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ENZYMES : PART1T

Basics of Enzymes 00:01:00

Definition : Specialized proteins thot act as biologicol coerodgs’c.
* exception : Ribozymes (RND).

Ribozyme Locodion Function
Peptidyl transferase a8 Sr RNA Tronslodion
Sn RNA Spliceosome
RNA splicing
Group I\ introns -
Post—translational
Ribonuclease P -
modification of tRNA

Properties of enzymes :
l. Mode of protein. 4. Precipitated b5 protein precipitating
a. 1% \o5 weigh’c : t\li’crogen. agen&s.
2. Heat lobile.
Types of enzymes :
S'\mple enzyme Cpmplex enzyme
(Onhj protein : Apoemgme) (Ho\oen25me)
componer\’cs |
Protein pcxr’c Mon—-pro’ce'm pour’c
(Apoenzyme) |
Cofoctor Coenzymes *
(\norgan\c molecule) * Heot stoble.
| Q Orgamc molecule.
& l * Low moleculor wt.
me’md\oenzgme : mMetal-activated enzyme e cosubstrode.
metal : \n’cegrod poxt °* metal : Facilitotor.

* eg: Co® in lipase.

Prosthetic group : C,o—-enzﬂme/ Co-foctor ’c'\gh’dﬂ 'm{'egrod'ed into apoenzyme.
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2 - Biochemistry

----- Active space ----- COenzames :
Vitamin Active form Reoction involved
Thiomine di/ * Oxidotive decarboxylation
Thiomine
pyrophosphote (TDP/TPP) | * Transketolase
RiboSlowin FAD 5 FIn Dehydrogenase (Succiny, acyl Col)
Niocin NAD" NADP" most dehydrogenases
Al reactions with ace’rg\ CoR; Suc(}ingl CoR;
Panthothenic oacid | CoR; 905l cavrier protein

Fodty acid synthase complex

* Transaminotion

* Tronsulfurotion + AMINo acid
Pyridoxine Pyridoxal phosphate * Decarboxylotion ingseel e

* ALA synthase

* glycogen phosphorylose
Folic acid THFA All | Carbon reactions

. methyl 8la methionine synthase
Cobolamin
Adenosy| Bla methyl malonyl CoR mutase
Lipoote Lipoamide Oxidative decarboxylodion

Ascorbic acid

Hydroxylation (Prolyl § lysyDd

Cofoctors :

metal

Reoction cotalysed

2n deficiency feotures

2.n¢

* Carbonic anhgdmse

* Carboxypeptidase A5 &

Alcohol dehgdrogenase

° ALA dehﬂdra’case

* Cytosolic 0D (Scavenging enzyme)

* Acrodermatitis enteropathica
* visual disturbances
({ Retinol dehydrogenase
* Alopecio
* Diarrhoeoa

Magnesium | * Hinase

O Phospho@mse

aTeP/Po , 9roup involved :

°* mMutose
* znolase

® Perioral, acral rash

Iron

Heme iron
* Complex Wl § IV of £TC (Cytochrome)
* No synthase, Peroxidase, Cofolase

Purine catabolism

mMb de%c‘\encﬂ

Non—heme iron :
* Complex | § I\ of €TC (Fe-5 cluster)

/

Hypouricemio

® Hinase
Manganese

* mitochondrial DD

* Phosphatase

mMolybdenum

Xonthine oxidose
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Enzymes : Part 1

mMetol Reaction cotalysed Cu deficiency
) * Na'- K ATPase O Depigmen&o&don
Potossium ) )

* Pyruvote kinose O Meu’cropema
* Tyrosinase (melonin production) * X-roy: Similar to scurvy
* Complex IV of €TC (Cg’rochrome C

Copper oxidose)
* Lysyl oxidase (Covolent cross linking of

Collagen)

Note : Vitamin C leads %o defective collagen D/t | lysyl hydroxylase.

Classification of Enzymes 00:17:14
Class Class name Details § examples.
Oxidoreductases :

o. Dehgdrogenase

NAD" FAD required as election acceptor (Oxidative
decarboxylation)

* monooxygenase : Phenglo\lan‘\ne/ Tﬂros‘\ne/ Tryptophan

b. Oxygenase hﬂdroxgase, C,ﬂ‘cochromes
* Dioxygenase : Homoogentisate oxidase
¢. Oxidase Complex IV €TC

d. Peroxidase

Glutathione peroxidase (R O —» 1 O)

e. Cotolase R O —> H 05 enzyme marker of peroxisome
Transters functional oroup
N Tronsterose g9 t Kinases (Hexo/glucokinase)
Phosphorylases (6d5008en phosphorglase)
* Breaks covalent bonds bg add'\ng HO
m Hydrolase A ) . B
° €q: All digestive enzymes, arginase, phosphotase
* preoks covalent bond without Hao/ atom elimination
\Y Lyase * gg: Aldolase, fumarase, aconitase, enclase, simple
decarboxylase
&g lsomerase (Produces isomers)
Vv Isomerose Racemase (DL isomers)
nMutase (intramolecular PO, transter)
* Coupling of molecules with breakdown of ATP
Vi Ligose = tsﬂn’che’case
Carboxylase (Requires biotin)
* Transter of ione/molecules across membrone
VI Translocase

* eg H pump/ Co®" channel
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----- Active space ----- Applied biochemistry

Biochemistry

Defective synthesis of tetrahydrobiopterin M) from &TP :

.| phenﬂlalanine hgdroxwase : Non—classical phenﬂlﬁe’conuria

. | tyrosine % tryptophon hydroxylase : Neurological symptoms o/t |,
cotecholomines § serotonin)

* Resistant seizures in neonate : Supplement Vit. 86 (PLP :
- Dopamine, serotonin, ep'mephr'\ne 2 norep'mephr'\r\e require PLP as co-factor
(simple decarboxylofion)
* Fatique in chronic aleoholics @ D/4 Vit & deficiency (| NADPH —»> | ATP)

* Polished rice consumption —» Beri-Beri (D/+ vit Bl deficiency

* Row eqq consumption —» Fa’dgue, \*\5{30\c3\5cem'\a7 organic acidurio.
- Avidin Raw eqo inhibits biotin (Vit. 8D § hence, all carboxylase reactions.

Enzyme Mechanism of Action 00:41:42

Transition state

® Substrote b\nd\ng : Active site.
* Site Sor regudoecor/ modifier Allosteric site.

without enzyme

activation
energy without

Free energy change A: ey e'n'z;rna'Iaaﬁvauon enzyme
> energy with
1 enzyme
* Free energy change = o e \ G Yo
* es-00.+ho I:%;z;ﬂ:,s":s%
Ag = enerqy of reoctants - enerqy of products. e

products
H,CO,

* enzyme t | activotion energy,
No change in JAXSY

Progress of reaction

8n23me—subs’croece complex :

gmil-Fischer’s templote theory : roshlond’s induced Hit theory :
Lock ond Heg mechanism. conformadional change in active site
A T induced by substrate.

enzyme changes shape

i s slightly as substrate enlers
Active site eubstrate active site, making the fit
more pregise

“l’/ [ / T

enzyme
enzyme + substrate enzyme/substrate enzyme/products enzyme + products
entering active site complex complex leaving active site

&

Enzyme-Substrate
Complex
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ENZYMES : PART2 Active space -----

Enzyme Kinetics 00:00:12

gquilibrium Constont (1 D :
Independent of enzyme action.

v = CProducts]
U [substrotes]

Foctors n\‘—-ﬂ’rec’dng Rote of Reaction :
I. Substrote concentrodion :

veloc'\)cﬂ A Active sites saturoted Hﬁperbol'\c curve.
v * michaelis Menten equation :
- 2ero order v o v xCs]
kinetics ‘ Km +[(&]
Voo 11 Trote * ¥ (michoelis constant) :
! st m
¥ order -[sJatv /a.
Kinetics ”“”‘l
* (<] -« -
> gnzyme oé?—‘}\m{'ﬂ

K. Cs] to substrote
\deal substrote : |1 .

a. gnzyme concentrodion : 2. Temperoture § pH
N\ Vv
V or Vv OA
(o) I
\v
MoxX
Denaturotion
of enzymes
V_orv & Ce]
> >

(] Optimum

* Temperature (35 0 40 °©.

* pH(Sto .

* Q :10% | = a x roke of reaction.
10
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6 - Biochemistry

C,od:aJS{t'\c Constant:
AKA turnover number.

B = M ) €, = Total enzyme concentroadion.
Eag
Oo@codgﬁc e?—féic‘\encg = cot
| o)
Enzyme Inhibition 00:12:00
Competitive inhibition Non-competitive inhibition uncompetitive inhibition
°* Inhibitor : Structural °* Inhibitor : Not o structural
Inhibitor binds o
omodogue of substrate anodogue
Feotures enzﬂme—swos’croece
* Compete Lor same site * Digtinct b‘md‘mg site
_ _ complex.
as Substrote * usually irreversible
A A A
VO vrmx
v
) / Vi
effect on oz v
.................. W&
Vmax % Km l‘ﬂmi/a Vmax./a ..... /
ax /a ..............
m = K=K (s] KK !
A A
w N
Line
weover
coNe /v 1/v !
Burk plot e Y
£ /.{;j? TV s A
.“".‘:::}::“ l/vmaxl l“e{}if e > & -"f "f‘ S
/s -1/ /sl | /e = - -/ i/
Inhibitor enzyme Inhibitor gnzyme
Dihydrofolote Cuyanide Cytochrome ¢
mMethotrexote
reductose CcO oxidose
HMNG CoR
Stoding Fluoride enolase Pheng\odanine inhibits
reductose
&xamples placen’cal alkaline
e\lﬂcemldehﬂde
Dicumaoayol Vit K epox\de lodoocetote A phosphoecase
gthonol Alcohol DH
mMolonode Fluoroocetote Aconitose
SucCinote DH
(Poisor)
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Enzymes : Part 2 - 7

Appl'\ed b'\ochem'\s’crﬂ

l. Folic acid Supp\emen’ceo\ when poec'\en’c i on methotrexodte.
a. Dicumoyol : F\n’cicoagu]an’c.
* Inhibits Vit. 1 dependent ¥ carboxylation of clotting factors I, vy, IX § X,

2, Hooch ’cragedg : Methonol po‘\son‘mg __BAntidote | erhanol (Compe’c‘\’ci\/elg inhibits ¥ormodo\eh5de>.

4, Fluoride oxalote used in estimodion of blood glucose (e\ra5 tube).

Suicide Inhibition :
unreactive inhibitor —2nds to enzyme oo, wrive inhibitor (rreversible).
Suicide inhibitor enzyme
Allopurinol Xonthine oxidase
Difluoromethyl ornithine Ornithine decarboxylose
Aspirin Cyclooxygenase
Regulation of Enzyme Activity 00:22:53

8n25me Quan’ci’cﬂ g
* Heme _Represses i synthase gene.

* Dietary cholesterol __Represses | ime Coh reduckose gene.

Porphyria : Take detailed druq history

Drugs metobolized bﬂ cﬂ’cochrome
| Heme levels

TeLa synthase (&ene induction)

l Accumulation of intermediotes

Agqravotes porphyrio.

Covalent modification :

I Zymogen activation (rreversible) :
* Gostrointestinal enzyme (q: T rypsinogen —» Trgps‘m).
* Clotting factors.
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8 - Biochemistry

a. Phosphorylation - dephosphoryation (Reversible) :

* Fructose - 1,6 -
b'\gphospho@(e
Er\’aﬂmes octivated
Q e\\gcogen phosphorg\ase

® Hormone sensitive \‘\pase

Phosphorylated stote Dephosphoryloted stote
Insulin * Glucagon ratio Low High
Fed/%asting Fosting Fed
Inhibited by insulin Inhibited by glucagon

* Phosphofructokinase
° G\gcogen s5n’chase

° Pgruwoece DH

C Ace’cgl CoR coxboxg\ase
* HMG CoR reductase

Allosteric Reguloecion :
* Substrote : BiNds to coecodghc site.
* modifier :
- Not structural analogue of substrote.
- Binds to allosteric site.

veloc‘\’c5
Allosteric enzymes :

* multi-subunit.
C Quoccemourﬂ structure.
C Coopera’ci\/e b'md‘mg —> Sigmoid curve.

C uswd\g rote \'\m'\’dng S’(ep.

mgoglob‘m

Hb :
eflect of
allosteric enzyme

Allosteric activotor § inhibitor :

velocity 4 Allosteric + Allosteric  + Allosteric
octivator enzyme nhibitor
Vv
|
hOS hOS h !

- 0.S
(e'mc\ing constant)
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Enzymes : Part 2 - 9

&amples: Active space -
enzyme Allosteric Inhibitor (Products) | Allosteric Activator (Substrotes)
ALA synthase Heme -
Aspartate transcarbamoylase cTP ATP
HM& CoR reductose Cholesterol -
Phosphofructokinase Citrote, ATP AMP, Fa, 6P
Acetyl CoR carboxylase Acyl CoA Citrode
Citrade synthase ATP -
CPS-| = NAG
CPS-1\ ATP =
Serine Proteases & Markers of Cell Organelles 00:40:30

Serine Proteases :

Serine presen’c in octive site.

8023”\63

l. Chgmo’crgpsin : 6ull<3 oMmino acids.
a. T rgps‘m : BOSIC oMiNo acids.
2, glastose : Small amino acids.

mMmorker gnzymes of Cell Organelles :

Cell organelle Movker

Breoks pro’ce'm

* I—nuclectidose

Plosma. membrone | ® F\denglg\ 050\&36

* No'-K'" ATPose

ot this site.

Smooth endoplasrmc

; Glucose-b-phosphate

4. Thrombin. reticwlum P P

S. Plasmin. o . soloctosy

olgi orodus

. Factor X. 3t PP transterase

. tor X\
Factor x| mitochondyio ATP synthase
Lysosome Codhepsin
Peroxisome Cotalase
Clinical Enzymology 00:42:45
\soen25mes :
Loctote DH :

Isoenzyme | Subunits | glectrophoretogram | Tissue localization | % in serum nmyocardial infarction
LDR-I H, Fastest Heort 20 * Normal : LOR, 7 LoH
LoH-a | wm Faster RBC 23S * MisLOH, 7 LK,

(Flipped pottern.
LOH-3 R Intermediote Brain a0
LDH-4 HM, Slower Liver § (¢}
LOH-S m, Slowest skeletol muscles g

Biochemistry Revision ¢ v4.0 « Marrow 8.0 - 2024



10 - Biochemistry

Creatine kinase (CKW) :

Isoenzyme | Subunits | glectrophoretogram | Tissue localizotion | % in serum Clinical significance
ChA—l ]S Fostest Broin | cvA
CHh-3a me Intermediote Heart S m
muscle inJuurg,
Ch-3 nm Slowest Skeletal muscle 80 .
mMyopathies
Alkaline phospha’case :
Isoenzymes Locadion Clinical sionificance
eienLp mMembrane of epithelium mMovker of cholestasis
of biliary canaliculi mMarker of hepodic injury

0-3-ALP (Heot labile) Hepadic sinusoidal cells most stable
0-3-ALP (Heok stoble) Placenta mMarker of bone formodion :

Pre—-ALP Osteoblost T in Paget’s § Vit D deficiency

Gommo. BLP Intestinal cells Ulcerodive colitis

Leukocyte ALP Leukocytes Leukemio
Cardioc Bdiomarkers in mi :
Norme Starts to rise | Peok | Return to baseline
CAh-Me
4 -8h a4 h A8 - 74 h
(earliest enzyme marker)
Troponin T 4-06h 34 h 7-10d
Troponin |
4-06h a4 h 7-10d
(] sensitivity)

Note :
NT Pro-8nP (Precursor of brain nodriuretic peptide) : marker of cardiac failure.

Enzyme Markers 00:53:02
Liver :
mMarkers of hepatic njury : mMovrkers of cholestasis :
* S ALT. * S ALR
* < AST. * 9 nucleotidose.
® S .ggT.
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Enzymes : Part 2 - 1

Prostote : Poncreas: Active space -----
° Acid phospho@mse : Tortorode lobile. ® Serum amg\ase.
* Prostote spec\‘?\c antigen Spec'\?\c. * Serum lipase : Speci%c.

- Cut-ofS < 4 ng/ mL.

Bone Diseose :

eone formadtion (From osteoblost) : Bone resorption (From osteoclost) :
* Pre-f ALP * N-telopeptide of type | collagen.
* Osteocalcin. e C—’ce\opep’dde of ’rﬂpe | co\\agen.
* Propeptide of type | collagen. * urine free deoxypyridinoline.
Acute Kidney Injury :
* ridney Injury molecule | dim D. * guT.
* Neutrophil gelodin * microolbumin.
Associoked Lipocalin (NGAL). * Osteopontin.
* |L-8. * Liver ?—a’c’cﬂ acid binding protein.
* ALT. * 2odium hydrogen exchange isoform.
* glutathione S—transterose. * exosomal fetuin.

Biochemistry Revision ¢ v4.0 « Marrow 8.0 - 2024



12-

..... Active space ----- CARBOHYDRATES : INTRODUCTION

Chemistry of Carbohydrates 00:01:25

Carbohﬂdroeces : pldose or keto derivodives of polﬁhgdroxg oleohol.

monosaccharides :

No. of carbon otoms Aldoses retoses
Triose (Simplest carbohydrotes) Glyceraldehyde Dihydroxy acetone
Tetrose erythrose erythrulose
Pentose Ribose <ERMEN, xylose Ribulose <PME%. xylulose
Hexose Glucose, golactose, Mannose Fructose

DisacCharides :
Qeduc\ng disoccharides :

Name monomer units Linkaoe
Moltose Glucose + glucose al 4
Isomaltose Glucose + glucose al b
Loactose Galoctose + glucose B, 4
Lactulose aolactose + fructose al, Pa

Mon-reduc‘mg disaccharides :

Norme nmonomer units Linkaoe
Treholose Glucose + glucose all
sucrose alucose + fructose o, Ba
Polysaccharides :

v v

Homopolﬂsacohar'\des : He’ceropolﬂsacohar'\des :
* Mode up of one %5pe ot ® > | Monomer units.
mMonomMer uNits. * €0 Glycosaminoglyeans (epe.

* £g: Starch, glycogen.

Biochemistry Revision « v4.0 » Marrow 8.0 « 2024



Carbohydrates : Introduction - 13

Dietary Fibres & Glycosaminoglycans 00:12:28 .

DIETARY FIBRES
Properties :
* Resistant to digestion § absorption b5 small intestine.

C Lmdergoes comp\e’ce/ par’ciod Lermentadion in large intestine.

Classificotion :
soluble :
. s (Fenugreel
Sum s @} | Post pmnd\od blood sSugoy level.
* Pectin

C muc'\lage.

Insoluble (Crude fbres) :
* Celluose, AKA non-starch po\gsacohar'\de :
- mMode of beta-D-glucose.
~ Resistant to digestion d/t B-linkage and lack of cellulase in human
intestine.
* Hemicellulose.
* Lignin : Neither digested nor fermented.,

Note :
Lactose —> Not a dietary fbre as f-linkage in it is digested by lactase (Only
digests lactose).

RDA :
40 8/ 3000 cal.
energy released per grom : & keal/ 9

uses :
* Adds bulk to the stool.
* Regulates bowel movements.
* Improves soer\e’cg.
* Prebiotic (Fibre) : Promote colonisation of probictic bacterio.
* Sequesters bile salts —» |, Cholesterol.

* Improves glucose tolerance.
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14 - Biochemistry

GLYCOSAMINOGLYCANS (6A€)/MUCOPOLYSACCHARIDES
unbronched he’ceropo\gsacchar\des mode of repeoec‘mg disacCharide units

|
v v

Am\nosugour Acidic sugar

| |
v v v v

Glucosomine Golactosomine Glucuronic acid  lduronic acid

Synthesis Site :
Rough endoplasmic reticulum § golgi apparatus.

Proper’c‘\es g
. Negatively charged : Confers consistency of mucus § enables mobility ot joints.
a. Rbsorbs woker : Provides cush'\on'mg eflect ot uoe\gh’c bearing joints.

Composition :
SIS Repeading disaccharide unit
Hyaluronic acid N-acetyl glucosamine + glucuronic acid
Keroton sulphote N-oacetyl glucosamine + galactose (No uronic acid)
Hepayrin Glucosamine + iduronic acid
Significance :
. Chondroitin sulphote :

- most abundant.
- Found in bones 7 cartilage : gnables compressibility of cartiloge.

3. keroton sulphate (s :
- KS-l: Corneo. —» Maintain cormeal ’cromsparencg.
- KS-4 : Loose connective tissue.

2. Dermatan sulphate
- Widely distributed Gh& found in the dermis.
- Maintains structure of sclera.
= R’cherogen'\c GRG : Attroct LDL.

4. Heparan sulphate :
- Responsible for charge selectiveness of egm.
- Pregent on sgnaphc vesicle.
= Anchors lipoprotein lipase to vascular endothelium.

- Acts os p\asrna membyrane recep’cors.
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Carbohydrates : Introduction - 15

S. Hepour n:
- On\g intracellular gAG.
- Anticoagulant.
- Used for estimadion of lipoprotein lipase LPL in type I hyperlipoproteinemio.

b. Hgoduron\c ocid ¢
— Important role in cell migration : Wound healing, tumor metastases,
embrgogenes\s.
- Not oftached to protein.
- Sulphate group : Absent.

Mucopolysaccharidoses 00:37:15

&roup of disorders o/w defect in degradadion (n lﬂsosom%) of Ghe
(mucopo\gsacchar'\des)

}

6elon8s to \ﬂsosomod s’comge disorder.

General Features :

e\argoghc Lacies : Coarse facial feotures.

® Frontal bossmg.
O Depressed nasal bridge.

e

Pro’crudir\g ’;o‘lngue

Short stodure

Clowing of hands

umbilical hermia

Corneal C\Oud'\ng
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16 Biochemistry

Xray - feotures :

pullet shoupeo\
middle pholanx Beaking of

vertebro

Dgsos’ros‘\s mud’r‘\plex

mPsS 1
All are AR except Hunter’s.
gnzyme defect Feoatures
* visual disturbances ()
Hurler’s disease (MPS-1 W) L-iduronidase
°* mental retardotion
® Hirsutism
sheie’s disease (MPS-1 ) L-iduronidase (Partial defect)
* Normal intelligence
* X-linked recessive
Hunter’s disease (MPS 1) I[duronote sulfotase * Intellectual disability
* Clear vision

Other mucopolgsacoharidoses :

gnzyme defect Specific feature

enzyme thot degrades heparan | ¢ m/c mes

sanfilippo disease (MPS WD _
sulfate * Corneal clouding : Absent

* Normal \n’ce\\\gence

Goloctosamine—b-sulphotose, | ® v‘\sceromegalg : Absent
mMorauio disease (MPS V)

B-galactosidase * Reilly body (Leucocyte
inclusion : Absent
mMayoteaux Lam5 disease M—ace’cﬂl 8alac%osam\r\e—4—
Normal \n%e\\\gence
(rPs v sulphotose
Nadowicz syndrome (MPS O Hyaluronidose ©)
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Carbohydrates : Introduction - 17

Treatment Modalities :
Treodment modality mPsS
l. Stem cell therapy mMPS-1 H
3. enzyme replacement therapy
Aldurozyme mMpPs-|
gloprase MPS-I\
Nagolazyme MPS-VI
3. Substrote reduction therapy : Flavinoids MPS—1 K

| ANCLUSION) CeLL DISEASE
* pefectin protein ’cargehng.

* Regembles MPS : Accumuladion of &AG in \5sosomes.

* enzyme defect : N-acetyl glucosamine phospho’cmns?emse

g

{ Mannose-6-phosphate Signal for proteins tagged with it to get degraded in

the lﬂsosome.

Glucose Transporters

00:53:00

SGLT

® Sodium dependen’c.

* Sodium-glucose symport — ORS contains Na™ § glucose to facilitote Na

odosorp’don.
* unidirectional.
C Agodns’c concentrotion 8rad'\en’c.
C Secondarﬂ octive Jcmnspor’c.
Types of SQLT :
Type Locodion Function
Luminal side of intestine Absorption of glucose
SGLT-l
PCT
Reabsorption ot Slucose
SGLT-a PCT

nppl'\ed eiochemis’crg :
l. Renal 8|5003wr'\a=
- mMutodion in SLCSAA —» SELT-4 defect —» | Renal threshold.
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18 - Biochemistry

= Fir\dir\83=
i. 06TT (Blood glucose) : Normal.
il. Urine Benedict’s test : Positive.
ili. Urine glucose oxidase test : Positive.

a. gliflozines (OHA) : 26LTA inhibitor —» &lycosurio. —» UT!.

qLUTS
* Sodium independent.
* pidirectional.
* Along concentration 8rad\ent
* Ping pong mechanism.

Focilitoted covrier medioted

process (Passive).

Simple ditSusion

»
'

Ryperbolic/substrote

soturodion curve

Rode of transport

»
>

Solute concentrodion

Location :
SLUT Locadion Important points

GLUT-I Brain, placenta, Kidney, R&C, retina, colon Low km (Righ afSinity for glucose)

* P cells of pancreas

* Sinusoidal cells of liver * High km (Low afSinity)
gLuUT-a

* Serosal side of intestine * Active in the fed state

* Proximal renal tubules
GLUT-3 Neurons, placenta, Kidney Lowest Kvm

* Heart
SLUT-4 * Skeletal muscle Insulin dependent

* Adipose tissue

* Luminal side of intestine
SLUT-S Fructose transporter

* Testes F sperm
GLUT-b Spleen, leukocyte Pseudogene
SLUT-T Liver SeR Transports glucose—6—PO, to SeR
GLUT-8 Blastocyst -

* Uric acid transporter
GlLuUT-9 Intestine § K'\dneﬂ
* Defect — Primary qouk
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METABOLISM OF CARBOHYDRATES : PART 1

Fed & Fasting State Metabolism

00:00:10

well Fed State :
I-4 hours within food intoke.

1 Dietary glucose Vio. Glut 8,

Poncreos

T nsulin

}

Hioh insulin/olucagon rotio

lvta Glut-a 8lucose enters

Liver

- Glucose

OQ?
i

l€*‘5°°l53‘3
Pyruvote Por, Acety| CoR

R

XQ@S

- 19

C—,\lgcogen
TCA ch\e Foedg ocid sﬂn’ches\s
l\/L,DL,
Peripheral tissues
Stored as Triacg\ glgcero\
(The
© Insulin | hsL
Fotty oacid
Fo«s’c'\ng Stote :
Stoge Duration post food intake Source of energy
early fasting 416 hours Hepadic glycogenolysis O/t | Insulin/glucagon ratio)
Fasting lo—48 hours &luconeogenesis (TP $rom fotty acid oxidodion)

Prolonged Slas‘cing/ Starvotion

48 hours—-S dags

TAG &» Foec{B ocid —» Ace%3| CoR —» Ketone bod5

su}n’dnes‘\s

Prolonged starvation

7S daﬂs

muscle pro’reolggis : Breokdown structural pro&e’ms Lor

eneray
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20 - Biochemistry

_____ Active space - Glycolysis 00:08:30

Features :
* Site : All organs (n eytoplasmy.
* Only pathway that operates both aerobically § anaerobically.

r-\pplied eiochemis’crl.j :

Condition Reoson

mMoture RBCS —» Lack mitochondrio

Defect in glycolytic enzymes —» Hemolysis
Qe\g exc\usNe\S on anoerobic

glycolygis in fed/Fasting stote

Tolerance Heort muscles : Low D/t low glycolytic capacity
fo hypoxia. Skeletal muscles : High D/t enormous glycolutic capacity
Aerobic Gd\tjcol\\jsis :

Preparatory phase : Stage of ATP udilization (3 ATPSs used).

Glucose

ATP
lrreversible ) Hexokinase
ADP

G\\ULCOSe-(o-PhOSPhOGCQ

PhosPho‘nexose isomerose

Fruckose—b—phospho&e

Irreversible AP Phosphofructokinase Prs - D
gDp: RLe/Bottle neck/Committed step

Fructose-1,b - bisphosphate

Aldolose

Phospho’«'\ose isomerose

DHAP edgcemldehgde~3~phospho€ce
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Pa5 of& phase : Aerobic 3\500|53\s.

Metabolism of Carbohydrates : Part 1 - 21

3 x glyceraldehyde-2-phosphate (6\|5—3—-PO4)

NAD"
\norgan‘\c Pi —/
G\\S—S—PDH

NEDH —> glectron ’rmnspor’c choin —> | 4 X 4.5 ATP —» S ATP

1,2-BPG

| ADP
D 1,2 BPG Kinase *
| ATP

3-Pg

| ADP
J%m\/a’re kinase (Pr) } Substrote level —— | 4 x | BTP —» 4 ATP
| ATP

On15 reversible Kinase

gnolase

Pep

Pgru\/o@ce.

gnergetics

Substrate level —| 3 x | ATP —» 4 ATP
phosphorg\oedon
(L

phosphorylotion Total : 9 ATP

Net BTP : 9 ATP - a ATP (Utilised in preparatory phase) = 7ATP,

npp\'\ed b'\ochem\s’crg :

S.no | Compound | enzyme inhibited Reason/Application
Blood S\ucose estimaodion : G\ro%
Fluoride enolose vocutainer containing Quoride
oxolote used
a. Arsenote Arsenate § lodoacetate resembles
&ly-2-PdH . .
2, lodoacetate inorgonic phosphoece
Anoerobic e\lgcolgsis :
glucose ]
l anergehcs :
* No net generadion of NADH : Udilized bu LDH
Pyruvote LDH 3 Y

NADH  NAD'

* 1,3-8Pg : & x | ATP
4 ATP
O Pgm\/oece kinase : a x | ATP

* utilization : & ATP

Total : 4 ATP-4 ATP = 4 ATP
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22 - Biochemistry

Rapapor{t Leuberins %c\e :

Site : Tokes place in 10% of RBCe.

Slucose —» |, 3—696\&
e

Pep

3, 3-2P

<
e

P
a x| ATP

Pgru\/o&e.

Significance of 3,3~

°* Maintains tout

PPG ¢
stote of hemog\ob'm.

&r\erge’cics :

° Pgruwoece Kinase @ +3 ATP
® Hexokinose : - ATP

®* PFA: -l ATP

Net ATP: O

* Responsible Lor un\oad‘mg of O, ot tissue site —» <hifts oxygen dissociodion

Requlation of e\lﬂcolgsis :

curve o the r\gh’c.

l. Fed stote:

H'\Sh nsulin 8|uca80n rodio
Dephosphorﬂla’don of enzymes

Activodion of PFK-4a.

PFh—&< F--PO,
F-3,6-8f0,

lﬁ\\os’ceric octivotor

a. Fas’c‘mg stote :

Low insulin 8\ucagon rotio

:

Phosphorg\oﬂdon ot enzymes

Activation of F-3,6-BPase

F-6-PO,
> F-a,6-8fase
F-3,-8P0;

| F-a,b-8r0,
PFX-I l o
lc>c> .
(—‘.ﬂgcolg&s
6\\500\53‘6
Concept of Allosteric I?.egulouc‘\on :

Substrotes : Activotors.

Products : Inhibitors.
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Metabolism of Carbohydrates : Part 1 - 23

enzyme Allosteric activotor Allosteric inhibitor | - Active space -----
Hexokinase - ATP
* F-6-P * ATP
PFX-I * F-3,6-8P * Citrote
* S AmP * Low pH
Pyruvote Kinase - ATP

metoboliem in Cancer Cells :

Cancer cells have 1 levels of glucose uptoke.

wourbuurg hﬂpo’ches‘\s :

® Cancer cells uno\ergo aerobic Sermentation/aerobic 8\500\53\3 :

gven in the presence of ample 0, Glucose — Lactate (Used in biosynthetic

metobolic reprogmmm‘mg :

po@chwaﬂs).

ch’cﬁl CoRA
la % 10 ATP = 30 ATP

TCA cgc\e

Aerobic oxidation : | §lucose —» 24 ATPR

Normal cell : Concer cell : uses 8\ucose vio. aerobic 8l5col53is.
Glucose Glucose
pPep Pep
PHM | (Pgm\/oere Kinose) : PHMA.
* Tetramer * Dimer
O H'\Sh co@rodg’ric ac’dvi&S °* Low ca’calghc ac’d\/i’rg
Pgruwoece Pﬂru\/oece
lo
a
Loctote
Normal cell Cancer cell : | AtSinity for glucose.
Glucose Glucose
l‘lm_P l
Pyruvate Pyruvate
la NADH = S ATP l
Loctote

fAerobic 3\500\53'6 1 3 ATR
ﬂpphcoedon :

usage ot F\uorodeoxg Slucose in PET scan
Functional

sereeni
T uptoke by cancer cells creenng
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24 - Biochemistry

Pyruvate Dehydrogenase (PDH)

00:41:00

Link Reaction :

° Link Slgcolgs‘\s to TCA cﬂcle.

* Site : mitochondrio.

8023mes
. €1:PDH.

a.ea: D\hﬂdrohpo&\ ’cmnsace@\asa
2, ¢3: D\hﬂdrohp%\ dehgdrogenase.

S‘\Sni%cance of PDH :

Coenzymes :
. Thiamine pyrophosphate @D.
a.Coenzyme A @S
2. Lipoamide.
4. FAD (®&.
S. NAD" (B32).

* \rreversible § cannot be circumvented b3 onother enzyme.

® Fot : Never converted o Slucose :

&xcepﬁons :
o. edgcero\.

b. 0dd. chain %&% ocid (Prop\ongl CoR).

N NADH (3-S ATP
Pyruvode LA Acetyl CoR

l > B oxidotion
Fodtkﬂ ocid
l ) Hgdrolgs\s
TRAG

r-\ppl‘\ed eiochemis’crg g

I De%c'\enc\j of POH

a6l o\e‘?\c'\en% :

Pgruwo&ce x> Ace’rﬂl CoR

Loctote

:

Loctic acidosis

00 Chronic aleoholics POH ofSected
) Consumption polished rice l

(} oleurone layer) enerqy depletion

Note :
* PDH

° Ke%og\wcam’ce dehgdrogenase

Some coen?,gmes.

* pronched chain keto acid dehﬂdrogenase
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METABOLISM OF CARBOHYDRATES : PART2 Active space -----
Glycogen Metabolism 00:00:10
GgLYCOGENESIS

Occurs in the well-fed state, high insulin-glucagon rodio.

Site :
Cytoplasm of liver § skeletal muscles.

Skages g
. Formadion of UdP glucose

Hexokinose Phosphoglucomu’rase
Glucose ———— > glucose—b—PO0y

> Glucose-1-POy
UDP glucose uTe
pﬂrophosphorﬂlase PP

uDP 8\ucose
a. Formodion of lineay polgmer :
UDP 3\u¢ose Glucose
legcogen‘m > 4 glucose residues added
O Po\gpep’r'\de primer &lycogen synthase

* Tyrosine residues () L
® pctive in dephosPhorglo&ed stote

lI-1a residues with
o 1-4 \'mHage added

emnchmg enzyme
(@ 14, -6 glucan transferase)

RAAs branches ot AL 1-6 linkage.

GLYCOGENOLYSIS
Occurs in the fasting stote (4—166 houro).

Site :
* Cytoplasm of liver § skeletal muscles.
* Lysosomes — Type I\ &SD (Pompe’s disease) is o lysosomal storage disorder.

Hepadic 8\5005600\53'\3 : Source of glucose in ear\g SFas’c\ng stotes.
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Biochemistry

S’cages :

Exlgcogen
phosphorylase al- (-4

; 6(0 ; W Glucon ’rmms?erase' OOOO(}OO(}OC@OOOOOO
e @), ©Slu-1-PO, a (-

8\ucosidase

Q00000000000 +
Free glucose ©

nPi e\lgcogen

<« enters liver + muscle phosphorylase
Liver ¢ \
(™ &lu-1-PO4

Slu—1-PO4 Skeletal muscle :

Phosphoglucomutase Glucose-lb-phosphatose absent
Slu—6-POy Glu-1-POy

Ha0 e

Slucose-6 phospha’rase Phosphoglucomwrase

P (n <eR)
Glucose Slu—6-POg ----> Pﬂru\/a’ce —> Loctote

- o (-0 glycosidic linkage.
- o (- glycosidic linkage.
Debranching enzyme : O (-4) (-4 glucon tronsterose + A (-6) glucosidase.

Note :
* Phosphoglucomutase : Common to glycogen SBH‘W\QS\S 7 glycogenclysis.

O G\lucose~(o~phospha’ce ! Present in SeR m»(a\\ucose not released \mmed\a’celg.

gnergetics in muscle : | Glu~-POy — 2 ATF.

HORMONAL REGULATION/COVALENT MODIFICATION
Fosti ng Stote :
G\\ucagon/ ‘ap'mephrme L ﬂdenﬂlij\ 050\066

ATP cAMP

i@

cAMP dependen’c pro’ce'\n kinose

Phosphorg\oedon
I

Activation of : Inactivodion of :
e\lﬂcogen phosPhorglase C—,\\gcogen sﬂn’chase
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Metabolism of Carbohydrates : Part 2 - 27

Fed State :
Insulin : cAMP ——» S AP —> | | cAmP

v

Dephosphorgla’don
|
Activodion of : Inactivadion of :
G\lgcogen swﬁhase 6\|5003€n phosphorg\ase
In the muscle :
Regudoedon bg :
l. cAMP dependen’c poechuoaij.

a. cAMP ‘mdependen’c colcium calmodulin dependen’c poechwo%.
2.5 AP :
* pllosteric activotor of glgcogen phosphorﬂlase.

* Activoted in extreme stote of anoxio.

ALLOSTEZRIC REGQULATION

Inhibitors of Glycogenolysis : Activator of &lycogenesis :
* Glu-6-PO4. Slu-6-P04.
* Glucose (Only in liveo.
* ATR

Glycogen Storage Disorder (GSD) 00:19:20

Liver g3 :
Prominent feoture : Fasting hﬂpoglﬂcemia,

aSD type enzyme defect
Type lo. 65D : Von Gierke’s disease Glucose-b-phosphatase
Type b &3O ¢ Neutropenio. ® Slu~—P0O4 transporter in SER

Type N &SD : Coris disease/Forbes disease

Debranching enzume
Limit dextrinosis) NG eneym

Type IV 5D : Anderson disease, Amylopectinoses Branching enzyme

Type VI 65D Hers disease Hepadic glycooen phosphorq\ase

mMnemonic : ABCD.
®* Anderson diseose : 6romch'm3 enzyme.
* coris disease : Debranching enzyme.
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Biochemistry

nmuscle §3D :
Prominent feoture : exercise intoleronce.

nuscle gsD

enzyme defect

with Hypertrophic cardiomyopathy (HC

Type I &SD : Pompe’s disease

Acid 0L I-4 glucosidase/Acid maltase

without HCM :

Type V 65D : meArdie’s disease (M/©)

muscle glycogen phosphomlase

Type VIl 65D : Tarui's disease

muscle § erythrocyte PFA

Disease Features Investigations
Q Pro’rruo\’mg abdomen
* Prominent buccal fot
* Thin extremities o <, S\ucogejl
* Convulsions, coma on ?—as’dr\g * pothero)s test : Positive
* 0/ : massive hepatomegaly s < uric acid 11
R 4 * <. Lactoke 11 (Lactic acidosio)
von Gierke’s
) ® AST §ALT : Normal
diseose . ) .
* Liver b\ops5 : Accumuladion of normol
9‘30086“'
* Ketosis
O Hﬁperhp'\demia
O F\opp5 infont
* generalized hﬂpo’conia
* Fokol : Deoth within & years /%
cordiac failure.
Pompe’s
diseose
o
Chest X-ray : Massive cardiomeqgaly
C ‘aarB MOYNing hgpoglﬁcem\a
* Not fotal
. ° 3 glucose)
* Rothero)s test: Negodive
il = 42 <. uric acid Normol
) s * S Lactote
disease & il
F 7 ; v e psTgAT: |
E-»)‘/ ' ! < * Liver biopsy : Accumulodion of limit
& | dexirin.
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Metabolism of Carbohydrates : Part 2

Q Rhabdomﬂolﬂs'\s — m50810b'mur'\a N Y

Disease Feotures Investigotions
° Fas’c‘mg hgpoglgcemia
* Portal ‘r\5per+ens'\on
* Cirrhosis .
* Fofol : Death within S yrs of age a/t = G‘\U&O?e‘l’ ' )
liver Sailure. * Rothero’s test : Negodive
andersons — * S uric acid} N
diceose * 3. Lactote
e psTsacT: M
* Liver biopsy : AcCumulodion of
amﬂlopecﬁn
* pdolescent male
* Pain in cal® muscle on exercise
* No hemolysis * S.Glucose: | during exercise
mehrdie)s * Second wind phenomena. : exercise * S Lactote: |
diseose intolerance ® AST §ALT : Normal
Painincalf  Rest  Resume activity | ¢ Creotine Kinase : ™
dur'\ng exercise with more ease

Burqundy coloured urine

* exercice intolerance (No a™ wind
G phenomena)

Torui's disease o

O mgoglobmur o

* Hemolysis

S. &lucose : | during exercise
<. Lactote : |,
Creatine kinose : 1

Fonconi Bickel
L GLUT & defect

syndrome
* No glyc ccumulodi
Type 0 &D G\lgcogen sgn’chase defect DEG)Sg) SIS o
* No hepatomeoaly
Gluconeogenesis 00:37:28

Sgn’ches'\s of glucose Srom non—carbohgdrocce substrotes.

Timeline :
1b—48 hours of ¥as’dn8.

Sites : Organel\e :
L. Liver. Cytoplasm % mitochondrio.
a. h'\o\neg.

Substrote Form‘ms Glucose :
* Glucogenic amino acids ¢ Alanine (Cohil cﬂc\e).

* Propionyl CoR (0dA. chain %&% ocid) —» succinyl CoR.

* Loctate (Coris cgc\e).

J edgcero\ — DHAPR

Note : Ace)rgl CoR — Not o substrode for 8\uconeogenes\s.
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30 - Biochemistry

Enzames 3

Irreversible steps of glycolysis

Key enzymes of gluconeogenesis

Gdu—-lo—-PhOSp\’\aJtase

o Pﬂm\/oece

3. Pyruvate Kinase &)

PeP carboxgh'\nase

C 0015 mitochondriol s’cep

Aspar’coece shuttle

> PepP

b. OAR ) Y

CcO a TP

GDP

lu—6—PO >glucose
. Hexokinase au Y @
Ha0 Pi
Fructose-1-bisphosphotase
F-1,6-6P > F-6-PO
3. PFH ’ N 4
R0 Py
Pyruvote corboxylose
J J » ORR

. Ace’cgl CoR : Allogteric activotor of pgruwoece

carboxg\ase

° OPRA: TmnsPor’ced to c5kop|a5m Vio. Molote

Conversion of 4 lactate to | glucose : b ATP required.
* Pyruvate carboxylase : 3 ATE.
* PP carboxykinase : & ATF.
* 1,2-B6Pg kinase * 4 ATR.

Galactose & Fructose

00:45:20

Golactose metobolism :
Types of disorders :

Classical 8alac%osemia

.

Non-classical 8alac’cosemia

v

Defect in Galoctose-1-Po4 uridyl transterase

enzyme defect Disorders
Golactokinase Cotavroct
) %nign condition
UDP hexose epimerase

with mixed feotures
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Fructose metabolism :
Site : Liver.

Types of dicorders :

Metabolism of Carbohydrates : Part 2

enzyme defect Disorders

Fructokinase | essential fructosuria

Applied biochemistry of Fructose

Hereditory fructose
Aldolose-& ey v

intolerance

‘aas‘\B metabolized to Pgruwoece — ﬂce’rgl CoR

Couses dgshp'\demia - TAG «—— Foir{% ocid

v

Galactosemio Vs Hereditary Fructose Intolerance HFD :

Classical golactosemia HF
enzyme defect Galactose-1-POy uridyl fransterose Aldolose-o
Age of onset I* week of life  months
Trigaer Breastfeeding Fruit juices
* Intellectuanl d‘\sabih’cﬂ
/e * Convulsions, vomiting, joundice, failure to thrive
* Hepotomegaly, liver failure
* Feeding ditSiculty, poor weight gain
@ Fructose —» Low renal
threshold
Coeiie: Fructosuyrio
No cotaract
Salactose-1-POy ¢
* Hepadotoxic § neurotoxic
* | Inorganic PO Fructose—-1-PO, :
Accumuloted J’ 8 \ 4 “ . y )
S J,Ac’n\/\’cg ot glycogen phosphoq\ase * Hepadotoxic § neurotoxic
compomd ) )
* eye: Converted fo dulcitol * | norganic PO,
Cotaroct
Lab diagnosis *
urine Benedicts test Positive Positive
Glucose oxidose test Negadtive Negadtive

enzyme studies g genetic

mutodion test

Rapid furfural test/

Specific test mucic acid test @ Positive
pect weE os ™ Seliwono®s test : Positive
* Stop breasﬂ’»eed‘mg
Rx * Loctose free diet up fo 4-5 years Fructose free diet

ot age

Biochemistry Revision ¢ v4.0 « Marrow 8.0

+ 2024

31



32 - Biochemistry

_____ Active space - HMP Shunt & Uronic Acid Pathway

00:54:40

HMP SHUNT PATHWAY
AR Pentose phosphoece po@chuoaﬂ.

Site :
C/BJ(OP\OLSM of liver.

Phoses :
Oxidative phase :
* Irreversible.
* generote NADPH.

S’cepS :
Glu—6-POy

NRADP"
Slu-6-POy dehgdrogenase :RLE

NADPH (6P

b Phosphoglucona’ce

NADP"
(o—Phosphoglucono&e dehﬂdroger\ase

NADPH cO a

Ribulose-5-P0O4

Functions of NADPH :
l. Free rodical sca\/eﬂg‘mg :

Glutathione
reductose
H304 I Reduced glutathione I:JQDP*
H4a0 Oxidized glutothione ADPH
Glutothione
perox\dase

Sites :
- RBC : Prevents RBC 153‘\3.
- Lens : Maintains transparency of lens.
4. Maintaing iron in Hb in the reduced state —» Prevent formodtion of

me’chemoglob‘m.
3. Reductive biosynthesis of fotty acids § steroids :
* Sites:
- Liver. - gonads.
- Adipose tissue. - Adrenal cortex.

- Lac’coecing mammary Slano\.
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Metabolism of Carbohydrates : Part 2 - 33

Non-oxidodive phase :
* Reversible.
* &enerate pentoses required for DA synthesis.

gnzymes : L _
Applied biochemistry

* Transketolose : Requires vit. @i
&rﬂ’chrocg’ce trongketolose ¢ Indicotor of

Vit 8l stotus

* Tronsaldolose.

site Rapidly proliferating cells) : Bone Marrow, SKin, Mucoso.

Ga-6-PD De%ciencg :
* m/c enzyme de%c‘\enc5.
* X-linked recessive.

c/% : Defect in GLPD —» | NADPH.

v

* Hemolysis —» Anemia, joundice.

. me‘chemog\obmemia —> CBQnosis.

Aggravating factor : Drugs, fovo beans, infections. & @ ©
Protective against : Plasmodium Falciporum.

Peripheral smear : Bite cells, Heinz boo\g. o Y )

URONIC AC\D PATHWAY Bite cells
Oxidodive poechwag Sor S\ucose.

Site : Organel\e :
Liver. Cgkop\asrn.
Functions :

® Produces uronic acid : glucuronic acid t GhG.

C/onjugo&don of bilirubin.
* minor SSn%hes\s of pentoses.

. Sﬂn’dﬂes\s of ascorbic acid : Absent in humans d/ lock of L-Sulono\ac’(one

oxidase.

gssential Pentosuria :
* Benign condition.
* penedict test : Positive.
* pials test : Positive.
* Defect : Xylitol dehﬂdrogenase/ Xylulose reductase.
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CHEMISTRY OF LIPIDS AND PHOSPHOLIPIDS

Classification of Fatty Acids (FA)

00:00:30

up\d : Soluble in non—po\ar solvents on\g.

Classification of lipids

Applieo\ biochemis’crg

Bosed on
no. of carbon otoms

* Short chain (€4 4o Cb)

* medium chain (€8 o CI4) : Coconut ol
* Long chain G CIe)

* Very long chain (> Ca0)

Bosed on * Soturoted FA (S'mg\e bonds onlg)
double bonds * unsoturated FA (Double bonds)

* essentiol FA:

Based on - Linoleic acid : SofSlower oil

diet - O-linolenic acid
* Non-essential FA
unsodurated FA
Bosed on * monounsaturoded FA : mustord/ Rapeseed oil

no. of double bonds

* Polyunsoturoted FA : Soflower ol

Po|5unso&uroeced FA

Bosed on pos\‘dor\
of final double bond

° Omega -2FA:

- O-linolenic acid : Flox — ceed oll

- Timnodonic acid

- Cervonic acid : Breast milk, Fish § algal oil
° Omega - bFA:

- gommoa linolenic acid

- Linoleic acid

- BArachidonic acid

Bosed on
somer

* CisFA
®* Trons FA: \/ar\agpoen

(Par’c‘\oJ\ﬂ hydrogenoted vegetable oid
* RDA:3toT9/d

essentiol FA de%ciencg :

* Acanthosis

* Follicular hyperkerotosis (aka.
phrﬁnoderma/ Tood skin)

° Fo@c’cg

* mitochondrial membrone domage

liver

Docosahexaenoic acid (OHA)/
Cervonic acid :

® Can cross placento

C De%cien% : Refinitis pigmentosa

Mrans FA :

0 J,Flu‘\d‘\’cg of membrane
* Insulin resistance

° Dﬂsl'\p'\demia, CV rigk

* T inSlammodion

Significance of omeoo. - 3 FA':
* Decreases :
- Cardiovascular risk (| T&)
- Plotelet aggrego@cion
- mental iliness, degenemﬁ\/e
diseose risk

- Inflammadion
* Infant brain development
* penehits in Type & DM, ADHD,
Non-aleoholic ?»oer{g liver disease

. : Richest source.
Note : Phrynoderma d/d —» Vitamin A deficiency,
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Chemistry of Lipids and Phospholipids - 35

Phospholipids (PL) & Glycolipids 00:10:00  _____ .
e\lgcerophospholipids :
e\lgcerophosphohpid Constituents Present in
Phosphatidic acid Diacy| glycerol (dhae) + PO, cell membrone
Lecithin DAG + PO, + choline Lung surfactont,
(most obundant PL in cell membrone) (PhosPhoec\dgl choline) cell membrone
Cardiolipin 3 x Phosphatidic acid (PA) | Inner mitochondrial
(Diphosphoeddﬂ\ 3\Bcerol) + &lycerol membrone
Phosphoeddgl serine PR + Serine ﬂpop&os\s
Phosphoeddgl nositol
PA + Inositol Cell membrane
(@™ messenger in hormonal poechuoaﬂs)

Cardiolipin

* Alw Barth syndrome (Cardioskeletal mgopoechg) :
= Card‘\omegalﬂ + mgopoechg
- mitochondrial disease

L 00\5 an’c‘\gen\c PL

* Cross reacts with Treponema pallidum :

Folse posih\/e s5ph‘\\‘\s test

SPhinsophOSPholipids g

Present in :

* muelin sheodh. Lecithin : Sphingomuyelin ratio

* White matter of brain. TRatio — Lung maturation
* Lung surfactant.

Gll\\jcol'\p'\ds :
e\lﬂcosphingo\‘\p'\ds Constituents uses
Ceramide + monosaccharide -
Cerebroside > Goloctocerebroside Neural tissues
L»e\\ucocerebros'\de extro—neural fissues
Globoside Ceromide + ol'\gosacchar'\de -
Ceromide + ol'\gosac(‘,har\de +
Ganglioside o _ -
N-acetyl neuraminic acid (NAND)
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36 Biochemistry
_____ AT T e SPHINGOLIPIDOSES
Degraded in
Sphingolipids 1/

> L,SSOSOMQS.

sPhingolipio\oses * Type of lﬂsosomod s‘comge diseose.

Disorder

enzyme defect

Feotures

[STagll 3an3hos\dos‘\s
(Autosomoal recessive)

@)

f-galactosidase

Frontal bossing, depressed nasal bridge, long phittrum,
low set ears

Cherry red spot (CRS) on macula.

Angjiokeratomo

&Ma gangjiosidosis (AR

To%—SoLch’s diseose

B-hexosaminidase A

Sandho®¥s disease

B-hexosaminidase A § &

Developmental dela3
nMusculor weakness
Visual disturbances

No hepo@cosplenomegalg
Hﬂperacus'\s

CRS on maculo

Globoid cell

colactocerebrosidase/ &ross developmental delay
—aolactosidase Opis’cho‘conus pochure
K“robbels diseose (RR B 3
\ ) (solactocerebroside acCu— with clenched Sists
mulation in neural tissue) No hepatosplenomeqgaly
white modter o? brain
Lysosomal storage disease enzyme defect Features

Goucher’s disease (AR

B-glucocerebrosidase/
P-glucosidase (Glucocere-
broside accumulation in bone
mMarrow, liver)

Pro’crud\ng obdomen
C,rumpled tissue poper appearance

O arlenmeﬁer
Sosk de?orm‘\&ﬂ

nMossive hepo&osplenomegodg

Thromboc5’copenia

Pain § pathological fractures of long b

No mental retardation (MR)/CR spot

Neimann—Pick diseose

R

Sph\ngomgehnase

Developmental delag
2ebro bodg inclusions

= S X

Farber’s disease

Ceramidose

Resembles rheumaodoid orthritis
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Lysosomal storage disease enzyme defect Features

O Ang'\oKero&oma ®* NoCR spo’c or MR
* Lenticulor opacihes

Fabrg’s disease (X-linked G-gplactosidose
- \

recessive)
* mMoaltese cross @ Urinary sediments
mMetachromadic 4
Argl sulfatose No \/\sceromego%
leulﬁodqs’crophq

Note :
wolmon's disease (Oholes’cerﬂl ester s&omge disease) : Acid lipase defect.
(Lysosomal storage disease)
* Colcificotion of adrenal gland.
C uooecer5 green dioyrhoea.

DIAGNOSTIC ALGORITHM
Check for orgomomegalg

® ©

Check for CR spot § MR

Check for cherry red (R spot on

moculo. § mental retardation (MR & ¢ ;
|
@£ &6 Rs@mR® RsOMRO wsOme®
Neimann-Pick Gaucher’s diseose :
disease. Crumpled tissue poper
oppeorance &mMa gangiosidosis ¢ Krabbe’s CISTeED

Wl

. To%—-Sach’s disease
* Sandho®¥s disease

Opis’chonus posmre
with clenched fiste

L4
Check for maltese cross

uur‘mourg sediment
® | ©
v )’
metoachromaodic
Ieulﬁodgs’crophg.

Goaucher cell

Fobrus disease.
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_____ Active space -——— METABOLISM OF LIPIDS

Metabolism in Fasting State 00:00:22

Lipolgs‘\s :
HBdrolg’dc c\ea\/age of TR,

Site : Ad‘\pose fissue.

Steps ¢
. Hormone Sensitive Lipase (HSL) 4,3-DAG HOL . A-MAG
Fatty acid (D'\a%\ Slgcero\) Fotty acid (monoa%l Slgcerol)
a MAgG esterase FO&{B ocid
a\gcero\
Activotors :
Applied biochemistry, :
O G\\ucagon
I Insulin resistance —» ’[‘HBdrolgsis of stored ThG

O 2p'mephr'me

* ACTH 1 Free ¥aﬂ5 acid level in blood

* TSH l

O Thgrox'me Fodty liver disease.

* msH (Melanocyte Stimuloding | a. Niacin : Locks TAG in the adipose tissue

Hormone)
Hence, used to treak h5per’cri8l5cer\demia,

Inhibitors :

* nsulin

* Peg

* Niocin

metabolic fuel during starvodtion:

I &ar|5 ¥asﬁn8 * Hepodic Slgcogenolgsis -

a. 1b—48 hrs of starvation : e\\uconeogenesis (TP ie Siven bﬂ TAg —> FA Ace’rgl com)
3. Prolonged X‘»as’c‘mg Ga doys of starvodion) : ketone bodies (TAg —» FA —» Acetyl CoR —> )

Starvotion ketosis
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Beta Oxidation 00:06:49 e

Sequential removal of & carbon acetyl CoR + oxidation of B corbon atoms.

Site : Organel\e :
° Liver nmMitochondrio.
* Skeletal muscle
* Adipose tissue

S’ceps g
. Betivadion of ¥o€c’c5 acid @ Occurs in the c5+op\asm.
Acy! Con sgn’che’case/ Thiokinase

Fa’c’cﬂ ocid m £ QCB\ CoA

I ATP | AP
(a ATP equivalents)

a. Cornitine ’cranspork : Tmnspor’cs ﬂcg\ CoR into mitochondrio.

FA A05l CoR

N

Thiokinase

Outer mitochondrial
membrane OMMm)

Y
ACBlCoA + Carnitine

CAT I/CPT 1:<
* RLe
v * Gatewoy of B oxidation
Acgl Cornitine Transported
Inner Mitochondrial M omoenes bock o Imm
membrane (MM
\/
Index : 9051 Cornitine
CAT : Coarnitine nc5l Transterase l CAT 8/CPT a:
CPT : Carnitine Palmitoy) Transferose

Acgl(‘/oﬂ + Coxnitine

Note :

* FA with <14 carbon otoms ———— Do not require carnitine.
(medium chain § short chain FA)

* Cornitine de%c'\encg — Muscle weokness.
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2, FaHB ocid oxidodion :

905\ CoR
dehgdrogenase Hﬂd(o&o@e gnergetics :
= — >

Acyl Con / W o, unsoturoted s B hydroxyacyl Con | FADH_ ¢ 15 ATP
oo o Acyl CoR - B-OH acyl Con | NADH : 3.5 ATP

B dehydrogenase Tokol : 4 ATP

NADH
Thiolase

Acyl CoR § tetoacyl Con

energetics of palmitic acid (CIW) : M/c FA +o undergo B oxidation.

No. of acetyl Coh = I = 8 acetyl Coh — 8 x 10 = B0 ATE.

Clo B oxidakion = Clo - 1 = 7 oxidation — Tx 4 = A8 ATR.
a
Activation : Utilizes A ATP equivalents — - & ATP.

Total : 108 - & = 106 ATP

Qesuda’cion g
CPT-I 8oeceuoa5 : Inhibited bﬂ modonﬂ\ Con.

* Fosting — Low \/& rotio @> Acetyl CoR carboxylase — J,malonﬂ\ CoR Q» CPT -1
(RLE for FA synthesis)

* Fed stote — H'\gh /& rokio @ Acekﬂ\ooﬂ carboxg\ose — T modongl CoR Q» CPT -1
(RLe Sor FA sgn’ches‘\s)

Other Oxidation Pathways & Disorders of Fatty Acid Oxidation  00:19:24

OTHER OXIDATION PATHWAYS

Oxidadion poechwag Site Importont feature
chl CoR deh\jdroger\ase step is bﬂpassed
B oxidation of unsaturated fotty acid mitochondrio
1S ATP less for every double bond
B oxidotion of 0dd. chain fatty acid mitochondrio Biproducts : Propionyl CoR (luconeogenic) + Acetyl Con
ﬂ\pha oxidadion : * Peroxisome : Major * No ace’cgl CoRA
eronched chain FA (Phﬂkanic ocid) | ® SER:minor * No ATP produced

® Product: DicarboxSlic ocid
Omego. oxidadion 2eRr (Microsome) * No acetyl Con
* No ATP produced
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DISORDERS OF FATTY ACID OXIDATION
I. mCAD (Medium Chain Acy| Con Dehgdrogenase) De‘?\c‘\en% :
Couses SIS (Gudden Infant Deoth Sgndrome)/ Crodle death.

medium chain FA

% MCAD absent

B oxidodion
|
Y v ’
! Acetyl CoR JATP enters omega. oxidodion
No ketone bodies sgﬁhesis ¢ Fasting hﬂpoglﬂcemia Dicarbo><5l\c ocid

Rotherals test O

a. Jamaicon Vomi’cing Sickness :
/% consumption of unripe Ackee fruit — Containe hypoglyein.

ncg\ CoRA
chl CoRA <@ ngoglgc’m
dehgdrogenase
| B oxidokion
|
Y v
! Acety| CoA LATP
| Gluconeogenesis Ketone bodies absent :
l Rotherals test O
Fas’r‘mg hﬂpoglgcemia

3. Refsum’s Disease :

Defect : Phﬁ’canog\ CoR oxidase (Hgdroxglase) —>> Alpha oxidadion

3.

Feotures :
O ﬂsgmp’coma’dc > Sﬂmp’roma’dc.
(ﬂggrowa’ces on consuming

curd/milk)

® Retinitis p'\gmer\’cosa,

O \ch’chﬂos'\s
O Per'\pherod neuropoechﬂ.
* Coardioc ourrhﬂ’chmias.

s

& A - Rx : Restrict dairy products § green
Iehthyosis (Scaly skin) Refinitis pigmentosa

\ea¥5 \/ege’cables.
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2. Zel\weger Sﬂndrome/ Cerebrohepa’corenod disease :
Defect : Peroxisome Targeting Sequence (PTS)

:

Defective phytanic acid § very long chain FA oxidation.

C/% : Resembles Down’s syndrome
* mongoloid focies.
° nger’celor'\sm
* Unslanting polpebral fissure.
* Frontal boss\ng.
* High foreheod.
* &rushfield spots.
® Intellectual d\sabm’cﬂ.

e\\weser SSndrome : Resembles Down's sgndrome
Diagnos'\s :
* pPeroxisomal (Vacont) ghost.
* Accumulodion of VLCFA § phytanic acid.

Ketone Body Synthesis 00:33:38

Site :
&xc\us\\/e\g liver mitochondrio.
Steps : Acyl CoR
i [ oxidation

Acetoacetyl CoR )

Acetyl Con (A0 HM& CoR Synthase : RLE

HM& coh (L)
lee\ CoR Lyose

Acetoacetote (Pr'\mour5 ketone boog)

B on bu’rgroa‘e NADH
dehgo\roger\ase NAD' co,
B o+ butyrote : Acetone :
Predominant * olatile a° ketone bodg,
ketone bodg @” * Responsible for ¥rud’c5 breoth smell

in starvation/Diabetic ketoocidosis.
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Ketone 600\3 utilizotion :

Thiophorase/
* pAcetoocetote ©°F

> ﬂce’coace@\ CoRA — F\ce’cg\ CoA — TCA.
CoR tronsferose

* Never utilized bﬂ :
o.Liver : D/t lack of thiophorase.
b. R&C : D/t absence 0% mitochondrio.

Diabetic Ketoacidosis :
Diabetes : | Insulin/Insulin resistance — Low 1/& ratio (Simulates fasting stake).

l e l

| &lucose uptake by heart, HEL Liver:
skeletal muscle, adipocytes l * Telycogenolysis
(&LUT 4 : Insulin dependent) T Hydrolysis of TA * Teluconeogenesis
T 1elood glucose Acetyl Con £ l

l <—® depletion of 0AR | Telood glucose
11C) 33n’ches'\s

Lob Diagnos‘\s :
l. Rotherols test : Purple r'mg indicodive of acetoocetote.
a. rhetostix : Detects urine ketone bodies.

Rotherols test : Purp\ r‘\f

Metabolism in Fed State 00:43:20
Fatty Acid Synthesis : nMnemonic : Car burns fuel, sit § synthesize
Site : Cytosol (extromitochondriod. * Coarnitine : B oxidaion.
Substrote : Acety| CoR. * Citrate : FA synthesis.

Tmnspor’cer ot ace%B\ CoR : Citrode (TricourboxB\'\c ocid ’cmnspor’cer).
Release of ace’rﬂ\ CoRA : ATP citrote \5ase.

S’ceps :
ﬂce’rﬂl CoA carboxglase i RLe
l. Hce’rg\ CoR > modongl CoR
(Active in dephosPhorB\o&‘\on)
°* ATP
° piotin
°* CO
a
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a. FOL’({S acid s5n’chase complex
* Homodimer.
* zach monomer : 3 subunits
i. Cono\ens‘mg unit.
ii. Reduction unit : Requires NRDPH.
il. Releasing unit : Thioesterase.

* Acyl Carrier Protein (ACP) : Contains pantothenic acid,

Cholesterol $3n’chesis :

exclusive animal steroid, not a metabolic fuel. Applied biochemistry :

Site : Liver, adipose tissue, 8onads, adrenal cortex. Stoding

Organelle : Cytoplasm + SeR l@

S’ceps : HMN& CoR reductase
ax ﬂce&g\ CoR

l | Coenzyme Q
QC€J€O&0€J(5\ CoR + 909"5\ CoR (dexived $rom chmesgl)

l HM& Coh SSn’chase

mMuopoth
HMG CoR =il
l HM&G Coh reductose : RLe
mevalonate Cholesterol (370

} !

3 x lsopentenylor () —> serany| (oC) —» & x Farnesy| (IS0 — Squalene (300D
Compounds Derived from Cholesterol :

.. Bile acids (8><cre’cor5 produch. 3, Vitamin D.

a. Steroid hormones.

Bile Acid Sgn’chesis :

Site :
* Liver (Primar5 bile acid). * Intestine (Secondar5 bile acid).
Steps * Cholesterol
Vit C l To hﬂdroxwase : RLe
T OH ch<|)\es’cerol
{ Coqjuga+\on bﬂ }
I° bile acids ——» Cholic acid Taurine + &lycine Chenodeoxycholic acid
l l Undergoes least
a° bile acids —» l\)eo><3chol'\c ocid Lithocholic acid J—» &n’cerohepa’dc
¢ circuloation

an’cerohepoec‘\c circulodion
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Lipoproteins 00:52:45

Charocteristics :
°* mMoximum cholesterol : Lol
® Moximum TARG.

° Minimum o\er\s'\’rg. C/hﬂlorn\cron Chﬂlom\cron A
* Remains ot the point of applicotion. | VLDL |
* Moximum size. Density Size
LDOL
° Moxdimum dens\’rﬂ.
Y HDL
® MinimmuMm size. DS D
* Fostest e\eckrophore’c\c mo\o'\\'\’c5.
Functions :
C Courrﬂ exogenous TRG to per\pheml organs Chglom\cron.
° Courr5 endogenOus TRG to per'\pherod orgoans : VLDL.
C (‘,ourr5 cholesterol $rom per'\pheml tissue to adrenals : HOL.
&lec’crophore’cic Pottern :
Origin  pesssssa=s O\'\Blom\cron
LoL (B-Lipoproteir)
nobility wLoL (Pre B-Lipoprotein)
DL Broad D
\J
[ 0. (O-Lipoprotein)
Anode (v
METABOLISM OF LIPOPROTEINS
. %5lomicron :
Site : Intestine Adipose tissue Liver : Receptor medioted
Chg\om\cron : Nascent  —>| mature chylomicron endocytosis
c‘nglomicron ° TAG | Remnont chﬂlom\cron
° TAG ° P48 * Apoe: L‘\Sand
* P48 * ApoA * p48
O ﬂpon C npoz C npoca
C ﬂpo Cc\ The, O Apo A
® NE D ALS
L\popro’cemlhpase
Fa + 8\3cerol
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a. vLDL/LDL :

Site : Intestine Adipose tissue Liver :
VLDL :| Nascent VLDL > mature VLDL —> Remnant VLDL @ AKA 1DL
* BI0o ® 8loo | > Loses Apo g, TAG
* Ths ° The v
e Cholesterol . Cholesterol Receptor On\5 has Apo BIOO + Cholesterol
. medioted
Apo & docutosis LOL
. ﬂPO e enA 065 (oS} Dl
@ TRG Vioo Apo 1 | enters
\—> L,'\popro’re'\nlhpase as l'\gand
Liver (10%) extrohepatic tissue (30%)
FA + 8l50erol
(Apo 8100
L‘Sind) enters circulodion
excreted vio bile Risk of thrombosis

3. HDL : Facilitotes reverse cholesterol ’cmnspor’c.

Liver § intestine Spherical HOL :
_| Receives cholesterol $ro :
Discoidol HOL > oee! _ O | Spherical HbLA |
o peripheral tissues via
* Phospholipid
* pecal v
* Cholesterol
o aoolnli ® SRS Cholesterol d\s\odged to
P Cholesterol . peCe | liver
LCAT A
Cholesterol \
ester I Sphericod HDL2 |
Disorders of Lipoprotein 01:03:43
mode of inheritance Defect Lipoprotein accumuloted Lipid levels
s Tra 111
AR LPL or Apo CI\ Chulomicron > VLDL
P gem: * Cholesterol : Normal

c/%

Familial chglomicror\emia
(Type I HLD

Lotest Rx modalities :

* Lipogene Tiparvovec.

* gOF LpL variant.

&rup&'\\/e xonthomaoo

Pancreatitis (Bbdominal pour\) can olso be seen.

m\l\«g white
plasma

Lipemio. retinalis
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Metabolism of Lipids

mode of SelSect Lipoprotein

Lipid levels
inheritance accumuloted P

Familial hﬂpercholeg’cerolem\a
(Type It HL
Lotest Rx modalities :
* Lomitapide (MTTP).
° mipomersen
® VveRve IOl genome ed\’r'\ng
on CRISPR caso.

* Cholesterol: 111
LDL Risk of CAY
®* TAG : Normal

LDL recep’ror or
ﬂpo BI00 mutodion

AD

c/%

Family /o cAd (Coronary Artery Disease).

A

ﬁ“tﬁ yiF

Fomilial dgsbe’col\popro’ce'\nemia
(Type N HD

Comeal arcus Tendon xanthoma
m/c achilles tendon
Remnont
AR Apo € chylomicron § > W
P Y * Cholesterol: 11
VLDL
c/%

.......

Palmar ;an+homa

gunch of Srapes/
Tubero—-erup’d\/e xonthomao

Tangier’s Disease :
Defect : pBC A
F‘md‘mgs : Cholesterol 11

Feotures: A

Hepo&osp\enomegodﬂ

Omnge tonsils
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r-\be’cal'\popro’ceinem‘\a :
Defect : MTTP/MTP (Microsomal Tr\glﬁcer'\de Tronster Protein).

F‘\nd'\ngs :
O \Lchﬂlornicron —> eleeding manifestations.
(Transports fat soluble vitamins such as Vitamin 1)
* |wvioL
e oL
* |LoL

Feotures :

P‘\Smen’courﬂ re’dnopoﬂch}j Petechial rash

Acan’chocgces
Sitosterolemio (Tgpe WHL) : Fish eye Disease :
Defect : Defect : Portiol LCAT de%c'\encﬂ.
® ABC S5
®* ABC o8

Finding : 1 Cholesterol.
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AMINO ACIDS : PART 1

Classification & Properties of Amino Acids

00:00:20

CLRASSIFICATION
Based on Side Chain :

&roup AMiNo acids
C—:dgc‘me
S‘\mple
Alonine
nhpho&ic Leucine
Bronched chain Isoleucine
Valine
Serine
OH group con’coun\ng Threonine
Tyrosine
Cgs’re‘me
Sulphur containin
ithe g methionine
e ﬂspar’df: ack?l (Aspartote)
Glutomic acid (Gutamote)
armides ﬂsparas‘me
Glutamine
Histidine
Bosic Argin'\ne
quine
Phen5lodan\ne : penzene r‘mg
Aromodic Tgros‘me : Phenol r'\ng
Tryptophan : Indole ring
IMmino acid Proline : Pt/)rrohd‘me ring

Bosed on Side Chain Choarocteristics :

v

Polar

v

Charged : RBC
* Acidic : Aspartate, Glutoamate.
* Basic ! Histidine, Arginine, Lysine.

v

Utnchcxrged :

Amides * Asparagine, Glutamine.
OH group : Serine, Threonine.
Simple edﬁc'\ne.

Sulphur containing : 053’(6‘«\6.
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Non - Polar :

pranched chain.

Aromaodic.

S‘\mple : Alanine.

methionine.
Proline.
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Bosed on Metobolic Fote :

he’cogemc :
S. Leucine.

. Lﬂs\ne.

!

he’cogemc + Slucogemc :

l. Phenﬂ\odan'me.
a. 1soleucine.

3. Tyrosine.

4, Trgp’cophan.

Based on Nutritional Requirement :

)’
G\\ucogemc :

Qema‘m'mg oMiNo oCcias.

v

Semi—-essential ¢

Arg‘m'me.

DERIVED AMINO ACIDS

Proper’c'\es g
* No codons.

® Formodion :

!

gssential ¢
methionine. O L,5s‘me.
Leucine. * valine.
Trgp’cophan. * Histidine.

v

Non—essential :

Qemodn'mg oMmino acids.

Phenglodan'me. * |soleucine.

Threonine.

- Post franslodional modificotion.

- Intermediote of metabolic poechwaﬂs.

Classificotion :

/

Seen in pro’ce'\ns :

* Hydroxylysine }col\agen

0 Hﬂdroxgpro\ine

* Orithine, argininosucCinate, citrulline.

v

Not seen in pro’ce'ms :

* Homoserine § homocgs’ceir\e.

* gamma courboxg S\u’cama’ce : Factors &, 7, 9, 10.

* Desmosine : Lgs‘me.
O me’chﬂl Igs\ne : mﬂosm.

STANDARD AMINO ACIDS

Selenocysteine Pyrolysine
Reading process ® ®
Coded bbj Stop codon UGA URG
Precursor omino acid Serine Lysine

Protein formodtion

alst protein ?—orm’mg amino acid

aa™ protein forming amino acid

Cotranslotional process

®

®

mMnemonic : Serina’s sister Selena $rom UGANda.
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enzymes Containing Selenocysteine/Selenium :
* Glutathione peroxidase.
* Thioredoxin reductose.
* Deiodinase.
* Selenoprotein

PROPERTIES OF AMINO ACIDS
I. lsomerism :
* D gL isomerism.

* exception : Glycine (Op’c\cal\g inoctive).

a. Absorption of Light :
* Colourless : Do not absorb visible \‘\Sh’c.
* W light absorption : Phenglodamne, tyrosine, ’rrﬂp’cophan
Tryptophan : 880 nm (Mosinmum UV absorption).

2, 6u¥5}er‘\n3 :
Maximum with imidozole group of histidine (pH = praoD.

4, xist in C)nourged Stotes :

Ampho\g’ces/ 2witter ions : Compounds with soelectric pH (Net chourges = O).

* Moximum prec\p\icabili’rﬂ, mMinicmuMm solub'\l'\’rﬂ.
* minimum bufSering (pH = pb.

TITRATION CuRve
00mpound with S‘mgle lonizoble Group :

A

Comp\e’ce\g ionized

Par’c‘\al\ﬂ ionized
PH

un-ionized

Alkali added
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COmpound with mud’ciple lonizoble Qaroups :

A

pH ol = PRI+ pka
pHi a
pH = pl ¢ Point of minimum buftering copacity
Alkoli added ~
Proteins 00:25:00
Peptide bond :

* &/W & amino acids —» Forms proteins.
C mehargeo\,
* Partiol double bond.

* Trans in noture.

STRUCTURE OF PROTEINS

Primary : Peptide (Covalen® bond.

Secondary : Coiling of linear structure.  Primary structure Secondary structure
n\pm helix : peto sheets :
* m/c a° structure. * a™m/e.
* most stable : Intrachain hydrogen bonds. * 2ig zag/ extended.
O Disrup+eo\ bg pro\'\ne. * Interchain hﬂdrogen bonds.

e\\bcine : Induces bend in Ol-helix.

Ter’darg :
* 2D structure thot can per%rm Lunction.
* Non-covalent Sorces ().
° 88 : Domadn.

Quo@cemourﬂ :

° > polgpep’c\de interoct vio. subunit.
* Non-covalent Sorces/subunit interoction. Tertiary structure  Quaternary structure
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Protein Folding :
mMolecular chaperones nux‘\harg proteins.
* &iP (Immunoglobulin heowy chain binding protein).
* &RP-94 (Glucose regulated proteiry.
Colreticulin
Colnexin

} Bind Co™.
* Heot shock pro’ce‘ms.

8n23mes :
* Protein disulfide isomerase.

. Pephde pro\gl isomerase.

Protein m‘\s?—olo\ing diseases :
* Prion diseases.
. nmglo‘\dos\s.
* Prion reloted protein diseases :

7.81Zheimer’s disease. I Hun’c‘mg’ron’s diseose.
8. Porkinson’s diseose. 13.Pick)s Disease (FTO).
9. B Thalossemia. 12.Amyotrophic Loteral Sclerosis (ALS).
|O.05s’dc fbrosis. 14.Lewy bod5 dementio.
Po@cho\o% :

PP : O helix ——Mutation . prp oo : f sheet.
* Hydrophobic amino acids exposed.
* Resistant to degradation.
Protein Degradadtion :
Proteasomal degradodion : Ubiquitin mediated (kiss of death), ATP dependent.
* Proline
* glutamodte PeST sequence is required
* Serine For binding with ubiguitin.

* Threonine

Lﬂsosomod degrada’don : ATP 'mdependent

Collagen 00:37:20

Features :
* most abundant protein.
* Fibrous protein in eCm.
* Glycine : Most abundant amino acid.
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Structure :
l. 9015 proline a chain :
* G\\BQ‘me X=Y repeat.
* Left handed turn.
* Composed of 1000 amino acids.

a. T r'\p\e helix 30 chadin :

2, Quavrter s’casgered arrangemen’c :
* Loteral arrangement of triple helix.

* Vit C — Hydroxylation of proline § lysine.
° 3 ’coge’dr\er in ® direction.

* Cu g lysyl oxidase — Covalent eross—links (9.

Synthesis :
Intraccellulor extracellulor
Site ReR of Rbroblast ecm
Product Procollogen Tropocollagen
l. Hﬂdroxgla’don : Prolyl 3 Lysul hgdroxg\ase . Cleavoge
events | a. &\50035\a’c\on : Hﬂdroxg |5s\ne residue a. Quarter s’caggered
3. Triple helix 3. Covalent cross-links : Lysyl oxidose
T}jpes :
Type Diseases associoted
Tupe

* most obundant +3pe
® Present in bone
* Ubiquitous in hard § soft tissue

. Os’ceogenes\s '\mperSFec’ca
O Os’ceoporos'\s
* ghler-Danlos %5pe VI

Tﬂpe a : Present in car’dlage

® Severe chono\roo\gsplas\as
® Osteocorthritis

Type 3 ghler—Danlos type v
Type 4 : Present in 6BM Alport syndrome
Type b : Ubiquitous in microfibrils Bethlem muyopathy
gpidermolysis bullosa.
Type 7: Seen in anchoring fbrils _
(dystrophic)

Type 10

Schmid metaphyseal dysplasio
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elastin v/s Collagen :
Collagen elostin
Types mMany types Only | type

Triple helix ® ©

&y - X - Y ® ©
Hydroxylysine ® ©
&lycosylotion ® ©

Cross—links Covalent cross-links | Desmosine cross—Ilink

Disorders o/w elastin :
. William Beuren 33ndrome.
a. cutis loxo.

Kerotin :
* Component of outer layer of skin, nails § hair.
* Rich in cysteine : Conters hardness to nails.
* Associoted disorder : 8pidermo\5s'\s bullosa (Clossical ’rgpe).

Fibrillin :
. alﬂcopro’ce‘m in sco&%o\d‘mg of elastin.
* Fibrillin | mutadion : Marfan’s syndrome.

Amino Acid Metabolism 00:47:40
Reactions : NH,
l. Deoaminoation J » Ketoocia.
co
a
a. Decarboxg\a’don J > Amines.

Toxic noture of ammonio.

1 apen (inhibitory neurctransmitter)

co

a

Glutomote + NR, ——> glutamine : Causes cerebral edemoa.

|

o K from TCA 050\9

TMHS — | Formodion of glutomine —» | 0L kg — | ATP
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I. Transaminodion :
Site : C/B’(Ophsm ot all organs.

&xomples :
Blanine o he’cog\u’caroece F\spar’coece o he’coglu’cam‘ce
B AT &6 \RST
Pgm\/a’te Glutamote Oxoloacetote glutomote
Properties :

® ToXiCc omMino group —> Non—toxic S\wcama&e.
® Reversible reaction.
. Sign'\?\cance : 6'\os5n’ches\s of non—essentiol amino ocids.

* fing pong mechanism/Bibi reaction : & substrate a product reaction.

Tronsaminodion of r\or\—-odpha omino acid :
nppheo\ biochemis’«q

enzyme 0 ornithine aminotransferase. P ———
* Defect in O omithine aminotransterase
* Treodment :

- Restrict ornithine § arginine

- Supplement PLP (&)

&xcep’dons to transamination :
I. Proline. 2. Lgs‘me.
a. Hgdroxgpro\‘me. 4, Threonine.

a. Transport o¥% NH,
Sources of ammonio

° AMINO acids > Glutomode.

® AMINO Sugars

Pgrim\d'\ne I line defense of

Glutamine s5n+he’case
(n mitochondrio)

Y

NH ————
3

Purine h5perammor\emia,

Porphgr'ms

Glutarmine : Transport form of NH )
Transport form from skeletal muscles : Alanine.

3. Oxidative Deaminotion :
Site : Liver § kidney,

Organe\\e : mMitochondrio.
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:“*Jfémine} e Active space
onine
: * Activodor : NAD+/ADP.

NADP &lutamate dehydrogenase (GpH —>

* Inhibitor : ATP.
NADPH
MHS —> Urea 05(‘,\8
(0421

Urea Cycle 01:02:35

AKA Kreb's Henseleit/Ormithine cycle.

. i L Note : Reactions occuurr‘\ng in
Site ¢ &xc\uswelg in liver.

O@ome\\e : C5’cop\asm + mitochondrio. 20 Cﬂ)coplasm DS ey

nmnemonic : PUPG

Contributions to Structure : . Pgr'\m'\d'\ne 35n’ches‘\s
o |t Nitrogen : Ammonia. * Ureo cycle
e g™ Nitrogen : Aspartote. * Blood : Heme synthesis
* Carbon otom : Qesp\ro@rorg CDa. 0 aluconeogenes'\s
Uurea 6\c5cle g Aspartote
TCA c\jc\e ureo c5c\e
Fumarode

Reoctions of Urea 030\6 :

CO + N+
a 2
2 ATP \. Carbamoy] phosphate synthetose | CcP3-D : Rote limiting enzyme
SRR 3 ADP NAG : Obligate allosteric activaor
Carbamoy| phosphate TCA cycle
m l
tronscarbamylase (ote) Aspartote
Ornithine Citrulline
Omithine @ D) l :j Citrin ’cmnspor’cer D)
" toneoorter VY Yy y Tttt
ansporter Citrulline + ﬂspar’coece
Omithine

Urea <\ Arginase (V) S

| e AS synthetase aw

HO gnergetics :
&

Arginine Argininosuccinake (r)

P3| a x PO
AS Iyose (V) ¢ 3
Cytoplasm ‘>__/ AS lyase : & x PO,

Fumarate () Totol required : 4 PO
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ureo cﬁcle Disorders :

Defect Disorder

CPs | Hyperammonemia. Type |
oTcC Hyperammonemia. Type |\

AS synthetase Citrullinemio. Type |
AS Lyase Argininosuccinic acidurio

Arginase Argininemio
Citrin transporter Citrullinemio. Type &
Ornithine transporter HHH syndrome
Ryperammonemia. Type 1\ ¢

* m/c urea cycle disorder.
* X-linked recessive.
* defect: OTC.

Carbamogl phosphoece occumulotes M Pgr‘\m\d‘me an’ches'\s

v v

excretion of Accumulodion
pﬂr‘\m\d‘mes of orotic acid
N wine

Orotic acidurio.

HHH sgndrome :
* Defect : Ornithine ’cmnspor’cer — Hﬂperom'\’ch'\nem\a.
O Cmrbamogl phosphoece + lgs'me — Homocitrulline —— Homocitrullinemio.

* Accumulotion of NH, ——> Hyperammonemio.

Qrg'\nem\a=
* Least hﬂpemmmonem'\a,
* Spastic diplegjio + scissoring of
lower limbs.

5pas’c‘\c D‘uplegia sc\ssor‘mg Sou’r
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ﬂrgin'mosm:c\mc ocidurio. :

Trichorrhexis nodosa. : Brittle hadr.

F\rgin'\r\osmcmic acidurio
aeneral clinical features of urea cﬂc\e disorders :

C &ncephodopa’dﬂg.
C Respiroecorﬂ alkalosis.

C Tachgpnoeou

* Hyperammonemio. ————— /w1 Plasma glutamine levels

T,

Glutomaote Glutomine

Neonates : Feeding difSiculties, failure to thrive, lethargy, convulsions, coma.

mManagement of Urea. Cycle Disorders :
Investigadions :

1 /Normal = urea cycle disorders.
l. pH of blood

| Organic aciduria.
3. Tandem mass spectrometry @ Gold standard sereening technique for all
metobolic disorders.

\n’cerpre’ca’don :

v

pecific amino acids | Non-specific amino acids |
* Tcitrulline : Citrullinemio. l
* Tornithine : HAH SSndrome. Plasma. olro’c'\c ocid
. Tﬁrgin'me : Arginemia. i )
* Targininosuccinate : Argininosuccinic aciduria. 1 Normal

v

ngemmmor\em'\a ngemmmonem‘\a

Tﬂpe I\, Tgpe i
Treodment :
.. Supplement with arginine :
* Source of ornithine. * gssential amino acid.
* Activador of NAG, e ¢/Iin arginase defect.
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a. ﬂcglo@don ’cherap5 :
Pheng\ bu’cgm’ce 3 sodium benzoode : NH, scavengers.
o Phengl buﬂcgroece — Phenﬂl ocetote —> Phengl ace’rﬂl 8\u’cam‘me

(prodrug) v

Glutamine
exereted ’chmugh K'\o\negs.

_ ) Glycine synthase
° Sodium benzoote + Slgcme

T

NH, + CO,_ +1 Coxbon group. excreted ’chmugh K\dneﬂs.

> 690203\ Slﬂc'me
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AMINO ACIDS PART 2 ----- Active space -----

Metabolism & Disorders of Phenylalanine & Tyrosine 00:00:10

Pheng\odom\r\e —_—> T5ros\r\e

|
v y

Cotobolic poednwo% Anobolic poechwo%
he’cogemc + 8lucogemc. ° melonin.

® Cofecholamine.

0 Thgro'\d hormones.

) Pheng\odan'me hgdroxglase ]
Phenﬂlodanme :Tgros\ne.
eH, eH,
\/—<Wdrob\op+erm reductose
NADP" NADPH
Cotobolic Fote :
Turosine tronsaminase
Phenylalanine —> Tyrosine > Pora/4 hydroxy phenyl pyruvate

PHPP ‘ngdroxg\ase/
AHPP d\ox%enase
Y
Homogentisic acid/ dinydroxypheny| acetate

Homogentisake oxidose/ dioxygenase
OR
D\hﬂdroxgphenﬂlace&o&e d\ox%enase

Y
Maleyl acetoacetate (o

lmﬂlﬁ\ isomerose
G\\ucogemc <«—Fumarote <—| FAR hydrolase

. Fumary| acetoocetate (FARD
I Ketone bodg <—ﬂce’coagce’coece<J
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DISORDERS

enzyme Defect Disorder
Phenylalanine hydroxylase Classic phenylketonurio. (PHUD

* DHB Reductase

* gTP sgx’rhesis — &R,
- gTP cﬂdo hﬁdro\ase Non-classic Pru
= Pﬂru\IOBI THS Sgn’chase
- Sepiopterin reductase

Homooentisote oxidose Alkoptonurio
FAR hydrolose Tyrosinemio. type |
Tyrosine transaminase Tyrosinemio. type a
PHPP Tyrosinemia type 2
Classic Phenylketonuria :
Clinicol eotures : P melanin ¢ Hypopigmentation.

Phenﬂlodamne *—>Tyrosine — %> Cotecholamine : Agitadion, hyperactivity,
mental retardation, intractable vomiting,

Phenyl pyruvate > T3, T4.

:

Phenyl acetote —»> mousg/ mus’cg/ barny odou.

Note :
Persistence of neuro\ogical sﬂmp’coms ofter
pheng\odan'me restriction —» Non—classic PrUL

Lob d\agnos\s :
. Gudhrie’s test (Bacterial inhibition tesh : erowth of
Bacillus subtilis.
a. Ferric chloride test : Positive.
3, Blood phengl alanine levels.

| ’ﬁu =5p S o

POSITIVE REACTIONS NEGATIVE REACTIONS

4, &n25me studies. AT

Treodment :
* Phenﬂ\oJan'\ne restricted diet.
* Synthetic THe (Non-Classic) : Sapropterin
dinydrochloride/Muvan.

* Large neudral amino acid X
Ferric chloride test

(Tryptophon § ’cgros'\ne).
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Alkaptonuria :
Part of Garrod’s tetrad :
l. cﬂs’c‘\nuria,
a. Alkaptonurio.
2. Pentosurio.
4. Albinism.

Defect :

Phenglodom'me —»Tgrosine —> PHPP —» Homogen’cisic ocid

Amino Acids : Part 2 - 63

7 G ;s

ﬁllﬁap’ronur\a : Block p\gmen’ca’don

Homooentisgte oxidase

NMAR.

/

F\llﬁap’cone bodies

v

exereted in urine

v v

IV disc SKin.

Ochronotic arthritis.

Clinical features :
* Age of onset : middle age.
* Present with back pain.
* No intellectual d'\sab\h’cg.

Lob d‘\agnosig :
* FeC, test.
* AgQNO, test.
* Alkalinize urine.
* penedict’s test : Positive.

l urine turns block

Cartiloge.  4ir exposure/

olkalinizodion.

* Black pigmentadtion of skin, IV
disc, cartilage.
* Blackening of urine on standing,

° X—ra5=
- Bomboo spine.
- Vacuum phenomenon (pir

space in vertebro.

Rx : Nitisinone — Inhibits PHPP hgdroxg\ase.

T5p€ a Tgros'\nem'\a:

arA Oculo—cutaneous ’cgros‘mem\a/ Richner Hanhart syndrome.

Defect: T yrosine tronsoaminase.

Features :
* SKin : Non—prusitic
hyperkeratotic plaque
on soles § palms.

* Comeal ulcers :
Poor\5 stained
with Sluorescein.
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Derivatives of Tyrosine 00:18:55

Cotecholamines :

_ Tgros‘me hﬂdroxwase Dopa. decarboxu;lase )
Tgrosme > >DOPA > Dopamine
( FLe beta huds |
DO ine be roxulase
6H4 l PQJﬁlﬂ (08 5 5
Morep‘mephr‘me
SAM
M—me+h51 tronsterose
SAH
'&pinephrine.
Degradoedon of cotecholomines :
* Dopamine —» Homovanilic acid (Hve).
C r\lorep'mephr'me
. . Vanilyl mandellic Acid vrom.
. s:p\nephrme
Pheoohromocg’coma :
Palp'\’ca’dor\s
Profuse sweoding Heodache
Lob d‘\agnos‘\s :
. 84 hr wrinary tests for ¢ a. Plosmo. tests for :
°* VMA : H'\Shes’c speci\?\c‘\’cg. * Cokecholomines.
* Cotecholomines. ®* Free me%anephrines : H'\ghesk
* Froctionoted me’canephr'mes= ser\si’d\/'\’ca.
H'\ghes’c Sensm\/\’cﬂ.

° Total me’canephr‘mes.

melanin :
Site of synthesis : Melanosomes (strodum bosale).

_ Tyrosine : Cu containing Tyrosine : Cu containing )
Tyrosine > DOPA > Dopoaguinone

/

melanin.

Albinism : Defect in tyrosinase.
* miky white skin § hair.
O Pho’cophobia

® Locrimodion.

Albinism
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Tryptophan 00:23:00  _.__. Active space -----
Proper’c‘\es :

® Aromodic AR, * gssential.

C Mon-po\ar. O He’cogemc + S\ucogenic.
Cotobolic Fote :

T rﬂp’rophan pgrro\ase I TUER Formﬂl THER
d\ox%enase : \J

Trﬂp’cophan Heme containing > M—-\‘vormgl Kgnuren'me > hgnurenine

}

2—-0OH Kgnuren'me

PLP
Kynurinase Alanine — &lucogenic

2-0OH anthranilic ocid — he’cogen‘\c
Quinolinode phosphor\bosBl
tronsferase (QPRTose) : RLE
Vitamin 86 de‘?\ciencg g

* 3-OH kynurenine — Xanthurenic acid, Niocin.

* | synthesis of niacin — Pellagra.
Niocin @

C EndogenousB sgn’dr\es'\zed vitomin.

* O mQ ’crgp’cophan — | Mg niogin.

Derivatives :
Tr5p+ophan AMiNo acid
‘nﬂdro><5\ase decarboxglase
Trﬂp’rophan > S—Hgdroxg ’crgp’cophan > Serotonin
&4, PLP

(S-Hﬁdroxg ’crgp’cam'\ne)

SHIBA Degrado&don

. SAM _
mMelotonin : < Ace’cgl serotonin

(me’dryl ocety serotonin)

* Neurotransmitter
* Antioxidant
* Regulates circadion rhg’chm.
Site : Argentadfin cells of
l. Intestine.
a. Brain.
2. Plotelets.
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Biochemistry

DISORDERS
Coarcinoid Sﬂndrome g

Tumor of argenta®Sin cells — T T Serotonin — | Niacin.

c/%:
* Intermittent diarrheao. * Sweoking, * 34-hr swipnt.
* Flushing. * Feotures of pellagra.

Hartnup’s Disease :
nMudodion @ SLC 6R 19 mutodion — Defect of ’crﬂp’cophom fransporter

! Tryptophan

o/ J Serotonin § | niacin.

O ﬂ33mpkoma+\c.

* Accumulotion of M»\ndoxg\ compounds —» exereted in urine
tryptophan in intestine  42e0mpositon |
* ptoxio. Bluish discoloration of diaper.

wide based 50(&.
* Cutoneous photosensitivity : m/c symptom,

Test : Obermeger test.

Rx : Lipid soluble esters of ’crﬂp’cophom.

Derivatives of Tyrosine 00:33:10

{ !

Cgs’ce‘\ne : methionine :

J e\lucogemc O educogemc

* Polar O Mon—po\our

* Non—essential. * gssential.

metabolism : methionine
THFA me-kh'\on'\ne Qd@ﬂOSﬂH’VOJ\S‘?QVO\Se (mAT> N S—aden083\ me—kh'\on'\ne B
methyine THE me+h5| el a) Pr'mc'\ple me’chgl donor
reductose 13
© KC’H\%
NS methy| Homocysteine S-odenosy homocysteinase S-adenosy| homocysteine
THFA

+ Serine
QQlCSS%o&h'\omne B synthase

Custathionase

C/gs’ca’ch'\omne > Homoserine + Cﬂs’ce\ne.
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blisoebgrs Active space -----
gnzyme defect Disorders
MAT Primory hypermethioninemio
Custathionine 3 synthose Classic homocystinurio

Cystathionase Cystodhioninuriod

* Methyline THF reductase

Non-classic homocystinurio
* Defect in methyl 813 Formation

Note :
B, 813, 89 deficiency — 0 Homocysteine in blood — Risk factor for thrombosis.

Folate Jcmp/ THFA starvodion
Bla de‘?\ciencg NS me%hg\ THFA —>THFA.

Functional de‘—?xciencB —> | DNA gﬂn-kheg\g —> Nucleocytoplasmic SBnchronﬂ
of THFA l

megodob\as’dc oanemio.

Homocgs’ce'\nuria :
Clinical features : Resembles Marfan’s syndrome.

* Developmental de\ag.

* mental retardation.

* Tall § thin extremities.

* Skeletal deformities.

* Visual disturbances : ectopio

lentis (M/c : Inferomedial.

* muscular hgpo’con\a,

* /o CAD.

* Thromboembolism.

ectopia. lentis Thromboembolism

nrachnodac’cglg Tall stoture H‘\gh arched polate

Skeletal deformities in homocgs’ce'\nur\a
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Normal Genu Valgum Genu Varum

Medial
Deviation
of tibia

Pectus excovatum Pectus carinatum Pes covus Genu \/odgum/ varus

Skeletal deformities in ‘nomocgs’ce‘muria

Test : Cyanide nitroprusside test (.

Classic homocysteinurio. Non-classic homocysteinurio
methy| ela Sormaodion
enzyme Cystothione B synthase
methylene THF reductase

Defect in Formadion of cysteine Remethuylotion of homocysteine to methionine
Homocysteine 1 1

Cysteine J, Normal

methionine Novrmal \|,

° CBSJce'me supplementodtion
° H'\gh dose Vit Bl * methionine supplementation
* Betaine (rimethy| glycine) | * Vit 813, 8k, folic acid

* vit 813 § folic acid

RX

Cﬂs’cinur'\a
* defect : Dibosgic amino acid transporter in H'\dneﬂ.
* exeretion of ¢ COLA.

\

Cgs’cine.

\

Omithine.

\

Lgsine.

\

Arg\n'\ne.

cﬂs’c'mos'\s : s e
Cﬂs’c'\ne crﬂs’cods : Colourless,

* Defect: C/gsﬁr\e fransporter in lgsosome.
Slat, hexagonal ; acidic urine

* manifestotions :
- Renal failure. - Corneal Opac'\’rﬂ.

- BOoNe Marrow suppression. - Liver failure.
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DERIVATIVES OF CYSTEINE

{ }

Glutothione Tourine

alutathione (@3sH) :
* Tripeptide : Glutamic acid + cgs&e'me + glﬂc'\ne.
* Active group : SH of cysteine.
° A’cﬁpical peptice.

Functions :
L T ranspor’c of ammonio. : Meister’s cﬂc\e/ gommo. 9\u€cam5\ cgc\e. 2, C,oqjugod'\on.
a. Free radical scavengers : Glutathione perox\dase. 4, C,oenzgme.
Other Amino Acids 00:49:55
G\lﬂc’me g
Derivodives :

S\
Hyperoxalurio. : @
%iéty

Pr‘\mar5 : Defect in 8\50><5\a’ce amino transferose.
Secondary : D/t

.. Purine (CA, CS, ND. 2, Heme. P,
3. Creatinine : &lycine + arginine + 4. glutothione. =
methionine. S. Collagen. xﬂ:‘; X '

® Vit C excess. . &Jchﬂlene 8‘500‘ poison'mg . ‘
(-]
* Vit B de%c\encg. J me%hongé\umne. Oxoalote s’cones gnvelope shaped
Serine :
Functions :
l. sﬂn’ches\s of:
o Cﬂs’ce'\ne. ¢. Choline.
b. Phospha’ddg\ serine. d. Betaine.

a. Produces ethanolomine on o\ecarboxﬂo@don.

2. Precursor of selenocﬂs’ce'me.

BASIC AMINO ACIDS Histidine

Histidine :

DR FlaLu (Formimino Slu&am'\c ocid)
* FlgLu THFA
* Histomine. Formimino THFA

Glutamic acid.
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Higtidine lood test : O de%c\encB —»FlgLU excreted in urine.

Arginine : Derivadive compounds are
l. Nitric oxide.
* Sgn’chesized b5 NO sgn’chase.
* Reactive free rodical.
® Acts Vioe gmP
* endothelium derived relaxing foctor.
a. Omithine 5 Urea.

2. Creodine

BRANCHED CHAIN AMINO ACIDS (BCAR)

BCAR
PLP Tronsomination.
BC ketoocid
BC ketoocid NAD"
dehydrogenase Qoa NADH Oxidotive decourboxg\o&don.
F\cgl group
FAD
FADH FAD dependent dehydrogenation.
Product.

mMople Syrup Urine Disease
Defect : Branched chain ketoacid dehydrogenase.
Feotures :
* Age of onset : Neonate.
* Feeding di?—%wl’rg, convulsion, lethargy, como.
* Eboxmg/ Kicking movement (ﬂ\’cema‘dng hgpo 1 hﬂper’conia).
* Burnt sugar odour of urine.

Lob d\agnos\s :
* Tecan s 16cHA in blood § urine.
* Dinitrophenyl hydrazine (ONPH) test.
* Rotherals test : Positive.

Rx
® Restrict BCAR.
O Supp\emer\’c thiomine.
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Amino Acids : Part 2

Revision Tables 00:57:35  _____ AT P e
Test Aminoaciduyio.
Ferric chloride test Phu/ﬂll«apkonw\a
Dinitro phenyl hydrazine test nMSuUD
Gudhrie test Pru
e iels s Obermeuer test Hortnup disease
Cyonide nitroprusside test Homocystinuria
Lo erosse VA spot test Pheochromocytoma
S HIAR Caxrcinoid syndrome
Disorder Defective enzyme
Albinism Tyrosinase
MSuD Branched chain keto acid dehydrogenase
T . \SO\loJerﬂl C,05 dehﬂdrogenase
®/w leucine catabolisny)
ENZYme DEFECTS Homocystinuria. Cystathionine B synthose

PECULIAR ODOURS

Phenylolanine hgdroxglase/ DHB

Phenylketonuria reductase/Defect in THB synthesis
Alkaptonurio Homogentisote oxidase
Tyrosinemio. type | Fumnarul acetoacetore hydrolase
Tyrosinemio. type |\ Tyrosine transaminase
Tyrosinemia. type I\ PHPP hydroxulase
Disorder Odour
Glutaric acidemio. (Tupe 8 Sweoty Peet

Howkinsinuria @ Defect in PHPP hgdroxg\ase
(Partially active)

Suoimm’mg pool

lsovaleric acidurio Sweoty feet
MSuD mople S\drup/ Burnt sugar
Htjperme’chion‘memia Boiled codobage

Multiple carboxylase de%c\enc‘j

Tomcot urine

Oasthouse urine diseose Hops-like
PHU mousy/musty
Trime’chSlaminur'\a :
Fish odouyr

* defectin trimethylamine oxidase
* Rx: Choline restriction

Tqros'\nemia

goiled cobbage/Rancid butter
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MOLECULAR BIOLOGY : PART 1

Nucleotides & Nucleic Acids 00:00:10
Steps to \den’d‘?g Nucleotide :
l. \den’d?—g the ribose sugay.
a. \den’d?—g the n\’crogenOus bosge.
2, \den’ci\‘—g i& Pof' group present.
4, \den’d?—g nucleotide — Monomer made up ot :
o. r\l'\’(rogenous bose
Nucleoside
b. Pentose sugar
c. Pof‘ group
Types ot Mi’crogenous Boses :
Double r'\r\S : Purine S‘mgle r'mg : Pgr'\m\o\ine
Adenine (b-amino purine)
NH,
NNy NH, o O
</ | AN NH
N — N | NH
H N | /& | /&
‘ _ . N~ o N" "0 eSO
Guanine (3-amino, b-oxopurine) H H H
0O Cytosine Deaminadion urocil Methyjofion Thymine
(a-0x0, 4—0mino (3,4-dioxo (8,4-dioxo,
/N | NH pﬂr'\m\d'\ne) pﬁﬁmidiﬂ@) S-methy) pﬂr\mid\ne)
C
N~ "N TNH,
\mpor’can’c L'\nkages :

B-N glycosidic bond : &/w N, of purine/N of pyrimidine to ¢, of pentose sugar.

gster bond : &/w nucleoside § I phosphode group.
Acid anhﬂdr‘\de bond : B/w adjacent Poj" groups (‘aner% rich bonds).

Nucleic Acids :
* Formed by 3-S phosphodiester bond b/w nucleotides.
* exhibit polar'\&g.
* Sequenced from S' — 3.
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DNA Vs, RNA ¢

Molecular Biology :

DNA

RNA

Hu}o\roxu;l qroup

Only ak 3' position

At 3" and 3' positions

Pentose sugar Deoxyribose sugar Ribose
Free functional group © Reactive &' OH oroup @
Stability Stable unstable
Nucleotides in RNA vs. DNA :
Nitrogenous base | Nucleoside Ribose monophosphate Deoxyribose monophosphate
Adenine Adenosine | Adenosine monophosphate (AP d ame
Guanine Guanosine | Guonosine monophospha’ce (e d gmpP
g Uridine uridine monopbosphoere ume) ~
(Only in RNIRD
Hypoxanthine Inosine Inosine monophosphote (MNP -
Xonthine Xanthosine | Xanthine monophosphate (xnP) -
Cytosine C,q’c\d'\ne C,u;‘cid'\ne monophospha’ce cme) d cmp
Thu)m'\ne Thu}mid'me - a Thqmid‘me monophosphode (On\q in DNB)

Metabolism of Nucleotides

00:13:20

PURINE SYNTHESIS

De-novo Purine 55n’chesis :

Site : Occurs in all organs except brain, RBC 5 WeC.

Contributors of purine ring :

N10- Formyl-
tetrahydrofolate

PRPP s&rﬁhe’case

e

02\
3
\N

*

o
\‘\Z

(@)
a5 75 &

N—

\_'_/‘

Amide nitrogen
of glutamine

PRPP 8\u&am5\

amidotransterase : RLE

Ribose-S > PhosPhor‘\bos5| = Phosphoqibosgl amine
phosphoece / \ pgrophOSPhoere / w Q
ATP  AMP PrPP) Glutamine  glutamodte \mP

Aspartate : MH%f\l—l\mP dehydrogenase

Xnp ————> §P

Glutomine : NH3
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----- Active space ----- Sod\/ase Pa"thwo‘fj :
Significance
* Recycles purine nucleosides § bases 1o purine nucleotides.

* Conserves enerqy N organs without de novo sgn’ches\s.

Phosphorgloﬂdon reoactions :

Substrote DONOYT egnzyme end product
Adencsine Adenine phosphoribosyl transterase (APRTose) AP
H%POXQD‘H’\'\T\Q PRPP HSPOXQITW\‘\(\Q 8wn'me P
Guanine phosphoribosyttransterase (HePRToSE) amp
Adenosine e
ATP Hinose
Guanosine STagls

Disorders of Purine Sgn’chesis : o
Lesch I\lﬂhaﬂ sgndrome :

Defect : HaPRToge.

* Hypoxanthine —>—> ImP _ . o
* Guonine —X—» &P |—>TPuur\ne cakabolism — T uric acid.

c/%: Rx :
* Compulsive self-mutilation. * Alopurinol
* Hyperuricemio * High Sluid intake.
* Neurological defects. * pAlkalizadion of urine.

hel\eﬂ Seegmi\\er sgr\drome :
Partiol defect of HePRToe.

gout :
c/%:
| * Acute inflammodory arthritis (/e : 1 mTe) :
Characteristic of acute gout.
° Hﬂperumcemia,
* uric acid nephrolithiasis
* Tophi (MSU erystals in s/c tissue) :
Chavacteristic of chronic goudt.

Definitive d‘aaﬁog‘s : msu (mMonosodium Urote) crystals

Needle shaped negoec\\/elg b\re?r'mgen’c msu

crﬂs’cods on po\arized hgh’c m\croscopg.
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Disorders of Purine Cotobolism: Active $pace ———--
end product ot purine catabolism : Uric acid,

enzyme deficiency Feotures
Adenosine deaminase SCID : Both T cells § & cells affected
Purine nucleoside ribosyl fransferase \mmunode‘?\ciencq affecting only T cells

) : * Xonthinurioo
Xonthine oxidase

* Juric acid
PYRIMIDINE BIOSYNTHESIS
Site : Liver
Organelle : Cytoplasm § mitochondrio.
Sources of Pgrimidine Ring :
N { 4\50 Aspartic acid
Glutomine
2 6
C 1 c
r \\ N/
Qesp'\roecorg CDa ‘
Pothwow :

C»Oa + glutomine ———»

COUrbam%\ mmswrbam%\asg Car\oo\mogl aspour’nc ocid

phospho&e lD'\hﬂo\rooro’case

D'\hﬂdro orotic acid

Dihydroorotote NAD"
On|5 s’cep thot occurs «<———— dehydrogenase

in mMitochondrio MDA

Orotic acid

TP UMP «—— OMpP

end Products of P}jrimidine Cotobolism :
* P-olanine (From cytosine £ uraciD

wWoker soluble
* B-amino '\sobu’rﬂra’ce (From ’rhgm'm@
Disorder : Heredi’cara Orotic Aciduria :
Defect : De novo s5n’ches‘\s of p\jrim\d'mes.

Tﬂpe | orotic aciduria :

Orotode phosphoribosul fronsferase.
DeSFec’c'\r\:umPsgn’chase—E: rotote pnospnodt 05 ansrerase

Orotidine monophospho&e decarboxg\ase.
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c/%:
* mMacrocytic, megoaloblastic anemia. : Does not respond to Vit 6|a/ Folic acid/

Fe Supp\emen’m@don.
* Intellectual defect (3.

DNA 00:30:40

Watson § Crick Model :
* Right handed antiparallel double helical structure.
. o A=T
Bose pairing rule —[: e
* Chorgaf®s rule : A+ & = C + T (Purines = Pyrimidines)
® Bose s’cacl/{\r\8=
~ Vertical force of interaction b/w base pairs.

~ D/ hydrophobic interactions £ van der waals forces.

Organizadion of DNA :
Nucleosome : Histone octomer + ds DNRA.

/

® posic pro’ceins.

* Rich in arginine § \5s‘me.

Pos\ﬁve\g chargeoh

Made up of core histones (HaR, HAB, H3, HA).

DNA erlica’c'\on g

Salient feotures :
* Both strands act as templates. * Semidiscontinuous
* @idirectional : Alwoys S—»72 * Semi conservodive.
* Occurs in S phase * Requires primer.

Steps of replication :
. Identification of site of origin :
Ori : Fixed point on DNA where replication begins.
e. coli: Ori C.

\

\

acteriophage : Ori A

\

Yeast : Autonomous Replicating Sequence (ARS).
Human : Multiple ori (¥), similar {0 ARS.

\
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a. 6'\r\d\r\8 ot or‘\—b'\r\d'\ng protein to ori — Umw\nd\ng of AT rich regions

&inding of 2B (S‘mgle Strand eind\ng) protein :
Prevents local reomneod\ng of DNA.

2, Helicose : Further unw'md‘mg of DNA.
Topoisomerase r\JicK'\ng, reseod'mg en25me thot relieves ’copo\og'\cod constraints.

4. Lead‘mg strond sgn’ches'\s :
a. Leading strand template (3' — SD.
b. RNA primase added ok 3' end.
¢. DNA po\gmemse K
Adds nucleotides continuously from ' — 3' of daughter strand.
d. DNA polymerase | : Removes the RNA primer.

S. Lagg'mg strand san{'hesis :
o.Lagaing strond templote @ S' — 3.
b. multiple RNA primers added § DNA polymerase I adds short segments of
nuclectides (Okozaki fragments).
¢. DNA po\gmerase |+ Removes the RNA primer.
d. Ligase Hlls the gop on RNA primer removal.

DNA Polymerase (ONAP) :

enzyme Function enzyme Function
Prokaryotic DNAP gukoryotic DNAP
DNAP | * Removal of primers § gop Hlling, € Leading strand synthesis
) O . 5
(A Kornberg's DNIA repair (Major). 0 Lagqing strand synthesis | + DNA proofreading
enzyme) * DNA proof reading. _ _ _
Y mitochondrial DNA synthesis
* DNA v epour. . .
DNAP ) ‘ B DNA repair activity
* DNA proof reading,
o Primase octivit
* Lead‘mg strand s5n+hes‘\s. m ety
DNAP * Synthesis of Okozaki ?mgmen&s.
* DNA proofreading,

Klenow ?ragmen’c :
* DNAP | ie without S —» 3' exonuclease ac’c'\v‘ﬂg.
* Used in Sanger’s sequencing,

Telomere :
* gnds of the chromosomes.
* At 3 end: TTAGGS tandem repeots (1)
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HOLSS;\'\CK limnit:

On removal of primer from 2 end :

The primer nucleotide sequence is not replicated in the daughter strand

}

end rep\'\coecion exror

l Ater multiple cell divisions

Telomere odtrition.

Telomerase :

Terminal telomere transferose

Function : Adds DNA seq

g

Prevents telomere shor’cen\ng
(No HaﬂSA\cﬁ limit,)

Proper’c'\es :

l. Contains an intrinsic RNA ’cempla’ce.
3. Reverse transeriptase activity (¥

fbsent in : Somadic cells.

(Shor’cer\'\ng of ends of chromosomes)

ments of 2' end

Haﬂﬂ\'\clﬁ limnik
After SO cell divisions
ONA rep\icoedon s’cops.

(Leods 4o og'mg)

Applied Biochemistry

Concer

fe

Telomerase acﬁx/‘ﬁcg

I¥S

Premoture aging.
Present in : SKin cells, hematopoietic cells, germ line cells,
cancer cells, \3mphoc5’ces.
DNA Repair Defects :
Defects in DNA Repair mechanisms Associoted disorders

eulky adducts/
Pgrim\d‘me dimers
LV exposure)

Nucleotide excision Repair (NeR)

Xerodermo. p'\Smen’cosa

- Cutaneous pho’cosens‘\’d\/\’cg
- Trisk of skin cancer
Cockayne sandrome
Trichothiodystrophy

Abasic sites

Bose excision Repair (BgR)

MUT YR-ossocioted poluyposis

Bose mismodeh

mismadeh Repair (MMR)

Hereditary Non-Polyposis Colorectal Cancer (HNPCC)

* Double strond breaks

e Sing\e strand breoks

® Introstrand cross—
links

Non-Homologous end Joining (NHED

SCID
Radiosensitive SCID

Homologous Recombinadion HR

Rtoxiol ’ce\ang\ec’cas\a like disorder
Nijmegen Break Sgndrome
eloom’s syndrome

werner sgndrome

Rothmund Thomson sgno\rome
Breast cancer susceptibility
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Transcription 01:00:50  ____. Active space -----

DNA — RNIA.
Only one strand transeribed : Template/minus/Antisense strand.
Other strand : Coding/Plus/Sense strand.

- Strand not involved in transeription.

- Same sequence as thot of RNA with T replaced by U,

8n25me 3
RNA polymerase RNAP).
° ProKarﬁo’dc : Multisubunit
- B subunit : Cotalytic, binds to mga*.
- O subunit : Binds to promoter.
° Euharﬂo’dc RNAP

RNAP-| RNAP-1 RNAP-
Sensitivity to O—amantin Leost Highest Intermediote
°* mMRNA
Moior oroducts RNA °* miRNA ° 4RNA
[oX A
S (most abundan) | * snRNA ° SS(RNA
° |ncRNA

Promoters of Transeription :
* Coding region sequences that specity the start site of transeription.

L e\er\e—speci?\c
= =2 o +  +3  +3
[ I T
[ 1 1 1 /]

»

< Start >
ups’cream " Downstream

eg: s
ProHarﬂo’ces %MBO{'QS :
* Pribnow box : -0 bp. ® TATA box : =4S bp
* T&G box : =2S bp. * CART box : =70 bp to —80 bp

gnhancers/Silencers/Repressors :
* 1 or | transeription of eukaryotic gene.
* Present upstrearm/downstream.
* Non-specific

P Dependent Termination :
P factor binds to RUT site (C~rich region of RNA)

}

Detoches RAA from DNA.
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POST TRANSCRIPTIONAL MODIFICATION

I. ' capping :
Step enzyme Site
. Addition of 7 methyl quanocsine cap ot S' end Guonyl fransterose Nucleus
a. methylotion of N7 of quanine § a' OH group of ribose | Methyl transterase Cytoplasm

Functions :
* Ztobilizes mMRAR @ Prevents the ottock of S —» 2 exonuclease.
* Focilitotes initiodion of Yronslation.

* inding of MRNA to initiation complex (435 preinitiodion complex).

a. PO\\\j A Todl'ms 2
* pddition of 40-300 adenosine residues ot 2 end.
O anzﬂme : Po\gadeng\o&e polgmemse.

Functions :
* <habilizes mMRNRA ¢ Prevents the ottock of 2 — S exonuclease.
* Focilitotes exit of mRNA from nucleus —» Cg’coplasm Lor translodion.

* Recruitment of 402 ribosome.

3 Splicing OF exons § Removal OF Introns :

Sn RNA (Ribozume) : Rich in uracil +
ESE) S DR || o o

Carried out bﬂ spliceosomes O proteins : RR, SR motif + Sourps
[\

Primar5 ’cmnscr\p’c

Steps ¢
.. Splicecsome cuts at splice sites (&xons—in’cror\s\junc’c‘\ons) :
1 exon (Cod‘mg) — intron junction : SNRNIP binds — SARNA cuts the junction.
3. The cut end loops back § connects to middle of intron : Lariat formodion.
3. Spliceosome moakes a™ cut at end of intron releasing the lariod.
4. Joining of exons via 3 — S' phosphodiester bond.

Alternote RNA Process‘\ng/ Differentiol RNA Processing :

Linking of exons in ditterent sequences

}

Diflerent proteins Lormed

S'\Sn\?\cance + 40,500 genes — 71 lokh proteins synthesized.
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RNA ed’\ﬁns g
axcep’c\on to central dogma.

cQ ¢
3 _ Fully franslated
* Liver : Apo & (CAR > Apo BIOO.
Cytosine deamination
* Intestine : Apo & (CAR) ~ > UAR (Stop codor)
NH lPour’doJ tronslotion
)

Apo ®48 (Truncoted pro’ce‘m)

RNA 01:27:28

* every RNA except mRNA (Cod\ng} is non-coding;.

* Histone mRNA : Poly A tail .

* hnRNA for histone gene : No introns.

* SLe: D/t autoimmune response to snurps.

* Nucleus : m/c site of post-transeriptional processing,

* Nucleolus : Site of post—transeriptional processing of rRNA

1RNA :
r\lon—-cod’mg RNA mode of 74-9I nucleotides.

Structure :

* &’ structure : Clover lea® shape.

* 3” structure : Inverted L shape.

® Aorms:
o. Acceptor arm : Contains CCA ok 3" end —» BINds to specific amino acids.
b. Anticodon arm : Binds to specific codons.
¢. TYC (Only RNA that contains thymine) arm/Pseudouridine arm :

Binds to ribosome.

d. DHU arm/D-arm : Binds +o aminoacyl {RNA synthetase.

Ribosomal RNA :
Present in the ribosomal assemblﬂ.

403 : 185 rRNRA + 30 pro’ce'ms
B80S ribosome —[: .
©b0Os : A8S rRNA + S.83 (RNA + SS (RNA + SO pro’ce\ns

:

Pephdgl transferose ac’c\\/\’c5.
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MIRNA :
<moall non—coding SSRANIA of al-34 nucleotide \eng’ch.

Function : Pos’:—’cmnscr‘\p’donal regudoec'\on of gene express\on.

soureces :
* MIRNA : endogenous (Pri micro RNA Sene).
® SiRNA: ‘axogenOUs.

Formodion :

Pri miRNA gene

:

Precursor mikNA
Drosho. DGCRSB

Transported out of
nucleus Vi 8><por’c’m

Dicer

3S MIRNA

:

RNA Induced Silenc‘mg COmplex RI1SC) : MiRNA + ﬂgo pro’ce‘m

:

Bind with 2' UTR 6f MRNA

|
v v v

MRNA MRNA Tronslokion

olegmda’don destobilization ovrrest

v

gene s\lenc\ng/ Gene knockdown/RNA interference
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MOLECULAR BIOLOGY : PART 2

Mutations 00:00:05

Point mutodion Base substitution) : m/c.

: Silent mutodi
UB DO < Nonsense mutodion uc A ilent mutotion U C U

(Terminodion codon) (Codon for serine) (Codon for serine)

missense mutodion

CCRHhA
(Codon Sor pro\'me)

Frome shiftt mutodion :
Insertion/deletion of nuclectide —» Distorted recxo\ing Srome.

Nonsense suppressor fRNA (Suppressor RNA mutation) :

L) i A=)

v
RN AUS Counter mutotion auc

(On anticodon army

Epigenetics 00:05:32

Heritable, reversible chemical modification 0% DNR or chromodin.
No change in DNA sequence.

Functions :
C Qegulo@don gene expression. ° genomic \mpr\nﬂng.
* X chromosome inoctivotion. O F\Sing process.

Common modifications :
* DNA me’chﬂloedon.
® DNA ace’rg\oedon.
&8 :
~ Histone acetylation — guchromatin formation — Gene oactivotion.

— Histone deace’cﬂloedon —» Heterochromodin formodion —» Gene s\lemc‘mg.
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Detection of epigenetic modificadion :

* methylotion specific PCR. * Bisulphite sequencing,
* DNA chromodin immunoprec‘\pi’ca’don O me’chglo@cion sensitive restriction
(@3 endonuclease digestion.
Translation 00:09:31

Salient Features of genetic Code :

* Triplet codon : 2 nucleotides. * Degenerate (Wobble hﬂpo’dnes\s) s
* universal : each codon codes For amino acid con

some protein in all species. have > I codon (n 2rd base).
° unamb\gwus : * Non-overlapping.

I codon codes For only | protein. * Start codon : AUG.

* Stop codons : UAR, UGH, UAG,

STePS OF TRANSLATION
Charging of tRNA :
Process of omino ocid (AR o@c{ach'mg on acceptor arm of tRNA.

RNA
i i i AmMi | fRNIA sunthetos
+ Spec\%c omino acid  Amincacy YMNEtase | aminG 0&5‘ RN,
AA A (Prenylolanine) VY
MRAA Uk| U(| Uk| ATe AMP
Initiotion :

TP + elF-a (inttiotion factor) + RN

l

Temar3 comp\ex

+ 408
435 pre initiakion complex M 48¢ initiation complex — 2% 80 initiation
elongadtion : complex
Ribosome : 80s (60s + 405) initiodion complex.
l. 3 sites:
- € site.

- P site * Initiodor 4RNA (Codes for methionine).

- A site : Depending on codon, RNA charged with AR binds.
a. Peptide bond synthesis (From P site to A site).
3. Translocadion of ribosome on MRNA to free A site

- ¢ site : Free 1RNA.

- Psite: Po\gpephde.

- Asite : Free 1o bind tRNA charged with AR,
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Terminoation :

Ribosome reaches Binding of  Peptidyl transterase  Polypeptide
_— >
stop codon releasing factor * &TP freed.
Hybridisation Techniques 00:17:00

BLOTTING TECHNIQUES

Southern blot Northem blot western blot/Immuno blot
T arSeJc molecule DNA RNA Protein
Transfer medium | Nitrocellulose/| Mnjlon membrone Nitrocellulose membrane
Lobelled DNA probe : Comphmen’carg DNA :
Probe used Complimentary sequence +o Complimentary to RNA Lobelled antibody
target sequence. (&Y reverse transeriptase)
o A * RNA detection Detect specific protein/
Application DNA detection ) ]
. S’mdg of gene expression antigen

South-western blot : For DNA - protein interaction.

MICROARRAY
DNA identificadion :

chip with known ohgonuc\eo’c\de uahldvieconioboles

unknown DNA

RNA identificotion :

Chip with Known cONA + Fuorescent labelied > Fluorescence
unknown RNA

Protein identificadion : aetected.
Chip with Known antigen/antibody . F\ui;iizle:: l:;?k\)ed
KARYOTYPING
Steps :
. Collect cells from peripheral vein 2. Incubation o 27°C $or 3 doys.
using hepayin syringe. 4, Harvest with colchicine.
a. Culture in phg’cohemagg\u’cmm. S. Roudine staining with Giemsa.
Banding Techniques :
Banding technique use
aiemso. (&) Light § dark banding
Quinacrine (@ Similar to giemsa, but examination with uv Suorescence microscope
Reverse (®) Denadured chromosome —» Light § dark bonds in reverse pattern
Centromeric () Heterochromatin (Centromere) stained preferentially
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Note :
Human genome Project : 3003 Sequencing of human genome complete.

FLUORESCENT IN-SITU HYBRIDISATION (F\SH)
a3 distinet Sluorescent probes used Lor eoch chromosome.

uses
To detect :
° microdeletions. * Tronslocotions.
. F\mph‘?\co&c'\on. . Qneup\oidg.
Tgpes :
me’raphase FISH \n’cerphase FISH
O Mon—o\iv\d‘\ng cells.
* Ropid results § more sensitivity,
Recombinant DNA Technology 00:34:59

Restriction endonuclease Re) :
® Present in bocterio : Restrict phage en’c@.

* molecular scissors : Cut ot specific palindromic sequence.

vector : Carriers of Qore'\gn DNA
. Plasmid @ extrochromosomal bacterial dsDNR — Conter antibiotic resistance.
Insert size : Ol 0 10 Kbp.
a. Phage DNA @ Lineor DNA in phages.
Insert size ¢ 10 t0 40 Kbp.
2. Artificial chromosome (BC).
- Bocterial (BGAC
- Phage (PAO
- Yeast (YAD : 1000 40 3000 Kbp.

200 pr.

Restriction mop *
* Unigue band pattern formed when DNA is treated with specific restriction
enzyme.
* Same restriction enzyme — Unique pattem in each individual.
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Restriction SFmgmen’c \erxg’ch po\gmorphism :
* mutodion of gene t Abolish restriction site.

Creote restriction site.
* Based on band poec{em —» Mutotion detected.

DNA F'mgerpr‘m’dns g
mMotched with

* Band pattern of unKNowN DNA
* Used in medico-legal cases (\o\enﬁ%ing suspect eto).

DNA Foo’cpr'm’c‘mg g
. S+ud5 of DNA-protein interaction.
* method :

DNA is mixed with pro’ce‘m
lDr\Jﬂase

Breakdown of DNA areas not bound to protein.

Oon gel elechophoresis.

- Onl5 broken $ra5men’cs seen.
~ Fragments bound to proteins not visualized (Footprint reg'\ons).

POLYMERASE CHAIN REACTION
* exponential ampl'\?\coec‘\on of target DNA.
* No. of DNA ofter n c5cles = 2

LLLLLMALM

l - Strands separate 1. Denaturing (90 to 94°C)

L LLL Ml b

1 ~ Primers bind template 2. Annealing (SO Yo (DOOC‘)

1 |~ Synthesise new strand 3. Extension (7&"(‘)

+ o\eoxgnucleo’c\de

+ Taq polymerase
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_____ Active space .. Real Time PCR : Reverse Transcriptase PCR (RT-PCR) :
* A Sluorescent probe with dye Study of RNA (ene express\on).
on one end § quencher (ullifies E==————==== A RNA
Sluorescence when bound to probe) .
th d. Reverse
S Transcription

Fluophore Quench
AA
Probe E——rr cona

* &g Per |
- Togman probe
=-
= SR gEEs ™" oNa
- ethidium bromide
. . Ampllﬂcaﬂon>\
* During elongation probe cleaved §
dye displaced emitting Suorescence. —
| S R S———— |

* T Flucrescence —» Amount 0% DNA

quantified real time.

DNA SEQUENCING
Sanger’s Sequencing :
First sequencing method : Frederick Sanger.

Componen’cs :
* Dideoxy NTs (dANTD.
® Klenow po\gmerase.
* ANTs.
Pr‘mc‘\ple :
No Sunctional No 2'-S phospho- Controlled chain
—> —>

Dideo><5 NT —»
2)-0On group diester bond terminodion.

Technique :
DNA for sequencing added to 4 test tubes with ditSerent dANT.

v v v v

dAONT in test tube : dAT dda dac ddn
Chain terminodion ok : A site C site G site T site

t i } $

&lec’rrophores\s

Bonds of different \eng’ch for each test tube

l

Sequence of nucleotides can be found out.
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MICRONUTRIENTS : VITAMINS AND MINERALS Active space -----

‘andogemus vitoming :

. sﬂn’ches\sed b5 the bod5 : * Produced in the bodg 2=l microbiome
- Niacin : From ’crgp’cophcm. - Vitamin K.
- Vitomin D : From cholesterol. - Pantothenic acid.
- Biotin.

Fod soluble vitomins : A, D, € § K.
Woater soluble vitamins : & complex § C.

Vitamin A vs Vitamin D 00:01:25
Vitamin A Vitamin D
* Retinal * ergocoleiferol (DA : Plant sources
Forms * Retinoic acid * Cholecalciferol (03) : Animal sources/Sel®
* Retinol synthesised
'I—deh5drocholes’cero\
_ 4 uve roys l (390-2IS nmy
Intestine | B-carotene (Diet) —» Retinol Skin
Cholecalciferol
+ D—b'\nd‘\ng protein | as—hﬂo\roxglase
¢ as—hgo\roxgchzlecalc\?erol
metobolism Liver : Stored & Carried in <— Retiny| ester PTH
. Liver
in to cells chylomicron ‘ (M co®, J/PQ,)
l@
+ l |—O(—h5dro><5lase
Plos Transported bg Retinol einding Kidne
- . i
o Protein ReP) 5 fronsthyretin aney 1,aS d\hgdroxgcholecodc\?erol
®iologically active form)

Vision : generation of impulse

I
a. Regulodion ot gene expression
2. Normal reproduc‘dor\
l. Requlation of Ca®" § PO *"
4. Maintainence of normal epithelium of skin § % e 1o,
- Bon:
MUCoOSo. Kidne 1\ o 1\ )
— K =
_ S. Anti-oxidant : B-carotene 5 (Cox 150,
Functions - Intestine

. Therapeutic use :
- P-carotene cutaneous photosensitivity
- Al—trons retinoic acid Promge\o%’dc
leukemia. (DitSerentiotion ’cherapﬂ)
- I13-cis—refinoic acid (sotretinoin) : Cystic
acne § childnood neuroblostoma

a. \mmunomoduloeco% : Prevent T&
2, Anh—proh‘?em’dve : prevent Cou
Colon, Breast, prostate.
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Biochemistry

Vitamin A Vitamin D
L tye manifestations :
- Nuctalopia. (Night blindness) :
J P \8_ \_n 9= Tunmineralised modrix :
TDork adoptation time ) ) )
; ) _ - pebore closure of epiphysis : Rickets.
- Conjunctival — Corneal xerosis )
. T - Rfter closure : Osteomalacio.
De%?\cxenc5 - Bitot’s spots
) Genu volgum § genu varum
- Corneal ulcer —» Keratomalocio ) )
_ _ _ Windswept de?orm\’cg
a. SKin manifestotions : o
. ) Rochitic rosary
- Folliculor hﬂper!ﬁem’coss
- Squamous metoplasio
I. RAcute ’cox\c'\’c3=
- Pseudotumor cerebri (in arctic explorers)
- exboliotive dermaditis
- Hepoﬂcomegodg
Toxicity a. Chronic foxicity G 50,000 WD Caleinosis : Ca™ deposited in blood vessels
- 6on5 exostoses
- Hepotomeoaly (Cirrhosis)
2. Pregnan% : Teroerogen‘\c
* Halibut liver oil Richest)
* Plant sources : Carrots Richest), green leafy Fish
Sources .
vegetables Fortified food
* Animal sources : 290, milk, fish, meot
* Tdark ad dion time Vit. D 0ss
Assessment foark a_apjm ‘ nA m ) ‘ aa
* Carr § Price reaction : Direct assay S. osteocalein
* Children ( 1o b W) : 400
me; & e 3{3 o0 Children : 400
* n n:
RDA (u/D Adults : 300
’ Pregncmc5 ' 800 Preanancy : 400
® Loctation : 950 3 Y
wald’s visual cgcle :
Inoctive phosphod‘\es’cemse.
Rhodopsin > Transducin * cEmMP
. 4 . . 4 Active phosphodiesterase <
* Opsin + Cis retinol. * Opsin + Trans retinal. Sgmpe
* Inoctive GPCR. * Active §PCR l
Hﬂperpolarisoedor\ of Na™ channels
Nerve impulse 8eneroeceoL
Note :

* vitn de%c'\encﬂ : /e preventable cause of blindness.

* corliest sBmchom : LosS of vision to green hgh’c.
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Micronutrients : Vitamins and Minerals

<

Conjunctival § corneal o\rB;:ess

.

Genu volgum § Genu varum Windswept deformity ~ Rachitic rosary

Vitamin E vs. Vitamin K 00:20:28
Vitamin € Vitamin ¥
* K : Phylloguinone (Dietary Source)
Forme Alpha. tocopherd * Ka '- menaq.wr\one (6ac%?rtm Slorod
* K3 : menadione (Sﬂn’chehc] Woder
soluble)
I Post—translotional gamma. carboxglod'\on
@iotin independent) :
L. most potent anti-oxidant. - Prothrombin - mMadrix 8\@ protein
(Chain-breakinoy (Factor 1) - Factor X
a. Prevents LOL Oxidation. - Factor Vi\ - Nephrocalein
3. Protects PUFA in membrones $rom - Factor IX - Protein C
lipid. peroxidadion. - Product of - Protein S
) 4. Therapeutic uses : gene gas-b - Ogteocalein
Functions )
- Retrolental fbroplasia 3. Pro—coogulant
- Intermittent cloudicoation Glutamic Gommao. carbo><5
- 6ronchopulmonar5 dgsp\as\a acid glutomic ocid
- Intraventricular hemorrhage
- Slow aging Reduced > gpoxide of
- Prevent ?a’r{g liver Vit. K4 Vit K
wox\dasel
Oxidised Vit. K
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Vitamin £

Vitamin

De%ciencg

Axonal degeneroedon
Peripheral neuropa’dy
Spinocerebellar ofoxio
Hemo|5’c\c anemio

eye manifestodions :

= Pigmenkarg re’dnopo&chﬂ
= Oph’chalmopleg'\a

- Nystagmus

* Bleeding manifestations : 1CT, PT
* Common in premoture bobies

(Prevent : Inj Vit. ¥ at birth)

Toxic'\‘cb

Interferes with platelet aggrego&‘\on
Interferes with vit. K function

Hemolﬂsis — Hﬂperbihrubmemia

rKernicterus (n babies)

RDA

mMoles : 10 mg/ a
Females : 8 mg/ a
Pregr\an% 1o mg/ d
Lactotion : 18 mo/d

Note :

* Vit. K epoxidase inhibitors : Warfarin § dicumarol (Anticoagulants).

* preast milk : Poor source of Vit. K.

Hematopoetic Vitamins

00:27:02

Folic Acid V/s Vitamin 814 :

Folic acid (Vit. 69) Vit 8la
Tetrahydrofolic acid : * Adenosyl &1a :
Carrier of | carbon groups : mMethyl malonyl CoA mutase
* Formy Methyl malonyl CoR —> Succinyl CoA
el * methy) * methyl gla
Function * methylene Homocysteine methul transterose/
* metheny| methionine synthase
* Formimino Homocysteine 813, 89, methionine
® Mainly animal sources
Green leod‘—g vegetobles iy enm _ .
Sources (Plont courcos onl C On15 Vege’car\an source : curd
ont sow N
Y /% lactoboacillus)
l. megodoblas’r\c anemio
a. Neural fube defects
ino. bifid
t:SP\ o bmea l. megodoblasﬂc anemia
Anencephng ubocud bined. d e
deficiency | 3 Homoeysteinemia D/t defective Co EUleelolsg Cemlaln ey S8 Iaseaun
moniSestations | Sulfur-containing amino acid = DIeREes
metalbolism - Loss of reflex
- 1 Rigk Sor thrombosis - Peripheral neuropathy
- | methionine —> | <Am : Alters
epigenetic modifications.
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Micronutrients : Vitamins and Minerals

Folic acid (Vit. 589)

Vit 813

* cerum Solate/Red cell Solate

N urne.

Assessment | * Serum homocgs‘ceine

® Serum Pmino Imidazole
Carboxamide Ribose-S—phosphote
(IcAR)

* Histidine load test : FigLu excretion

® Serum cobalamine

® Serum homo%s’ce\r\e

° urine homocgs’ceme

* Serum methylmalonyl CoR specific
O Sch'\\\'\ng test

* Peripheral smear

Bone Mo row
2 peripheral
smear

megoJoblas’c N bone mayrow

mMocrocytes in per\pheral sinear

Couses of Vit. Bla de-?\c'\en% e

l. Nutritional @ Strict \/egans. 3. Intestinal ¢

a. gastric ¢ | Intrinsic Factor (IF) $rom
parietal cells

- Autoimmune pemic\ous onemio.

- Crohn's disease.
- Fish fapeworm (Diphg\\obo’chrium
lokurmy).

- aas’crec’comﬂ. - S’cagnan’c loop sgndrome.
Energy Releasing Vitamins 00:40:36
Vitamin &l vs. Vitamin 84 :

Vitomin 8l (Thiomine) Vitomin B3 RiboSowvin)

® sources:

- Alewrone layer of grains

- Animal food 290y meok
Feotures | * Functions : Coenzyme role (TPP)
- Oxidotive decarboxgla’don
— PDH, BCADH, ARGDH
- Tronsketolase

* AKA warburg 59\\0()0 enzyme

* Heot stoble

* Present in Slavoproteins.

* Active form:
- FAD: Acgl CORDH, SucCinote DH
- FMON: Complex | €TC
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Biochemistry

Vitamin &l (Thiamine) Vitamin 83 RiboSiowin)

Couses : I. Red bee%/ magenta. coloured
- Po\\sh'mg of rice
- Chronic aleoholism

mManifestations
I. Drg beri-beri
= ngme’mcm motor § sensory

neuropathy ]
= Loss oF reflexes, Muscle cramps | 5. pngular stomaditis § cheilosis
~ muscle otrophy (% severe) : PNS | 3 Fesures in lps.

ofSected

a. Wet beri-beri
Per'\pherod edemo.

\

\

Dgspnea
Cardiomegodﬂ
Pquonarg edemo.

De%cien%

\

\

\

H‘\gh output cardioc Lailure

3. Wernicke's encepholopathy (we)
Hovizontal n55+a8mus

\

4. Cormeal vascularisadion : D\?Sé'\cud’rﬂ in
vision, lacrimodion

\

Oph%hodmop\eg'\a
- Ptosis

- Truncal odoxio
- global confusion

4, Wernicke Korsoko®ds :
Features of wWe + dementio +
con?abulo&orﬂ ps50hos‘\s

* erythrocute transketolose level * gruythrocute glutathione reductase
Assessment Y Y Y J* 3

* Urinary thiomine excretion * Urinary riboflawin

Vitamin 83 (Niacin) :
Functions :
l. C,oen25me=
— NAD + All OH except Acyl CoR DH 7 SDH.
- NADPH Seneroer'mg :
* HMP oxidadive.
° Cﬂ’c isocitrote DH.
* malic enzyme.
— NADPH udilising : All reductases.
3. Therapeutic use : Lipid modifying drug (Hﬂper ’cr'\glﬂceridemia).
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Micronutrients : Vitamins and Minerals - 95

De?xciencﬂ of vit. B2 : Pellagra.
. Dermoditis (Phokosensm\/\@ : 3. Dementio.
Cosal's necklace. 4, Deoth.

a. Diarrhoeo
Niacin ’coxic'\’rﬂ :
l. P& medioted %ush'\ng :
- Pre treodment : Asp'\r‘m.

- Laropiprant (P& an%agonis%).
a. Hﬂperuricemic.

3. glucose intolerance.

4, 05s’coid moaculor edemo.
S. gastric irritotion.

. Fulminont hepa’d’ds.

Note :

Pe\\agra—-\ilﬁe sﬂmp’coms.
* Hartnup’s disease : | Absorption of tryptophan —> | Niacin.
* Carcinoid syndrome : 1 Tryptophan shunted, c orotonin (| Niocin production).
* maize/Corn diet : Niacin in bound $orm + poor source of tryptophan.

* Jowar/’ Sorghum staple diet : TLeucine O, qPRTase —»> | Niacin production.

Vitamin 8S (Pantothenic Acid) :
Function : Present in CoR § Acy| carrier protein (Fa SBn’chase comp\ex).
De\?\c'\encﬂ : e\opodan’s bum'mg Loot %ndrome/ nutritional melalg'\a.

giotin (Vitamin H/&7) :
Function : Coenzyme role
° Carboxg\a’don reoction
= Pgruwocce carboxglase.
= Ace’rﬂl CoR carboxglase.
= Propionﬂ\ CoR carboxg\ase.

De%c\encg :
® Couse:
~ Raw egg consumption : Avidin Iohibits oy tin,
° Sﬂmp’coms :

- Depression, hallucinotions.
- Scaling, seborrheic dermaditis § erg’chema’mus rosh.
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Biochemical tests :
U U\rinourﬂ biotin concentration.
* Serum § urine propionic acid level.

. \|,Qc’ci\/'\’c5 of biotin dependent enzymes in lymphocyte.

Note :
° piotin '\no\ependen’c car\ooxgloﬂdor\.

\

GoMmmMo. carboxgla’don.

\

Cmrbam%l phosPha’ce sﬂn’che’case.

\

mMalic enzgme.

\

AIR courbo><5\ase.
* Leiner’s disease : | Biotin linked to complement Sa deficiency,

Vitamin &6 :
Active form : Pgr'\doxod phosphoece.
Function : CoenzBme role.

° Tronsominodion ° Heme sww’:hes'\s : ALA 35n’chase
O S'\mp\e decarboxﬂo@don. O G\\Scogenolgs\s : edﬂcogen
* Tronssulfuration phosphorﬂlase.

O Trgp’cophan metobolism :
hﬂnuren'mase.

De‘?\ciencg manifestadions
* PBr'\doxine dependent seizures.
* Sideroblostic anemio.
° Pe\\agra—-\iKe SSmp’comy
o/t | kynureninase — | Niacin,

urinary metobolites in &6 de‘?\c\encg :

Q'mged sideroblast

O HomocBSJdr\e.
* Oxaolote.

* Xonthurenic acid.

Assessment :
* enzyme ac’c'\vH'B : arg{hrocgce transominose.
* Lood test : T rﬂp’cophan load test —» excretion of xanthurenic acid.
* Direct measurement : estimation of BG.

Tox'\ci’cﬂ of B sensory neuuropo@chﬂ.

Note : RDA of 86 depends on protein intake.
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vitamin C (Ascorbic Acidd: Active space -
Sgn’chesis ! Humoans cont SBn%hes‘\se Vvit. C —» LocKk L,—gudonolac’cone (Uronic ac‘\dpa’chwag).

Functions
.. Collagen SBn’ches'\s : Prolyl 7 lysy hﬂdroxglase.
a. ron absorption : Ferrireductase.
2. Tyrosine metabolism : PHPE hﬂdroxglase.
4. Bile acid s5n’ches'\s : 7—0L—h3drox5|ase.

sources : Citrus Pruits. Richest source).

De‘?\c'\encg :
L Scur\@:
o eleed\ng manifestotion
b. \ron de%c\er\% anemio.

¢. Scorbutic rosory.

r

Hemavrthrosis SP\'\r\’cer hemorrhages Petechial roshes

* parlow's disease (Infantile scwx@)
* Couse: D/t deficiency during weaning (6 t0 18 months)
* Treotment : Supp\emen’c Vit. C.

Minerals 01:02:40
00pper g
Copper de%c\en% g
wilson’s disease mMenke’s disease/kinky or steely hair syndrome
Mutodion in ATP TS gene : Mutodion in ATPTA :
8{'\0\085 Defective Cu fransport * O-linked recessive

(Cu accumulotes in tissues) Defect in Cu transporter in intestine

O haﬂser Fleischer r'mgs seen

® Assessment ¢
enzymes oflected :

\

| s. ceruloplasmin _ A
* Xanthine oxidase

\

Feotures Liver copper assay (s0ld standard)

* Lysyl oxidase (w\\agen ofSected)

\

| 2-methy| histidine excretion in _ _ _
. * Tyrosinase (Depigmentotion)
urine

\

34h urine copper
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Biochemistry

lron

Absorp’don :

Heme iron Hepcidin
8 v
FOOD Ferroportin 1
OFGS+ Duodenal
uodena +

il;lggheme cytochrome B OFe?

Vit. C ‘

F63+

Divalent Metal
Transporter

transferrin

Erythroid
marrow

Lost by shedding
of epithelial cells

Selenium, Zinc § Chromium :

Selenium 2inc Chromium
Anti—oxidont
. me’cod\oenzﬂmes Potentiotes action of
Selenocgs’ce‘me con’codning
Functions ‘ * Stabilise human insulin insulin in impaired glucose
enzymes : Glutathione .
. ° SPermoecogeneS\s tolerance.
peroxidase.
Keshan diseose (Seen
in Chino) : endemic * Hypogeusia.: ) Taste.
card'\omgopoechB ® Acrodermoditis
De%c'\encﬂ o/t d\e’car5 de%c‘\encg) enteropathica : diarrhoea -
Hashinbeck disease : + perioral § perineal
Chronic joint disorder roshes.

(Plso d/t | iodine levels)

Note :
* Highest concentration of 2n : Hippocampus § prostote.
* Chromium b (Hexavalent) —» Pulmonary carcinooen (Stainless steel uoeld\ng).
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RDA of Minerals :

mineral RDA
° Adult: 0S 9
Caolcium ® Children : |\ 9

* Pregnancy ‘IS q

* mMales : 15-20 g
lron ®* Females: ao—aSmS
* Pregnancy : 40-S0 Mg

* Moles : 1S0-300 Ug

lodine
* Females : 300-3S0 Uq
2inc 8-10 mq
Selenium SO-300 Uq
Copper 1.5-2 mQ
Sodium S-10 q
Potassium 3-4 q

Miscellaneous Topics on Nutrition

Micronutrients : Vitamins and Minerals - 99

Acrodermoaditis en’ceropo@chica :

Perioral § perianal rashes

01:15:09

energy available from macronutrients (in kCol/ 8>
. Carbohgdra’ce 4,

* Protein: 4.
®* Fot:o.
® Aleohol : .

Specific dynamic action (Thermic efSect of foodD
gnergy used for digestion of absorption of food :
° C,arbthdm&e : S,
* Protein : 30 (Mox).
* Lipids : IS.
* mixed food : 10.

Respiratory quotient :
RQ = Co, exhaled/ 0, consumed :

® Carb:l
® Protein : 0.8
C L'\p'\ds Ol

* Aleohol : 0.Lb.
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MISCELLANEOUS TOPICS IN BIOCHEMISTRY

TCA Cycle 00:00:10
Molote
dehgdrogenase Cof-sh
NADH + H"
Citrote
L-malote NAD Nmi&me
HO
a
Fumnavrose Cis—aconite
H.0
Fumavrote Fe
9§ H.0O Aconitose
o8 FADHA
8 ©
£ 9 Isocitrote
&,. -\
g 3 FAD NAD"
a2
9 1socitrote c
[}
Succinote NADH + H dehgdrogenase %) E
ATP/&TP . =)
| con-sh OxalosucCinode =X
SL X =
succinote ADP + P/GDP + P lsocitroke S 3
thiokinase Co, ehﬂdrogenase %)
Succinyl-CoR O-fietoglutarote J

NADH + K" NAD

CoR-%h

co a—he’roglu’mm’re Znexr qe’dcs :
: dehgdroger\ase
C ) * 3 NADH
Oxidadtive ® | FﬂDHa
decarbo><5\oedon ° | ATP
Total : 1O ATP
Feotures :

* Amphibolic poechwo%.
* Final common oxidodive po@chwaﬂ of lipids, carbohgdroﬂces g proteins.
* Acetyl CoR : Completely oxidised.
* Unidirectional steps :
- Citrote 35nkhase.
- O ketoglutarote o\ehgdrogenase.
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® SLP: Suctinode thiokinose.

Miscellaneous Topics in Biochemistry

* Anoaplerotic reaction : F‘\l\'mg up of intermediotes of TCA cgc\e.

~ Pyruvate carboxylase <Allosteric activator Acety) CoR.

Vitamins Involved :
* Poantothenic acid (Com.
* Thiamine (Q—KEDH.
* RiboSlavin (FAD.
* Niacin (NADD.

Inhibitors :
Inhibitor enzyme
Fluoroocetote Aconitase
o HeJroSlu’ram’re
Arsenote
dehydrogenase
nMolonote Succinote dehydrogenase

101

Electron Transport Chain (ETC) 00:06:00
Series of redox cwples seen in inner mitochondrial membyrone.
SucCinote
comp|e>< o oueeina
i + \ ~> +
NADH AT NAD / F‘*m"m*i . ar lr\’cermem\czran;a
| & ? H space(ms,
TN £ > o " ;COm lex (Finol € Fo
e 2 2
complex | °°mP|eX:m A~ 0, acceptor) complex _—
1 1 ‘I—Ve/\.»H o vV
1 1 | a
| . n I
iy i) a Confirmadional change Modrix
in B subunit
ADp + P —> ATP
complexes :
Complex Name Protons pumped Inhibitors
I. Rotenone
Complex | | NADH Q oxido-reductase A" a. Amobaybital
2. Piericidin A
. succinote Q . . molonote
mple; ne
P oxido-reductoase a. Carboxin
Q cg’coc‘nrome & . L. Antimycin A
Oomplex \|] , AH g
oxido-reductose a. BAL (dimercaproD
. CO
Complex vV Cﬂ’cochrome ¢ oxidase aH’ a. Cﬂanide
3. HS
Inhibitors of oxidative Phosphorﬂla‘cion :
. Atractyloside : ADP/ATP transporter
Complex v ATP swx’chase None ) )
a. OhSomﬂc\r\ : FO comp\ex
2. Venturicidin
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uncouplers of Oxidative Phosphor}jlakion :

Chemical : Physiologjical :
. &, 4 Dinitrophenol. . Thermogenin (Uncoupling protein D.
a. Dinitrocresol. a. Thgrox\ne.
3, FCCR. 2. Long chain %‘»o@c’cB ocid.
4. High dose aspirin. 4. lonophores : Valinomycin, gramicidin.

Note : H'\Sh enerqy compounds —» ATP, l—%—&isphosphog\gcem&e, Phosphoencl
pﬂruwo&e, Ace’cgl CoR, Suchg\ CoR, Phospho

creodine, Phosphoarg\n'me.

Heme Metabolism 00:16:16

Heme con’codn'mg pro’ce'\ns :

l. Hemog\ob‘m. S. Cotolase.
a. mgog\ob\n. . Tr5p+ophan pﬂrrolase.
2, Cﬂ’cochrome c. 7. Nitric oxide sgn’dnase.

4, Cg’cochrome PASO.

HEME SYNTHESIS
Site :
Liver, erg’dnro%’ce precursors.

Organelle :
Partly cytoplasmic § partly mitochondrial.

S&eps g
Succinﬂl CoR + 8|5<>'me

ALA Sﬁﬂ%\’\aselelo

Leod ALA
ALA dehudrot
ehydro asel Heme Lead
Porphob\lmogen Ferrochelotose
HMB 35n+hase/ PoG Pro’coporphgrin !
deaminase/ Uroporphyrinogen e
\ sgn’rh%e oxidoge
Hﬂdrox5me’ch5lb\lane Pro’coporphgr\nogen [\l
uroporphgrinogen [\l )
35n+hase uroporphﬂrinogen Ooproiif{;\;%;mogen
\
Uroporphyrinogen I cetonboriic B Coproporphyrinogen .
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Miscellaneous Topics in Biochemistry - 103
Factors Aftecting :

Drugs * Drugs u’('\\'\z'\ng cg’cochrome —» |Heme sgn’chesis —> nggm\/oece porphgriob

Lead Poisoning :
* Inhibits : ALA dehydrotare, Ferrochelotase.
* 1/0 : Occupational exposure (Paints), children playing with painted tous.
* /% : Abdominal pain.
* Biomorkers :
— Urinary ALA. = C,oproporphgr\n.
= Pro’coporphgr\n.
INH ¢ |, Vitamin B —» J,Ach\/i’cg of ALA synthase —» | Heme.

Porphgrias :
mode of inheritance : M/c is autosomal dominant except
* Congenital erythropoietic Porphyria. (CeP.
* ALAD enzyme deficiency (ADP).
* erythropoeitic Protoporphyria (ePP).
* X-Linked Protoporphyrio. (XLP.

Tﬂpes :
Porphyria Defective enzyme c/F
ADP ALA dehqdro@rase -
Neuro visceral manifestotions
HMG sunthose (m/C + Abdominal pair)

Acute intermittent

T
=&

porphyrio. Aecumulotion of : &
/e aeu@ce\g) * Porphobilinogen
® ALA
Cutaneous pho’cosensihvi@ ®
C,ongenika] uroporphurinogen I\
N N
&rﬂ’chropo'\e’dc PerPrYneg
i 35n’vhase
porphyria (ceP

Letalis

Porphﬂria cutaneo uroporphgr‘mogen
torda (M/©) decarboxylase

Cutaneous photosensitivity : plisters @
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. ehrlich test : r\lon—-spec\?\c t

a. Hoesch test.
3. Wakson Schwartz test : Ditterentiotes b/w ueE § PBE.
4., Soret bond ot 400 nm.

S, Wood’s lomp : Red Quorescence.
Note : ghrileh’s test B in hemolytic joundice olso.

Differentiotion of Jaundice :

Pink : Urobilinogen L.
Red : Porphobilinogen (Poe).

Porphuria Defective enzyme c/F
&rg’chropoe‘\’dc
pro’coporphﬂr'\a (/¢ in Ferrochelotose Non- bhs’rer'mg pho’roser\s'\h\/\kﬂ
children)
Heredi’carj C)opropor_phﬂrmogen o
coproporphyio oxidase
) ) Pro&oporphﬂr‘\r\ogen
Vi e h
ariegate porphyria oioie ©
D‘\agnos'\s :

Test Prehepatic Hepatic | Obstructive
Direct bilirubin (Conjuoated) Normal Normal/ 1 1
Indirect bilirubin (Unconjugoted) 1 Normal/ 1 Normal
Urine bile solt ©) /- ®
urine bile pigment ©) +/- ®
urine Ue& ® +/- Q)
ALT Normal T T Normal
AST Novrmnal T T Novrmal
ALP Normal T 1\ 1\ T
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