIn Dehydrooenase (Suctinate, acyl Com)
Niacin NAD', NADP" most dehydrogenases
Pantothenic All reactions with acetyl CoR, succinyl CoR §
CoR, F\cgl corrier protein
acid fotty acid synthase complex
Tronsoaminodion
Transulfuration (Cystathionine-| arine acid
-B sunthase § cystathionase) -
Pyridoxine Pyridoxal phosphote s 1Y metabolism
Decarboxg\a’don
ALA sﬂrﬂ—hase : Heme 35n’chesis
alycogen phosphorylase @ Carbohydrote metabolism
Folic acid THFA Al | Carbon reactions
* methyl &, Methionine synthase
Cobalamin
* Adenosyl B, methyl malonyl CoA mutase
Lipoode Lipoamide Oxidodtive decarboxylation
Ascorbic acid g Hydroxulation (Prolyl § lysyl hudroxylase) : Collagen synthesis

Cofactors @ -

metal Reaction cotalysed 2n defciency features
* Carbonic anhydrase J Retinol dehydrogenase
. * Carboxgpep’ddase RSB
inc
° Alcohol dehgdrogenase Visual disturbances
* Cytosolic SOD (Free radical scavenoer)
: mo deficiency
ATP/PO, group involved : . :
Magnesium | ¢ Kinase °* mMutose * | xanthine oxidose
* Phosphatase * enolase * Hypouricemio
Heme iron : —T—
* Hemoglob'm, mgoglob'm ® Peroxidose 'Cu, = éxen;lq
* Complex N §IVOP ETC  * Cotolase Replgrentesan
Iron (cytochrome) * Tryptophan pyrrolase hypopigmentadtion

* Nitric oxide synthase

* X—ra5 : Similar to scur\/5

Non—-heme iron :
Complex |, | and Nl of €TC (Fe-S complex)

* menke’s diseose :

L5s5\ oxidase defect

(6TP 78 oene)
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Enzymes

metal Reaction catalysed
®* Kinase . Arg'\nase
mManganese | © Phospha’case * Ribonucleotide reductase
* mitochondrial SOD
mMolybdenum Xanthine oxidase
) * Na'- K ATPase
Potassium )
* Pyruvate Kinase
* Tyrosinase (melonin production)
* Complex IV of £TC (Cg’cochrome C oxidase)
Copper . L5s5\ oxidose *
- Covalent cross \'\nK'\ng ot col\agen (Quorter s’caggered arrangemen’c)
- Oxidotive deamination of lysyl and hydroxylysyl residues.
Nickel ureose
) * Lecithinase
Colcium )
- L\pase
Note @

Vit. C de%c‘\encg leads to defective collagen O/t \|,l535\ hﬂdro%lase and pro\gl hﬂdro><3\ase.

Classification of Enzymes 00:20:48
Class Class nome Details § examples
Transfer throgen elements to an acceptor
* NAD" —> NADH ° NADP" —> NADPH :
Dehgdrogenase ®* FAD —>» FADHA : - GbPD HAP shunt
- SDH - la—PhOSPhOg\uCOr\od'e DH
- Acu;l CoR DH - cpfcoplasmic \CDH
)
¥ monooxuaenase : Phenylalanine/turosine/
_g Oxygenase Y9 °J -an\n L
g fryptophan hydroxulase Require BH,), cytochromes
‘§ Oxidase Forms H O or # O —> Source of ROS
[e]
2 . * Glutathione peroxidase (R O, —> H O)
3 Peroxidose ) 44 2
= * Free radical scavenger
°* HO —»HO ® Free radical scavenger
Cotolose 4.4 a y
* enz2yme marker of peroxisome
Reductive biosynthesis :
Reductose * NADPH utilizer (Seneroeced by HMP shunt)
* Fotty acid, cholesterol § steroid synthesis
* Transfers functional group
e A & W
I\ Tronsferose 3 ) )
- Kinases (Hexo/ glucokinase)
- Phosphorylases (Glycogen phosphorylose)
* preoks covalent bonds b5 add‘mg RO
® 2.8. :
! Hudrolose
Y - Al d'\ges’d\/e enzymes - Phosphatase
- Arq‘mase
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Biochemistry

Active space ----- Class

Closs name

Details § examples

Lﬂase

* Breaks covalent bond without H.0 addition
* Form double bonds by atom eliminodion or add\ng groups
* &g’

- Aldolase

- Fumoarase

- Aconitase

- enolase

- Simple decarboxylose (require PLP)

Isomerase

8.8. :

- Isomerase (Produces isomers)
- Rocemase (O § L isomers)
- mutase (ntramolecular PO, transfer)

|

L,'\Sase

* Coupling of molecules with breakdown of ATP
. Eg. :

- Sﬂﬂ&he’case

- Carboxylose (Requires biotin)

VI

Translocose

* Transter of ions/molecules across membrane
* €0 ¢ H pump/Co’ channel

carbox5\a’c'\on 2 decarboxglo@don reoctions :

Types Reactions § cofactors Applied biochemistry
Synthesis of:
S'\mple °* GPBA
decarboxgloedon : | ® Serotonin Vit e, de%cier\% : Resistant seizures in neonote
. 4 Requires PLP (Vit &)
Closs Vv ® &pmephr\ne @
. Morep'mephr'\r\e
. mul’c\enzgme complexes
- & : POH/O—KEDH/BCHD * Chronic oleoholism :
- 24 Dihydrolipoy) fransacylase Vit. & def. —> | PDH,0-KDH—> | ATP (Fatique)
o - g3 D'\hgdrolipoom'\de DH ® peri-beri:
Oxidodive .
) * S coenzymes vit. & def. Peripheral edema
decarboxgloﬂc\on : i . )
s - TPP: Vit (/4 polished rice Prosis
- COR: Vit B_ consumption) Confobulation
- L‘\poam'\de . Er\zgme assoy:
- FAD: Vit 63 erﬂ’chrocgce transketolose
- NAD": Vit &
Requires :
©, dependent | ¢ ATP Avidin (Raw ego) —O5 sictin dependent
carboxylakion | ¢ Biotin carboxylases
* CO

a

& independent
carboxgloedon

AR carboxg\ase

Sommao. carboxlease : Needs vit. KB -

CPS: | and I\
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Enzyme Mechanism of Action

Enzymes

00:51:34

® Substrote b‘md‘mg : Aetive site.
* Site for reguja’cor/ modifier : Allosteric site.

Free energy change A @ :
®* Free energy change e
Ag = enerqy of product - enerqy of substrote.

J Aetivodion energy,

* enzyme
(&w cotalysed < €, uncoecahjseoD

No change in JAXS

gnzyme-Substrate Complex :

emil-Fischer’s templote ’cheorg :
® Lock and H65 mechanism.
® Could not exp\odn dﬂnam'\c changes.

roshlond’s induced Hit ’cheorg :

activation
energy without
. enzyme
activation
energy with
enzyme

AG:
overall energy

released during
reaction

Energy

products
H,CO,

2

Progress of reaction

Ag interpretation

+ve : unfavourable/ endergonic reaction
Ve : Favourable/exeroonic reaction

Conformodional change in active site induced bﬂ substrote dur\ng b'md‘mg.

O

Substrate

enzyme changes shape

active site, making the fit
more pregise

! Active site
“1/ Wsu!ﬂlmlﬂ
{ active gite

Enzyme

l A
&

Enzyme-Substrate €nzyme + substrate
Complex entering aclive site

|=>

enzyme/substrate
complex

mechanisms that Lower Activation nergy (&,0:

slightly as substrate enters

N

enzyme/products
complex

products ‘

)

=

enzyme + products
leaving active site

mechanism Details

examples

Catalysis by proximity | Reactants in bond-forming distance

AmMino acid ot co@calg’c‘\c site

v

Proton accep+ors

Acid-bose ca’calgs\s
Proton donors

Aspartate proteases (Pepsin)

Transient covalent bond b/w :

Covalent cotalusi
RS gnzyme + Substrote

Serine pro’ceases

metal-ion cotalysis mMetal ions facilitate reaction

2n in Carboxy peptidase

gnzyme strains 3 breoks substrote

Ca’caJBS'\s bﬂ strain

Lﬂase
Hu]drolase

L\jﬁc reaction t
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6 Biochemistry

Enzyme Kinetics 01:01:20

gquilibrium constant (\‘\eq> :

* Independent of enzyme ackion.

. % = CProducts]
“ Csubstrates]
* B Sl Reversible reaction of equilibrium.

Foctors AfSecting Rate of Reaction @ :

l. Substrote concentrodion :
. ngerbohc curve :
michaelis-menten equodion :

) VX (<] velocity A Active sites soduroked
i Kk +[(s] Vv Y
m Mo
K_value (Michaelis constont) e e
- Kinetics
* (sJoktv /a.
e N 1214 Trae
o o | mox/a -
enzyme afSinity to substrate " order
* 1#[s]1=10001 : 2ero order Kinetics eants
* Signature of £-S complex % 5] -
* \deal substrote : Lowest N K (e]
A
* Lineweaver-gurk plot (Straight line) : v
Reciprocal of michaelis-menten equodion :
| K S . I
V. v &) v
A A A A 7 Yy - intercept : W
Y= a x x + b P s
s,
s,
-,
PERZ -
X - intercept : - 1/ /(s

a. 8n25me concentrotion :
A

\

o

v, x (el

>
Le]
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