Biochemistry

Marrbw Edition 8

MARROW



Instructions

e Notes are to be used in conjunction with Marrow videos.

Please note:

e The information in this book has been printed based on the transcript of the Marrow videos.
This book has to be used in conjunction with the Marrow videos and not as a standalone
material.

e The information contained in this book is for educational purposes only. The content provided is
not intended to substitute for professional medical advice, diagnosis or treatment.

e This book cannot be sold separately. It has been made available to only select eligible users who
have an active subscription to Marrow videos.

e The text, images, slides, and other materials used in this book have been contributed by the
faculty, who are subject matter experts. We have merely reproduced them as video transcripts in
this book.

e 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.

e 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
by any means, electronic, photocopying, recording or otherwise.

©Marrow

// ME821-PPL



Contents

General Topics

Metabolism in Fed and Fasting State

Concept of Enzyme Regulation

Enzymology

Introduction to Enzymes
Classification of Enzymes
Mechanisms of Action of Enzymes
Enzyme Kinetics

Enzyme Inhibition

Enzyme Regulation

Clinical Enzymology

Carbohydrates

Chemistry of Carbohydrates
Glycosaminoglycans
Glucose Transporters
Glycolysis : Part 1
Glycolysis : Part 2

Pyruvate Dehydrogenase
Glycogen Metabolism
Glycogen Storage Disorders
Gluconeogenesis

Minor Metabolic Pathways

10
14
21
23
27
30
35

41
48
53
56
61
64
67
72
T
82



Lipids

Chemistry of Lipids
Phospholipids

Lipid Metabolism in Fasting State
Lipid Metabolism in Fed State
Ketone Body Synthesis

Lipoproteins and its Metabolism

Dyslipidemia

Proteins and amino acids

Chemistry of Amino Acids
Fibrous Proteins

General Amino Acid Metabolism
Urea Cycle and its Disorders
Aromatic Amino Acids

Sulfur Containing Amino Acids
Tryptophan

Miscellaneous Amino Acids

Bioenergetics

Krebs Cycle

Electron Transport Chain

Molecular Biology

Chemistry of Nucleotides
Metabolism of Nucleotides

Structure and Organisation Of DNA

89

94
100
109
116
120
127

133
140
143
147
151
167
162
165

174
179

183
186
193



DNA Replication

Transcription

Translation

Regulation of Gene Expression
Hybridisation Techniques

Recombinant DNA Technology
Amplification and Sequencing Techniques

Mutation

Vitamins

Fat Soluble Vitamins
Hematopoietic Vitamins
Energy Releasing Vitamins
Vitamin B6 and C

Heme Metabolism

197
204
210
215
222
230
239
250

255
270
275
280
284






- 1

METABOLISM IN FED AND FASTING STATE =~ - Active space -----

Well Fed State 00:00:45

AKA Post prandial state/absorptive phase
* 3-4 hrs after food.
* Storage metabolism.
* Components of food digested § absorbed in smaller components.
* 1 in plasma level of glucose, amino acids, fotty acid, TASS.
* Hormone of fed state is insulin.

Insulin secretion :
* Begins o rise : At blood glucose » 70 mg/ daL/> 3.9 mmol/L.
* Assessment of level of C-Peptide = level of insulin.

In pancreas : N
Slu m GLuUT-a
B cells of pancreas : \A
GLUT-4a ¢ High KB, ¥
low o&&ini’c}j Lor S
: le\luco\ﬁinase
Slucose.

&lucose o phosphodte
ATP ATP:ADP = T —» Closure of ATP sensitive K™ channels

Pﬂruwa’ce
Depolarisahon in membrane

Opening ot \/ol’cage Co?® channel

Co® influx

:

Secretes insulin § C peptide

Note @ Insulin is san’dnesized in rough endoplasmic reticulum, packaged in 9olgi apparatus.

Actions of inswlin :
* Favours protein translocodion
- 1 aLuT4: Insulin dependent glucose transporter.
- 1 Insulin receptor level.
* | &ene transeription of glucokinase.

* | enzyme activity : Dephosphorylates requlotory enzyme <: Phosphodiesterase.

Phosphatase.
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2 - General Topics

In liver :
Liver : glucose consumed in fed stote.
1 elood glucose

HAY/EH | 6 P > WP shunt
l &lucolysis
Pﬂru\/oece

l Pgru\/a’ce o\ehﬂdrogenase
Acety) CoR excess Fotty acid + glycerol
i\' AT !
TCA TRAG « .

~

= » TG carried b5 VLDL

HK : Hexokinase

Gl ¢ glucokinose

In fed state :
. 1 elood glucose
l&n’cers Vio §LUT-4
Liver

:

undergoes Slﬂcolgs\s

PBru\/oece

l In presence of 0, :l POH/Link reaction
nce’g\ CoR

!

TCA ---» ATP
a.In excess glucose — Glycogen synthesis 11 glucose —» &P —» Glycogen.

I¢ excess glucose still remains :

11 alucose
l
v v v
Poncreos HMP pa‘chwag Foedg ocid sgn’ches'\s
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Metabolism in Fed & Fasting State - 3

In Adipose tissue: Active space -----

Glucose,

GLuUT-4
(nsulin dependent) "~y

glucose —» §-b—-P
l GBCOBS'IS
Pgruwa’ce
Pyruvate dehgdrosenase l
Acetyl Co-A —> Exﬁﬂ acid + &lycerol —» Tnacglggcerol

- — —\

TCA cycle Lipogenesis Stored in adipose tissue
i d/% Inhibition 0% hormone
ATP generotion sensitive lipase by insulin

In Skeletal muscle :

Glucose.

GLUT-4 @ &lycolysis
(insulin dependent) X
Gluconeogenesis Slucose —» Glucose b phosphate —> Pyruvate
i l Pgru\/o&e

&lycogen (stored in muscle) dehydrogenase

nce’tljl CoA _inexcess . ra synthesis

acetyl CoA
|-are E
TCA

TAG

Aminoacid in muscles :
* 1 Protein synthesis
®* Transamination

T LTI A S v }%moxmd of amino group —> Carbon skeleton —» Analbolic functions,

In Brain :
Glucose in brain :
.. Obligatory requirement of glucose.
il. Oxidodive pathway only for energy production.
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4 - General Topics

Glucose —» G—b—P

}

Pgruwoece
Pﬂruvod'e l
dehﬂdrogenase
Acety| Con £xeess . synthesis —» Structural components

TCA 050\6

QLUT-3:

® Neuronal 8lunose ’cmnspor’cer.
. H'\Bhes‘c a&’%\m@, Lowest xm.
° ferobic 81500153'\&

metabolic fuels in fed stote :

glucose only Glucose > FFA ‘ FFA > glucose
* Liver
° Brain o - * Heart
e \pose tissue
* RBC (©/* low glycolytic capaci
* Skeletal muscle JYOYHE cop \@
Fasting State/Post Absorptive State 00:28:13

Utilizing stored glycogen 3 triacylglycerol.

Stotes Duration without food intoke
early Fasting 4-16 hrs
Fasting lb—-48 hrs
Prolonged $asting / starvation a-S doys
Prolonged starvadion 7S days
early Posting :

* Hepodtic 8\gcogeno\3g\s : Source of Slucose.
* muscle lacks @-b-Pase —» Cannot release free S\ucose d'\rec’dg.
® Dep\e’ces N 16-18 hre.
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Metabolism in Fed & Fasting State - 5

hepahc ----- Active space -----

lucogenolusis
3973 J » G—0—P —» Glucose.

Gdﬂcogen

Fasﬁns : ATP
w

Source : Gluconeogenesis —» Production of Slucose £rom non-corb substrotes :

e\lﬂcerol : From TRG.
Loctote.
Alanine * Glucogenic aminoacid Lrom muscle.

e\luconeogenes'\s :
Triacylglycerol (Stored in adipose tissue)
(

lHormone sensitive lipase & &lucagon
nce’njl CoA —» TCA 05016 —» ATP

exlﬂcerol + FA
[B-oxidadion

Starvation/Prolonged fasting :
* | @luconeogenesis : Non-carb sources are used up.
* Source : ketone bodies

Tl|l€1
' )
&lycerol FA
—OXl \

T gluconeogenesis in fasting

Acetyl CoR EW) state.

*ORR JPredominan’dS: ketone body synthesis
Liver)

TCA cﬂcle <

Further Starvation :
Structural muscle proteins
| cakabolism
Aminoacid

:

C—skeleton

:

Cotobolic role (Causes cachexio)
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General Topics

FASTING STAGE IN ORGANS

In Liver:
Fotty acid
% B-oxidokion
SlUT=a garly Yosting Acetyl Co-A =3 (3) Ketone bod
®/t | onr) ,
Q\ngen l $3r\’theg\g
l(l) &lycogenolysis TCA cycle l
SEtE | tetone body
' (\ ATP for other
Glucose <& gluconeogenesis

1
&P

f

Pgruvdce

OVSQT\S

Gluconeogenesis : Alanine, lactate, }
Slgcerol

® Liver spares ketone bodies.

In Adipose tissue :
{ nsulin — 1 HSL activity,

gnergy for
adipose @ e
T 2 { l G\uconeogenes'\s

ATeP FA e\lgcerol > Glucose
le\M’ .
? for ketone body synthesis

TCA <« ﬂce’cgl cof v ansporJred to liver

Biochemistry « v1.0 - Marrow 8.0 < 2024



Metabolism in Fed & Fasting State -

In Skeletal musele: rctve space
Galucosgbu_r 2
{ neulin 't
L glucooenolusis B
"> &lycogen S iy > §--P — Pyruvate — Alanine e
(G\Iucogenic
Glucose

Proteolysis Aminoacid)

Protein ————=—» Aminococid in liver

Source of energy in muscle :
l. Foec{ﬂ ocid —» Oxidodion —» F\ce’cﬂl —» TCA —> ATP.
a. Ketone bodies from liver.

In Brain :
During starvodion :
* Available glucose transported via GLUT-3 and converted to AT
* Ketone body lysis (provides for only a0% enerqy requirements) —» Acetyl Con
—» TCA cgcle —» ATP. '

metobolic fuel in ¥as’dn3 :

Sy

Broin Glucose alucose/“etone bodies (30%)

Availoble glucose

i e Absence of glucose —» Lusis of REC
Liver Free fotty acid > glucose Aminoacid, free fatty acid
Adipose tissue
Skeletal muscle FFA > glucose v FFA / vetone bodies
Heart

Biochemistry » v1.0 » Marrow 8.0 - 2024
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8 - General Topics

""" Active space === CONCEPT OF ENZYME REGULATION

Covalent Modification 00:01:00

Sites of phosphorylation

H5dro><5l group containing aMINO—acids:
- Serine (/)
- Threonine
= leros'me

mechanism

Enzymes are
phosphorylated
examples
enzyme Insulin : glucagon ratio | High activity in
Phosphofructokinase (in glycolusis) High DP state
Fructose-1,b-bisphosphate G
jerbispnospnade An Low P stote
gluconeogenesis)
Glycogen synthase High DP stote
lycoaen phosphorylose (G
HyFegeniprospnaTase S Low P state
glycooenolysis)
Pyruvate dehydrogenase (link _
_ High DP stote
between glycolysis § TCA cycle)

Biochemistry + v1.0 « Marrow 8.0 « 2024



Concept of Enzyme Regulation - 9

Allosteric Regulation

eneyme Insulin * Glucaoon rotio High activity in
Acetyl Con carboxylase (Fatty acid _
: High DP state
synthesis) -
HM& CoR reductase (Cholesterol
: High P state
synthesio)
Hormone sensitive lipase (hydrolysis '
Low P state
of stored TAG in adipose tissues)
00:16:31

Feed Forwoard reaction

T Csubstrote] —@» Forward reaction

Feedback inhibition

T CProduct] —» Forward reaction

:\'; Ame

PhosPhoWuc’coKinase
(n 3\500|53‘\s)

e

Fructose-b- phosphote Fructose-I,o-
bisphosphate
(Product)

Products of 9lyeolysis:
* ATP
* Low pH (/% loctic acid)
* Citrote (Formed $rom
ocetyl Com)

Substrotes in 9\500153‘\3

* g amp

® Fructose—b-
phosphodte

Ace’cgl Con carboxglase

7N\

Acetyl CoA Moalonyl CoA

* Molonyl CoR (product)
ﬂcgl CoRA @o&{ﬂ acid
produc’c)

Citrote (substrote)

ALA synthase

- Heme (product)

Biochemistry « v1.0 « Marrow 8.0 < 2024



L - Enzymology

————— Active space ----- INTRO DUCTION TO ENZYMES

Enzames
Spec'\od'\sed pro’ce'ms thot can act as b'\o\og'\cod coecodﬂs&s.

excep’don :
Qib025m6 : RNA octs as enzymes.
Ribozymes Function
Ribosome
° 383 rRNA Pep’ride bond 35n’ches'\s.
* Peptidy| transterase
<n RNIA Spl'\c'\ng of exons : post—transeriptional
&roup |\ introns modificadion of MRNA.
Ribonucleose P Post—transeriptional modifications of tRNA.
Enzymes, Co-enzymes and Co-factors 00:05:27
Types of enzymes :
/ ‘ )
S'\mp\e Oomplex
Onl5 pro‘ce'm componen’c Protein componen’c + Mon—-pro’ce'm componen’c
|
| { v
Apoenzyme Apoenzyme Co-enzyme Co-factor
Properties of enzymes :

enzymes are proteins.
° r\l'\’crogen % bﬂ we‘\Sht
° Heok lobile.
® Precipitoted bﬂ protein precipitoting agents.

Co—enzgme s
* Second substrote or co-substrote.
. mosHB 6—comple>< Vitoming.

Biochemistry « v1.0 - Marrow 8.0 « 2024



Properties of co-enzyme :

®* Heot stoble.

Introduction to Enzymes - 1

* Low molecular weigh’c orSanic molecule.

&xamples :

° Oxidative decarbox5loedon.

Thiamine & Thiamine purophosphate (TPP)
pisik P : e * Transketolase.
* Oxidotive decarboxBIa‘don.
® Redox reoction :
Flavine adenine dinucleotide (FAD)
RiboSlawvin (e;a) s - Complex | of electron
fransport chain €TE.
- Predominantly FIMNL
* Oxidodive decarboxg\a’don :
Nicotinamide adenine dinucleotide
N . Predominantly NAD™
Niacin (&) (NADY, Nicotinamide adenine e _ .
; * Oxidative-reduction reaction
dinucleotide phosphate (NADPY
(dehydrogenase)
Pantothenic acid &) Co-enzyme A Transfer of acyl group
®* Transaminodion.
Pyridoxine (& Puridoxal phosphote (PLP)
= “’> I e * Trons—sulfuration.
Folic acid &) Tetrahydrofolote (THFR) One carbon transter.
mMmethul & Homocusteine methul transferose
Cobalamine &) e 4 ]
; Adenosyl &_ methyl-malonyl CoR mutase
Lipomide :
Lipoote - Oxidised form Oxidotive phophorgla‘don
- Reduced form
pscorbic acid (© Ascorbote Hydroxylation reaction
Co-factor :

L4 \norganic molecules.

. Predominan’dg minerals.
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2 - Enzymology

----- Active space ----- Tgpes |
v y
metalloenzyme : mMetal activoted enzyme

* metal § apoenzyme tightly integroted. * metol not tightly integroted with enzyme.
° &g * Presence of metal is required for enzyme action.

- Cu in tyrosinase. —2g Co®" required for action of lipase.

- 20 in _{:Carbon\c anhgdmse.

Carboxy peptidase.
Prosthetic group :

Co—enzwne/ me’cod\oenZBme (Co-Soctor) ’C‘Sh’f\j '\n’cegroeced ‘o en25m6.

Holoenzyme 00:17:29

°n +3pe of complex enzyme.

* ppoenzume + co—enzume/ co-Sactor.
P 4 o

examples
metals enzyme Function
Carbonic anhydrase. Transport of COa.
Carboxypeptidase A 6 . Digestion of proteins.
Alcohol dehydrogenase. Retinol ====Retinal (Vision.
R —— Removal of phosPhate in alkaline
. medium .
B ALA dehydrotase. Synthesis of heme.
Adenosine deaminase. Purine cotabolism.
(‘,55%0\’@ superoxide dismutase (o). iRl s.ca\/enging i
oxidant.
Loctate dehydrogenase. Anaerobic glycolysis.
* Kinase.
Magnesium ) F:h:li::::se' Transfer of phosphate.
* gnolose.
Heme iron : Complex of Il § IV of €TC _
(present in cytochrome).
ron ~ Nitric acid synthase. * Synthesis of nitric oxide.
- Peroxidase, cotolose. * Free radical scavengers.

Biochemistry * v1.0 » Marrow 8.0 + 2024



Tryptophan dioxygenase

Introduction to Enzymes -

13

Iron Non-heme iron : Complex | § I} of €TC
(®ound os Fe-S complex)
* Kinase, phosphotase
b nrginase
nManganese _ . -
* Ribonucleotide reductase
* mitochondrial SOD
Purine cotabolism
- end product: Uric acid
molﬂbdenum Xanthine oxidose P ‘ ‘
- De%ciencﬂ of molybdenum:
Hyperuricemio.
i * Pyruvote Kinase
Potassium -
* No'-K" ATPose
melanin sgn’chesis
Tyrosinase — Deficiency of copper
Hupopigmentadion.
Copper Complex IV eTC gnergy productions
C,ol\agen SBn’ches'\s
Lysyl oxidase — deficiency of copper:
Bleeding manifestotions.
Nickel urease Not seen in humans
* Lecithinase
Colcium =
® Lipase
Glutathione peroxidase Free radical scavenger (Anti-oxidant)
Thioredoxin reductase =
Selenium

Deiodinose

Thyroid hormone synthesis

Selenoprotein P

-
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14 - Enzymology

|
Ist d'\g'\’c :
Closs

CLASSIFICATION OF ENZYMES

overview

Trivial name of enzyme
* Named after reaction mechanism (M/0) /substrote.
* Can be common for a enzymes.

lueme Classification of gnzyme

(Onternational Union of Biochemistry and molecular 6'\0\035)

enzyme commission/class/code number : 4 digi‘cé.
gq: il (picohol deh\jdrogenase).

| | |
and d'\g'\’c : 3rd d'\g'\’( : A4 d'\g'\‘k :
Subclass Subsubclass Unique number for every enzyme

Classes of enzymes :
T Classes —» mnemonic : Operoedon Theodre Has Low \n’censi’cg ughT

* Oxidoreductose. ° |somerose.
* Tronsterose. * Ligase.
* Hydrolase. * Translocase (added on August 3018).
® Lﬂase.
Class I: Oxidoreductases 00:08:07

&n?,Bme thot ca%alﬂze oxidotive reduction reoctions.

SUBCLASS | : DEHYDROGENASES (DH)
* Cokalyze transter of hydrogen elements (W, W, 1) § electrons to an acceptor
in o COup\ed oxidotion—reduction reaction.

Acceptors (CO—enzgmes) :

Flowopro’ce'\r\s
* FAD —» FQDHa
e Ca’calgzing enzymes
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