FED - FAST CYCLE

Fed fast cycle 00:06:36

o well fed state:
e | - 4 hrs ofter food

. Fnsﬁna - s’mses
* tarly ?asking : 4 - I hrs after food
* Fasting * lo - 48 hrs after food
* Prolonged fasting ( Starvation):a-S days after food .
* Prolonged starvation : > S days after food .

well fed state

* elood gjucose level 11 .

Fasting 00:10:55

» tarly fasting (4 - o hrs ) :
e Blood Glucose | .
* Glycogendlysis .

e Fasting : (1o - 48 hrs) :
e lb - I8 hrs - liver Bll,jcoaen depleted .
* Gluconeogenesis .
» 3 Oxidation of Fatty acids .

* Prolonged fasting (a-s d.nas) :
» | Gluconeogenesis .
. H}jdro\:jsis of hhc5l515cem1 in adipose tissue .
* Ketone bod5 sgn%hesis ;

* Prolonged starvation (>s dngs) :
* | Fatty acid oxidation .
e | Acetyl con.
¢ | Ketone boda s!.jn-l’nesis .
* 1 muscle proteolysis = Cachexia..
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BIOCHEMISTRY OF FED STATE

Fed state 00:00:36
Intestine Blood
Carbohydrate ® alucose . Salucose KM elood glucose .
(40-60 %)
Protein & Amino acids . 5. acids B K protein
lo-5%) synthesis..
Lipids M Fatty acids
(20-40%) + Hteq B| e BHE Chylomicrons .
E\lleEfOI
Blood glucose regulation in fed state 00:05:40
Blood Siunose 50}

GlP : §lucose b Pkospha&e
a% : glucokinose .

b0

Insulin

® insulin / &lucagon ratio *

Action of insulin in fed state 00:18:09

early response : B8lood glucose & insulin
®
MeLur 4

i

X glucose uptake by : ¢ Skeletal muscle .
e ﬂd‘nposetiSSue.
* Heart,

Biochemistry » v2.0 = Marrow 4.0 = 2020
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Liver in fed state 00:11:31

Skeletal muscle in fed state 00:17:04
¥ glucose
GLUT4
\ al lycogen
anﬂwesis

Pyruvate  &lycolysis .
\

Acety! COA
)

TCA cﬂde .

Adipocytes in fed state 00:19:07

nwti\g
HMP Faﬁgacid
Pcuﬂmaﬂ synthesis .

eoeds eApay
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of Fed State

RBC in fed state 00:22:26

* There is obligatory requirement for gucose in R&C .

* Anoerobic glycolysis takes place because of abserce of
mitochondria. .

* Rapaport L.eubeﬁna c‘njcie '

* Hrme pathway .

® GLUT |is present in R&C.

Brain in fed state 00:24:13

Glucose

X
Rerobic Slfjcolasis .

PHmVoke
%
nce+31 CoR

TCE CHCIe .

* During starvotion brain d.epends on Glucose ? Ketone bodies .

Activa spaca
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MECHANISM OF ACTION OF GLUCAGON
& INSULIN

Mechanism of action of Glucagon / Epinephrine 00:00:21

* Fasting state : <SOn-5/d.l.
&lucaaon released hﬂ o celis.

&lucagon / epinephrine.
l

@,
) ——

* gPCR : g Protein couplecl receptor. & Protein

e E: nd.enlj'.gjl cﬂclnse. ATP — cAMP
Inactive pro{ein — Activated
Kinose A pro-kein Kinose A

Dephosphorylated enzyme.
Transfer — l

of PO, Prosphorylated enzyme .

Insulin- secretion 00:12:09

* Insulin secretion starts when blood glucose > 80 mg / dl.
® Secreted b3 the_B cells ot pancreas .

Bcell
Gucose _—— 5 Glucose — GbPoA /_.,C :',.. Insulin
&LuTa tare |
J Exlgco'tﬁsis
Close Caleium influx

AY

open
e s QOIS
i epolarisation .
K’ channel \_/Caa channel .

Biochemistry » v2,0 « Marrow 4.0 « 2020
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Mechanism of action of Insulin 00:17:33
7
R
AT
A “Tyrosine kinase” 1
active
@'T}jr T5r [E\
Py Ty @

L P'nos;ﬂ'\on_.j'.ate

P Insulin receptor

Substances
(rs1-4)

* insulin dephosPhorglo&es the enzymes . l l

*ATP Gucagont+ cAMP_____ 5 S'AMP — cAmP

— _ Phosphodiesterase l
Insulin ~ @ | eAmp dependent
protein kinase A .
* Insulin favours phosphatase .

!
Phosphorylated — Dephosphoryated

en23jm6 . enzBme .

- ageds anjdy -
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CONCEPT OF HORMONAL REGULATION

Hormonal regulation 00:00:31

* well fed state = Insulin .
. FoSJdnS stote = &'.umgon .
* Requlation of enzyme activity —> Covalent modification
)
* Phosphorylation .
. Dep?wsphorgln.ﬁon .

Insulin - Well fed state

Insulin is the hormone in well fed state
Insulin

l
e;enemntj dep\'\os.p'nora'la’re resuda&on‘.}
enzymes of metabolic pathway

en2ymes active under the infwence
of insulin active in Depho':‘.pi-orﬂ'ia‘ted state .

Glucagon - Fasting state 00:04:18

a\umgon is the hormone in ?as’cirg state .

ahmgon
J,
&enem!hj phos.phorﬂ'.a’ce
reauloko-rH enzymes .

enzymes active under Slucason
is active in P'nos.pt'norl.jloied state .

Metabolic pathways & Their active state 00:06:06

e 3 Poctors:
- well fed / Fasting .
- nsulin / aluca.son 4

- Dephosphorylated / Prosphorylated .
* Glyeolysis > well fed = Insulin = DephosPhorB’laked stote .

Biochemistry = v2.0 = Marrow 4.0 » 2020
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10  General Topics (04 L'eave Feedbac

&lyeogen synthesis = well fed — Insulin > Dephosphorylated State .
* Gluconeogenesis > Fasting => Glucagon = F‘nosphorg\o&ed State .
al‘xjcogeno'lﬂsi.s -> Fo.s.tins = &bca.son =» Phos.p\'\orﬂhied State .

Link reaction POH —> well fed = Insulin = Dephosphorylated State .
Fatty acid synthesis — well fed = Insulin = Dephosphor ylated
State .

Cholesterol synthesis —> well fed = Insulin = Dephosphorylated
State .

Biochemistry = v2.0 * Marrow 4.0 = 2020



METABOLIC FUELS & METABOLIC
PATHWAYS IN DIABETES MELLITUS

Metabolic fuels 00:00:44
Organs. Fed state early ?astina Prolonged ¥a.skins,
/ fasting starvation .
eLiver. |Glucose>FFA| FFA/ gucose. |Amino acids / FFA
(never use Ke)
e Heart. |FFA> glucose |FFA / glucose Ketone bodies.
e Brain. |€lucose glucose e glucose (BO%)
* ketone bodies (30%).
* Skeletal | §lucose 7 FFA. | FFA > Glucose . e FFA
muscle . » Ketone bodies.
( Slow twiteh muscle ).
* RBC Glucose &lucose Glucose.
* Adipo- | Glucose > FFA | FFA > Glucose * FFA
cﬂkes i * Ksetone bodies .
Metabolic pathways in DM 00:16:05
Intestine l Insulin
- l
alucose — T glood l G\UJT4
glucose .
up’mhe of glucose by
s Skeletal muscle .
* Heart .
ndtpocgj’ces

Biochemistry « v2.0 = Marrow 4.0 = 2020
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12  General Topics (5

* Insulin inhibit hormone sensitive Lipase. &lood

Cell Etpoca’te
LacK of glucose Me® g N\
| &lucagon

HSL-hormone sensitive hpase
T‘R&-khcglgiﬂcerols

aoeds aajoy
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CLASSIFICATION OF ENZYMES

International union of giochemistry and Molecular iclogy (upms ) =
7 classes of enzymes (b classes + | newly added )

&nz‘tjme classes
| - Oxidoreductase
Il - Transterase
m- Hgdrolase
Wv- L,Ha.se
V - lsomerase
Vi - Lisase
Vi = Translocase

Class I - Oxidoreductases 00:04:24

ch’ta!}jse oxidation and reduction reactions .

Subclosses
I Dehgdroﬁemse
a. Oxidase
Oxygenase
Peroxidase ey &lutathione peroxidase :
Cotalase
- Present in peroxisomes
- Scavenge H, 0,
b. Reductase
- require NRDPH

U

Subclasses of oxidoreductase 00:08:04

Dehl.jdrogemse
Remove thrOSen from one substrate and donate to another
substrote

l
acceptor substrate usmilﬂ is : & —complex vitamin
eg:l NAD" —— NADH (m.c)
a. FAD" — FADH,
in : SuccCinate dehﬂdrogemse
neﬂl Cof d.ehadrcgemse

Biochemistry * v2.0 « Marrow 4.0 = 2020
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3. NADP—— NADPH
e " fwo reactions of HNP pothway .
* Cytoplasmic Isocitrate dehydrogenase
* Molic enzymes

Oxygenase
Directly add. ox_tﬂe? to the substrate
| I
| atom added Both atoms of o, added
l |
monooxygenase Dioxgamse
( mixed Sunction oxidase ) eq
¢ includes most hadroxﬂloses R Trﬂp’coi:han dioxﬂgernse
and cytochromes (Pyrrolase )
eg: Tyrosine hgdroxglase a. Homogentisate dioxﬂgemse
Phenylolanine hﬂdrox‘tjlase
Ter{'opha.n hﬂdroxﬂlase
7 =& hydroxylose
05+ochromes
Oxidoses :

Remove hﬂdem from substrate and donate to oxygen.

eq: Cytochrome C oxidase (complex Iv)

monoamine oxidase

Class II - Transferase 00:15:49

Tronster the functional group from one substrote to another

A. Transaminase
Transaldolace
Tronsketolase
Trmme’chab.se
nnﬂenzamw‘rt’n"rmns"h'themm
B. Hinases.
- Transter of PO, from organic PO, molecule (ATP)

eseds sAnoy

glucokinose

'

| ATP | ADP
(Require mg *)
reaction ca’miﬂsed b5 3hcotﬁimse

eq:l. Slucose Glucose - b - PO,

type of hexokinase (add PO, *o 6" position of a hexose sugar )

Biochemistry » v2.0 * Marrow 4,0 = 2020



Pnospho?ruc&ohma

a. Fructose - b - PO, m » Fructose |, b Bis PO,
1ATP | RDP
C. Phos.phorglase
- tronsfer inorganic PO, group
al en osPl-xor lase
eq: "-*‘5“"59“ 43 S_h J > Glucose - 1 - PO,
Pi
Class III - Hydrolase 00:22:36
ereaks covalent bonds ( C~C, C~N ,C~0) by adding water .
|
Covolent bonds present in : Prirmra structure of macromolecule .
mocromolecule | Covalent bonds H}jch'olm
Carbohydrate | &lycosidic bond | Amuylase, Maltase, Sucrase
Protein Peptide bond Peptidases
Proteases
(Tr:jps‘tn, Chymotrypsin, tlastase)
Nucleic acid Phosphodiester Nucleases
bond ( endonucleases and
exonucleases )
Lipids gster bond esterase / Lipases
Other hgd.rolases :
- ﬂrsimse
- Phosphotases

Slucose ~b-PO,

Glucose - b - Phosphatase

HO

o'

Pi

? glucose

Biochemistry = v2.0 = Marrow 4.0 = 2020
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16  General Topics 06

Class IV - Lyase

I Break covalent bond without adding water .
eq: A Fructose - |, b - bis PO, ——— Glyceraldehyde- 3 - PO,
+ DHAP
(6e) (2c) (3c)

Enzame — pldolase

B. nn5 enzyme with Lyase in the name
- HM& CoA lgase
- ﬂrginit\osuccm*e lﬁase
- ATP Citrate 13a53 .

a. ereak / moke double bond b‘lj atom elimination .

eg: gnolase
a- P‘i'\ospmgifjcem{e _ P'no3phoenolp5mm+e +HO
m5a+ dependan’c .

0\ P- H;0 0\10-

—0P0}" ==
enolase |

HO—(H; CH,
2-Phosphoglycerate Phosphoenolpyruvate

AG"°=7.5 kJ/mol

e Fumarase : Fumarate ——— L - Malate

Co0™ ?00'
CH H,0 H—C—OH
| —\ .
HC v H—C—H
. I fumarase [
g C00~ C00~
£ Fumarate L Malate

Biochemistry » v2.0 « Marrow 4.0 » 2020
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PEET TNy
= HCallo

of Enzymes
e feonitose ney

e Decarboxk}lase
|

Sin£p|e Oxido&ite decarboxglo&ion
- Histidine — Histomine eg:
- Glutamote — GAGA - PamVle dehgd.rosemsg
- Trapmphan — Tnjp’camine - & - ketoglutarate dehﬂdrosemse
- eranched chain ketoacid
dethrogemse
These reactions * in these reactions :
* Liberate CO, NAD' — NADH
* Co-enzyme —» fLP -"+ belong to class |
oxidoreductases .
Class V - Isomerase 00:36:22

C.aialﬂse isomerisation reactions

Phothohexose isomerase
PO, = = Fructose - & - PO,

Glucose - b -

&lyceroldehyde - 2 - PO, - ————= ODHAP
sphotriose isomerase

O glucose L Glucnce

Rocemase

hos'.unonmmse
Glucose - b - PO, =——————¢lucose - | - PO

4

In this reaction :
Intramolecular transfer of PO, occurs

Class VI - Ligase 00:39:25

e Join 1wo substrates
* Mmakes o covalent bond
* ATP is required

Active space

eg: | Corboxgiase
a. 55n'the’mse
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L cgrboxalms
In all reactions :
- CO, added
- ATP required
- Coenzyme : Biotin
- Ca’mlgsed b}j ligases

eg!
P‘\jruvaie » Oxaloacetate
(3e) Pl,jru\.fa’te cm'boxl.jlase (4c)
Propion | Cof » methulmalonul CoA
(32) Propimlj'. Cof carboxgl&se J ( 40)3
Pce’ryl CoR » Malonul CoR
(ae) Hce{'H'. CoR carboxﬁlase (r;‘:jc)

iotin independant carboxﬂlaﬁon reaction

¢ Carbamoyl Phosphate 550*'m,+nse 1ond I\

s Gamma carboxﬂlo:ﬁon

e Addition of & carbon of purine ring (AIR Carboxylase)
s Mmalic enzymes

a. S]jnﬂ'netase
s Require ATP

eq: alutamine sanﬂwe%nse
Carbmmgl PO, Sgn’the{ase

NOTE-Synthases : do not require ATP

Eaelmas to any class other than class Wi
(Senemhﬂ class V)

Class VII - Translocase 00:45:21

-~ Transfer molecules and ions across the membrane
- earlier called ATPases
- eelorged. to class preflous'.a

eoeds eAjoy
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CHEMISTRY OF CARBOHYDRATES

Definition of carbohydrates 00:02:03

Hydrates of carbon
* General formula —> ¢_(HO)_
n — No. of carbon atoms
* These are oldehyde or keto derivatives of polyhydroxy aleohol
Simplest ca.rbohgdm!ce - alt_,jcemldehgde ﬁDihﬂdroxﬂacekone

Classification of carbohydrates 00:10:07
* monosactharide : Singie sugar unit
* Disaccharide ! Two po*:en’cia] sugar units
. Dlisosaccharide * 3 — 10 sugar unit
o Po'igsa.cchnride * 210 sugar unit
Monosaccharide 00:13:21
No. of carbon Aldoses retoses
atoms
* 3 — Trioses alfjcemldehﬂde Dihﬂdroxﬂnce’rone
* 4 — Tetroses Er}j’chrose Er:.jkhrulose
* S — Pentoses | Ribose Ribulose
x:jlose xHIulose
Arabinose
* b —> Hexoses Glucose Fructose
Galoctose
mannose
Disaccharides 00:18:08

* Joining & monosaccharide by &lycosidic bond (covalent bond) E
S\ :
Qedz.w.ina Non redu.cina g
disaccharide Disactharide
l l
» maltose, Isomaltose e Sucrose
* Lactose, Loctulose » Treholose

Biochemistry » v2.0 » Marrow 4.0 = 2020



20 Carbohydrates 07

Qedmhs disaccharides:
* maltose: glucose + glucose
a1—4 Slacosi.dic linl‘.nge
* \somaltose: §lucose+rGlucose
a1—b6 515eosidie. IinKaSe
* Lactose : Goloctosetrglucose
B 1— 4 glycosidic linkage
Loctulose : Galactose + Fructose
Sﬂn&heﬁc disaccharide
Osmotic Laxative
Non reducins disaccharide:
* Suecrose : glucosetFructose
a 1 alinkage
Cane Suga.r
Treholose : glucose + &lucose
a1—>1 iinlfage

Polysaccharides 00:33:48

! l

Homopolysaccharide Heteropolysaccharide
Hoznoglacan Heteroglycan

Oneiapetﬁ monomer more than 1type of monomer
ﬁiﬂcogen afg

Starch Agarose

Chitin Pectin

Cellulose

Inulin

Biochemistry significant carbohydrates: glycogen 00:36:18

,E E;lscoaen 3
* made of O D glucose
* granched PO'I‘IjIT’rB'r
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* Storoge form of carbohydrate in animals
* Animal starch

. S{raish{ chain— a1, 4 ’|inl<.age

* Ateranches —> a1, bl e

* Inliver § muscle it occurs as B particle

* 1B particle = 60,000 glucose residues

Starch 00:40:11

* monomer of B O Glucose

* Storoge form of carbohydrate in plants
|

Rmﬂbse nmﬂ'.opechn
* Soluble e \nsoluble
¢ Unbranched . thlfj branched
Cellulose 00:41:37

* major dietary fbre

* B D &lucose

* B1—4linkage

* Human lacks the enzyme cellulase to hydrolyse the f I-4

linkage

Chitin 00:42:37

* exoskeleton of Insects
. Hornopo'.u_.jsacc.haride
* N - Reetyl Slucosamine(monomer)

Inulin 00:43:24

* Homopolysaccharide found in Dahlia,chicory roots and garlie
* Polymer of B O Fructose

* Fructosan

* Uused to assess GFR — Inulin clearance test

Biochemistry » v2.0 « Marrow 4.0 = 2020
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22 Carbohydrates 07 Leave Feedback
Dextran vs Dextrin 00:44:37
Dextron Dextrin
* Homopolysaccharide of * Hydrolytic product of
S'IUL‘OSG starch
* Plasma. volume expander . olisomccharide
Pectin 00:47:03

* Heteropolysaccharide.
* Golacturonic acid with arabinose,galactose.
* Dietary flbre

* Lectin Polﬂpepﬁde
Agajutinin— binds 4o specific glycosy| residues.

Ring structure of monosaccharides 00:49:38

* Ring structure of 3hcose=
Ring structure of monosaccharides

aoeds aAnoy
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* Ring structure o} fructose

1(;’l'*ac'.'H 1?HaOH
a(;' *0 a? HOH_C g OH
HO-C-H HO-C-H
3, 3 0
H-C - OH H-C-OH
4 ! H CH_OH
H-C-OH H-C 1
S| S)
CH OH CH OH OH H
b *? b *
Fructose Ketogroup + OH Furanose
= “Hemiketal’
Oxidation of sugars 01:02:50

teto
S —

l

Reduced

l
Sugar oleohol

= Su.aars — nldehade }——) Oxidised — Susar acid

Glucose oxidase method
C, oxidised
* glucose — gluconic acid
* enzymatic method for estimation of blood glucose.
C, oxidised
* glucose — Glucuronic acid —> conjugation of Bilirubin,

55nkhesis of e and
oteoalucan
c,5 ¢, oxidised protee3y
* glucose > Saccharic acid = glucosactharic
ocid

¢, ¢, oxidised
* Galactose y Golactosactharic acid(mucic acid)

g
g

Reduction of sugars 01:10:09

. aucose Aldose redums.e} Sorbitol

I—) Diobetic cataract.

* Sorbitol pahmx_.;/PolﬂoV
pathuay
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* golactose — galactitol/Duleitol
* Fructose —> Sorbitol and mannitol
* mMannose —> Mannitol

|—> et

eoeds aAnDY
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ISOMERISM IN CARBOHYDRATES

Isomerism: Types 0:00:40

l l

Structural isomerism / Optical isomerism
Stereoisomerism l
l » Dilerence in rotation
ot lari light
* Same molecular formula pane fo \sedlg
» Different structural formula

Asymmetric carbon atom

* 4 valencies of carbon atom occupied b3 4 diferent groups

H-C- oM

H-C - OH
S)
CH.0H

&lucose

* Instraight chain 4 asymmetric  * Inring forms asymmetric
carbon atoms = C,,C,C, C, carbon atoms = C, C,,
c,C,C,
* In fructose:
* Straight chain asymmetric carbon atoms = C,, C,, C,
* Ring foom—>cC,C,C,C,

* Le gel- van't HotS rule:

* Number of structural isomers —> 3"
* 0 — Number of ns!jmme{ric carbon atoms

Biochemistry » v2.0 « Marrow 4.0 » 2020
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Structural isomers of monosaccharides 00:13:14

* D oandL isomerism
* Anomerism
hd Epimers

D and L Isomerism / Enantiomers 00:13:57

* Ditference in orientation o H and OH groups. In the
penultimate carbon atom / Reference carbon atom
mirror images

H 4] H o
\c 4 \c “
I I
H-C-0H HO-C-H
I I
HO-C-H H-C-OH
| |
H=-C-0H HO=-C-H
I I
H~-C-0H HO-C-H
I I
CH.OH cHon Einerence carbon
o
D - glucose L - glucose
Anomerism 0:22:57
* lsomerism ot Functional carbon atom
* Inaldoses ot —>C,
* In ketoses ok — c,;
examples of Anomerism
£9: - @ Fructose § f Fructose
a glucose § f alucose
CHaDH CHaOH
OH H
3 Gy
: g on
B
8
[5 &lucose pyrancse Ol glucose pyranose
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Ca hydrat

Mutarotation 00:26:53

* Change in the rotation of plane polarised light with time
* O Glucose —> +113°
* B alucose —> +19°
equilibrium
oeucose ——— P elucose —> +53°
* Racemic mixture: * misture of O and f§ anomers
* S0 thot net rotation is Zero

Epimerism 0:29:34

* Isomerism ot a single carbon atom other than functional and
penultimate carbon otom

* examples:
* At C, = Gucose § mannose
* AtC, = Glucose q Allose
* At C, —> qlucose § Golactose

C C
I 1
H-C, - OH HO - C, - H ——C, Epimer
[ 1
HO-C, - H HO-C, - H
I 1
H-C, - OH H-C, - OH
] ]
H—CS—OH H—C.S—OH
] 1
C H.OH C H,OH
glucose manngese
CH, CH,
I |
W=C,~OH H=C, =0
HO-C, -H OH-C -H
I 1
HO-C -H H-C, ~OH g
I 1 ?
H-C_-OH H-C - OH 2
| ) g
C_H,OH C H,0H
Golactose Glucose
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Diastereoisomers 00:34:12

* Differ in the orientation of H § OH groups > 1 earbon atom
other than the penultimate § the anomeric carbon atom

* Not mirror images
* £g' D. mannose 5 D. Galactose

Optical isomerism 00:37:41

. nbimg to rotate the plane poiarised liah-t
* Rightward / Clockwise rotation — Dextrorotation (D or ‘40
* LeMtward /Anticlockwice rotation — Levorotation (L) or ‘=D

D and L isomerism —> ‘ammpies.

c CHO

I I
H-C-0H HO-C-H

I |

Cﬂ.HaOH C.hHaoH

D- &I}_,jcemldehﬂd.e L- Gull_.;cemldeh}jde

CHO cHO

| |

c c

| 1
H-C-OH HO - C - H

| |

CH.OH CH_OH

- Er5ihrose L- Era&rose

Invert sugar & invertase 00:40:37

* Sucrose is an invert sugar

* Suerase —* Invertase
sucrose —— Dex&rorotn.’con‘.}

Sucrase

L

Glucose + Fructose

I—) onro%amr}j
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One liners of isomerism 00:44:01

* monosacCharide with single asymmetric carbon atom —>
&!5cemldeh5de

* Ketoses have 1 asymmetric carbon less than correspondins
aldoses

. Carbohijdm’:e with no as‘ljmme*l"rk: carbon atom —> DHA

* Amino acid with no asymmetric carbon atom —> Glycine

* most predominant form of glucose —> 3 © glucopyranose

* most carbohydrote exist in —> D form

* most Aminoacids exist in —> L form

Biochemistry = v2.0 = Marrow 4.0 = 2020
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GLYCOSAMINOGLYCANS

Glycosaminoglycans (GAG) 00:00:12

* Also called as rrucopoh_.jmccharides

|

seen in mucin
* These are long unbranched heteropolysactharide with
repeating disacCharide units
* Repeoting disaccharide unit:
AMino sugar * Acidic sugar

J o\ N\

glucosamine &olactosamine  glucuronic  lduronic
acid acid

Properties of Glycosaminoglycans 00:03:31

* Negatively charged (polyanions)

* Repel each other —> mucus secretions are slippery

* Absorb water (due to negative charge) —> Abundant in ECM
* Resilient = synovial fluid, vitreous humor

Chondroitin sulphate 00:10:07

* most abundant 6AG

* most heterogeneous &AG

* mainly present in cartilage, bones, CNS

* Responsible for compressibility of cartiage and weight bearing
bones

Keratan sulphate 00:13:02

* N- ﬂce‘r51 Glucosamine + Galoctose

* Keratan sulphate | — 1* isolated from cornea.

E
o
3
T
L

* Keratan sulphate ' = Cartilage, Loose connective tissue
* Responsible for corneal ‘l-mns.parema

* Ghg with no urenic acid
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Dermatan sulphate & Heparan sulphate 00:15:08

Dermaton s:..dpha&e :

. uui.de\!j located eAg
* most abundent 6A§ in skin

Heparan sulphate :

* glucosamine + Glucuronic acid

* Seenin plasmo membrane receptors

* Lipoprotein Lipase anchored by Heparan sulphate

* Present in Basement membrane of renal glomeruli
Charge selectiveness of renal glomeruli

* Present in synaptic § other vessels

Hyaluronic acid & Heparin 00:18:29

Hyaluronic acid

* N- ﬁce*HI Glucosamine + Glucuronic acid

* No sulphate group

* Not covalently attached to protein

* Helps in cell migration: * Tumor cell metastasis
. morphoaenesis
* wWound repair

* Also found in Bacteria

Heparin :

* glucosamine + |duronic acid
* F\nﬁcoo.smm

N Onl!j intraceliular gAg

* Present in mast cells, Lung

Proteoglycans & glycoprotein 00:21:45

* Proteoglycans: protein (S%) + 6A& (95B)
* &lycoproteins: carbohydrate (5%) + protein (95%)
* Structure: Bottle brush shape

Biochemistry = v2.0 = Marrow 4.0 = 2020
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* Structure: gottle brush shape

\
e

&o.l-ﬁa!-xt.jbse
Tricaccharide
o

\- Proteogjycans

Synthesis and degradation of Glycosaminoglycans  00:25:08

* Synthesis :
= Occurs in endoplasmic reticulum § Golgi apparatus

* Degra.daﬁon :
—Occurs in Lysosomes
- Defect in degradation leads to mucopolysaccharidoses
(mps)
= MmPS belongs to group ot Lysosomal storage disorders

Active space
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MUCOPOLYSACCHARIDOSIS

Mucopolysaccharidosis 00:00:08

* Defect in degradation of &ﬂ&(&lﬂcoswnimg'.acans) in
Lysosomes
* Lysosomes —> Lack of enzyme ( Hudroloses ) .

!
Intralysosomal accumulation of @& / mp ( mucopolysaccharidosis )

* it belongs to group of Lysosomal storage disorder

Hurler’s disease (MPS 1H) 00:04:54

* piochemical defect: o - L - lduronidase de%ciencﬂ
* fecumulation of Heparan sulphate § Dermatan sulphate

* gene defective: IDA’ gene
* Ropid progression
* Clinical features:
* Abdominal protrusion
* umbilical hernia
* Short stature
* Coarse facial features
* Depressed nasal bridge
* Claw hand
* Frontal bossing
. Skeama cornea
* eullet shaped middle phalanx
* Reilly bod:.j inclusions in the Leumcgltes

General clinical features of MPS 00:09:14

* Coarse facial features

* Frontal bossing

* Corneal clouding™

* Depressed nosal bridge
Ginaivaj HHpeﬂmphB hlGi.Sfj bfeaihing
* Large {ongue

Active space

gar infection = Hearing loss

URT1 —> copious nasal d'\s.charse
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Skeletal Sgs’cerw
* Skeletal dysplasia
* Dysostosis multiplex
* Short stature™
* eullet shaped middle phalanx®
* Clowing of hand*®
visceral manifestation
. \ﬁ.sceromesaia*= * Protuberant abdomen
* umbilical Hernia.
* Inguinal hernio®
Heart:
* \Valvular Heart disease
¢ mitral and Rortic reaucnitakion
Leukoeytes™
* Reilly body inclusions
Intellectual disability™

* — Not commonly seen in all MPS
( Impaired degradation of Heparan Sulfate => mental retardation )

Scheie’s disease (MPS 1S) 00:16:39

giochemical defect: Partial de%ciencg of O - L - \duronidase
‘oA’ gene defect

Clinical features similar to Hurlers except there is no
Intellectual disabil‘rtﬂ

normol in’:el\iaence

Aecumulation of Dermatan Sulphate

(impaired degradation ot Dermatan Sulfate=> mesenchymal

abnormality )

Hunters disease (MPS II) 00:20:50

Only mMales are offected

Slow progression

X linked recessive disorder

Clear vision, no corneal clouding

Biochemical defect: L- |duronate sulfatase

@ene defect: 1D

Aecumulation of Heparan sulphate § Dermatan sulphate

Biochemistry * v2.0 « Marrow 4.0 » 2020



General characteristics of other MPS 00:26:15

* Al MPS are autosomal recessive except Hunters (XLR)
* me type of MmPS: Sanfilippo > Hunter § Hurler

* MPS with no Intellectual disability; * Scheie disease (MPS 1S)
* morquio disease (MPS V)
* Maroteaux Lamy disease
(mPs vD
* MPS with no corneal clouding: Hunters § Sanfilippo
* MPS with no visceromegaly: Morquio disease

e Skeletal de?ormi{:tj ossociated with all MpPs: Dgsostosis multiplex

* MPS with no leukoeyte inclusiony Morquio disease

I (Inclusion )- cell disease 00:28:24

* Protein +arse{-’m5 disorder +to Igsosoms

* Resembles MPS but severe form
* eneyme defect = N Aeety| Glucose phost{mns?emse

T~

Mannose mannose b p'nospha’ce

l

Tarse{-ting protein

* This leads %o deficiency of mannose & phosphate (Targetting
protein) § accumulation of mucopolysaccharides in the

L.HSOSOH\'ES

Enzyme replacement therapy 00:36:40

* mPS | (Hurlers disease ) — Aldurazyme
* mMPS Il (Hunter) = elaprase
* mPS Vi (Maroteaux Lamy disease) —* rdaalazame

Natowicz syndrome 00:37:51

- genetic defect in hgaduronidase
- Hgabromc acid accumulation in joints

- Also called as MPS X

Biochemistry = v2.0 = Marrow 4.0 = 2020
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GLUCOSE TRANSPORT

Types of glucose transporters

* Sodium dependent glucose transporters: S&LT
* Sodium independent lucose transporter: GLUT

SGLT 00:01:36

* Sodium dependent
. Secondarﬂ active transport
* unidirectional
* Transport of glucose against concentration gradient
* Types
* SGLT 1: * Intestine (Luminal side)
* Renal tubules

®* SglLT a: ® Renal tubules
* Defect in SGLT a4 — Renal sll:jcosuria

GLUT

* Sodium independent
* Facilitated carrier mediated —> Passive process
* moves along concentration gradient
* Ping pong mechanism
* Bidirectional transport
* Hyperbolic curve on velocity V/s substrate concentration graph
— Passive simple
diffusion

[ ==& Hyper bolic
“Facilitated
&LuT ditSusion”

Active space

vl

sl
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Concept of distribution of GLUT 00:09:02
qLuT Distribution C,oncep’c
*gLUT 1 | * wide15 distributed | ¢ Insulin independent
* Brain, placenta, * asal glucose
Kidney, R&C uptake

*gLuT a | *f cells of pancreas | * Insulin independent
¢ insulin secretion

* Sinusoidal liver * | elood glucose
cells

* pasolateral side of | * Transport glucose to

intestine blood
*PCT * glucose reabsorp{ion
*gLUT 3 | * Neurons . Hig'n aﬂini’ta to
3|ucose

*GLUT 4 | * Heart, Adipocytes, | * Insulin dependent
skeletal muscle

* | 8lood glucose in
post-prandial State

*GLUT S | ® Testis, sperm, * Fructose transport
Intestine (luminal
side)

*aLuUT b | * Spleen,Leucocs’ce * Pseudogene

* No transporter

functions
*GLUT 7 | *Liver endoplasmic
reticulum
Absorption of glucose in intestine 00:23:50

Lumen Intestinal cell glood

alu aluw/&ol 3Nt
2 Gal Na'_ Na* K* ATPase
E K pump (utilising ATP)

Fru/ >

&ol / auT

&l S

I
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One liners 00:30:26

* Insulin responsive she.ose ’crar\spoﬁers —> gLUT 4, §LUT 8,
aLuT 13

* Fructose transporters — LUT S § &LUT 11

* most widely distributed LUT = LUT 1

* most abundant glucose transporter of RBC —> GLUT 1
* GLUT present in 8lastocyst —> GLUT 8

* Neuronal glucose transporter—> GLUT 3

Biochemistry = v2.0 » Marrow 4.0 » 2020
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GLYCOLYSIS & RAPOPORT - LUEBERING
CYCLE

Glycolysis 00:01:55

* well fed state — Insulin
* Al cells § tissues
* Aerobically as well as anaerobically
* in er}jﬂ'\roc!j’tey
* Only Anaerobic glyeolysis
* Depend wholly on glucose
* Defectin glycolytic enzymes —> Hemolysis
* Heart —> Low glycolytic capacity —> Cannot survive ischaemia

¢ Skeletal muscle:
* enormous capacity for glyeolysis
* |schemia = Survive
* pefectin glycolytic enzymes —> Fatigue

Overview of glycolysis

* Site: Al organs
. 0r3anehe= cgthPIQSm
glucose (c)

EC,L/ \ 3C
\_/l

Pyruvate
:—oby Anaerobic
Teh
nce{'ﬂl CoA Loctate
cycle <_
Steps of glycolysis 00:11:15

* Preparatory phase — ¢ Stage of p&wsphorgh’cion
* Stage of splitting
ATP consumed, in prepo.m’corﬂ phase

3
:
§

. Pcuj otk phase —> ATP genem&ed
(oxidation / Reduction)

Biochemistry = v2.0 = Marrow 4.0 = 2020
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Preparatory phase: Stage of phosphorylation 00:13:20

Elll.jcogen sl.jrrthesis
* clucose Hexokinase / &lucokinase <l 0P HMP pathisay
mg** / =0 > uronic acid
P S &l3m15sis

* significance of the step:
* Trap glucose for cellular metabolism
+ 1 ATP is utilized
+ 1% irreversible step- Flux generation steps

. P.est.datora s{ep

Hexokinase ( HRK) alucokinase (HK 1V)

* House keeping enzyme * Inducible
* Not induced by Insulin * Induced by Insulin
* Inhibited bﬂ GlP * Not Inhibited bﬂ GlbP
* High a¥¥inity * Low affinity
* Low Km * High ¥m
* No postprandial regulation | *® Postprandial regulation

of blood glucose of blood glucose @

* In pancreas, Liver

Pm&pho Hexose

isomerase
GlP < > FoP
ATP

ADP
rnal-!
Fructose 1, &

Bisphospl-mie

F1, b &P

Phosphofructokinase |
(PFA D

= Siani%e.mm

ooeds aAndy

* a™irreversible step
* Rate limiting enzyme
* Committed step
gottle neck of the pathway

Biochemistry = v2.0 = Marrow 4.0 = 2020



Preparatory phase: Stage of splitting 00:28:18

Fructose 1, & isphosphate (eC)

/ Aldolase

Dihydroxy acetone PO, &lyceraldehyde 3 PO,
(oweP) (20) (=0

N~

Phosphotriose isomerase

Payoff phase 00:32:49

a x Gyceraldehyde 3 PO,

NAD* ______: —Ppi

AOH + W &lyceroldehyde 3 PO, Dehydrogenase
1,3 Es‘ssphospm\g\acero.’ce - Hish energy compound

ADP —
—
ATP < |

prespmogirarse

| Phosphoglycerate mutase
a prnspba;g15cerate

-

Substrate level

phosphor}jln:tion

HJO ]

Phosl:hoenol pﬂ;ixvo.te - H‘Bh energy compound

AP — | .
— Sl Pyruvate kinase

Pamvo&e

Substrate level

phosphorg,luﬁon

Pﬂmvadre
deh}jdrosemse

Acety) Con
!

TCA c}jcle

NAD'  Lactote

Biochemistry = v2.0 = Marrow 4.0 = 2020
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4o, mwx?‘mdme dehydrogenase
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Glycolysis in RBC 00:49:25

* o mitochondria - No ETC and NADH is not converted 4o NAD'
- 0n'.5 anaerobic 31500'.53'\5

3P NAD >Lacfo:l'e
1, 3;%(: o Pyruvate

* No net generation ot ‘NADH in anaercbic glycolysis

Energetics of glycolysis 00:54:32

* Aerobic 315c015515=
* ATP genem*ed = AATP

* NADH generated = & NADH = 4 x &S ATP = S ATP
(1 NADH = 3.5 ATP)

®* ATP consumed =3 ATP
* Total ATP =4+S-3
= TATPs generated
* Anaerobic 515':0'.55'\9
* ATP Senera&ed = 4 ATP

®* ATP consumed = 4 ATP
* Net ATP = a ATP

Regulation of glycolysis 1:03:43

* well fed state

* Insulin

* Active in depmspfurﬂla’ced state
* Allosteric regulation:

Substrate favours forward reaction
Product inhibit forward reaction

Biochemistry = v2.0 » Marrow 4.0 » 2020



Luebering

Cycle
gnzyme Activator Inhibitor
_ Glucose b
Hexokinase Pmsphaie
s'amp ATP
PRY— 1
Exz"se © P:"Sph"*e Citrate
. ose &, Low pH
bisphosphate
Pyruvate Kinase ATP
Clinical correlation of glycolysis 01:12:22

* Pyruvate Kinase —> 3™ me enzyme defect in Humans
Hemol:jsis
* PP-1in muscle = * Glycogen storage disorder
* muscle $o.’t13ue

Inhibitors of glycolysis 1:14:15

* |odoacetate inhibit cheraJdehade 3 phosphoﬂte dehfjdrosemse
* Fluoride inhibit £nolase
* Arsenate inhibit 1, 3 8P§ Kinase

Rapaport leubering cycle / 2,3 BPG shunt 1:18:15
* It occurs in RBC onl.!j
¢ 10% SIL.LC.OS'E §
* Significance: generates a, 3 eisphosphoglycerate £
|
shift ODC o right
l -
0, m\oo.dma
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&lgcemldehade 3 PO,
l’ mMutose
ADP -~ HO
L1 &
ADT &7 | Phosphatase
3 phospfmgiacem‘re Pi
l—>—>—>—> P‘tjnwoire — Lactate

‘ &nergeﬁcy
* Total ATP generated = & ATP
* Total ATP consumed = 3 ATP
* Net ATP generated = 0

aseds aAlY
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PYRUVATE DEHYDROGENASE

Fates of pyruvate e

ALT (PLP)

Pgruwrad:e ——— flanine

# ruVaJ:e car‘box lose
(G coenz‘tjme DH ek (aTe, E:\c’urD

P«ce‘rﬂl CoR Lactote Oxoloocetote

PLP-Pyridoxal phosphate(Coenzyme)
PDH-PHmva’te dehad.rogemse
LOH-Lactate dethrosemse

ALT-Alanine aminotransaminase

Pyruvate dehydrogenase 00:04:15

* Site: mitochondrio
* PDHisSa muﬂien25nwe complex

enzymes Coenzymes
Pyruvate dehydrogenase Thiamine(active form-TPP
TOP)
Dihﬂrolipoamide %mnsaceiﬂlnse Lipomide
Dihydrolipoamide dehydrogenase FAD, NAD®, CoA
TPP-Thiamine pﬁmphosp-\aie
TOP-Thiamine diphosphote
* Pyruvate ‘/P-DHT?* Acetyl CoA
NAD' NADH

L et — asatPs

Significance of Pyruvate dehydrogenase 00:10:17

Irreversible
. Pujrwa&e _ ch‘t:jl Cof

. nceJrBI CoR cannot be used as a. substrate Tor gluconeogenesis
* Reety| CoA is an allosteric activator of pyruvate carboxylase

Biochemistry = v2.0 * Marrow 4.0 = 2020
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50 Carbohydrates 13

e P}jrum’ce carbox‘tjlase is an enzyme o} 3Iuconeogenesis.

* Fot cannot be convered to 31u.cose because the product is

ace'«B'u CoA
TR
(exception 1) ! (exception &)
&15cero'l + Foti‘lj ocid Odd. chain fc‘od:-t acid
o oo e\
G32pP Rceia\ CoR
l Prop\on‘tjl Con
owe @ !
l P}jruva.{e E&LCQ"“&I Ccon
Slucose l
&kxconeogenesis

G3pP-4| 5ceraldeh3de 3 phosphate

DHﬁP-—Dmhﬂdroxaace-kone phosphate

* fearbohydrate diet =1 glucose— 1 Pyruvate

| pon

f Aeetyl con

VAN
TCA Faﬁg acid
|« @lycerol
TAG

* Irreversible link between glycolysis § TCA - PDH
* In chronic aleoholics — Energy depletion
= Coenzymes of PDH § Q. KaDH-CoR(pantothenic acid)

Thiamine
FAD® )
NRO*(e)
Lipoamide
- In chronic alesholic thiamine deficiency —> | POH § | O KGDH
Voo
x { atp | aTP
s -
g energy depletion
* In de‘ﬁciencﬂ of PDH
1 Pyruvate —D—> Aeety) COA

|

1 Lactic acid — Lactic acidosis

Biochemistry » v2.0 » Marrow 4.0 » 2020
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Regulation of pyruvate dehydrogenase 00:27:46

* Covolent modification/ Covalent regulation
POH active in dephosphorg\ated stote

* plosteric rest.tlor.’cior\/ end point regulation

- Incresse in the p’oduc’fs inhibit POH.
- .1 neow, 1 ATe, 1 Acetyl con L POH
* Regulation during fed state:

) Tpgmva&e -@;PDH—) TT Acety! con

7N
TCA F-'aﬂﬂ acid sv_,jni‘hesis
cycle !
TR

* Regulation durins %s'cins stote:
_ M eyuvate—"2 @) acety) con

. Pyruvate @ T B oxidation
Educaneogenessl — wbomjbse e\@ (—/
Glucose ncegl CoR

Biochemistry » v2.0 » Marrow 4.0 = 2020
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GLUCONEOGENESIS

Gluconeogenesis concept -

* SSﬁ'(h‘BS’LS of glucose from non cnrbch‘tjdro&e substrate
* early Fasting (4-1b rs) — alumgemiasis

!
Fasting (b-48 hre) — Gluconeogenesis

ATP i
k B oxidation = D OJ@
< g

* In diabetes mellitus,
Fas.tif\g -1 &\unoneosenesis = Haperslgcemia

* Site:
* Liver, Kidney

* Organelle:
* 8oth cytoplasm § mitochondria

Non carbohydrate substrates 00:08:22

* @lucogenic amino acid (Principal = Alanine)
* Lactate

* Glycerol

® Propionyl CoR

Glucose-alanine cycle / Cahill cycle 00:10:38

muscle:

A\

Qucose
T
P:jrwo_’te
T Transamination
Alanine

| In fasting state

Biochemistry = v2.0 « Marrow 4.0 « 2020
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Glucose - lactate cycle / Cori’s cycle 00:12:21

R&C Exercising muscle

glucose &bmse‘-\

i i
Pafuva.'ie oR Pﬂruva*e

l 1 LoH
Lactate Lactate

T

Lactate accumulation in muscle = #a’cisue -> prevented bgj
gluconeogenesis

Key enzymes of gluconeogenesis 00:15:21

* Reversible skeps in giﬂcai:jsis S common 1o Sluccneoaenesis
* Irreversible steps o¥ glycolysis is bypassed / Reversed /
Circumvented bv_.j key enzymes

* Irreversible steps of * key enzymes of
giacolasis Sluconeogenesis
- Hexckinase / Glucokinase Glucose b prosphatase
Glucose > leeqeP  —c— elucose
Q6P HO P

Fructose 1, & Biphosphatase

PAA -1 L]
* Fructose PO, F1, F1, cep 7 ¥

LB P FoP HO i
. Phos.phoenolpgruvake * Pyruvate (2¢)
(=" ATP FBfu\mie
foP cnrboxglnse
+ giotin
paruva’ce co,
Oxaloacetote ( 4C.)

* This reaction tokes place
s
mitochondria
Oxaloacetate (mitochon-
drio)
l malate aspartate
shuttle

Oxaloacetate (cs'toplasrn)

Biochemistry = v2.0 » Marrow 4.0 = 2020



* PEP — Pgmvadre * Oxaloacetate
wa
PEP carboxukinase
&P (PePCr
GoP
Phosphoenol pyruvate (PeP) (2c)
- demrboxalo&ion
- Pi'\osphorgb&ion
Steps of gluconeogenesis 00:29:24
a % Alanine
a x Lactate me*m
E’m P5ru~.fo!:e ca.rboxghse PEPCH
a P5rum’ce 3 Oxaloacetate » PEP y aPg
+anATP +aATP
‘,
T &lucose 6 phosphatose +aATP
e R e
1 / \
FLP ¢ F1,8P ¢«—— &y3PO,  Gly3PO,
F1, b Bisphosphatase \ /
—" DMAP

515cerd—i E"}fj 3 PO,

* . & Lactate — 1 Glucose
* b ATP’s are utilized for conversion of axLactate — 1 glucose

Entry of propionyl CoA to gluconeogenesis 00:40:38

Propionul Cof car lase
b, > > O ma‘chﬂl malonyl CoA

+C0
& 4C
+diotin te2

Propionyl CoA (3C)

Iﬂanermse
L. me’chﬂl nn]on51 CoA

methyl malonyl
‘o, | T e

Fumarote ¢—— SucCinote ¢—— Succinl.ji CoA

l

Biochemistry * v2.0 * Marrow 4.0 » 2020
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GLYCOGEN METABOLISM

Glycogenesis/ glycogen synthesis 00:02:26

* &lycogen : storage form of carbohydrate
* Organs: Liver § muscle
= Orsnnelle= cstophsrn
* Rate Limiting Enzyme : Glycogen synthase
* Steps:

- Synthesis of UDP glucose

- &lycogen an{hase reactions

- 8ranching

* &lycogen synthesized on a. primer —> &ymsenin(polgpephde)

Synthesis of UDP glucose 00:10:54

Glucose
Hexokinose
ADP

Glucose b PO,
I Phosphoglucomutase

Glucose 1 PO,
el
DP qlucose |
e-/J, UdP g PH‘(OP"\OSPHOFHGSG
ucP Slucose

uTP
PP

Action of glycogen synthase 00:14:57

| nthase
. alfjcogenin q lyeogen sy :

(UDP &lucose) uDP

slacoaenin l
01, 4 Linkage

° alamgen s‘ljnﬁ-\ase : rate Iimi’c‘ms enzsme.

Biochemistry = v2.0 * Marrow 4.0 = 2020
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Branching 00:18:07

* Enzyme: & |, 4 — |, b glucan transferase

lu'l'gqlo"

O 1, b Linkage
* In the muscle § liver glycogen is stored as —> f3 particle
* one ﬂ particle-0,000 glycogen residues

* In liver: armnsed in rosette pa&{ern

Glycogenolysis 00:22:50

* Site:
* Orgary Liver § muscle
* Organelle: Cytoplasm, Lysosomes (i-a%),SeR
* Rote L.im'r’ting Enzyme * &150038n phosphorai&se. (C,oenzljme —»
Pyridoxal phosphate)
* Steps
* Aetion of glycogen phosphorylase
* Removal of branches
* Conversion of glucose | PO, —> glucose

Action of Glycogen phosphorylase 00:28:34
Gd!jcoaen phosphoralo.s.e
Ny
Sucose 1 PO‘ tas 4
Removal of branches 00:31:46

. Debranchirg enzyme —> gifunctional enzyme

O 1, b Slucosidase /

DN e oo ferase Amylo 1, & glucosidase

Biochemistry « v2.0 = Marrow 4.0 = 2020



15  Glygogen. i E5ELL:
Metabolism

Q1,4 1,4 guean
’ + Glucose

‘Ia N transPerase

1,4

l..iﬁﬂnse

Conversion of Glucose 1 PO, to glucose 1 et

* InLiver:
Glucose 1 PO,

ucose P“\OSP"’I& ose
pi &

Slucose

* In muscle:
@lucose 1 PO,
phosphoglucomutase
&lucose b PO,
l Absence of glucose & phosphatase in muscle
Anaerobic glycolysis

W

Pamva:te — Lactote

* % Inmuscle during exercise

Number of ATP produced $rom glucose b PO, —> 3ATP

Glucose 6 phosphatase 00:49:55

Activa spaca

* |tis present in liver
* Absent in muscle
* This en2yme is present in cytoplasmic side of seR

* Itis common to gluconeogenesis § glycogenolysis
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Liver &lb PO
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REGULATION OF GLYCOGEN METABOLISM

Tgpes of regdafm
* Hormonal reswa&ion
* Allosteric regula&ion

Hormonal regulation 00:00:58

* Depends on the die'carﬂ status.
* During Fasting: early fasting (4-16 hre)

epinephrine
(oan in 'rNE\’) \ / (muscle/Liver)
¥
1 Adenylyl eyclase
!
m
ATP cAMP
4
T camP dependant protein kinase A
J
m
Inactive p&‘osphmgme Active p’no&pl'mtylw;e Kinase
Kinase (prosphorylated)
l |
€yeogen Slycogen
phosfhorHlase an-khase
(inactive) (octive)
l d
Glycogen ®  Gycogen ®
phospi'lorghse s:tjnﬂuse‘
® - Pho Spfnrgh*ed (active) (inactive)
l l
&l}jeogem is alﬂeoaen
Activated Sgnt'nesks.
inhibited

Biochemistry » v2.0 » Marrow 4.0 » 2020
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* well-fed state:
insulin
l@
&) Slucagon phosphodiesterase

l l

AP —————— | camp ——————> SAMP

l

} camp

l

| cAmP dependent

protein kinase A
l
® elyeogen Slycogen @
pi-\osE*-anIase san’d-nse
(active) (inactive)
Glycogen Glycogen
phosphorﬂ'.ase sSn‘d'use
(inactive) (active)
l l
Glycogenolysis &lycogen synthesis
inhibited activated
Allosteric regulation in muscles 00:11:18
co> , Slyrogen
&lycogenclysis [y &lycogen synthesis
AP E» ®
< &LPO,
AL~
A2 ® - Substrote
EtfnPO‘e ﬁuﬂOSE|Pm5F*lﬂ*e @"Pﬂ)duc‘ts
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Allosteric regulation in liver 00:14:06
&lycogendlysis Glycogen €lycogen synthesis
©
ATp —
TR & &0 ro,
S
& PO, atPo,
Special mechanism of regulation in muscles 00:16:20

* cAMP hdependen’c calcium calmodulin dependen’c Kinase,

!

F’IIOSPWHICL’(E the enzymes

AN

Glycogen Glycogen
phosphorl_.jto.se sarrﬂfuse

* In extreme anoxiad
S ampP

1)
Activation of

muscle Slgcoaen phosp\—nralase
without phosphorylation

— mMmuscle 313cogen ph)SphoralQSe
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GLYCOGEN STORAGE DISORDERS

Glycogen Storage Disorder ( GSD ) 00:01:14

|
! !

® Liver 65D * Muscle 6SD
. H}jpoglgcernh . hkmnog!acemh
. Hepa’comesal\tj * Exercise intolerance

* No exercise intolerance

Von gierke’s disease (type Ia GSD) 00:03:49

* mec SO

* Biochemical defect: gucose & phosphatase
* 17 elucose & phosphate

I &lycogen in organs ‘Liver’

Clinical features:
* Presents ot 2-4 months ot age

* Dol like facies with thin extremities

* Mossive hepa{omegala

* No sPlenorneSaJ]j

. Renomesala

* milky white plasma. —> Triglyceridemia.

Biochemical hallmarks of Von gierke’s disease

. H5p03'=5cemia
* Loctic acidosis
* Hyperlipidemia
* Ketosis

. Hﬂperuricemia

. Hﬂposlﬂcemias * Lactic acidosis:

&oPhosphatase .
P — Pljmvate m Lactate
&P —A—> Elucose &lycolysis

Biochemistry = v2.0 = Marrow 4.0 = 2020
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66 Carbohydrates 17

Leave Iéfgedbaclé

. H‘ljperuricemia:

T&b9—> HMP —>TPenfoses

Pathuway l

TPurine desrada’don

!

Turic acid

* Hetosis
T &luconeogenesis

!

Oxoloacetate

depleted
\ t | Con
L G

TCA |

11 ketore
bod.a 55n&h$15

—  oxidation of Fatty Acid

. Hﬂperlipidemias

1 Rerobic glucolusis
&P i > 1 Pyruvate-

l
1 Acetyl con
l
Fnﬂﬂ Aeid Sl.jn{hes'\s + &Bcero'.

l

TR

Type I b GSD 00:18:23

* Biochemical defect: PO, transporter in liver endoplasmic
reticulum
* Clinical features:
* Similar o von gierke's disease
* Neutropenia. § Recurrent bacterial infections

Biochemistry » v2.0 * Marrow 4.0 » 2020




Type III GSD / Cori’s disease / Forbes disease /
Limit dextrinoses 00:20:05

* piochemical defect: Debranching enzyme
* Abnormal glycogen ( Limit dexirin with few outer branches)

* Clinical features:

Hypoglycemia.
Hepa:tomeaal Y
Splenomegaly
No renomegaly

Pr03r3551ve liver cirrhosis — Death

LV Glucagon —> ¢ Response in well fed state
* No Response in ouerni3h+ %S.{ing

Type IV GSD / Anderson disease / Amylopectinoses 00:28:45

* giochemical defect: Eﬁmnchins enzyme

* Abnormal glycogen — Insoluble in water (Amylopectin like)

* Clinical features:

Hﬂpoa'uﬁcemio.

Hepatomegaly

Splenomegaly

No renomegaly

Progressive cirrhosis —> Portal HTN — Death in S yrs

Muscle glycogen storage disorder 00:33:43

|
! l

with H}jper‘ifophic without Hjjperkrophic
co.rdioml_.jopakha co.rd.‘nomgopathﬂ
& )
* Pompes disease / Type 11 &SO » mc fArdles disease / Type v &SD
 Danon disease e Tarui's dcease / Type VI &SO

l—) Defect inLAMP — 3

Biochemistry = v2.0 « Marrow 4.0 = 2020
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68 Carbohydrates 17

Pompe’s disease (type 1I GSD) 00:36:17

* Mmuscle §SD
* Lysosomal storage disorder
* Enzyme defect: Acid moltase / Aeid @ 1, 4 glucosidase

* Clinical features:

' Em’lg onset

. Hapo’conla

* Floppy Infant

. n'\acrogios.sia

* Cardiomegaly

* Failure to thrive

* Cardiac failure —> Progressive —> Death in 3 yrs
* Diagnosis:

N 1' Serum Ch @D

* 1 serum LOH
* 1 Acid phosphatase

* Enzyme rep!acemen’c ’rhempg-
* myozyme / Alglucosidase O / Recombinant acid
gucosidase

Mc Ardles disease / Type V GSD 00:43:05

* eneyme: Muscle (gycogen p\—nsPhorfjiase)
* Clinical features:

o Morn'aoah_.jcemia

* gxcercise intolerance

. Ehabdomgoiﬁsis — m}joslobinuria. — &ursund5 coloured

urine
* Second wind phenomnm

E I_) + i Rest 3 .

2 1% pain » Resume exercise with

o

g more ease

* me &SO in adults § adolescent age

Biochemistry » v2.0 « Marrow 4.0 » 2020



17 Glygogen Hles- L
Storage
Tarui’ disease / Type VI GSD 00:46:37 Disorders

* &nzyme defect: muscle § erythrocyte PFH

* Clinicol features:
* gxercise intolerance
* No second wind phenomenon

. HemoIBSis
GSD types overview 00:49:40
One
Type of 65D T Name enzyme
1 von gierke GlPose
n Pompe’s @) Acid Maltase
n cori’s (© Debranching enzyme
Y Anderson (L) eranching enzyme
v mefrdle’s @) muscle Phosphorylase
i Her's disease Hepatic Phosphorylase
wi\ Tarui's muscle / erythrocyte
PRS-

* &SD with brain involvement (Anterior horn cells) — Type I &SD
* Recently added &SD (GLUT — & —> Fanconi Bickel syndrome

* Type O glycogen storage disorder —> &lycogen synthase defect
* &SD -type 165D

* mc &SD in adolescents and adults - type S me ardle’s

* S0 with hujperslacemia and hepo&omeaah:} - liver g50

* gSD with liver cirrhosis - +5Pe 3, *Hpe 4

* &SD with renal dysfunction - von gierke's

* Liver &S0 with myopathy - type 3 and type 4

Activa spaca
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REGULATION OF GLUCONEOGENESIS

Types of regulation 00:00:28

* Covalent modification
* Alosteric regwaiion
* Reciprocal rest.do!tim of 3'.3(:0'.5515 and slunoneosenesis

Covalent modification 00:01:10

* Fosting state (b-48 hrs)
. &\ucagon
* Regulatory enzyme active in phosphorylated state
* The enzymes are: * Pyruvate carboxylase
* Fructose 1, & Bisphosphatase

Allosteric modification 00:03:03

Allosteric P.eauhim

Acetyl Con i)Pgmvn&e

Carboxylases

POH
Boxidnﬁon

©
PBruva&e? \LW*H‘WJ’ (,\L\e.m-p

\2
Sluconeo
"ekmmeogemﬁs

“Wever a. substrate”

Reciprocal regulation 00:06:00

* Reciprocal regulation with the use of Tandem enzyme /
gifunctional enzyme
. Sinale po'.apep’cide with a enzyme activﬂ}j

r—) Fructose & phosphate e\

Phosphofructose Kinase & | Fructose 8, b Bisphosphatase

\a Fructose 3, b Bisphosphate ej

Biochemistry » v2.0 » Marrow 4.0 » 2020
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72 Carbohydrates 18

esnds eAnaYy

* In well fed state:
* Insulin is the hormone — Dephosphorala’te enzymes

Fructose & Phosphate
) l ® S) S @
@ PFK — a F 3, b Bpase ©

@ @ @ S @
Fructose 3, b Bisphosphate

@ nllosteric activator
Pmsp\-n?mcfolﬂhase 1
T&l}jcol.fjsis

*In ?ostins stote:
. e.mmgon is the hormone — Phosphorgloﬂce enzymes
Fructose b phosphcxte

S o ® T ®
© PFs —a F 3, b Bisphosphatase |@
© Q S) ® 1 ®
Fructose 3, b Bisphosphate

l

| Fructose 3, b Bisphosphate

l

| Allosteric activation of PFK 1

l

Fovours &hmoneosen&sis

Biochemistry » v2.0 » Marrow 4.0 » 2020
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HMP PATHWAY

HMP patniway 00:01:09

* Hexose monophosphote pa.thung
* This po&hwaa is also called as
- Pentose phosphate paﬂ—\unﬂ
- Dickens-Horecker pa’cﬂuaﬂ
* Site: (‘,gcoso'.
* significance:- major source of NADPH
- contributor of pentoses

Phases of HMP pathway 00:05:02

* Oxidative phasa
* Irreversible
* NADPH production

* plon oxidative p'mse=
* Reversible
* Pentose production

Oxidative phase 00:06:01

Glucose b phosP'm’fe
Glucose & phosphad:e Rote

NADP*
> dehgdroaemse — hm'rma

NADPH + H* (&LPD) enzyme

b F’nosphoghmom&e

NADP
NADPH B b Pk-os.phoalucom’ce dehadrogemse
co
a

Ribulose S phospha.’ce

Function of NADPH 00:09:11

Active space

* Reductive biosynthesis of fatty acids, steroids § cholesterol
* Free radicol scavenging

= R&C —> To maintain membrane integrity

-Lens —> To keep transparency of lens

-feeps iron in the ferrous state in hemoglobin

Biochemistry » v2.0 » Marrow 4.0 » 2020
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Non oxidative phase 00:15:33

* Reversible
. Sﬂn{hesis of pentoses
* Occurs in all organs, speci‘ﬁna.ll}j in

-Skin
=intestinal wucom} lznpid cell furn over
-Bone marrow

Ribulose S PO, (5 Ribulose S PO, (SC Ribulose S PO, (50
| Epimerase l rietoisomerase l Epimerase
xylulose S PO, (50 Ribose S PO, (5C) xylulose S PO, (50
X:rmnshe’cdase
v +

&lyceraldehude 3 PO, (30) Sedsheptulose 7 PO, (1)

Yransaidolase
X2 1
Fructose & PO, (LCD erythrose 4 PO, (40
I
XTrmsnetolase
b Y
Glyceraldehyde 3 PO, (30 Fructose & PO, (6D
! !
R Y2 elucose & PO, Glucose b PO,
* ATP - not generated
* CO, - liberated
Clinical correlation of HMP pathway 00:27:21

* me enzyme d.e%cienca in humans —> §LPD
1 66PD
!
{ naoPH
|
| Free radical scavenging
!
* RBC —> Hemolysis —> anemia, joundice
* Hb — me’chemoslobinemin
* Heinz bodies in RBC
e consumption of Sulfadrugs, Primaguine, fava. beans(favism)
con a.agmvaie GkPD de%ciencﬂ

eoeds sapay
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* Transketolose
thiamine is the coenzyme

. ErHHﬂch’ce transketolase is a. sensitive indicator of

thiamine status
* wernicke-Korsakots SBndrome= thiamine de%ciencg
|
{ transketolase

:
§

Biochemistry » v2.0 » Marrow 4.0 » 2020



GALACTOSE METABOLISM

Metabolism of galactose 00:00:20

Galactose
laahctonmse — Galactosemia
Golactose 1 phosphate 0N classicad

. C uDP Glucose Galactose 1 PO, ur ’\d‘lj! transferase
EP“TM uDP Golactose 4 (@ALT) |
Sucose 1 phosphate colact .
Non classical : =
aalasiosenia (ClassicaD
Lactose Complex
carbohydrate
Classic galactosemia 00:04:47

* Biochemicol defect: alactose 1 phosphate uridyl transferase
* .. There will be { Galactose 1 phosphate

!

Pllosteric inhibitor of
E-iﬂcoaen p'rrosPhoglase
!

{ | &lycogenolysis
|

, Fasting Hupoalycemio.

* symptoms:
* Age of onset 1-a weeks of life
* ereast feeding initiate symptoms : Lactose —> Galactose
* Failure to thrive, vomiting, feeding difficulties.
* Seizures, coma
* Intellectual disability
* Hepatomegaly, Liver failure — Joundice
* Oil drop cataract
ol 1 Po, — Galactose — ot ¢ jactita)
Dulcitol

|

Cotoroct

* Neonatol sepsis: me bﬂ €. coli

Biochemistry » v2.0 = Marrow 4.0 » 2020
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'Le'a\'.fé-gééi:lbac .

. Dioanosis:

Benedicts test +ve

Glucose oxidase test —ve

mucic acid test +ve

Golactose tolerance test contraindicated
gnzyme studies

genetic mutotion

* Treaiment:

Lactose free diet — Breast #eeding absolutely
contraindicated
&Y 4-5 yrs of age Galactose 1 phosphate
p\jropmspi'\oralo.se gets activoted
!

Golactose 1 po, > Galactose

Non-classic galactosemia 00:13:17

* @enign condition

* en2yme de%ciencg * UDP Galactose epimerase

* Golactokinase

* Oniy 1 manitestation in Galactokinase de%ciencl.j — Cataroct

Biochemistry » v2.0 » Marrow 4.0 » 2020



FRUCTOSE METABOLISM

Metabolism of fructose 00:00:49

Fructose
l Fructokinase o, essential Sructasucia
Fructose 1 phosphate
/ \i‘idolas,e e O, Hereditary fructose

Intolerance

aiacemldekgde Dih}jdmxﬁaneiom
phosPl-n’te

l o e / Phosphohexose isomerase
Glyceraldehude 3 phosphate

;

Pyruvate
l
ncehjl CoA
TCACﬂC!e/ \ﬁbodasdemd?orﬁrmsless

l

Fo.ﬂa acid sgrﬂhe&is. — TRAG

* Acute Pructose loading is harmful 1o the bochj
|—> . Haperlipidemia

. H\Ljpemric.emia — gout

Hereditary fructose intolerance 00:09:39

* piochemical defect: Aldolase & de%ciencﬂ

}

1 1 Fructose | phosphate
| ©

&lycogen phosphorylase
|

| &lycogenolysis
|

Fas’cing h5p031}jcernia

Biochemistry » v2.0 » Marrow 4.0 » 2020
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Leave Feedback

- Clinical features:
* Age of onset — = b months (during weaning period )
* vomiting, feeding difficulties
* Failure to thrive
* Convulsions, coma
* Liver failure, hepatomegaly
¢ Jaundice
* No cataract

Diagnosis of hereditary fructose intolerance 00:13:51

* urine reducing substance @
- penedict’s test @
- glucose oxidase test ©

- Test for Ketosis
Rapid furfural test @
seliwano?S’s test @

. Enz_ljm studies
* genetic mutation studies

* Treotment:
- Fructose free diet

Essential fructosuria 00:15:25

. E>eni3n condition

* piochemical defect: Fructokinase

* Renal threshold of fructose is low
{

excretion of fructose in Urine

eouds sapoy
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TCA CYCLE

TCA cycle: Introduction 00:00:08

* Tricarboxylic acid cycle/%nal common oxidative pathway
* tlucidated by Hans krebs,

* Aiso called tirebs cycle / citric acid cycle

* It is the Final common oxidative pa:thma

. c.a.rbohﬂdm{'e — pHrum’ce PoH

Cotobolism
* Protein — Amino ocid ——— nce’n:)l Cofl — TCA

* Lipids —> Fatiy acid

* ncehj'. Cof is oxidized

* Generate reducing equivalents

* Site: All organs with mitochondrio.

* Organelie: mitochondrial pathway

* Al enzymes in mitochondrial matrix except succinate
dehydrogenase
. 1t is part of €ETC —> complex I\ (inner mitochondrial

membrane)

TCA cycle: Overview 00:07:09

a™ Half: 1* hol?:
Regenerate Oxidation of Aeety
oxaloacetate CoA
(Catalytic role) :
Oxaloacetate + Acetyl Con
(40) ! (@

Citrate (be)

- o o s s o am

Succiny] CoA a
(40
]

Biochemistry = v2.0 = Marrow 4.0 = 2020

!
£
b



82 Bioenergetics 22

Steps of TCA cycle 00:10:49
Owa'vacetate + feetyl
Malate Coh
dehudrogenase Citrate synthase
“‘h" * irreversible ttep
%, * Requlaory step
malate
Citrate  peonitase
* Contan Fe'*
Fumarase MO » moonlghtting enzyme
® Iron Homeostasic
Furmarate Isocitrate
;90‘\ ‘ lsocitrate De*gdrw
e wo s I * I* oxdative decarboxyjation
e Q\.‘& e}(? * Requiatory step
Suctinate & d:;\ s neh:qhhr ate
mr\nte’\& r‘-eiosmnm"e Dehydrogenase
P ® 3™ pdative decnrbowtﬂhfm
irosghoryjation ® irreversivle
Oxidative decarboxylation 00:22:09
* PDH

PBTLLVO& m nce’cﬂl Cof

NAD' Co, MHDH
* O KEDH

a ﬁe&og\uiam&e Succh\tjl Cof

(50 RO Co, NADH (4o

pranched chain Ketoacid
dehgjdrogemse

eranched chain ketoacid m nctjl CoR

-1
NAD' Co_ NADH

Coh (pantothenic acid)

* NAD (Niacir)

FAD (RiboSavin) Coenzyjmes
Lipomide

soreds sy
[ ]

Thiamine

Biochemistry = v2.0 = Marrow 4.0 = 2020
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Inhibitors of TCA cycle 00:33:18

Mon—conpe’c'rt‘ve
* Flurcocetote : s Aconitase

* Arsenite y Ol KEDH

e

Non-competitive
©

C,orrpe‘tiﬁve
* moalonote y SDH

Cd

Energetics of TCA cycle 00:35:35

* 3 NADH =3 X ASATP 1S

u

* 1FADHA = 1X 15 ATP
* 1ATP

15
1

u

Total 10 ATP

u

* . No of ATP liberated b5 1TCA C‘.Bde —> 10 ATPs

Significance of TCA cycle 00:39:08

* Acetyl CoA is completely oxidised
* Truly Amphibolic pathay
* Catabolic role —> Acetyl CoR oxidized
* Anabolic role — OA —> * Glucose
* Citrate — FA
* A KGg — glutamate —> GRAGA
* succinyl CoA —> Heme synthesis
* Anaplerotic reactions
* Filling up reactions
* Replenishment of depleted intermediates of TCA cycle

uvate carboxulase
o Bx: ¢ Pw:jru\.fa.’ce Py’ e > Oxoloocetote
* Valine
» Isoleucine
. - Succin]jl CoA
* Methionine
e Threonine

Biochemistry » v2.0 » Marrow 4.0 » 2020
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eoeds anjoy
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Carboxylation reaction 00:46:08

* Pyrwvate > OA
€' 4c)

. ﬂcetg’l Con — ma!on‘LjI CoR
@o (30

. Propiongi CoR — me’chaI rm!onai CoRf
€'V (ac)

All these reaction require — * ATP
* Addition of 1 carbon
* Biotin

. L.isases

Regulation of TCA cycle 00:48:30

* High ATP/ADP ratio — © TCA

. H'gh NADH/NAD ratio —> © TcA

* NADH, ATP — © IcoH

* In brain regulation at the level of POH

e 1o’ inmuscles = @ @ Al dehydrogenases
* No normal regulation of TCA eycle

Biochemistry » v2.0 « Marrow 4.0 » 2020



ELECTRON TRANSPORT CHAIN

ETC: Basics 00:00:20

* Oxidotion: Loss of electrons
* Reductions Gain of electrons

* Redox couple: [:ornpm.md thot can exist in oxidised as well as
reduced Stote
£9¢ NAD* / NADH, FAD / FADH,

* Redox potential : Ability to transter electron / gain electron

* more Redox potential —> more Gbi.l'l’fa to gain electrons

* In ETC, series of redox couples arranged in ascending order of
redox po&en’dal

* e jump from low redox potential = High redox potential
|—> Exergonic reaction — Libergte free

energy
Concept of ETC 00:07:20
* It is oxidative phosphorylation Oxidised
* Coupling of oxidation NAD® FAD'
* Carbohudrote 7
chydrate —_ s
* Protein — fcety CoA—> TCA ETC
T FADH —
. L.LPIdS /’2 ch:le a
/\
ADP ATP
Phosphorylation
ETC: Complex I & Q 00:10:36

* Location: Inner mitochondrial membrane
* Complex I
* NADH-Q oxidoreductase (NADH dehydrogenase)
* Components: * FMN
* Iron sulphur complex
oy Cx}en?.gm Q-
* mobile el carrier
* Also called ubiquinone or QIO
* 10 Isoprene units

Biochemistry = v2.0 = Marrow 4.0 » 2020
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86 Bioenergetics 23

ETC: Complex II, III, IV 00:16:48

* Complex I
* Succinate Q oxidoreductase (succCinate Q reductase)
* Components: * FAD
* Iron sulphur complex
* Complex W
* Q-cyt ¢ oxidoreductase / eyt b-CI complex
* Components: *Cytb
* cytce,
* Reiske Fe- sulphur complex
* Complex v
* CytCoxidase
* Final e” acceptor is O,
* Irreversible
* Components * Heme a.a,/ eyt aa,
* Cuf-Cu®

ETC: Complex V 00:24:39

e ATP an{hase
. COmplex Vi F subcomplex

* F, subcomplex
* FO s'.at,u.bc:ornplex=
* made of 10 C disc proteins
. Hgdrophobic
* Spans inner mitochondrial membrane
* Proton channel

* F,sub unit
* made of 9 subunits > *3
§ * 3 § — ATP synthesising
E subunit
*y,0 €

|
Roka&org subunit

Biochemistry « v2.0 * Marrow 4.0 = 2020
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Oxidative phosphorylation 00:29:57

Oxidation phase + Fﬂwos;:horglaﬁorx phase

Outer mitachondrial membrane

inner mitochondrial space
LI 4u° =

* Oxidation phase=
o e'junxpir\a
* pelease of free energqy
* Pump H* to intermembrane space
* Pi'\osphor_ljla&ion:
* Create potential difference (due %o pumping ot pro’conS)
¥
* H" moves to mitochondrial matrix {’nrouah F. subunit
( F, subunit- proton channel )
¥
* Rototion of ¥ subunit
1)
* Confirmational change in B subunit : ADP —> ATP
* This theory is called —> Chemiosmotic theory

8y Peter mitchell
Inhibitors of ETC 00:41:43
inhibitors of e transfer
[ |
Amobarbital €O, Cypnide
Piericidin A HIS, Sodum azde _
X X X X o
1 " [ W v
(= X - Inbibitors of oxicdative
=Carboxin = Rntmucn A ' Afurover phosghoryjation
.w“ - Bﬁ:\:'..h?: Bnh A
4ri Sluore leuisite
P trl “’W“um Ier /xctrn.dglo&de _
(TTFER
roP  ATP
~Mmalonate

Biochemistry « v2.0 « Marrow 4.0 « 2020
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Uncouplers

Leave Feedback

00:50:53

Chemical uncouplers:
* 3, 4 dinitrophenol
* Dinitrocresol

Aspirin h15h dose

P'nl.jsioiosica! uncouplers:
* Thermogenin (UCP - 1)
b Tht_.jroxine
* Long chain Falty acid
o uncoqjuﬂa&ed. bilirubin

Feee (Suoro carbonyl cyanide pheny hﬁdmzine)

Ionophores 00:54:05
* channel formers
. Disspo&es prokon smdienk = inhibit e~ {'ransPor’c
. Va.l‘-mmijcin
o Misercin
* gramicidin
NADH & FADH2 atElu 00:56:06
* NADH:
an* 4n* ant
T 1 1
1 m \% = loH*
NADH | | [
* FADH:
No protons aut aH*
T T 1
I m v = H*
FRADH, [ | ]
* . NADH > FI’-!*D*l-ia
o @

‘. NADH — IoH* — a5 ATP
FADH, = GH* —> IS ATP

Biochemistry » v2.0 » Marrow 4.0 » 2020



* In brown adipose tissue 1 NADH —> O ATP
* ¥ Thermogenin inhibits phosphorylation
* Functions:
* Generate heat in hibernating animals § neonates
* Prevent hypothermia
* Non shivering thermogenesis

High energy compounds 01:01:40

* Produce free enerqy > 7 Keal

* &g; * Phosphoenol pyruvate (highest energy)
. C.a.rba.n'\oa'i PO,
* 1,3 6Pq
* Creatine PO,

Biochemistry = v2.0 = Marrow 4.0 = 2020
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CHEMISTRY OF LIPIDS

. Lipid‘:‘. : HekeroSenOus group of cornpomds soluble in nonpoiar
solvents ( ether, chloroform ) and insoluble in water

* Related more ph5si.cal\5 than chemicnnﬂ

Classification of lipids 00:04:58

* gloor’s Classification

I Simp'ie \ipids

a. complex / Compound lipids
3. Derived lipids

4. miscellaneous Iipids

I Simple lipids:
« esters of fatty acid and aleohol (m/c : &lyceroD
] ES}
DFats = * Triacyl glycerol
* Solids at room temp
D Olls = * Liquid ot room temp
i) Waxes —> * fatty acid + High Molecular weight aleohol

Triacy| &lycerol (Neutral So)
ester bond — Covalent bond

T
i
H.C — OH R,- COOH ne—lo—cl—®,
[ I 2
HC—OH + R~ COOH 1 w—o—c—*&
| Mo | e
H,C — OH 2, - CooH HC—0—C— &,
ijjeerot + 3Foi{5a£id f\_(/
Lipases HO

a. Compound lipid / complex lipid
Fatty acid + Alcohol (SlaceroD + other group

Biochemistry = v2.0 « Marrow 4.0 = 2020
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* It the other group is  * PO, —> Phospholipid
. chrbohgjdra’:e - &15c.ollpid.
* 50, = Sulfolipid
* Protein —> Lipoprotein

3, Derived |ipids=
* Derived from simple or complex lipid
* Precursors oY other group

Lipose
* Egi * TRG i > 3 F&HH ocid +e\15cero'|

| |
Derived lipid.s

* Fat soluble vitamins
* Hormones

* Steroids

* etone bodies

Fatty acid 00:19:08

s general formula: R-COCH

|

nuphatic h‘ajdrocarbon chain

Classification of ?a.HB acid
* Based on number of carbons on ‘R7
\. Short chain fatty acids (scFR):c -C,
. medium chain fatty acids (MCFA) : C-C,
Il Long chain fatty acids : > C,
Very long chain FA (MLCFR) —> > C_, .

* Based on presence of double bond
I. Soturated ?aﬁs acids — No double bond

I\, unsaturated #o..’d\lj ocids = o) MUFR: 1 double bond
b) PUFA: > 1 double bond

Biochemistry = v2.0 = Marrow 4.0 = 2020



Saturoted ?a&ig acids:

D SCFA - liguids in room temperature

D Acetic acid  CH,COOH
) Propionic acid CH -CH COOH

2) Butyric acid C.H!(C.Hj)aC.C}DH
4) Valeric acid  CH (CH) COOH
4) Capric acid  CH,(CH) COOH

i) MCFA - liguids in room temperature
) Lauric acid

a m}jristic acid

@iid LCFA - solids in room temperature
D Palmitic acid (most abundant)
a) Stearic acid

unsaturated ?o.ﬂg acids

D muFa
1) Palmitoleic acid
a) elaidic acid
3) Oleic acid

iD PUFA

No. of
c

1) Linoleic acid I8
&) Alpha Linolenic acid I8
2) gamma. linolenic acid I8
4) Arachidonic acid ao
S) Timnodonice acid ao
b) Cervonic acid aa

No. of C source
a —> vinegar
3
4
Putter
S
b

1a
14

b
I8

No. of
double
bond

a
3
3

K

&

Coconut oil/
milk (richest)
Butter

} Animal fat

mustard oil/
Eapeseed 0il
(richest)

source

SafSlower Oil
Flax Seed 0il

Oil of evening
primrose

Bomse oil
Animal Tat

Fish Oil
}erens’c milk
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e Richest source of PUFA: Safslower oil
am : sunflower oil
Least : Coconut oil

gssential hﬁ‘uj acids
* Linoleic acid —> most essential Faﬂg ocid
* Q- Linolenic acid

Semiessential ?aﬂa agcids
* Arachidonic acid } Derived $rom Linolenic acid
* gamma. linolenic acid (6LA)
Naming of double bond 00:45:10
A Numbering- PANES

8 1 6 S 4 3 a 1
CH-CH ~CH_-CH -CH = CH-CH_-COOH

13?,4sh18=-w5m

¢ Bosed on @ classification there are three main group

w, FA w, FA w,_ FA
Alpha. linolenic acid &LA
Timnodonic acid 1)
Cervonic acid Linoleic acid
L o J l
* | nSammation Arachidonic acid
* | cardiovascular risk I}
qives rise to prostaglandins and
leukotrienes
!

* mediators of inflammation
* 1 cardiovascular risk

eseds oAy
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Significance of omega 3 fatty acid 00:51:48

D | inSlammation

) | cardiovascular risk

3) | risk of ADHD

4) | risk of Rheumatoid Arthritis

9 | risk of Alzheimer’s disease and cancer

Cervonic acid / Docosahexaenoic acid 00:53:18

« ® FA
e Fish oil / breast milk

* Needed for infant/ foetal brain development and retina.
« | OHA antenatal — risk of Retinitis pigmentosa.

* Can pass {rm'\splacenkalll.j

Cis & Trans fatty acids 00:55:58

® Cis %HB ocids — most no&umnﬂ occurring $aﬂ5 acids in bod5
* WKinking / bending seen in cis form at double bonds
e Cis form 1 fQuidity of the membrane

e Trans form is linear

Trans I}o:k’t}j acid

*Sourcess  * Partial hydrogenation: vanaspati / dalda. /
* Bakery food Cake Butter / margarine
* Fried rice

* more unsaturation - Liquid at room temperature
* Oxidative cleavage or hydrolytic cleavage

!

Short ?a’d;lj ocids which are volatile

!
Roncidity

Biochemistry » v2.0 » Marrow 4.0 » 2020
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Liquid €— CH=CH
demn “Partial Hudroaenation”
2 o iia
Solid ¢ CH_~CH,_ l Hardenins of fat
Jr Q.cmciditﬂ
T shelf Lise
@ Eehea’cin?-l@ oil (deep fried items)
(3 High eritish thermal units - 1 trans fatty acid
fast food
111 effects of fatty acids 01:09:50
* 1 Lo
* 1 T1q 1 om § metabolic syndrome
* 1 atherosclerosis 1
* | Suidity 1 insulin resistance
t
l insulin receptor
t
1 Rigidity — | sensitivity of receptor
|
Insensitive to Iisands
Polarity of different lipids 01:12:41

l l

Non polar Amphipoathic
@ Triacy| glycerol (heutral o) @ Fotty acids
@ Cholesterol ester @ Phospholipid
(® cholesterol
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PHOSPHOLIPIDS

# F’nosPi'whp'-.ds are cornpound lipids with phothoric. acid
* Parts: ) Aleohol
E)) Fatty acid
3) PO,
4) pose - Nitrogen containing or non nitrogen containing

Classification of phospholipids 00:02:54
!
d !
Gicerophaspholipid, Sphingapnasphoipid
&lyceral is the backbone Sphingosine is the backbone
! | ! 1
Nitrogen containing Non Nitrogen containing unclassified
Lecithin Phosphatidyl Glycerol Phosphatidic acid
Cephalin cardiolipin Ether lipids
Prosphotidy serine Phosphatidy Inositol
&lycerophospholipid
&lacerol edter linkage
—

CHa -D-CD-E.I
Hﬂdmpi'\obic. 4ail conqubso#Faﬂg acid
CH -O-CO-E’.;‘

C.Ha-*D—PO.—Mi{rosems/mnnﬂfoBembase

Phosphatidic acid 00:08:57

* Simplest 3&5cemphospm!ipid
* Al Slgcerophmpholipids are derived from phosphatidic acid

Active space

* &Iﬂcerol +a P-c51 group + PO,
L J

i

Dhcgl Slgcerol
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* No n‘r&rosemus base

Lecithin 00:12:27

ﬁ:o:
]
P -

eH -
I
CH -0-
|
CH, — 0 — PO, - Nitrogenous base (choline)

Dnacal Slﬂcerol + PO, + rdﬂroaenous base => Lecithin
~ ¥ (choline) (Phosphahdﬁl choline)
P‘r:-os-pha.{idic acid

Sisni%cmwce
D most abundant phospholipid in cell membrane
iV most abundant phospholipid in Lung surfactant
i) Store house of Choline

Cephalin , Phosphatidyl serine, Phosphatidyl glycerol o00:18:23

Cephalin
* Phosphatidic acid + Nitrogenous base = Cephalin
(ethanolamine) (Prosphatidy|
ethanclamine)

Pi'\osphatidﬂi serine
* Phosphatidic acid + Nitrogenous base
(serine)
* mediator of apoptosis / Programmed cell death

Phospha.hd:j! Slgcerd
%* mosphaﬁdic acid + &\Hcero'i

Phosphatidyl inositol 00:23:00

* Present in cell membrane
* mediator / source ot second messengers in hormonal

Biochemistry ® v2.0 « Marrow 4.0 = 2020



* edgceroi +a nc5'| group + PO, + Inositol
L J

hd

Dianai slacerol

* PIP_ (Phosphatidy| Inositol 4,5 bisphosphate)

* 5

Dncujl 515c2m1

cH
|
CH -0-
|

cH -of- [po‘ - Inositol 4,5 bisphosphate }_, Inositol trisphosphate (1P )

Cardiolipin 00:27:27

%* D’mespho.ﬁdﬂl Qlﬂcerol
* No ni{rosemw base

Significance

* |solated first $rom cardiae muscle, hence the name

* Only antigenic phospholipid
Cross react with antibodies raised against Treponema. pallidum
. Folse +ve results in test for syphilis

* Present in inner mitochondrial membrane
Disorders associated with defect in cardiolipin are:

D cardioskeletal myopathy Barth syndrome)
a nsins
3) Heart failure

4) Hypothyroidism

Ether lipids 00:34:04

D Plasmalogen
i Platelet Activating Factor

Biochemistry = v2.0 * Marrow 4.0 = 2020

:
g



100 Lipids 25 Leave Feedbac
Plo.s-mlosen
ether Iimaﬁe
l
'CH. — O — Unsaturated alkul
| : oy group “ Nitrogen containing
Aoyl grp = CH =0 < i
I
"CH, — 0 — PO, - Ethanolamine
&Igcerol
Platelet activating factor
Ether Iimaﬁe
'CH =0 - Saturaded |
0 : oy g “ Nitrogen containing
reetyl group | | -
CH ~C— *CH -0 gypercpioephoipel
[
ester Iwmg ‘CH_ =0 = PO, - Etharvlamine
Sphingophospholipid 00:39:52
SPhingosine
'c —OH * Amino aleohol
| » Derived from serine + palmitic acid
e - C
|
Fatty acid — ‘e
Sphingomyelin 00:42:35
* 0n15 one sphir\gophospholipid
=1 Sphingomyelin
d

C = 04— PO~ Nitrogenous base (choline)
I

Faﬁﬂ acid =nH - C

I
Fa{-\-ﬂacid-c.

eseds aAnoy

* fphirﬂosine + Fa&-t5 acidJ+ Poq + choline

Ceramide
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Significance

D Cell membrane

) Specialised structures in cell membrane - lipid rafts
3) myelin sheath of Nervous tissue

4) white matter of brain

Active space
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GLYCOLIPIDS

*A/r/R elycosphingolipids.
* Non phosphorylated sphingophospholipid
* Compound lipids with carbohydrate

PhosPholip‘td e‘lﬂcosphinaolipid
* alacerol or * SPhinsosine
Sphinaosine
* PO, presen’c * No phospha&e group
Cerebroside 00:04:33

C - 0 - monosactharide
|
Faﬂgﬂcki—m—c
|
_FR-cC.

* \T the monosaccharide is — Glucose  : Glucocerebroside
Galactose : galactocerebroside

Glucocerebroside

* Present in non—-neural tissues

Golactocerebroside
* Present in neural tissue
* Fatty acid attached to Sphingosine : Cerebronic acid (a4 ©

Globoside 00:07:30

ceramide + disaccharide / oligosaccharide
C - 0 - glucose - Golactose * Lactosy| ceramide
Fotty m:id.-alm -c * Globotriaosyl ceramide
|
FQHB feid - C

Biochemistry * v2.0 = Marrow 4.0 = 2020
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104 Lipids 26
Ganglioside 00:08:53
* C -0 - glu - Gal - NANA - ol
! l
FA-NH-C N - Aeety] Neuraminic Acid
|
FA-C 1
Sialic acid residue
l
with 9 carbon atom

Ceramide + oligosaccharide ( NANA

*Ma.medas&mn

L

&anslioside No: nss‘v.sned. based on chromo&osro.phg

monosialo con’min'ns

am,

* &ansliosid.e that act as receptor for cholera toxin in human

intestine

am

* Simplest Smaﬁos'de

* 5phingosine + FaHB acid + Galactose — glucose — NANA
L J

»
Ceramide

eoeds anoy
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SPHINGOLIPIDOSES

* metakolic disorder associoted with defect in degmdaﬁon of
sphinsosine con’mjnhs compounds: SPhinaop‘nosp'nolipids
&lﬂc.os.phinsoﬁpids

Basic biochemical defect 00:03:09

* LHSOSOmal s’comse disorder

* pefect in l}jsosorml hvjdrolase

}
Defect in d.egmdaiion of sphingosine containing compounds
}
Aecumulation of lipid substrate in lysosomes (in&mil.jsosome)
¥
Theg all have N-P-c_tjl 5phingosine => Ceramide
GM, gangliosidoses 00:08:13
B - @alactosidase
* &M, ganglioside v A > @m_ ganglicside
* em, 1
Clinical features

D Focies : * Low set ears

- L,ong phiﬂfum
* Depressed nasal bridge
* Frontal bossing
a) Hepatosplenomegaly
3) Angiokeratoma
4) Developmental deloy
S Blindness L’TA"‘.JZ;TEH d-e;;ss:: Cherryredmacuir 0t |
) Deafness low set ears

D Cherry red spot in macula.

Biochemistry = v2.0 =« Marrow 4.0 = 2020
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GM, Gangliosidoses 00:12:01

B - Hexosaminidase
N

*am, vasy > am,
* 17 em,
D Tay sach’s disease

* pefect in: f§ — Hexosaminidase A
* a subunit is defective

&) sandhot¥’s disease
* Defectin: 3 — Hexosaminidase A § B
* [ submit is defective

Clinical features

* Tay sach's disease: ) Developmental delay
& Neurologjcal deficits
3) | startle reflex (hyperacusis)
4) Cherry red, spot in macula.

* Sandnot¥’s disease: * All above features
@
Hepa’cosP1enome5ni5
Cardiac abnormalities

Krabbe’s disease 00:19:58

P - ealactocerebroside [ - Galactosidase
¥ golactocerebroside A ?» Ceramide

* 1T @aloctocerebroside

* Severe Meurologicnl
deficits

* No Hepa’cosgenomegala
® cherrﬂ red spo-\'s +/-

Biochemistry » v2.0 » Marrow 4.0 » 2020



Gaucher’s disease 00:24:27
* m/c lysosomal storage disorder
* giochemical defect :
B - &lucosidase/&lucocerebrosidase
alucocerebroside > > Ceramide

* 1T glucocerebroside

!

Present in Non neural tissue (Reticulo endothelial 55sken0
.". No mental retardation (Inteliectual disabili‘tg)

* Orsanomega.l}j

Krabbe's disease

* 1 golactocerebroside
y
* Neural tissue
* Severe neurological deficit
* No vhsceromesajg

Clinical features
* 1 glucocerebroside in RES

¥
Hepn’cosplemmega.]g

* No mental retardation
* No c.herr5 red spo’t

Gaucher’s disease

* | glucocerebroside
|

* Non Neural tissue
* No neurological deficit

U \ﬁsceromegaJ5 +

exception : Type I Gauchers (Pseudo cherrjj red S-pot)

* Accumulation of Gucocerebroside in Bone marrow:

. PamrjtoPenia

* | Thromboeytes — eleeding manifestation
* Pain and pa’choloaica.] # IonS bones

Biochemistry = v2.0 *« Marrow 4.0 = 2020
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Treatment

* enzyme replacement therapy (ERT)
* Acid P glucosidase (Imigucerase)
* (Other €RT): D velaglucerase .

iv) Taliglucerase

* Substrate Reduction Therap}j
* miglustat —> ] &lucosyl ceramide synthase

¥ pone marrow %ro.nsp'.nn'mtion

Diaamsis
* X-ray Femur: grlenmeyer Qosk d.e?orm‘r’c}j
¥ BoNe Marrow biop55= Goucher cell

l
Crumpled tissue paper or wrinkled paper appearance

Niemann - Pick disease 00:36:01
* SRy deotect
5ph‘m50rn5elhase -

x 17 Sphingomyelin
* Cherry red spot @
¥ 2ebra bodﬂ inclusions

Farber’s disease 00:38:22

Ceramidase
Ceromide = 5 sphinsosine + 5?0.&3 acid

* Resemble Rheumatoid arthritis :
Pain, Swellings, nodules @ in joints

Biochemistry » v2.0 » Marrow 4.0 » 2020



Fabry’s disease 00:40:42

[=-5

* X-linked recessive disorder
* giochemical defect: O Salactosidnse
* 11 &lobotricasy| ceramide

Clinical features

* Angiokeratoma. in bathing trunk areas

* Hﬂpohadrosis

* Fabry's erisis: Agonising pain and inflammadion of proximal joints
* Urinary sediments : Lipid inclusions excreted in urine

|

maltese cross appearance
* Corneal and lenticular opaci&ies — whorled appearance in lens

Treatment
* En25m replacement +:'nempﬂ :
D Recombinant 0. — Galactosidase

Agalsidase 3 ) or Fabrazyme

a Agalsidase O

g
a
:
1]
<
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Wolman’s disease 00:45:59

* Defective enzyme: Acid lipase
* 1 Tag, cholesterol esters in histioeytic foam cell
* LSSOSOmOJ. stomse disorder

* Nota sphingo'.ipidos‘.s

-u.b.ien_.jsreenoim‘rm
« Failure to thrive
-E.e!em{essmﬂinﬂ

* Hepatosplenomegply
« Calcification of Abrenals

metochromadic IeuHod.Ss{rophtj

* enzyme defect: Art adrenanstase A
Pathognomic feature

General characteristics of sphingolipidoses 00:48:35

* Al are Autosomal recessive except Fabra’s disease
(X linked Recessive)

* SPhinsolipidoses with no chefrﬂ red spo’c on the macula.
. Fabr-j‘s disease
* gouchers disease
* Sphingolipidoses with no mental retardation : * Fabru's disease
* Gauchers type |

* With no hepatosplenomegaly; * Fa.brl.j’s disease
* metochromatic Leuhod}jstrophg
* krabbe's disease

* with corneal clouding:* Faer’s disease
* gm| Sangliosidoses

Biochemistry = v2.0 » Marrow 4.0 » 2020



* 2ebra. body inclusions: Niemann Pick's disease

aloboid cell inclusion: Krabbe’s disease

® Zebro. bod::j inclusion
Niemann PicK's disease

&loboid cell inclusion | ’ J

¥ ‘y\‘gz
Hrabbe’sdusease[ u.__ ﬂ,'** r
1 ‘e ‘-' &; .

:
H
3
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FATTY ACID OXIDATION: BETA OXIDATION

Stoges of ?asﬂng
D I-4 hrs after food  : well fed state
a) 4-1b hrs ofter food : Ea.r'u5 %s-tinﬂ
—* Liver slfjcogenolﬂsis
3) 1b-48 hrs after food : Fasting state
— Gluconeogenesis
— [ Oxidation of fatty acid (FA)
I—) U Provide ATP
iV Acety| CoR activates pyruvate
mrboxalase
4 a days — S days without $ood: Prolonged fasting /
Starvation
- Fa’cilj acid oxidation
—> Ketone bod.a %rﬁhesis
D>S days: Prolonged starvation

Different types of fatty acid oxidation 00:10:36

D B oxidation — Saturated fatty acid (Palmitic Acid)

a) Oxidation of Very long chain fatty acid

3) Oxidation of Unsaturated fatty ocid

4) Oxidation of odd. chain fatty acid

$) minor pathways of oxidation —> o) @ —oxidation
b) W -oxidotion

p — oxidation of fatty acid 00:13:36

* Successive clewo.ge and release of o two carbon unit
— ncekg'. CoR

g
4 oa H
/\/\/\/\/\ 1 — Reety Con 3
CHa 3 q COOH
(@ B siteot cleavage

Biochemistry « v2.0 « Marrow 4.0 = 2020



114 Lipids

28

eoeds eAdy

* m/c fotty acid that undergo P oxidation: Palmitic acid ()
* m/c fatty acid oxidation = P - oxidation
* Sites of -oxidation : 1) Liver

&) Adipose tissue

3) muscle

Orgunelle= mitochondria.

Steps of B-oxidation 00:23:42

1) Retivation of fatty acids
) Transport ot activated %‘HH acid to mitochondria
2) P - oxidation

1 Activation of FA

Fatty Acid Acyl Con Synthetase (Thiokinase) Ayl CoR
0

(R-COOH) T
1 nmmp R - C~S Cof

* Requires a high energy PO,

* Belongs to Ligase

* Only energy requiring step

* Tokes place in ca’cop\asm

* Enzyme located in outer mitochondrial membrane

& Transport of activated FA to mitochondria.

* Transporter is Carnitine(B OH Gamma. trimethyl ammonium

| , B bu{Bra{'e)

synthesized in musclel Requires lysine + methionine(SAm ]
* Fatty acids with carbon atom < 14 does not require carnitine
* ‘E:nz‘kjmes :

D carnitine Acyl TransPerase | (CAT - D / Carnitine palmitoy|
transferase | (CPT - D in outer mitochondrial membrane

i CAT-N / CPT In inner mitochondriol
iiY Carnitine Aeylearnitine Translocase membrane

Biochemistry » v2.0 = Marrow 4.0 » 2020



* Gateway of B oxidation — CAT-1 / CPT-I
nealun

[cAT-1 |
[ 7N
Ry CoR + Carnitine  pey carnitine + CoR

28 FattyAcid\l Geic:
Oxidation:
Beta
Oxidation

Outer mitochondrial membrane

__|cAT-n | / |TRANSLOCRSE |/ Inner mitochondrial membrane
P ~ 7
Aoyl Carnitine Carnitine + fey| CoR !
+ B Pcal Carnitine
con
2) B-OXIDATION
* Happens inside Mitochondria
0
I pa

- ey Py Co R-C ~SCoA c-C
o Dpimigee
! enoyl CoR c=C
E +HO0 l Hydratase on
: Hydroxy Aeyl CoR c=C
: NACH }/ e Q('J:’I e dehgdr ﬁ a
I 0
o A i
: Keto Acyl Con c=C (pond between a 5
' a
I l Thiclase P et EncD
S Acyl Co (-3 + Aeety) Con

Energetics of - oxidation 00:56:31

* Palmitic Acid (C,)

D No. of B Oxidation = m"*"“"‘?"“mmﬂ)
= %—1 =T

No. of carbon atoms
a

) No: of Acety| Con=

2o
__a._e

Active space
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* 1 — oxidation = 1 NADH + 1 FADH,
=aS+15=4ATPs

*1P.ce{3|(.‘,oﬂ—"—"loﬂTPS

* Palmitic Acid: 7 3 oxidation + 8 Acetyl Con
=1x4 4+ BxI0
= |08 ATPs
* NetATP =108 — & = 106 ATP

|

Aeyl Coh synthetase requires a high energy PO,

|

a ATP equivalence

Regulation of (3-oxidation 01:07:11

* Well fed stote
* Hormone: — insulin
* High insulin / glucagon ratio
. T#o:l:{g acid synthesis
* Intermediate — malony| CoA

!

Allosteric inhibitor of CPT-1

* Fasting state
* Hormone : - glucagon
* Low insulin / Slucason ratio
* | malonyl CoR —> CPT | is open/active

02eds aANIDY
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FATTY ACID OXIDATION: DISORDERS

Jamaican vomiting sickness 00:01:15

* fAckee Pruit contains toxin: Hypoglycin

* Inhibits ncal CofA
dethrogemse

. Inhibits f} —oxidation ;
Lsd 44 are |
D | reety c,on} | @luconeogenesis
* Fasting hljpoai!jcemin.
* | fAcetyl Con —> | Ketone body synthesis
<+ Non Ketotic ?asfha hypoglycemio.

Clinical feotures
* Sudden onset ot Vomi{ins

* Fasting hypoglycemia. } - Como. convulsion deoth
* no ketone bodies

Medium chain Acyl CoA dehydrogenase deficiency 00:09:56

* m/C metabolic disorder associated with fatty acid
* piochemical defect :
}mead — | B -oxidation — | ATP

} Acetul con
&_}

! Enmcmeogenesis
* Fasting hapoa'.acemia
* No ketone bodies
* | woxidation — | dicachaxulic acid

CH, 1 Double headed fatty acid
VA VANVAVEAN or Dicarboxujic acid
m m
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Clinical features
* Seizure
* Coma.
* Death
* Causes SIDS

Treaiment
* Frequent meals — High carbohydrate
Low fat

aovds anjoy
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MINOR FATTY ACID OXIDATION

Very long chain fatty acid oxidation 00:01:30

* Occur in Peroxisome/ alaox}jsme
* modified B — oxidation
* Releases ncetal CoA + HO,

1)
detoxified bjj Cotalose

* Only upto Octanoyl Cof (8C)
y

To mitochondria. where further | . oxidation happens

* Associated disorder : ?_ellweaer sl,jndmme
Biochemical defect: - Peroxisomal protein +a.rsetin3 disorder

Clinical features
D mongoloid facies
&) Hypertelorism
3) High forehead
4) upslanting palpebral fissure
s) gpicanthal folds
&) erushfield spots in the iris

* Resembles Down's Syndrome

Diagnosis
D | No: of peroxisomes
a) Peroxisomal ghosts
3) 1 WLCFA in plasma.
4) 1 pPipecolic acid in plasma.

Active space

9 1 phytanic acid in plasma.
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Unsaturated fatty acid oxidation 00:13:50

* Site: mitochondrio
* modified B Oxidation
* Normal B Oxidation until double bond comes between a §
* P«cﬂl CoA dehﬂdrosemse Aeyl CoA

bypassed for every double

FA Acyl CoA deh enase
bond in even position > Vi y Cantenyteg

Enoa'l Cof
.z 1.5 ATP less for every double bond in even position

»

0dd chain fatty acid oxidation 00:18:13

* Site: - mitochondria

* [} - Oxidation
* Products: Acetyl CoA + Propionyl CoA
-
&lycogenic part of fat

* Propiony| CoA (30)
l Propionyl Cof Carboxylase: * Ligase
© methyl malonyl CoA (4C) * Require Biotin § ATP
l Racemase
L methyl malonyl Cof (4
l mutose

Succinyl CoA @) - - glucose

a Oxidation 00:24:48

* Site: - Peroxisome § endoplasmic reticulum
* No ATP is produced.
* | B oxidation
* Occur to those Satty acid with a branch in B — carbon
* Phytanic acid: - Source = ) Dairy product

aareen leafy vegetables
* 1 carbon group is released

* Defect in O oxidation: - Classic Refsums disease

Biochemistry « v2.0 » Marrow 4.0 = 2020



Classic Refsums disease

* Defective enzyme: Pna'cnmgil Cof h5drox51ase
or
P’ntjmnog'u Cof oxidase

* Peroxisomal targeting disorder
* Clinical Features: -

o lc{'hl.josis

* Retinitis pigmentosa.

e | vision

. Periphero.l neumpa’chg lethyosis

* Atoxio

w Oxidation 00:31:04

* | P oxidation

* No ATP is generated

* Site: Microsomes (smooth endoplasmic reticulum
* enzyme: mixed function oxidase

c”s/\/\l/\/\coou
Double headed Fatty acid /

VAV NVA VAN Dicarboxyic acid

COOH COOH

Biochemistry » v2.0 « Marrow 4.0 = 2020
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KETONE BODIES

* Without food —
D 416 hrs (early Fasting)—> &lycogenclysis
iV 1b-48 hrs (Fasting) ~ —> &luconeogenesis
i) a-5 day (Starvation) —> f§ oxidation — Acety| Con
- (ketone body s5n’chesisD

metabolic fuel for extra hepatic tissues
- Brain generate 30 % of energy from Ketone bodies.

Starvation ketosis 00:04:10

D Glycogen depleted
1)) &luconeogenic substrates depleted
WD B oxidation —> ketone bodies

* Depletion of oxaloacetate (due to 11 &luconeogenesis )
Triacﬂlah_.}cerui
Fatty acid
| Fotty acid oxidation
Flce{B'l CoR
llom— X
Ketone body synthesis

TCA cycle

Diabetic ketoacidosis 00:07:42

| nsulin = 11 glucose in blood vessels
aut cell lacks glunose —>pecause GLUT 4 is not acﬁna

11 eluconeogenesis
" Depletion of oxaloacetate

Insulin inhibits hormone sensitive lipase (HSL)

Acliva space

gut | | Insulin —>Activation of HeL

Biochemistry = v2.0 = Marrow 4.0 = 2020
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t Fatty Acid + elycerol
——

Ml. p Faty nfd. Oxidation
1 Aeetyl CoR
o X Moione Body Synthesis
TCA eycle
Pathway of ketone body synthesis 00:14:27

* Occurrina on!H in the liver inside mitochondria

ey CoR

s
i\)@ce’c}jlcoﬂ)n

ﬂce’toacetl.ji
CoA (ac)

Acetyl CoR —> Juma CoR Synthase
HM& CoR (3-Hydroxy 3-Mmethulglutaryl Cod)

Aeetyl Con (/J’ HM& CoA lyase
Acetoacetate NAD+
Spontaneously . B — OH butyrate dehydrogenase
: NADH
feetone B - oM - butyrate

- Sfar’cing substrate — ﬂce’coace*gi CoRA
- Rate lim':’cins enzyme — HM& CoRA 55rdhase
- Ketone bodies:) Acetoacetate : - I° ketone body

i Acetone

} a° ketone bodies
i p — OH butyrote

eouds aanoy
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31 Ketone 4z
Bodies

Pathway of ketone body utilization 00:23:32

* Oecurs in ex’rm!-re,pa’cic tissues

* g organs that cannot utilize ketone bodies are
D Liver
a) R&C

B — OH butyrate
NAD+

NADH
Rcetoocetate
Succin51
Cof Thiophorase (Succinv:jl Cof acetoacetote

— CoR transterase)
no,e’cocme’cal CoRA

!

a Rce’ral CoRf

* Acetone is volatile — exereted &xrouﬂh Iungs

(Fmi‘ca smel)
* E:nerge’dcs:
* From acetocetote — a Hce’xy’l CoA — TCA c.ljcle
{
ax10 =30 ATP

Net ATP = 40~ = 19.84TP

* From B — OH butyrate —> NADH + & Acety| CoR
=4S + 30 = 3as ATP

Net ATP = &S +19 = 4lS ATP

One liners in ketone body synthesis 00:33:22

* MC ketone bod:j in normaol persory
B OH butyrate: Acetoacetate = 1:1

* MC Ketone body in Ketosis:
B OH butyrate: Acetoacetate = &1

Active spaca

* 5pon’cane0us\5 formed ketone bodﬂ = fcetone
* Neutral Ketone bod5=- Reetone

Biochemistry = v2.0 = Marrow 4.0 = 2020
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* gnzyme common to cholesterol synthesis § Kietone body
synthesis —> HM& CoA synthase

* "cnzl.jrne that utilise ketone bodﬂ — Thiophomse

Test for ketone body 00:37:24

D Rotherals test
* Positive test: Purp'.e E'mS
* Positive in : Acetoacetote and acetone
* B OH butyrate : Rotheras test Negative

2) gerhardt’s test
* Positive onlfj in acetoacetate

3) Ketostix
* Dip stick test to detect ketone bodies.
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FATTY ACID SYNTHESIS

* Occurs in well fed state
* Hish insulin Sluco.aon rotio
FA + &lacemi - Triac.a'n &Bcero!

SITe

* m/C FA synthesized in body — Palmitic Acid

* Site: Liver, adipose tissue, Kidneys, brain, lungs, lactating
mammary gland

* Organelle: extramitochondria. in cﬂ’coplasrn

Steps of fatty acid synthesis 00:04:55

* glucidoted h5 Feodor Lﬂnen
Hence ako. Lynen's spiral

* Starting material: Acetyl Cof @e)

|—> Sources
D Rerobic glycolysis —> Pyruvate
POH (in mitochondria)
F\ce’n:]i CoA
a) B — oxidation (in mitochondria)

D Transfer of Acety| CoA from mitochondria. to cytoplasm
v Acety| CoA carboxylase
W FA synthase complex reactions

D Transport of Acety| CoR
* Inside the mitochondria:
Citrate si.jn’chase
nce@ CoA + Oxaloacetote > Citrate
(€W (ac (D)

* Citrate is a Trico.rboxl_.jlic acid
* Tricarboxﬂlic acid has a kmspo’rer in the inner mitochendrial
membrane — ﬁicarboxa'.ic Acid Transporter

Biochemistry = v2.0 *« Marrow 4.0 = 2020
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* Citrate comes out of mitochondria

ATP Citrate
Citrate nceiyl Cof
L&jase

Oxoloacetote

D Acetyl Con Carboxylase
*kisa mu!-tienzgme complex

b
* feetyl CoA i > Malony CoA

o) Pcel'al CoR l’.‘nrboxa\ase o)

* Carboxﬂla’cion reoction
* 1 carbon is added

3) FA synthase complex reactions

* Homodimer

* gach monomer unit has b enzyme activity + 1 Aeyl Carrier
Protein (ACP)

* ACP has Pantothenic Acid (Vit 8S) in the form of 4 phospho
pantetheine (-SH)

* multifunctional enzyme
* Single polypeptide has > a enzyme activity
* Shape: X — shaped (x-ray crystallography)

L 1 gach monomer unit hos 3 po.r’cs=
* 1* unit (Domain): Condensing unit
apa * 3™ unit: Reduction unit
* 2"unit Releasing unit + Acy|
3 3 carrier protein (ACP)
ACP ACP
HOMODIMER
C.ondensing unit

D ﬂce‘c‘njb’malonﬂl transacylase
3) veto Ayl synthase

Biochemistry » v2.0 « Marrow 4.0 = 2020



32 Fatly AGIG: /zberi:
Synthesis

Reduction unit

D Ketoacyl Reductase
a dehydratase

3) enoyl Reductase

P.e’leas.ina unit
D Thioesterase

- nce’nj| CoR carboxalase is not a part of ?aﬂa acid san‘tha.se
COmp'uex

Condensation unit:
@ Ccys SH ¢ Aeety) grp (@O
Aeety| / malony| Transacylase

@) Pon-SH é— maloryl grp (z0)

@ Poan sH - Ketoacy| 4o

Reduction unit:

®

@ tetoacyl 4o
* etoacy| reductase (NADPH) ¢= HMP pathoy
* Dehydratase
* enoyl reductase (NADPH) ¢= HMP pathay

®

Active space

@ Rey) group (4c)
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130 Lipids 32
® (0]
>_< Condensation unit (™) >_<
< »
@ fey grp « malony) s @ wetoacy (6
(4o
Reduction unit
@
0] 0]
@ b times @ feyl grp (o)
ﬂcﬂ'. arp
(o)
* (3C) malony| CoA add. (ac) for every repeat
Ee}easing unit
@®
@ Aey! group ()
Reieasina \
: Thicesterose
unit
®
+ feyl CoA (ke
Fa.’('l‘lj acid
sgn’thase
* Co-factor requirement: NADPH
mn®*
Regulation 00:54:03
E Short term Long term
i? * Allosteric requlation Acetyl Con
’ * Covalent modification !
* Compartmentalisation | expression of enzymes
thot stjn’d'\ezise FA

Biochemistry * v2.0 = Marrow 4.0 = 2020



Allosteric resula.-tion
* Roate Lim'ﬂ:ins En23m= nce+3| Cof mrboxﬂlose

* QO o oo nce’cgl Cof wboxgla.se — dimeric form
(nactive)

l (+) citrate (=) Long chain FA

0000000CO —> polymerie form (Active)

Covalent modification

* In well fed state

* Insulin

* Acetyl CoA carboxylase @ in dephosphorylated state

mmparkmn*n!isaﬁon
* f oxidation — Inside mitochondria
* FA s5ni'nesis => Quiside the mitochondria

Elongation of fatty acids 01:02:53

* glongation of ¥o!r~t5 acids occurs in
D smooth € ( By microsomal FA Elongase sss%ern){m@orz
i Also by mitochondrial FA Elongasejminor

* 17 myelination of brain

Synthesis of unsaturated fatty acid 01:03:55

* |\nvolve Desoturase and Elongo.se enzyme SBs*cem in Endoplas:n‘ac

reticulum

* Humans cannot insert double bond A9 (ie b/w C_ and terminal
methy Srou.p)

Biochemistry » v2.0 « Marrow 4.0 » 2020
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CHOLESTEROL & BILE ACID SYNTHESIS

* cholesterol
H_J lﬂ_)

| !

Bile Sterol rins

It is excreted through dile

* Purely animal sterol

* Cannot generate enerau

use :

* Anabolic purpose

* insulin —> predominant role in controlling synthesis ot

cholesterol
* Cholesterol —> cyclopentano perhydro phenanthrene ring
@10
Pathway of synthesis of cholesterol 00:04:38

* Site: - All nucleated cells
PredOminanH5= - * Liver, adipose tissue
* Adrenal cortex
* gonads, instestine
* Organelle: SER  cytoplasm
Stages of cholesterol synthesis
* synthesis of D HM& CoR (0 ©)
iD mevalonate (b ©
i) Isoprenoid unit (S )
i) Squalene (30 ©)
V) Cholesterol

* a nceigl CoA
l Thiolase
nce{oa.ce’cal CoA
Acety| CoR \Jl HM& Cof synthase (Occurs in eytoplasm)
HM& CoR —> 3 Fates: ¥ Cholesterol synthesis
iV Ketone bodies synthesis
( mitochondrial HM& CoA synthase )

i) Leucine catabolism

Biochemistry » v2.0 » Marrow 4.0 » 2020
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HMNG CoA Reductase
® vme con > mevalonate (LC)

* Rate lim‘r’cing enzyme
* Tokes place in SER
Decarbozﬂlat‘\on _ _
® mevolonate > \soprenoid unit
o) Prosphorasion 0

® a Isoprenoid units —> Gerony| Pﬂmphosphate o
(sc +sC) l <= 1soprenoid (SC)
ax Farnesy| Pyrophosphate (sc)
!

Squalene (300)
i

1-
Lanosterol (* eyclical compound)
!

Z}jmsterol

|

Desmosterol

!
Cholesterol (371C)

Functions of cholesterol 00:15:29

Cholesterol

o N

Bile Aeids G de\'\jjdrocholes{eroh) Steroid hormones
!
* Sex hormones
s Corticosteroids

Regulation of cholesterol synthesis 00:17:49

D Feedback regulation
D‘tei:a.rﬂ cholesterol

!

| einding SREBP ( Steroid requlatory element binding protein ) of genes

| expression of genes that synthesize HM& CoR reductase
- Long term reaulation

Biochemistry = v2.0 » Marrow 4.0 = 2020



IV Feedback Inhibition

o

HM& Coh Reductase

HM& Coh > Mevalonate

W Hormonal regulation
* insulin 11 eholesterol synthesis
* well fed state

®* Rate '|im'Hcin3 enzyme : HMG CoR Reductose — Active in

dephosPhorBIafed state

Bile acids

00:24:10

* starﬁng material —* Cholesterol
* pile acids = &xcre{rowrﬁ form of cholesterol

Pn&hungj of an’chesis of bile acid
D Liver
IV Intestine

Liver: - Primarg bile acids formed in liver
Cholesterol
o NADPH

e 0a 7 0 hydroxylase (2]
s \itC

PBdroxl.jc'ndeererol

multiple steps
Pmpional CoA Propional CoA

Cholic acid Chenodeoxﬂchohc ocid

* Primary bile acids are conjugated with help o%: ) &lycine
a) Taurine

* Conjugated 1° bile acids are excreted through bile duct
gile duet is alkaline medium where bile acids are ionized

by Na/* to form Bile salts

* mqjugated bile acids are excreted ’through common bile duct to

intestine

Biochemistry = v2.0 = Marrow 4.0 = 2020
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Intestinal synthesis of 2° bile acids 00:30:16

* 1° bile acids undergo * Deconjugadion
* Dehydroxylation

* Cholic acid Chenodeoxycholic acid
} !
Deoxycholic acid Lithocholic acid } a° bile acids
! !

enter enterophepatic circulation (98-99%)
* Least en%erohepaﬁc circulation — Lithocholic acid

Regulation of bile acid synthesis 00:35:28

* With help of Farnesoid X Receptor (FXR)
* Rate limi’cing enzyme: - T hﬂdrox{.jiase cye n)
* | gile Acid Pool — | FxR

|

} 7@ hydroxylase

¥
| Bile acid

* Chenodeoxycholic acid play a. key role in regulation of FXR

Biochemistry » v2.0 » Marrow 4.0 » 2020



LIPOPROTEINS

* COrnpound Iipids. with pro’teins

Core of Hgdrophohn
lipid (Triacy &lycerol,
Cholesterol ester)

S ¢
Y
Apo ?mo - V')
Peripheral  Integrated , ®
protein  protein S

Chylomicrons 00:06:00

D Carry exogenous / dietary TA& from intestine to peripheral
organs

a) Moaximum size
3) Mauximum lipid content } Least density most bouyant
4) Least protein content
) Maximum TAG / exogenous TA&
* Apolipoproteins present in chgiomicronﬁ

* Uniquely present in chylomicron is — Apo &48

* Other major apolipoproteins: Apo C I\

fpo &

VLDL 00:10:16

* Assembled in Liver
* Carry endogenous TAG From liver to peripheral organs
* Apolipoproteins present: ) Apo 8100

) Apo C 1\

3) ApO €

Biochemistry = v2.0 « Marrow 4.0 = 2020
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LDL 00:11:32

* Formed $rom ILOL

* VLDL — 0L (Intermediate-density lipoprotein) — LDL
(Lipoprotein cascade pathwaup

* Maximum cholesterol / cholesterol ester

* gpad cholesterol

* ﬁpolipopro‘cein: apo 6100

HDL 00:13:37

* Formed from intestine and liver

* Reverse cholesterol transport

* good cholesterol

* Maximum protein content

* Moximum apolipoprotein content » Maximum density

* Least lipid content

* Leost size

* Maximum phospholipid

* Repository for apo & and apo C 1t

* Apolipoproteins: apo A,

* Enzyme activity —>D LCAT(Lecithin Cholesterol Aey| Transferase)
i) CETP (Cholesterol ester Transter Protein)

LCAT &CETP 00:17:15

LCAT
Lecithin + Cholesterol

l LCAT
Cholesterol ester + Lasole&thin

CeTP

* Trans¥er cholesterol ester from HOL to other lipoproteins
* Transfer TAG from other lipoproteins (IDL, LOL) to HOL

LP (a) 00:22:05

* Has apo (a) and apo 8100

* apo () linked to apo 8100 by a. disulphide bond
* apo (a) structural analog of plasminogen

* |Inhibit clot h_.jsis

Biochemistry = v2.0 = Marrow 4.0 = 2020



* Risk Factor for Thrombosis
* Indian population has high content of LP(e)

Lipoprotein X 0U:26:05

* Cholestasis: Cholesterol + PhosPhol.ipid
!
L.ipoprote‘m X
|

Indicator of eholestasis

Electrophoretic pattern of lipoproteins 00:27:56

Point of application ch_Ljh-rﬁcrm HEL (@ - lipoprotein)
vLoL (Pre [ lipoprotein)

Cathode (=) « 1 - Anode (+)

u;t. (B tipoproteir) 1oL
b (8road B lipoprotein)

* pand pa@c{em
* max pro’tein = Moax mobil'ﬂ'lj

J

HOL

Metabolism of lipoproteins 00:32:29

Ch‘ujlornicmn metabolism

e —

Posses ’throus‘h capino.ries I‘ming per‘upheml organs
!
The vascular endothelium has LpL —> LiPOProkein llpase
Heparan swphaie is o. 6A§ thot anchors the LpL
to vascular endothelium

W

* fAction of LPL,
TRG —_— &ltjceml + Q—»F&HS Aeid
in &@omhrm
Taken up b5 peripheral organs

Biochemistry = v2.0 » Marrow 4.0 » 2020
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* Apo C\ activates LpL

* Result:

* Token up bﬂ liver

* apo € is ligond

* Receptor mediated endocytosis

VLOL § LOL METRBOLISM

5

* Posses -t’nmugh capillaries l'lni.nB
peripheral organs with LpL in its
endothelium

* Rpo CI\ octivotes LpL

The— @ + alyeerol

Taken up b5 Peﬁphern.'. organs
* Result:

8100

Remnant VLoL / 1oL °

I—) Fotes:

D Receptor mediated ondocytosis:
Taken up b.'ﬂ liver
Apo & is Iigand

EY)

O T

cholesterol / Cholesterol ester

eceds eanay

“Lipoprotein cascade po.’ti'wnﬂ”
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0%
/ Apo & act as ligand
b

extra. hepcxﬂc. organs

— In presence of free radicals: LOL

l
Taken up b5 < Oxidized LDL
macropl'naes
]—> Facilitate Atheroma. formation in blood vessels

HOL METABOLISM
D LCAT: Cholesterol > Cholesterol ester
(m‘nphipa&h'wc. &sdrophobicj
lipid)
a) Apo Al: Activates LCAT
3) Transporter:
* RecA, (ATP einding Cassette A) [ Transport cholesterol /
* Recs, Cholesterol ester from

* SR8, (Scavenger Recetor 8,) ] peripheral organs to HOL

Liver

Intestine
0 Cholesterol § cholesterol ester
=_g @ © transported from peripheral
Ea——©| organs to spherical HOL,
Spherical HOL,  Peripheral organ
l !
by Donates 2
Cholesterol cholesterol to 2
—_—
Transport! Liver
Spherical HOL Cholestersl converted
to bile acids §
excreted
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Poorly lipidated HOL
(Pre B HOL)

* most po’cen{' HOL

Functions of apolipoproteins 01:15:15

* ApoCl = Inhibit cholesterpl ester Transter protein

* ApoC Il —> Activate LpL

* ApoC N —> Inhibit LpL

* Appe  — Ligand for chylomicron remnant / 1oL,
Arginine rich

* Apo®100 — Ligand for LOL

— Assembly of VLOL

* Apo B48 —> Assembly of chylomicron in intestine

* ApoA Il —> Inhibit LpL

* ApoAV —> Faciliitate binding of chylomicron § VLOL to
lipoprotein lipase

* Apo D —> Associated with human neurodegenerative

diseases like parkinson’s disease
* Apo &4 —> Associated with Alzheimer’s disease

eaeds eanoy
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HYPERLIPOPROTEINEMIA

* Classified by Fredrickson and Levy
* Prima.n_.j hﬂperlipopro’tehemia
_ |
! ! !

Primary hyperlipo— Primary hyperlipo- Primary hyperlipoproteinemia.

Proteinemia. with proteinemia. witn with both hypertriglyceridemia
hypertrighyceridemio. hypercholesterolemia i hypercholestersiemia
l ! !
Type |, Type Iv, Type Type
Tt,pe v

Primary hyperlipoproteinemia with hypertriglyceridemia 00:06:43

Type i h}jperlipoproieinemh
* A/W/A Familial Chylomicromia. Syndrome
* giochemical defect

D #po i T mature Chyjomieron >>
1+ 1 mature VLOL

a) Lipoprotein lipase )<‘
Faity acid

+EYeel | ioid elevated : TR

Biochemistry = v2.0 = Marrow 4.0 » 2020
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Clinical $eotures

* milky white plasma.

* gruptive xanthoma

* Lipemia. retinalis

* § TA& /1000 mg /dI = Pancreatitis —> Abdominal pain

Treatment

A Lipogene — “Tiparvovece”
* A gene therapy approach for Familial chylomicronemia
* Adeno associoted Viral vector expressing
Gain of function LpL Variant leadung to
skeletol myoeyte expression of LPL

Type v hgperlipopro’ceinemim
* giochemical defect: Apo AV

|
Facilitate the association of Chylomicron, VLOL with LPL
* 1T chylemieron, vioL = 1T The
* .. Familial Hﬂper{risgceridemia

Tﬂpe v haper lipoproteinemia.
* 3 defects: DApo AV — 1 ThAg
) &lycosylated Phosphatidyl Inositol HOL Binding

Proten | (&PIHBP 1) —> Helping export of LpL 4o
voascular endothelium

Biochemistry » v2.0 « Marrow 4.0 » 2020
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Primary hyperlipoproteinemia with hypercholesterolemia 00:19:47

Familial hypercholesterolemia 00:23:03

* ADH ( Autosomal dominant hypercholesterolemia.) Type |
* most common

* Biochemical defect: LOL receptor

* Elevoted lipoprotein: LOL

* elevated lipid: Cholestrol + Cholestrol ester

Clinical features

* Corneal arcus

* Tendon xanthoma
* Plasma. is clear

* | risk of cAD

* 1 risk of PVD

Treotment
New treatment in Familial Homozygous

ngercl*des{'emlemh §
A small molecule innionur or IRVED ﬁ
microsomal Triglyceride Transter /

. e l
Protein-Lomitapide iy
Articense oﬂg,omdeohde toapo & l
(Apo & inhibitor) mipomersen o
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Sitosterolemia (Type II a) 00:28:33

* Primary hﬂperﬁpidemia with hﬁpercholes*ero'lemia
* Blochemical defect: RECE, Actively secrete out plant sterol
ABCe, J through intestine lumen § bile duct
* | Plant sterol in cells
!
| Transeription of LOL receptors
!
| LOL receptors
y

f LOL in plasma. — 1 cholesterol in blood

ADH Type I
* Familial Defective apo & (FOR)
* Defect: Apo & 100

ADH T_!jpe m

* pDefect: PCSK 9 — Secrete protein that accelerate \5sosorm1
dearada.iion of LDL receptors

* Gain of function mutation — | LOL receptor — 1 LoL
!
1 cholesterol
ARH
* gffect in LRAP (LOL Receptor Adapter Protein)
* | ed uptake of LOL
!

1T cholesterol

Biochemistry = v2.0 « Marrow 4.0 = 2020



Primary hyperlipoproteinemia : both HTG & HC 00:41:43

* Fredrickson Classification:

Type Il Familial Dysbetalipoproteinemia (FoeL)

Pa&usmn'on‘-c

“sunch of Srnpes'
* piochemical defect: Apo € mutadion

!
TT chylomicron remnant § VLOL remnant

* Hence K/a. Remnant Removal Disease
groad P disease

* Elevated lipid —> Both TRG § Cholesterol
* Slight 1 risk of cAD

* Plasma. clear

Abetalipoprotenemia 00:49:39

* Hfjpolipoproieinemia.
* piochemical defect:
mTP (Mmicrosomal Triglyceride Transfer Protein) is mutated

* ) Chylomicrons, | vLOL

J oL
J LoL
* () HDL
Clinical feotures
* P«canthocgtes

* Piarnen’tar]j retinitis
* leeding manifestation

|—) Chylomicron carry Fat Soluble vitamins it w

Biochemistry ¢ v2.0 » Marrow 4.0 » 2020

35 Hyf

Active space

erlipo 412

Proteinemia

IEEL

adback
A0



148 Lipids

35

Leavétlg;edba_c

Tangier’s disease 00:55:48

* Hﬂpolipopm{einemia
* Pfedbmimnﬂﬂ seen in Jcanagiers regjion ot virginia.
* Biochemical defect: ABCA, —> .. | HDL Other lipoproteins: @

Clinical Yeatures orange /
Yyellow tonsl
* Orange / yellow tonsil
* Hepakos[:alenomeaah_.)

* mono neuritis multiplex

* Low level of HOL

3) Leat deficiency
|
! 1
meplete Partial
(Norum's disease) (Fish eye disease)
T Lecithin, T cholesterol * Benign
1 cholestera, L Lysolecithin + D0 ot progress o £520
Progress ‘o ESRD
Molecular Defect
l Lipoprotein Lipase
Familial chgmm sl.jndrome Apo Ci
L Type Na. Familial \. LOL receptor
Hﬂ:a'c}'\oles'remlemia
3. FoB [Familial Defective apo &) a. Apod-100
ADH Tﬁpe |l
3, Sitosterolemio. 3. AALES and ABLESB
oesarDeteck
Tﬂ:’c m nPoE
nbe’:nlipoPrn'reir\ernia. microsomal Trigjlfjcerides
Transfer protein
Tmsier’s disease Mutation ABCA-I
Fish eye Disease Pastial LCAT Deficiency
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PLASMA LIPID PROFILE

Fasting lipid profile 00:00:40

giochemical parameters
I. Total cholesterol ( TC )
a. serum triglycerides (T&)
3, LDL cholesterol
4, HOL cholesterol

Adult treatment plan (ATP) v guidelines
. Total cholesterol: Fas.ﬁrg pre?erred.

o) Desirable — <300 mg/dl
b) Borderline High —> 200-a29 mg/ dl
©) High — > asomg/ dl

a. Serum triglycerides: Fasting sample is taken-
o) Normal level — <i1somg/ d
b) Borderline high ~ — 1S0-199mg/ di
©) High —>  300-499mg/ d|
& very high = > soomg/ dl

3, LOL Cholesterol
o) OP‘Hmum — < IOOms/ dl
b) Near or above optimum — 100 — 139 rng/ d
o) eorderline high — 130-159mg/ dl
o High = 160-189mg/ dl
e) very high = > 190mg/ dl

4 HOL Cholesterol:
o) Lows % 4omg/ dl

b) Hiah: 2 lncms/ dl

Aclive space
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New para.me’rers
) Apo &/ Apo A, ratio
! |
* LDL HDL
* Normal ratio: 0,7 — 09
. Fas’cins so.mp'.e is not needed

& Lipoprotein ()
* Has Apo (o) and Apo 8100
|
nnalosou.s to plasminosen
{
p'.asmin
} Risk factor for thrombosis
Fibrin /‘)&\9 _
clot Fibrin
degmdadﬁon
product

* \deal level: 50m5/ dl

3) Total Cholesterol/ HOL ratio
* \deal: 28-b

4) Non HOL Cholesterol
* |deal level: ¢ |30m3/ dl

Calculation of lipid fractions 00:14:43

1) Total cholesterol = LDL + HOL + VLDL

Serum triglucerides
AwoL = = il
S
3) LDL = Friedewald's formula

TC = (HoL ) = (o)

TC-(MHOL) - TS
3

Biochemistry » v2.0 « Marrow 4.0 » 2020



LIPASES

* Breok covalent bond —- ester bond
* Triacy| &lycerol (Trey T—) &lycerol + 3 Fatty ocids

3HO0
a

* Class of H:.jdrohse

Hormone sensitive lipase (HSL) 00:03:19

* Locatiory Adipose Tissue
* Function: derolljse TRG stored in a.dipocﬂ’res
* During #ns’c‘mg stote

TRG HSL'\J > a monoacyl glycerol
a Aey) CoA
* Fasting state ~. Retive ie D) Fasting
{ a) &lucagon
Glucagon 3) Phosphorylated
| ®
HSL

* Insulin = | Phosphatase

w @

PO Inoctive

4

* In diabetes, HSL is Active
Hormone sensitive I'pase

Activated :ETKTSHM,
hormones

® reudn
* Micotinic acid
* PR El

Lipoprotein lipase (LPL) 00:14:53

* Anchored to endothelium of capillaries in Heart, Adipose tissue,
Spleen, Renal medulla, Rorta, Diaphmgm, Lactating mammary
gland

Biochemistry » v2.0 « Marrow 4.0 = 2020
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Leave Féedback

* Anchored to wall by a. §A& — Heparan sulphate
* Inj Heparin — LAL dislodged

* Activoted by apo C 1t

Aetion

* Hadro!gse TRG in d'\BIOmicron ond VLOL

* In fed state
¥ Hormone: Insulin
!
Tes the expression of LPL
Hormone sensitive lipases vs lipoprotein lipase 00:20:30
HSL LPL
* Location =  Adipocyte Capillaries
* action — Hydrolyse TA& in Hydrolyse TAG in
Adipose tissue Chylomicron, VLOL
* pction — Fasting Fed
! |
Glucagon Insulin
Hepatic lipase 00:23:25

* Locokion: Sinusoidal surfoce ot liver

* metabolism of chglomicron remnant and conversion of HOL, to
HOL

a

Endothelial lipase 00:24:30

LY

Action HDL, ~ > HOL,
Pre B HOL

* Pre f§ HOL: * Poorly lipidated, Most active HOL
* Absorb moaximum cholesterol from peripheral orgon

Intestinal lipase 00:25:40

* Hydrolyses TR (die-tcxr]j) in intestine.

FaﬁH acid + E‘Iﬁcerol

Biochemistry = v2.0 « Marrow 4.0 = 2020
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CHEMISTRY OF AMINO ACID:
CLASSIFICATION

Introduction to amino acids 00:03:25

* Genes

¥

v

Protein :
= Regulatory functions
= Signal transduction
- enzymes

¢ Amino acids are building blocks of proteins.

* Amino acid :
Common for all amino acidse
s
|

NH R C.x- COOH
Amino | Cnrbox51ic
§roup @ Acid

Variable Side chain

=> mMost amino acids are : % amino acids.
= Non - o amino acids are :

e B alanine

* 8 amino isobu’cﬁmte

* Y amino isobutyrote

Classification based on side chain : Aliphatic,

Hydroxyl Group containing, acidic amino acids 00:08:45
H H
I |
8
NH -c-COOH  + NH_- ¢ - COOH g
I | 2
3
R R

Biochemistry * v2.0 = Marrow 4.0 = 2020
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Leave Feedback

H H
| |
NH_ - C ¢ - COOH
| |
R peptide R
gond

=> this peptide bord can on13 form ah]jdrogen bond.

Classification based on side chain :

. Aliphatic amino acid ——  simple —I:ejgc'm @) &
Alanine (Rla) A
L eranched chain Leucine
Iscleucine
valine
H H

[
NHa - C&- COOH

[

H
eiacine Alanine

I Hgdrox\tjl Group confahirg omino acid

Serine (ser) s
Threonine (Thr) T
Tyrosine (Tyr) y
H
|
NH_- C - COOH
|
CH, - OH
Serine
Aspartate (onised state)
: ",
3 I Aeidic amino acid _E: Aspartic Acid (ASP)
g (- coon) slutamic acid @)
.
Glutomate (ionised stote )

Biochemistry +v2.0 » Marrow 4.0 = 2020



38 Chdmistyporadic:

g " Amino Acid :
| : Classification
|
mﬁc-cooa NH_ - C - COOH
I CH,
CH, I
I CH,
COOH 1
Aspartic acid COOH

glutamic ocid

H H
| |
NH_ - C - COOH NH, = C - COOH
| |
CH, CH,
| |
coo CH,
|
Aspartote coo
Slutamate

wamins * Not all points are covered in the notes, esPecio.l'.l.j conceptual
explanations. Please use the notes in conjunction with Marrow edition 4

videos.
Classification based on side chain : Amides,
Sulphur Containing and basic amino acids 00:21:37
V. Amides —E: Rsparagine ( Asr)
(- conH) clutamine (&ln)
H H
! b
NHa - C - COOH NHa - C - COOH
I b
CHa CHa
| |
C,OMHi mmi E
A ine lutomine &
SPcu’o.St Q| v ﬁ

Biochemistry * v2.0 » Marrow 4.0 « 2020
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ATIInG ABIES Vv, Sulph.u’ conminhs amino acids _I: Cﬁslzeine (Cﬁs)
methionine ( met)
H H
| |
NH, - C - COOH NH, - C - COOH
I |
CH, CH,
l Cﬂskeine |
SH CH,[ methionine
Sulphudryl group / |
Thioaleohol 7 s [ Thicether linkage
Thiol 1
C’Hi
V\. Basic amino acid Histidine ( aromatic)
E nrainine
Lﬁshe
= Exafra. amino group in R
-» Variable side chain.
Histidine Arginine Lysine
(His) (rReE) (Lys)

> hos € nm‘mgrm.pma

= has Guanidium
| | group H

HN  NH NH M |
\ / NHa - C&- COOH
Imidazole c I
| CH,
—> Five membered NHA [
= ‘a N’ Containing -> most basic CH,
= moximum |
AmMino group C“;
[
L NH,
¢
E Classification based on side chain :
Aromatic and Imino groups 00:34:01
Vil Bromatic amino acid Phenyl alanine ( Phe )
Tyrosine (Tyr)
Histidine ( His)
Thyptophan (Trp)

Biochemistry = v2.0 » Marrow 4.0 » 2020



PherBI olanine Tﬂrosine Tr]jptop\'m
H H -> has ‘ Indole ring )
| | —> arings in structure

NH_- ¢ - COOH \alanine NH,= ¢ = COOH
| [

CHJ u-ii
P'nenﬁ'u Pnenol N
genzene + Pljrrole
OH
Vill. Imino Acids
- Proline
Parrolkiine I?.'lns
/”‘I Carbon
‘- CooH ( & Carboxylic acid)
N
&< Amino group
( secondary amino group)
Classification based on side chain characteristics 00:48:33
¢ Classification |
| !
P?lmr Non - Polar
[ 1 1. &ranched chain Amino
Charaed wwcharged Acid
H—l => Hydroxy| group Leucine
Posi 'Nelﬂ hlegaiwelfj Serine Isoleucine
Threonine Valine
= Basic - fAcidic - Amide a. Aromadtic Amino Acid
Histidine  Aspartic Acid Asparagine Al exept Histidine
Arginine  Gutamic Acid  Glutamine Tyrosine
Lysine => Simple - least non polar
Eaiﬂche armnong non Polar
(east polar) aromadic amino acid
= Sulphur containing 3. Imino Reid
C!jS{'eifie Proline
4. Simple Amino Acid
Alanine
S. Sulphur Containing
methionine

Biochemistry «v2.0 » Marrow 4.0 « 2020
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Proteins & 38 Leave Féedback
Amino Acids . . .
Classification based on metabolic fate 00:57:55
e Clossified into : |
' | !
Purel}j e.]ucogen‘uc goth Hﬁosenic H.Lrela He’cosenic
and alucogenic

—> Corwerted 1o glucose - P'nemj'. Rlanine => Converted to
=> fAll other Amino acids Isoleucine Ketonebodies
- Prhc.ipal 51unogenic Terh}phan - Leucine

Amino Acid j Alanine Tyrosine Lysine
Classification based on nutritional requirement 01:02:15
¢ Classified into "

! !
essential Non - gssential
= methionine = Al other Amino Aeids

Threonine

Tryptophan

Valine

isoleucine

Leucine

Hwenai olanine

L.Ejsine

- + Hictidine
# Hrsinhe
Considered

Semi gssential also .

One liners -

* Aromatic Amino acid that is not non polar : Histidine

* Aromatic amino acid that is least non polar Tyrosine

. S‘mp|es4: amino ocid : ﬁlﬂcine

* most abundant amino acid in protein : Alanine

e most abundant amino acid in plasma. / CSF : Glutamine
most non polar amino acid : Isoleucine

* Least non polar among the non polar amino acids : Proline
* 3™ lest ron polar amino acid : Tyrosine

e most polar amino acid : Arginine

* least polar among the polar amino acids Glycine

eovds ooy
°

Biochemistry « v2.0 » Marrow 4.0 » 2020



Polymerisation of Hos :

OxyHb  Deoxy-Hd

-5
fber
—§-§- 5l

* In Hbs, th position of beta. globin chain, Glutamate is replaced
hﬂ valine .

* In deoxygenated state ; polymerisation of Hbs happens

* Non - conservative / Non — Homologous muctakion
L polar replaced by non - polar amino acid ]

Polar and Non-polar amino acids 01:21:19
ﬂmint:]) Acids
! !
Non - Polar Polar
-> Not ionisable l
- Lipid like nature vl' vlr
=> Present in interiors Charged uncharged
of globular protein l—l_l At physiclogical
Meao&i\.'e\g Pos&ivelﬂ pH not ionised
charged charged —> OH group
(extro. CooM NH_ e Site of
group is (Protonated) phosphorylation
COO™ ak ak e Site of
P'nﬂsiobaical phﬂsiolosico.l Siljcosaiaﬁon
pH) PH * Hydrogen
bond
-> sulphur
corﬂmhing
¢ disulphide bond
S —— = i g
exterior of globular proteins

Biochemistry «v2.0 « Marrow 4.0 « 2020
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CHEMISTRY OF AMINO ACIDS :
DERIVED AMINO ACID

Derived amino acids
* Derived pos+ {ransia.%na!lﬂ
¢ Do not have codon

1

Seen in the proteins not seen inthe proteins
i i
. Hﬂdro% proline co\'m.sen ¢ Ornithine
° HHdrox5 1551n9 vitamin C o nrainino sucCinate intermediate

* Gamma carboxy gutamate o Citrulline of urea.
cgcle
* Homoserine
in metabolism
* Homoeysteine of sulfur
con’tahing
omino acids
v
In Gamma. cnrboxﬂ'.a&ed
protein
¥

* Factor I\, VI, IX, X,
* Protein C, protein S
e Osteocolein = bone
e Matric GLA Pro’cein

. C}js{ine -a cas’rehe\joh 'togei’ner
to form disulphide bond
¥

Inswlin
'.rrmur‘oslobwin

( cysteine - s - - cysteine )

. ﬂ\e{"f'\‘lj'l".a‘.‘-;'lne - n‘Bosh
¢ Desmosine - Elastin

Biochemistry = v2.0 = Marrow 4.0 = 2020
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Amino Acids

39

oaeds aAnoy

Selenocysteine 00:07:14

ar* protein forming amino acid (AA)

e Codon - UGA

Formed by cotranslational modification
Precursor Amino Acids is serine
Recoding - involved in formation

enzymes / proteins containing selenocysteine
1) Glutathione peroxidase

a) deiodinase

3) Thioredoxin reductase

4) &lycine reductase

S) Selenoprotein - P ( protein)

Formation of selenocysteine 00:10:20

Along with translation - eotranslational modification

— = M
Serine => Cysteine —> selenocysteine

op

eNA
UsA
mRNA SUTR 3’ UTR
(untranslated region ) stop codon N\ stem loop
SECIS
(Selenoeysteine Insertion
Recoding Sequence )
!
«—— it converts stop codon
to coding codon
v
C.Oding codon

Biochemistry = v2.0 » Marrow 4.0 = 2020



Pyrrolysine 00:15:44

aa™ protein forming amino acid
Codon - UAG

Similar to selenocysteine
Cotranslationaly modified

* Precursor Amino Acid is tﬂsine
seen in bacterio.

Beta - alanine 00:17:27

® Amino group ottached to B - carbon
Dipeptides that contain Beta. alanine

!
Carnosine - Beta. alanine + Histidine
Anserine - Beta. olanine + methy| histidine p’esedr: in
. mus
( methylated carnosine ) for buffering action

* Homocarnosing — Does not contain Aeto. alanine

'

Present in brain

other compw-.d.s that contain eeta olanine
¥
vitamin &S / pantothenic acid
)
Beta alanine as a part of pantothenic acid

e CoR
* Acyl carrier protein (Faﬂ5 acid sSn&mis)

* Beto olanine is derived $rom - eytosine § uracil
pafmuim degradation product

Biochemistry = v2.0 » Marrow 4.0 = 2020
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PROPERTIES OF AMINO ACIDS

AMino acids :

I. Can absorb LV light

4. Bxhibit isomerism

3. Can exist in different charged states
4, exhibit bu?-ﬁerina capacity

S. Titration curve

UV light absorption 00:03:36

Amino acids :
. Thea are colourless = cannot absorb Visible light
* absorb LV light of 350 - 390 nm
moudmum at : 480 nm

eq: Aromatic amino acids (have conjugate ring )

- Tryptophan (masimum )

- Pheng'n alanine

- Tyrosine
Application : Photospectrometry - measure concentration of proteins
based on absorption of light spectrum

T 6r
i
1!
§ . Tiyptophan < Absorption spectrum of
El oamino acids
=3
E
9
s 2}
g Tyrosine
$ 1t
i
3 ol Phanylalaning
240 260 280
Wavelangth (nm)
Isomerism of amino acids 00:08:20
H
|
NH - C - COOH
o
|
28

co - asijnmetric carbon

Biochemistr  v2.0 « Marrow 4.0 = 2020
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Amino Acids

.. exhibit D and L isomerism
( mirror 'ma.ses)
H CO0OH COOH H

\e/ e/
ni/ O\ R AN

Excepﬁm : H
aiﬁcm - no asgmme’cric carbon atom I
-no'cop'dc.nl\gac’dve NHA - C - COOH
|
]

&lache

o n\ostnmimanidsinwbod!jexis’cinL—%rm
Reason=mos{enz5meshourbod5mnac’conL - form.

D - amino acid seen in free form are :
L O fspartate o, 4 in brain

a. D serine

Rocemase —> act on both D and L forms

Amino acids exist in different charged state 00:14:34

1s0 electric PH (P1)
* average of ionization constonts (PH)

*in ccmpmmds. with multiple ionisable groups .

In amino - ocid .

i

1”4
when p'o{om’ced : n d.epro‘conaﬂced
tx!'b-'n3 + cOo0o”
(positive ) (negative )

lonization constant of any ionizable group : P

Biochemistr = v2.0 = Marrow 4.0 = 2020
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40 Prog

P+ PA_
Pl =—

At PI, all compounds exist as 2witter ions / Ampholytes

Properties of amino acid at different PH 00:18:54

I pH of medium = P .

¢ Positive c&mrge = negadc'we cha.rge A4
-+ net charge = neutral

e AMino acids exist as 2witter ions / ampholytes
Properties :

a.) maximum precipitability

b ) minimum solubility

c)No mobility in electric field

d) Least buffering capacity

Applications :
- Precipitation of albumin (PH = 4.7) by addition of acetic acid .
- 1soelectric ?ocus.ina
method of separation of micture of proteins based on absent
mobii'rt‘lj at icoelectric PH

a.PH<P
PH less > acidic = 1 L H'] - protonated
i

+3* S S amino acid Posi’civelg charged
bt

PH=2a
3.PH?> Pl
2 PH more => basic => L H ] less o
@pi-4 ! 4
B x 3
P8 oMminNo acldfz—bepro‘tona‘red g
nega‘we'la cl'wged

Biochemistr » v2.0 « Marrow 4.0 = 2020
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Applications
. P\ of albumin = 4.1
in blood, pH = 74

pH > P " albumin is negatively charged in stomach, pH = 3 - 3
pH < P " albumin —npositively charged

a. Acidic Amino Reid: Pl=a -3 .. nesa.ﬁvelﬂ c}ursed.
Bosic Amino feid:PI=8 -9 .. posi’cwelg charged

Buffering action of amino acid 00:36:00

puffers : solutions that resist ch::mSe in pH

Henderson Hasselbach equation :

base ionized stote
acid unionized state

pH = pia. + log

e puffers:
* LWeak ocid + coqjugo.’ce base
€g : CH,COOH + CH,cooNa.

* when ionized = unionized, pH = pra.

le parﬁaﬂﬂ ionized state .

Maximum buftering copacity at pH = pa.
Dissociating Group PK, Range
a-Carboxyl 3241
Non-z COOH of Asp or Glu 4.0-4.8
Imidazole of His 6.5-74
SHof Cys 8.5-9.0
OHof Tyr 9.5-10.5
a-Amino 8.0-5.0
£-Amino of Lys 9.8-10.4
Guanidinium of Arg ~12.0

Prio. of Imidazole ot Histidine : LS - 74
Blood PH ¢ 14
.. Histidine - best buffer

souds aAjlay
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Arnlmds

Titration curve 00:56:15

&raphical plot of alkali L OH™ ] added 1o the pH ot the medium

PH

CoH] f pH

eq: CH3COOH, weak alkali added o it, ana!ase change in point
At point A : Unionised state
C CH,CO0H ]

Rt poink &2 L CHCOO-T _, ( puctially ionized )
C ci,coon ]

pH = phn + bﬁ I
= PHQ
< Moxdmum buf}?erha point
maximum buffering range : pi +/-1
At poin’c c: comple*tela ionized
CeHzcoo™]

a. Compound with 3 ionizable groups ( eg : amino acid)

Titrotion curve - a4

Cow]

Aclive space

Titradion curve - |

Biochemistr « v2.0 » Marrow 4.0 « 2020
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Amino Acids PKI + PHA

a

Pl

3, COI'nPOund with 3 ionizable groups

m

Cow] 1t

140
1201

100k

8.0r

H
P ol

40k i 4.0
Dr,l'2.34

20F > 20

00 05 10 15 20 25
Equivalents of OH

. und with a ionizakle aroups
Compo group
Point A: pH = PH'

par’ciallﬂ ionized .
+ Pr

B
Point © : Pl = ———2-

net c'mrse = neutral
least bu‘?#erina capacity

eouds aanay
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PROTEiIN FOLDING AND STRUCTURE

Structure of proteins 00:00:30

|.Prhw5js{ruc-ture=
Amino Aclds are Linked by
Peptide Bonds

Bond Bord Fepice Bomd

- “}’Lrgl%%\

- amino acids are linked b5 pept‘\de bond.

H H
NH_ —-f%- cooH NH_ -tf.—cool-!
2 2
=10
H H H

______

I | I
NH, =¢-C0 = NH = C ~1CO ~ N~ C ~ COOH
I

e 2 l-[--d Q_

Peptide bond

Warning : Not all points are covered in the notes, especia.llij conceptual
explonations. Please use the notes in conjunction with Marrow edition 4
videos.

= Peptide bond is “ trans” in its confu\gum’tion.

= Partiol double bond

= Polar, uncharged

-> Can form only hydrogen bond

> planar (due %o limited mobility of bond )

Biochemistry * v2.0 » Marrow 4.0 = 2020
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Primary structure of insulin 00:07:10

Insulin
=> " hormone isolated.
By : Banting and Best
Noble prize : Banting and John meLeod ( director)
= " protein o be sequenced.
By Frederick sanger.

ebiSogy
C-peptide =

=> Insulin in #s natural form
has SI amino acids,

g - disulphide bond *
E I
l !
intra. ehain Inter chain
ﬁh-. -— -.& n1l- — -.61

n.m---.&n

Biochemistry « v2.0 * Marrow 4.0 « 2020



- 8", 9", 10" amino acids AMINO'ACID
among hurman and bovine substitutions of A
species are different. chain

8 9 10
—> No variation in sequence Thr Ser |le  Human
th gth |miH :
(8", 9%, 10%) between Ala  Ser Val Bovine
porcine ond human . —
arcine
amino acid chains. Thr: Ser lle
o bel i
e d ent en position in cnain
and bovine / porcine Thr Human
= Human insulin should Ala Bovine
not undergo mutation at:
Ala Porcine

D 8™, 9™ 10™ amino
acid of A chain.

a) 30™ amino acid in
& chain.

3) In disulphide bonds
betueen :
nh- = o n‘
n1- — *61
p‘ao— - *Biq‘

Secondary structure

KEY POINTS
»Species variation restricted
108,9,10in Achainand C
terminal AA of B chain
~»Human and Porcine insulin
differ only in 30 th AAin B-

00:15:18

= The folding of Short (3-30), contiguous segment of polypeptide in to
geometrically ordered units.

Npha. Heli¢ :
= most human Proteins
oare made bﬂ = Helix

Most | \

Common
Most Stable

Biochemistry  v2.0 » Marrow 4.0 » 2020
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Protein : Secondar5 Structure : an\'n Helix :

- ° Structure form “Right handed spiral”
=> Force that stabilize alpha. Helix
!
“ Hydrogen bond 7 ( between every 4th amino acid)
Intra. chain bond

¥
“ Parallel to the peptide bond”

Amino acids that disrupt stability of alpha helix 00:19:24

D Proline
- Nitrogen is a part of
risid ring. O
- No substituent hl_.jdrogen
to participate in
hﬂdrogen bond. O H
- Induce “rinks”

ILZ

a alycine
- Has only one hydrogen,
small and flexible.
- Induce “bends”
- very less found in alpha.
helix.

eoeds Aoy

) Bulky omino acids.

g ’crﬂp*ophan

4) Charged amino acids. 0al - 033 - 033 - 034
(In series)

@ 0 G

Biochemistry = v2.0 « Marrow 4.0 = 2020



=> Amino acid which shows sreoies{' tendencl.j to form aipha
helix - Alanine
“methionine” ( Mosdmum)

-> least (pcssib'fe) tendency to form alpha.
helix - “Proline?

= Proline is present in the frst furn of alpha. helix
- In one turn of %X Helix

¥

3 amino acids 7 turn.

Beta pleated sheet 00:26:00

> Polgpepﬁde chain is almost
m"fﬂ extended
- Has ‘ziS - zng‘ pattern

NHA COOH NHA COOH

NN NN\

NH3 Porallel COOH COOH antiparaliel NHa

- Adjacent strands in a. sheet can run in the same direction ( paralied
or opposite direction ( anti parallel )

Protein secondarg structure : deta pleaied sheet :

- Interchain h}jdrogen bond
-> PerPEnd.icula.r to pep’nde bond

Biochemistry * v2.0 = Marrow 4.0 » 2020
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- Hl.jdrosm bonds - between adjacent beta. sheet.

Biurn:

- join two secondary structures.

- involves 4 amino acyl residue,
in which first residue is hydrogen
bonded to fourth.

= Proline and glycine are oten
presen’c in8 turn,

Forces that stabilize secondary structure-non covalent bonds 00:31:06

D Hydrogen bond
vy i y
B-Sheet (3 strands) a-helix
a) lonic bond
Lysina Lyina
I [+] [+]
Elecirostate " Hydrogen !43’1."
\ ¢ ]
Preven, @
a M- - u—n.ﬁ‘u
ry‘n H o M
o ". L+]
Glutarmic Acid Ghutamc Acd
3) vander waals forces

Hadrcphobie interaction

1T\

@wmwmm& @- Side chain
| turn
vander Wauals forces.
-> wWeak non- covalent forces.

sands aaoy

Super secondary structure .
- p/k/a motifs Heli Helix
-> Combination of secondary

structural elements.

Biechemistry » v2.0 * Marrow 4.0 » 2020



&mmples :
D Beta. - Alpho- Beta.

a) peta - meander

3) &reek key

4) peto. borrel

Biochemistry = v2.0 « Marrow 4.0 = 2020

Active space

Folding and



178 Proteins & 41
Amino Acids

Tertiary structure, domain and quaternary structure  00:34:05

Ter’ciarﬂ structure :

- Secondan:j structures 364:
folded into a. 2 dimensional
conformation of o po'lﬂpe,p’cide

Domain:

oglobulin fold

-> Section of protein structure
Significant to perform a.
particular chemical or
physical task such as
binding of a. substrate.

example : D Immunogjobulin fold

a) Rossmann fold

!
NRDPH bind.ing domain

Quaternary structure :

- When a protein has 4 or more
Polgpeptide subunits, Their
arrm\ﬁernen'c in space is
referred to os Quaternary

souds sAPY

Forces that stabilise tertiary and quaternary structures:
e ﬁimarﬁ non-covalent bonds.

= hl_.id.rophobic interaction.

- hydrogen bond.

- electrostatic (lonic) bond,

Biochemistry » v2.0 » Marrow 4.0 » 2020



- vander waal's forces.
= Some protein contain covalent bond (disulfide bond).

protein : level of orsmzation :

Primary Feremdary Tertlary uairruery
- -\ L
... i \“ ' i p-
: s:.ﬁ’ B
A ‘Q.J k .,-' - Yy
Amira ) # Hala Pilvpapuais At ied
acids thain b
Protein folding V041218

- Proteins are (‘,on%rma{iona!'.ﬂ d.afumic molecule that can fold into
Fr'mcﬁomi'.ﬂ competent confrormadion
- Puxiliary proteins assist - protein ?oldh'\g

“ molecular ci-npemnes"
)

They are = Heat shock proteins (HSP)
D Hsp 10
a) Hsp 90

3) Hsp 40 (Co Chaperone )

4) Hsp L0 - Chaperonin - large Muttisubunit protein.
= &ip (immunoglobulin heawy chain binding protein )
= Glucose regulated protein LeRp-094]
= calreticulin

% Cniradn } Caleium binding protein.

Enzymes assisting in folding and properties of chaperones 00:44:53

enzymes assisting protein ‘%oldina

D Protein disulphide somerose
(oD :

a) peptidy| proly isomerase ‘ AR
(G

Substrate binding to
the Chaperone

Biochemistry » v2.0 » Marrow 4.0 » 2020
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Leave Faedbac

Properties of chaperones:
D Inducible bﬂ conditions that cause un%lding

!

eq: Fever
!
1 Heat shoek proteins.

a) dina p+ €dominanmy 10 hydropnooie region of unfolded protein
3) fssociated with ATPase activity,
4) Part of quality control or editing mechanism

Protein degradation 00:48:36
Lasos.ormi degmd&’cion Proteasomal degradntion
- ATP hdependent - ATP dependen‘c

-> membrane proteins. - misfolded proteins

= proteins with long life => Short lived proteins.
Proteosomal deamdnﬁon

ERAD - endoplasmic reticulum Associated Degradation of proteins.
= Ubiquitin is the key molecule in protein degradation.

ginding of misfolded protein to Ubiquitin.

g “ iss of death
E => Ubiquitin bind to protein based on
\
“N end Rule”
!

&inds o PEST sequence in the
oamino terminal.

Biochemistry » v2.0 » Marrow 4.0 « 2020



PEST - Proline
Glutamic acid
Serine
Threonine

L}jsosorrnl degradaﬁm
- ATP independen{ process.
- For lon3 lived pro’ce’ms ond membrone proteins.

Protein misfolding disease 00:55:34

D Prion diseases.
a) frion reloted protein disease
3) nmaloidosis.

Alteration in protein confirmadion :

PrP° the cellular isoform of prion protein
(rich in Xhelix)

Pre= (Scmpies) the disease cousing isoform
L rich in_B &heets structure]

polar amino acid

ngdruphcbic amino acid
(non Polaf)

=> B Sheets aek asarega&ed.

Biochemistry ¢ v2.0 » Marrow 4.0 » 2020
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Prion related protein disease 01:00:31

- pgsrega&ed _B Sheets - resistant to degradaim
= examples

D Alzheimer’s disease

a) Parkinson’s disease

3) geta. thalassemia

4) Custic Fibrosis.

S) Huntington's disease

) Fronto temporal dementia. (FID)

D Amyotropic lateral sclerosis AL

& Dementia. with lewy bodies (OL&)

eseds aany
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FIBROUS PROTEINS

~Structural pro’ceins

~collagen, elastin, keratin, Kbrillin, laminin

Collagen 00:02:07

*  most abundant Sbrous protein present in extracellular matrix
* most abundant protein in the bod3
¢ Hishes’t densi‘qj in: Cornea. > skin

Structure of collagen
* Triple helix
- 3 Polyproline Q& chain
- Single Pol‘lj proline @ chain —> &lﬂcine-)(—*} repeat

* every 3")amino acid —> 3'.5c.in8
* X, y —> Hydroxy proline / Hydroxy lysine

* gach O chain made of 1000 amino acids

* most abundant aa is glycine
* 33% is @lycine
* Recurring amino acid
* gach O chain twisted in left handed direction
3 @ chains together twisted in right handed direction

* Quarter s’mggered arro.ngemnk

% L Aldol covalent

% th dictonce __________I ——  eross links

away from
<t
" layer i
2
2
Synthesis of collagen 00:10:32
Intracellular- ReR of Rbroblast
* it can be

extrocellulor:- &dracellular madrix

Biochemistry » v2.0 » Marrow 4.0 = 2020
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Intracellular events
* Hydroxylation of proline and lysine residue -
,L vitamin ¢ , @ketoglutarate
by prolyl/ lysy! hydroxylase (monooxygenase)
* &lycosylation of hydroxy lysine > RER
* Intra chain and inter chain disulfide bond formation
* Formation of triple helix

1 <
ﬁolsi appamius A Proco'.\asen paﬂhed into s.ecre+or3 vesicle

¢ Trmsported to extracellular matrix
extracellular events

* Cleavage of N and C terminal pogpephde
. nssemblg of collagen Sbril into Quarter gtaagerred arrangement
* Formation of covalent crosslinks

Types of collagen 00:18:27

| Type Tissue

1(me) | most connective tissues, including bone
1l Carh'.age, vitreous humor

\] extensible connective tissues such as skin, lung
ond vascular Sﬂs’cem

v basement membranes

v minor component in tissues con’minina col\o.gen |
\! most connective tissues

vi\ Anchoring fibrils

Vil | endothelium, other tissues

1X Tissues containing collagen |\

X Haper’trophic carfiiaae

b d| Tissues con’ca.inina col\asen I\

X1\ Tissues containing collagen |

XM mo_nfj Tissues

XV Tissues c.on’mining collagen \

aoeds anoy

XV many Tissues
XV m:mB Tissues
XVI\ | skin hemidesmosomes
xXVill mrm3 Tissues

XIX | Rhabdomyosarcoma. cells

Biochemistry « v2.0 » Marrow 4.0 » 2020



* major collagen present in bone: Type | (oo%)

* Major collagen present in dermis, ligaments and tendons: Type

\ (Bow)

* major collagen present in cartilage: Type I\ (40-sow)
* Co'.‘.o.gen {Hpe in dermo epiderwaJunckion= Tu:jpe vi\

* major collagen present in Rorta: Type | § Tupe 1Nl (30-407% each)
* most abundant collagery Type |

* Collagen in wound healing — Type |, I and I\ involved

m/e Type | collagen
Type of collagen and associated disorders 00:23:26
Type of Gene or enzyme Disease
collagen
Type | COL1A1 and Osteogenesis imperfecta,
COLIRa Osteoporosis, ehlers-panlos
syndrome (Type VI £DS)
Type |\ COLaA1 c,hondrodasplasias
Osteoarthritis
Tgpe i COL3A1 ghlers-Danlos 55ndrome
(Tupe v £0S)most serious]
T}jpe 1\ COL4AA3-COL4ARL nlpor’c 55ndrome
(including both autosomal
and x-linked forms)
Type V and | COLSAI, COLSA], Classical €DS
Type | COLIAI
Type W COL2AI Tenascin | Hypermobile DS (TijPe 11
x6 (TNX®) £DS)
Type Vi\ COLTR1 &pidermolﬂsis bullesa,
dystrophic
Type X coL1oAa1 Schmid me{'aphﬁsecd
chondrodysplasia
ujs.}jl L555l ghlers-Danlos 55ndrome
hydroxylase | hydroxylase (’(Hpe vl EDS)
Ht_.jphoscolio’cic EDS
Scurvy
Procohaaen thlers-Danlos androme
N-proteinase (T}jpe VIl autosomal
(also called as recessive)
ADAM TSA) Dermatosparaxis type
Lysy| Lysyloxidase menkes disease(ATPS)
oxidase (require Cw)

Biochemistry » v2.0 « Marrow 4.0 = 2020
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sktpe || oefestin

1, Hﬂ:em-nbﬂ'rlg Type ccllnﬁen, tenascin X

a. Classical Types 1 and V collagen

3, Vascular Tgpes M connﬁen

S. Arthrochalasis Tﬂpe | col\asen
ADAM metaliopeptidase with

b. Dermatosparaxis thrombospondin {Bpe I motif
(FOAMTSA)

Elastin 00:35:21

* glastic recoil

* Lung, lo.rge arterial blood vessel, elastic |i5amen{-s

Collagen Elastin
1, T‘njpes many onh_.j 1
a. Triple Helix _ & _ =
3. Gly-x-Y o .
4, Presence of hﬂdrox}j l}jsine + -
S. alycosylation + =
b. Cross links Aldol Desmosine
1. extension peptides + -
Disorders associated with lastin:
- william Beuren Sl:jndmme
- Cutis Laxa
Note : Desmosine requires 4 lysines
Keratin 00:38:54

* Protein present in the hair, nails and outer layer of skin
* Alpha. helix eross linked ba Disulphide bond

* Rich in cysteine

* Harder the Keratin, more Disulphide bond

esoeds ampoy
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Fibrillin-1 00:40:18

* Large glycoprotein

* Structural component of microfibrils

* Scaffolds for deposition of elastin

* mutation in gene for fbrillin-I leads to Marfan's syndrome
Also: * Acromieric dgsPIasia

. &aleophasic dasplasia

* Congenital contractural arachnoda.c’c\tjh
- Mutoadion in the gene of Fibrillin a Lchr s]
- This is important in deposition of microfibrils
- tarly in the development
- Clinical features: contractures, arachnodactyly,
dolichostenomelia

* Classical epiderrnoi}jsis bullosa:
= mutation in Kerakin-S

Biochemistry = v2.0 » Marrow 4.0 = 2020
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GENERAL AMINO ACID METABOLISM

General reaction of amino acids 00:01:51
H
deanmination | decarboxulation
0=C.-CODH Tﬂﬂa‘é‘mH %MH{’G“
| | |
® NH, ® co, ®
o - Keto acids
Amine : bblogical’uj
impor{-an’t amines
Transamination 00:07:31
o - aminoacid o« - ketoacid

® O]

X - Kketoacid i/_\\oc - aminocacid
@ @

. Trans?ero?wn‘mosmup?romlmnm ocid o & ketoacid to form a
new pair of amino acid and Kketoacid

* General properties :

Site : eytoplasm(mostiy)
Co-eneyme : PLP (vit )
umplekelg reversible

NH, is not released ?reela

i

Example of transamination 00:11:59

e ALT : Alanine Aminotransterase
(&6PT : Serum Gutamate Pyruvate Transminase )

Rlanine e Ke{‘oglumm{*e

Pﬂm\fo.ie Glutamate

Biochemistry = v2.0 = Marrow 4.0 = 2020
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* AST : Aspartate Amino Tronsterase

( S60T : Serum glutamate oxaloacetate transterase )

Aspartate o lﬂe’coamamie
Oxoloacetote Glutoamate
(specific) (Non specific)

e Transamination is speci%c for one pair of substrates and
non - sPeci%c for the other pair

o< -~ nmimgroup is Seﬂ'\ng concentrated as Sh{amaie

€ — Ketoocid

o - a.mmamd)

= N 1Y Transaminase

Glutamate

. P'ng pong mechanism *
® keto~y & Keto & amino acid

ocid &) ocid @
o amino ocid

Transaminase

There are a substrates and a products ( 8ibi reaction )

egeds aNIDY

o enssjnﬂwesis of m’cfi’cionaliﬂ non = essentital amino acids
X Ky «— Gutamate
Oxaloacetate «——> RAspartate
Pljm\fa’(e «—> flanine

Biochemistry = v2.0 = Marrow 4.0 = 2020
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Significance of transamination 00:26:12 Amino Acid
= : Metabolism
- Reversible

\

PLP is the coenzyme

- %*oPlasm

- Concetrates the & amino group os Shs.’cam{'e
- Ping pong mechanism

- Biosynthesis of non — essentital amino acids

* Amino acids that do not take part in transamination
|

! I 1 1
Lysine threonine proline H}jd'oxgproline

* Non alpha. amino group that take past in transamination
- 0 amino group of ornithine
0 ornithine aminotransferase eneyme ( coenzyme : PLP)
deficiency causes : gyrate atrophy of retina. § choroid
Rx : Restriet Rrginine ( Source of ornithine
Supplement PLP

Sources of ammonia 00:32:20

* Sources of ammonia.
@ o - amino group of amino acid
detoxified to glutamate by transmination

@ amino sugar

@ non - protein nitrogenous substances : Nucleotides
phospholipids
paprye

@ gut bacteria

Transport of ammonia in most organs including brain  00:34:33

o aming group
= dutamate
oamino acid

§
g
Other = | glutomine if
- @ - an’('ne’mse
sources —> ("\a atp”
A4
alutamine

Biochemistry « v2.0 = Marrow 4.0 = 2020
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- Site : mitochondria

- First line trapping of ammonia.

- Detoxifies harmful ammonia. in the brain

- Ligase reaction

- ATP i required

- Transport form of ammonia. in most organs : Glutamine
in haperamnrmemia, plasma. glutamine levels are hig'n '

Toxicity of Ammonia 00:34:33
- & K& depletion
- 1 @neA: CNS depression
- | atp
1 &lutamine : cerebral edema
Tam +w —® NH4'(impermeable)

1

(excess)
Blood - brain
barrier
x K ? Gutomate — glutamine 1‘
Slutamine
Sgn‘i’ne{ase
uses ATP co,
ﬁ HO
} § % K& depletion T enea
(inhibitory
neurotransmitter )
} Tca cycle CNIS depression Cerebral
edema.
J ATP production |
ATP depletion

eoeds anloy
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Transport of ammonia from muscle, liver 00:49:19

e Transport form of ammonia. from muscle - Alanine

o - amino 29 o=
ocid

& Keto acid alutamate ‘> ( pyruvate
X Ky Alanine
e Liver:

most orga.ns'l
Slutamine

&lutaminose NH3

* Ke
muscle — Alanine Transamination

pgm\me

Glutamate metabolism 00:53:26

= Ammonia. accumulates as Gutamate in liver and undergoes
oxidotive deamination
Glatomate dethrOSencLse
(edH)

Gutamate <
/e

NaoP)” NADAPH

.

* Ke

- NH, is released J'Freel‘tj
reversible reaction
only enzyme that can use either NAD' / NADIPH + > &DH
Allosteric activotors : ADP

GDH
™ allosteric inhibitors ¢ ATP / TP / NADH

Biochemistry » v2.0 » Marrow 4.0 * 2020
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Amino Acids
Concept map - handling of Nitrogen 01:00:19
< - amincacid x Kg
< - Ketoacid X. &lutarmate
Transamination Transport forms
glutamine / Alanine

_I_

Oxidative deamination
\H/ s NH, —jurea c‘tjcle
Transdeaminadion
&€ 1y LiveR

soeds sanoy
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UREA CYCLE PATHWAY AND DISORDERS

Introduction 00:03:20

¢ It is also called Kreb's - Henseleit Cycle
* A/KW/A Ornithine eycle- Ornithine is generated here
* Urea &icaclet

Aspartate

@_ &

Fumarate
Kreb's N Hreb's - Henseleit
cﬂcte \ c5c1e
Hreb's bic5c.le

L] Llrm
NH; - CO - NH;
AR LN
NHY  RepsCo, Aspartate

¢ Compounds consumed in Urea cycle

(D N

@ Prspartate

&co.

e Site: Liver
Drgmwehes : poth cg‘:oplasm and mitochondrio.

Other cycles in both cytoplasm ond mitochondria. are :
P‘Ljrimidine sanﬁwesis
Urea c.ljc.le
Heme sgn’chesis.
Gluconeogenesis

Active space
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Amino Acids
Reaction 00:09:40
CO+ NH,
Carbomy| PO, aATP N - Acetyl Gutamate (NAG )
Synthetase | a ~ PO,
Ccps] a RDP
Carbomﬁ'l Po, (cP)
Omithine Trans
carbom\tj\nse
Corcd &
Ornithine Citrulline ', Aspartote - glutamate

)

s Jcrcmspor‘ceu' - eirin

d
Ornithine Citrulline + Aspartate
fransporter |ATP & ~ PO,
nrainmmcjna:te
Sgnﬁwetase
| AMP
Ornithine
\ Arginino Succinate (AS)
urea
NH, = CO - ”H /< _aTcAcycle
Hrgmme Humrate
HO F\rsmmosuco\no:te
nrsirme L}jase
( hﬂdrol&'se )

* CPS | : Rate limiting enzyme
Poce maker enzyme
aATP - (~pO,)
giotin independent carboxylation . (Other eg: CPS |

CPS i
Somma.
carboxgb.’tion
Malic enzyme )
g e Al enzymes with bﬂernishcg’roplas.m.
Energetic and regulation 00:20:53
e CPSI> a ATP a~ Po,
-P«S'E.Bn%he{ase-*lﬁrp a~ PO,

3 ATP directly 4 ~ PO, , 4 ATP equivalent

Biochemistry = v2.0 » Marrow 4.0 = 2020




e Regu.laﬂ:ion
- High protein diet > 1 urea. cycle enzyme synthesis
- NAG is$ an allosteric activator of CPS |

- Compartmentation : 1*a Rest
reactions in c5+oplasm

mitochondria
Urea cycle disorders 00:24:09
coa * ”Hq.
Hyperammonemia. § CPS |
Type |
cP Hﬂpermnonemh
Type I
oTC
Ornithine Citrulline  ASP Citrin /
nln | NN
ornithine _V |V [ ViVeirutinemia
transporter 1« +uce W
HHH ¥ Ormithine Citrulline + ASP
Syndrome
Arginase As synthetase
Argininemia. Arginine & RS Citrullinemio.
RS Lyase Type |
ArginosucCinic
aciduria.
Hyperammonemias 00:30:20
Hﬂpermmwonemh
Type | Type il
ces | de%cienc5 oTC de %ciemH
1 1 autamine 1 alutamine

Biochemistry » v2.0 » Marrow 4.0 « 2020
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oouds oAjIOY

* Type i

CcP
y
Pﬂrimidine Sﬂn{f\esi&‘.
(Insoluble in water )
sine Orotie acidurio.
e \umcil‘-‘l“‘l‘(acmumhﬁorw?-
Thymine « orotate erystals )
? purimidines Pink gravel in urine

- Lsuigusning Yoctors of HA Type |\ are :

e QOrotic aciduria

¢ Increased pgrimidine sankhes‘e.
- X - linked partially dominant (or recessive )
- Most common urea. cycle disorders C 40% ]

* Trichohexis nodosa. : dry brittle hair //'/./'//

See in argininosuccinic aciduria,

® HHH SHndrome

defect in Ornithine transporter / Ornithine permease
gene : ORNT = |

Hyperammonemia.

H5peromi{hinemia

Homocitrullinemia. / nuria

Homocitrullinemia. is because CP combines with L}Jsine

]

1

. nrsinemia
- Least hHPerMMmh
* nitrogen is ah’edﬂ odducted
* arginase enzyme isoform is active
- Progressive spactic diplegia. => Scissoring of lower extremities

Clinical features 00:43:17

* encepholopathy
11 elutamate = T 1 A CNS depression
Taa = || ana
« | arpr” 11 alutamine cerebral
cedema.

Biochemistry = v2.0 = Marrow 4.0 = 2020



. H‘tjpermnmnemia
. %piro.’corg alkalosis
T nM, = Huperventilation > Respiratory alkalosis
Tachﬂptwea

* In neonates ,

- Yeeding difficulties

- Ie’c'rnrgﬂ
'tnt:hﬂpnoe&
Convulsions
i¥ untreated ,deep coma.

1

1

Investigations 00:47:22

* Plasma. NH, "
- Tested bﬂ the methods : Ammonia. selective electrode
G&lutamate dehgdrosemse enszan
method .
* R&G: pHand plasma. bicarbonate

low pH high pH
ocidosis olkalosis
¥ !
Orgonic aciduria Urea. cycle disorder
¥
Specific amino acid elevation
o o
1 citrulline : Citrullinemia. Plasma. Orotic acid
1 ns : AS aciduria +/ N
1 Arginine : Arginemia HATypell  HAType|

1 Ornithine : HHH syndrome

Treatment 00:52:27

¢ I"line treatment : Arginine

provides ornithine ,o. positive regulotor of urea. cycle
allosteric activator of NAG synthase which § NAG, a positive
regulator of urea. cycle

essential amino acid

contraindicated Arginase defect disorders

1

1

Biochemistry » v2.0 » Marrow 4.0 » 2020
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e 3™line : r-\cnjlaﬁon H\emp5
- Sodium benzoate or Ph&ﬂﬂ'l bu’(tjra.’ce is used
- mechanism of action :
Pheny| bu{tjm&e —\’ metaboliced

(prodrug)
Phen5'| ocetote
SCAVENING ___—— Slutamine < NH,
OF NH,
F’hen}jl o.ce’tH'l slu’carn'me
¥
excreted in urine
Sodium benzoate &Iache < NH,
Ebenzng! 3'.5cine
(Hippuric acid )

exereted in urine

soeds sAnay
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AROMATIC AMINO ACIDS

nm\n? Acid
¥ W ¥
Catabolic fate Anabolic fate i¥ non essential
Amino Acid
¥
S\_.jnthesis
Phenylalanine and tyrosine structure 00:05:55
|
v ¥
Phenylalanine Tyrosine
W !
NH_ - C — cooH ) Rlanine H
a MHa - C - COOH
| |
G Esen?.ene ring CH,
genzene rinS
one Hﬂdrogen (H) @ +
Huydrony
,l, OH roup (OH)
Pheny )
Phenol ring
» £ssential Amino Acid (AA)D « Non essential AA
* Non polar RA * Non polar AA
» eoth ketogenic § glucogenic (because of OH group there
is some polar nature )
i
Least non polar AR among
non polar aromatic AR
* Both ketogenic § glucogenic

Biochemistry * v2.0 « Marrow 4.0 « 2020
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Metabolism of phenylalanine-overview 00:09:48

Phenylalanine ———— Tyrosine

catabolic Anabolic
J'Tgrosine fransamine
retogenic Tgmsml Tyrosine l
+ h5¢ox51ase )
e.hmaenic melanin Thljmxme
Catecholamines
Conversion of phenylalanine to tyrosine 00:12:13
Phenﬂlahnm hﬂdm:d!jnse
(PAR)
Pher@ahnine > Taroshe
aTP cﬁc',ohﬂdrolase Teimhﬂdro- duhgdm—
&TP = —> — — — biopterin biopterin
E’L/)HJ
= Dihydrobiopterin reductase

NADP" NADPH +H

Propereties of this reaction
D Irreversible reaction
D Phenylalanine hydroxulase is - monoxygenase (requires 8H)

Clinical correlation
D Phenyretonuna - Type 1 ¢ classic) defect in phenylalanine
hadrox}jlase
& Phenyketonuria - Type Il § Il (non classic ) defect in
Dihydrobiopterin reductase
g 3) Phenylketoruria. Type IV § v (non classic)  defect in
g formation of tetrahydrobiopterin.

Biochemistry » v2.0  Marrow 4.0 * 2020
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Phenylalanine and tyrosine - twin amino acids 00:17:87 Amino Acids
Two reizsons
¥ pan
e Phen!jla!anine —> Tyrosine P'nenahlan’ne cannot
J. enter Zotabolic / anabolic
This reaction oceurs occurs on13 paﬂﬂ.uo.l.js
in one direction l
act as “ valve ¢ Tyrosine onl‘uj enters into
metabolic patm:mj
Catabolic fate of phenylalanine and tyrosine 00:20:07
Tﬂrosine tronsaminase
PAH PLP
P'nen‘t_.jlnjanine — T5rosine > Parah drox_sj
E:'ner;; fgru.\fo..’te
PH
a- Ke*ogh’mm&e glutamate
PHPP
h}jdrox!j'ase
vitamin ¢ |( Didxygenase .
Horr-oa:a:'\’cismte
ron Ho entisate
(Fe ™) | dioxidtse
( Dioxygenase )
NN
maleulacetoacetate
':é man )
GSH mMAA cistrans
isomerase
Rmur‘xjhce’coace’(o&e
(FAA)
FAA
hﬂdrolase
Fumarate Acetoacetate
Clinical correlotion

D Alkaptonuria. - defect in homogentisate dioxidase
EY) Phenyketonuria- defect in phenylalanine hydroxylase

Active space
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soeds aanoy

Type I and II tyrosinemias 00:26:17

* Tyrosinemia. - A / w/na- Tyrosinosis

Type | tyrosinemia / Hereditary | Type Il tyrosinemia.
kgrosinemia./ Hepatorenal oculocutaneous / Richner
+5rosinemia Hanhart sgrdrome
e M. C tyrosinemia. clinicol rrnsi‘ii?es’ta’tion
* Resemble porpharia 7 1
* Treatment - Nitisinone / NTBC | ocular cutaneous
» Cabbage like body odour J )
* eneyme de“ciencg - FAR corneal ulcer Non pruritic
hsdrolo.se hﬂper Kerototic
plaque
(soles § palms )
* Enzyme de?iciencﬂ -
lerosine Transaminase
|
Type - III tyrosinemia 00:31:22

en/w/n- Neonatal tyrosinemio.

e Leost common,

* Enzyme de#‘nciencg - PHPP hydroxulase
* It is associated with Hauiﬂini.mm

Mutant PHPP hﬁdmxu_.jlnse
l

Partiaﬂ5 active
l

Produces Hawkinsin

!

c/F- Swimming pool body odour

Phenylketonuria - biochemical defect 00:34:07
PAH
lalani i
Phenylalanine — Tyrosine

e Phenﬂlalanine — enters alternate metabolic pukhma.g
Transamination Reduction

Phergla!anim —_ Hwenalpﬁruvate > phen-:j\ lactate
(it is phenyketoacid )

Biochemistry s v2.0 » Marrow 4.0 » 2020



L Decarbo%hﬁon

Phenylacetate — gives mousy /

rruskjjbodﬂodaur

Gt}r]juaoﬁcbn + Glutamine

P?Bn5lace{3! Slumm'\ne

| Tyrosine
|
' 1 i
} melanin | Catacholamines } Thyroxine
y !
Hypopigmentation | neurotransmitters
!
Some dietary tyrosine neurological manifestations
Contributes to pigmentation |
!
Blue eyes ,blonde Intellectual deficits
hair, fair skin Agitation
H}jpemctNHB

Phenylketonuria - cause of neurological

manifestations 00:43:17

* In the 8rain = Phenylalanine , Tyrosine , Tryptophan
!

Passes ’chmush the blood brain barrier
(Throu.a'n a fransporter)

!

Phe, Tyr, Trp In phenylketonuria. , phenylalanine
1
\ Saturates all the transporters

J
|
tene, | v ! Ll so 1 phenylalanine , I Tyrosine § Tryptophan

in brain

Biochemistry » v2.0 « Marrow 4.0 = 2020
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1) Phenylalanine X Tyrosine
} Tyrosine — | Neurotransmitter
| Tryptophan — | Serotonin
These results in neurological manifestation.
. in?anca - Phenaliﬁei'omria

¢/ F - severe \fomi’c‘ng

!
rnnﬂbediagnosedasa.mseo?

congen&o.! h!jper’croPhic pﬂlcﬁc stenosis

Phenylketonuria - laboratory diagnosis 00:47:43

D euthries bacterial inhibition test
)
Blood sample - “ Heel prick “
)
Bacillus subtilis requires phenylalanine for growth

it phenylolanine in blood - bacterial cultures seen
a) Ferric chioride test - in urine

d

To I ml of urine

y

Add ferric chloride reaaent
¥ - ——

Swes transient blue green colour
1)
means ferric chloride — positive @
due to presence of phenfjlpﬁmvn&e

3) Blood phenylalanine - & - 6 mg / d|
> 20 mg / dl - bad prognosis

aoeds P12y

Biochemistry = v2.0 = Marrow 4.0 = 2020



4) Tandem mass spectrometry / Fluorometric analysis -
&pld standard inveslzisa.ﬁon

S) eneyme studies

) &enetic mutation

D Phenylalanine hydroxylase probe

Phenylketonuria - treatment 00:53:02

D Dietary restriction of phenylalanine

Latest treatment of PKU

* Recombinant enzyme i‘l'ﬂmpa - pherglahnhe ammonio Hase

under trial

Alkaptonuria 00:55:09

e it is o part of &ckrrod‘s’te’cmd—smdiedb‘tj“m'chibddwod.“

l
cC- cljskinurn
A - Alkaptonuria. (= 1EM
A - Albinism (Inborn errors of metabolism )
P - Pentosuria
Biochemical defect
PHPP
¥
Homogentisate 11

Hmwosentso&e i: \

Benzoquinone acetate

) POleernse
Alkaptone bodies

Biochemistry » v2.0 » Marrow 4.0 » 2020
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Recumulates in co.r’c'daﬁemus
tissues of
|
W L pe W
intervertebral disc Nose Pinno. Sclera
; | L
Ochronosis
| )
Blo.ckish spots
c/ F - low backache
seen in middle aaed.
Alkaptonuria - diagnosis & treatment 01:00:37

a Hormsenﬁsde — exereted in urine

)
Freshly excreted urine ( Normal in ecolour )
)
Loter urine se&s oxidised
)
Black discoloration ( From top to bottom in a
l tube ).

in infants - elack / reddich discoloration of diaper

* In Alkaptonuria. - No mental retardation

!

because pheng':o]an‘xne is converted to {-Hrosine

Laboraiorg diagnosis

e Alkalanisation of urine - 1 darkening

e Ferric chloride test

* AgNo, (silver nitrate ) test - Positive

*X - ra{.jspin—pmo’cbea}ﬂappeamnce
Bamboo like spine

Treatment
o Nitisinone / m&c—i
inhibit

aaeds aAlDY

PHPP hydroxylase
— PHPP <a > homogentisate L&

Biochemistry = v2.0 = Marrow 4.0 = 2020



Amino Acids

Segawa syndrome 01:05:99

* Enzyme defect - gTP cacbhadmhse

leHsrﬂhesis
‘51

but normal phenglalanine levels

* Autosomal dominant
em.C in females
oc/F- Dystonia. with diurnal variation
sudden weakness of lowerlimb
more in the ev'enings

Anabolic fate of tyrosine - catacholeamines 01:10:41
D Catecholmines
!
synthesis in - d'\rom??inlceils
! l
Adrenal medulla. extraadrenal
!
Sympathetic gangfion,
Nerve endings
!
80 % adrenaline / Nor adrenaline
epinephrine
Pathuuay of synthesis
PAH

Phenylolanine — Tyrosine
l Tyrosine hﬂdmxﬂlase - Rote limiting enzyme
Uihﬂdrogj phena’sahnine
(DOPR)
| oopa decarboxylase , PLP
Dopamine - I* catecholamine sunthesised
J Dopamine betaoxidase

Morepinephﬁne

Active space
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methionine
N
S - adenOSBlmet’nionine

> KL me’chlj'. transterase
5 - adenosgj!\-\omcgs’ceine

Three similar aromatic AA hgdmxghs«es.

D PAH monooxygenase
1D Tyrosine hydroxylase Require BH, , NADPH
D Tryptophan hydroxylase
Dopamine  epinephrine Norepinephrine
' Catechol - 0 ~——»
J l*—meihghmns#emse l
Homo vanillic metanephrine Normetonephrine

acid (HVA)
- Monocamino = /
oxidose

vanillymandelic acid (VmA)

Pheochromocytoma 1:19:03

e Tumor of adrenal medulla

« Clinical presentation is highly variable
« The classic triad of Pheochromocytoma

Biochemical diagnosis of pheoe.‘nromoca’«om

34 - hour urirmB tests are
D Vanillymandelic acid
a) Fractionated metanephrines

souds anoy

Plasma. tests are
e Cotecholamines
* Free me{'anephrims

Biochemistry » v2.0 * Marrow 4.0 » 2020



Anabolic fate of tyrosine - melanin 01:21:08

melanin

l
St_.jn’:hesised in melanosomes in mehnocafes —> present in deeper
layers gives pigmentadion to - skin , hair , iris , retina.

Pathiay of synthesis

PAH
Phenglnianine — Tyrosine
| Tyrosinase
DOPA
[} Tyrosinase
Dopaguinone
¥
melanin
Clinical correlation
¢ Albinisim — defect in tyrosinase enzyme
l
¢/ F = milky white skin § hair
Red eye reflex

Anabolic fate of tyrosine - thyroxin 00:24:23

In thyroid Lollicles — Thyroglobulin present ( pro’te'rn)
has IS Tyrosine residues

it iodinoted — mIT - monociodo iharonine
DIT - Diiodo {hsfmine
miT + DIT - T3
DIT +DIT - T,

Biochemistry = v2.0 = Marrow 4.0 = 2020
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Amino Acids
Difference between tyrosine hgdroxghse / Tyrosinase

2 ¥

Tﬂros‘-.ne hgdroaqjlase T}jrosmse
l

expressed in those exp'essed in
sites where melanin san{hesishs
Cotacholamines sites
are sgnthesised

l

poth are monoxygenase
&oth convert {-fjrosine —* DOPA

sovds oAy

Biochemistry « v2.0 = Marrow 4.0 = 2020



GLYCINE & SERINE

Glycine 00:02:34

&50:(51&{3

/
B Glycine «— Slycine synthase

Threonine —7

Serine

Catabolic Anabolic C.CN, 0t Purine
I—‘_l Creatinine
Heme
Serine &Iacine Glutothione
| Cleavage
Pﬂfu\lo:l’e SBS‘EBIT\
(&lucogenic AR)
|-|1
Chemistry: NH, —C —COCH  jNo asymmetric /No optically active
H carbon otom

Non essential amino acid
Pure'.5 Shcogenic amino acid
* Polar amino acid

Simple amino acid

Glycine : pathway 00:07:38

sHMT (PLP, Folic acid)
® Serine ¢ - 4 edacine . SHMT = Serine hﬂdroxﬂ-
methyleneTHFA (B carbon ) methyltransferase

Prirmr}j donor of | Carbon group .

elyoxyate alanine aminotransterase(PLP)

° ngonjlaie ¢ m > aﬁcine
Alanine Pﬁmm’:e
. Glyoxylote Slutamate
Qlycine X & ¥etogluterate

Biochemistry » v2.0 » Marrow 4.0 » 2020
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) 1895 .
Leav_e".*Fé_ﬂdb_a_c

Threonine aldolase
e Threoning —— &lgﬂm

e glycine Cleavage System (eCs)
- mﬁtienzﬂme complex
- H - Protein [ Covalently linked to 3 enzymes ]
D &lycine dehydrogenase — cuts the CooH
i0 Aminomethyltransterase — separate metnyl group
i) Dihydrolipoamide dehydrogenase

(@

N\
THFA NN_ me’ch\tj'uenean

—X — (O —

Glycine : anabolic fate & function 00:16:19

_..._..._..-1

e Creafinine
ro—
| alﬁche o.rsinine ]

i SAM SAH
amidinotransferase v,
el}jcine Guanidinoacetate —— Creotine
Kidney «] v ] Guanidino
Arginine acetate methy|

L Ve e - 4

methionine transferase

R e

Liver

W

Creatinine «——  Creatine phosphade
ADP ATP

muscle — lohmann’s reaction
Snm=—-s—-o.den0551me-thionine
SAH:- S-adenosg'n homocgs’ceine
“Creatine PO, — » Immediate replenisher of ATP in muscle
L Sirst 3 - 4 secs of exercise ]
* High enerqy compound
e /WA P‘nospi'ngen

soeds sAnoy

e Heme
Succ,inkj'. Cof + El.,]!j(.‘.il"‘le -2 > = > Heme

Biochemistry « v2.0 » Marow 4.0 » 2020



Slutathione
C,,C,, N, of Purine
Neurotransmitter

C,or]juaoiir'e o.sen*: - ¢ gile acids

] EbenonI CoR— Hippuric Acid

Glycine : clinical correlation

most abundant / recurring amino acid in collagen
Induces bends in a° Structure of proteins .

00:23:09

° Haperoxahr'n _[ 1°
2°

Vit de?icienca —

svitC *oxicihj —

. meiho:aj%mne —

. &th&_.jlene &hjco'n —
po'tSDnina

* enteric —
hyperoxaluria.

Type | — defect in &lyoxylate
Alanine Aminotransterase
Typea— defect in Glycerate
dehydrogenase / &lyoxylate
reductase

— e —

algjoxﬂla&e occumulation

!

Oxoluria,

e i defect in §CS — Non-ketotic h‘ljpershjchemin.

Serine 00:27:14
1|% ¢ Polar, uncharged amino acid
NH, — tl‘,— CooH * Non - essential nmmo m‘nd'
CH, - OH . Pure15 glucoaennc oamind acid
— me site of Phosphorylation

- Con be sanﬂwesized from :
2 &'.ﬂcine — Serine
* 3 Phosphoglycerate (2Pq)

— metabolic functions :

* Primary donor of | Carbon group .

Serine "\—’ &lache

mﬁwgwne THFA

s ci.js’tehe s'jnthesis .
. Pf\OSpPu’rida'- serine

« sphingosine ( Serine + Palmitoyl CoR)

. Selenoc59ke'm precursor

Biochemistry » v2.0 « Marrow 4.0 « 2020
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PLP
co l
a
* Glycoproteins choline ( Trimethy| ethonolamine )

O-linked glycoproteins  Betaine ( Trimethylglycine )

* MC site for phosphorylation (covalent modification of enzﬂmes)

Biochemistry » v2.0 « Marrow 4.0 « 2020



SULPHUR CONTAINING AMINO ACIDS

Sulphur containing amino acids - Introduction

. cﬂsteine e methionine
;i "
NH;— € — COOH hH,— C — COOH
SH u:a S,
S L.iriﬂase
|
CH
- Sulfhydry) (-s1) / Thicaleohol / - Non-polar AR
Thiol group - Does not respond to
- Non-essential amino acid (B sulphur test
- Purelg shcogerﬁc - gssential amino acid
- Polar amino acid - PureB Slucogenic
Methionine - Metabolism 00:08:20

« methionine - nNot ame‘c'nfjl donor
e S-Adenosyl methionine (sAm) - Principle methy donor
methionine
methionine Adenosy! T ransferase ( MaT )

me{h51
Transferose \' CH

3

S~ Adenosy) Homoeysteine (sAH)
ndenosg
mn—-ocas’:eine \' ﬂdemsa'.

Homcgsteine

Activa spaca

* methionine Adenosy Tronsferase(mAT)
MAT- 1 = Liver
MAT= 1| = extra. hepatic Tissue
MAT- Il = Liver

Biochemistry # v2.0 » Marrow 4.0 » 2020
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* significance of S- Adenosyl Methionine (sAm)
- Transme’chljlahon Reoction
- Polﬂnmine Sﬂn’chesis
- DNA meihala’don
Transmethylation reaction & polyamine synthesis 00:13:52
L Trmmthﬂhiion Reaction
Aeceptor methylated Product
Guanido Acetate Creaotine
Nor- €pinephrine gpinephrine
Epinephrine mekonephrhe
ethanolamine Choline ( Trh\eﬁn}jlahamhmine)
Carnosine Anserine
f-\cetgl Serotonin melotonin

a. Polgamines
* Organic compound with > | amino group
Posi&ivelﬂ charged
Interact with negatively charaed DNA
* Regulates gene expression
Synthesis o¥ polyamines :-
Polyamines are derived from Ornithine and methionine

Ornithine
Rote N~ co,
Limiting Enzyme - 1 Ornithine Decarboxylase
(erLe) Putrescine
Decarboxylated
—NH, +—C, SAM  +— gpm +—methionine
SPE\:midir‘e
Decarboxylated
[ m, —(, M “—sam “—methionine
Spermine

v Polu:jamine derived from L.:.jsine -> Cadoverine
e Precursor for putrescine > Ornithine
* Precursor for spermine § Spermidine —* Ornithine + Methionine

8oeds sApIY
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Fate of Homocysteine 00:24:17

. Regeneration of methionine
* THFA - Tetra Hﬂdro Folic Acid

Homocgs’tem
kma&h}jl em ”-.; ne’thal THFA
) ¥ THFA
methionine

. De#icienclj ot B,
- | Free THFA
- A Functional de?iciencxj
- ¥nown as folate trap / THFA starvation

l

Defect in ONA san{’nesis

l

mesajob'.asﬁc ana.emia.

i.e T megoloblast in Bone Marrow
T macrocytes in Peripheral smear

» Deficiency of & / Folic Acid
e,/ FA
Homoc!jskehe —_— Mmethionine
Deficiency ot &, / FA — 1 1 Homocysteine
Risk Factor for Thrombosis
(caD § CvA)
] Commra Flr‘cer!j Disease
s Cerebrovascular Accidents
* Deficiency of 8 and Folic Acid (FA)

- 1 Homocysteine in elood
- Homocgs’me excreted in Urine

Biochemistry » v2.0 » Marrow 4.0 » 2020
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a. E-Ju.r:ogenic fote

methifnine

Hornocljsfeir‘e

serine

(Co-enzyme ) PLP | Cystathionine B Synthase

+ Trans—-sulfuration
cﬂsmihionine reoaction

( Co-enzyme ) PLP Cystathionase

Homaoserineg + Cﬂskei.ne

1

Propiongl COA

Succ'nal CoA

|

Glucogenic fate

» Deficiency of Bl
- 1 Homocysteine in Blood = CAD / CVA
-1 Homocystine in urine

Biochemical disorders of
Sulphur containing aminoacids 00:38:18

l. Casthouse Syndrome / smith Strang Disease
+ Defect : methionine Transporter (intestine )

a. Pr‘rrnrl.j Hspermel‘ni.on'nemh
e Defect : methionine Adenosy| Transterase(MAT)
¢ Characteristic feature : Boiled cnbbaee. odour

3. Classic Hm-mcgs{'nwh
e Defect : Cystathionine B synthase

eouds sApoy

4, C)ds{'aﬂ:hionimxrh
e Defect: Cystathionase

S. Non—-classic mmcgs’cimria.
s Defect: N, me&hﬂl THFA and n\eﬁwﬂl &,

Biochemistry » v2.0 « Marrow 4.0 « 2020



Classic homocystinuria - Defect and features 00:42:24

e Autosomal Recessive (AR )
* Biochemical Defect : defective Cystathionine f synthase
methionine
Honncljs{eme
© Cystathionine f |~ Serine
synthase “fLp " (Co-enzyme)

cﬂs{o&hionm

-
Homoserine + c::js’teine

T Homocysteine in Blood
t Homocystine in urine
¥ | Cysteine synthesis
mMethionine - Normal

|

¢ Clinical feotures
) Initially ~ Asymptomadic

Developmental Deloy

DAt3yrsotage: o } vision
. Progresswe mﬂop'n
* Quivering iris (iridodonesis )

On Examinadion - ctopia lentis
(Lens - dislocoted medially and
downwards )
¢ Skeletal deformities
e Severe mental retordotion
¢ Thromboembolism

skeletal Deformities :

nmd—modacg!}j
Pectus Carinodum
Pectus excavatum

Biochemistry » v2.0 « Marrow 4.0 = 2020
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* &enu Valgum / Varum
s CoXo voro.
e Pes covus
] H‘B'n arched polote

Homoeystinuria. resembles marfan’s Syndrome

Classic Homocystinuria - management 00:52:15

L Inves’cigaﬁons
. Cﬂan'nde Nitroprusside Test —> rfwgen’ca colour
¢ Tandem Mass spec{fome‘ch —> Best sereening method
* Enzyme nmlﬂsis
o DNA Mutation Studies

cﬂan'de Nitroprusside test is answered b5
- mmss{ehe, homocﬂsﬁne

- %stem i C.fjs’cine

a. Treatment
e High dose of vitamin &_
Reason - Vitamin & _(PLP) —> Coenzyme of cystathionine
sgni‘mse

e Restriction of Methionine with ijs{eine supplementation
Reoson — methionine is Sﬂrﬁhesized but cﬂs{eine is not

* Betaine supp'nemen":o&ion
Reason - Trimethy| Glycine (eetaine) > Remethylation of
i-&omocgs‘:eine
Homcgsteine ir methionine

getaine
¢ Administration of Vitamin C = Improve endotheliol funection .

@ Non - Classic Homocystinuria 00:55:50

e Defect
- Defect in formation of N, W\B’(h‘l:i'l THFA
- pefeet in formadion ot methy| cobalamine

Biochemistry » v2.0 = Marrow 4.0 = 2020



methylene Tetrahydro Folate ( MTHF)

methionine mTHF reducatase
K mahﬂi)( NS me’cth THFA
Homocfjsiene
cﬂgka&hxonne
%s’ceine + Homoserine
e Levelof
- methionine } |
- cﬂs,%eine = Normal
Homocystinuria - Comparison 00:58:38
Feoture Classic me{hﬂ'n MTHFR
Homocgshmrn Cobalamine reductase
defect deficiency
. Homegste'memia + + +
* methionine level Normal ) )
in Blood
. %s’teine level in .l Normal Normal
Blood
. mesa.bblas’dc Absent + Rbsent
Rnaemio.

Other disorders of Sulphur containing amino acids

01:00:55

) ci.]s’ca’thionimr'n

- Defect: CﬂSJL'O&h'IOmSe
- Cﬂan'lde Ni'troprussi.de test: Neao&we

a. cﬂsﬁmr'n

- Defect : Dibasic AR fransporter n ntestine and Renal tubules
- A part of Garrods tetrad : C - Cystinuria

A - Alkaptonuria.
A - Albinism

P - Pentosuria

Biochemistry » v2.0 = Marrow 4.0 = 2020
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- exeretion inurine : C - Cﬁs{ine
O - Ornithine
L- "E)Sine
A- Hrsinhe

- c5anid.e M&roPrusside test : Positive

3. c;:js‘cmsis
- Lﬂsns.oma! S‘tomae Disorders
- Defect : Cystine transporter ——— Cystonosin L product of
(Lysosomal H' driven ) CTNS gene ]
- Affects:

Liver > Hepatic failure
Renal —> Renal failure
Cornea. —> Corneal opacity
Bone marrow
- Treaiment : cﬂs’ceamine
Cﬂs‘teo.mine

N

casﬁne S 4 CBS’ceine

Specialised products from cysteine 01:05:48

. cﬂs’te'me on decarboxa'.aﬁon gives > eetamercaptoethanclamine
a. c::--enzﬂm A
3. Taurine
- Conjugates &ile acids
4. gutathione (&SH)
S. cfjsﬁne
- a cgs{eine Brm;psjoined {oge‘cher bv_.j 3 SH groups .

Glutathione ( GSH ) 01:06:53

s tisa Hipepﬁde
3 AA's - Gamma. Glutamic acid + Cysteine + Glycine

Is sanyy

It is Gamma. &luknmtjl st{ein}ji aiache

A pseudopeptide ( @amma. carboxyfic acid forms the peptide bond )

Active part / Business part / Banking part - is SH group of cysteine

Biochemistry = v2.0 » Marrow 4.0 = 2020
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* Amino Acid Transport
- meister’s cycle / Gammaglutamyl eycle
Free Radical scavenging
Maintains REC membrane integrity
reeps Iron in ferrous state in Hemoglobin
Antioxidant
o Oorﬁuﬂaﬁon
= In phase-1l Xenobiotic reaction
* Acts as co-enzyme for various enzymes
Glutathione ( Co-enxyme )
mle:jl acetoacetote A > Fumaral aocetoacetote
Cistrans isomerase

Free Radical Scavenging -
( reduced )
H a0 . aSH NADP”
Glutathione Galutatnione
Peroxidose reductose

H;O as sg NADPH + H
( oxidised ) I
HMP padhuaﬂ

¢ glutathione peroxidas.e
-A Selenocﬂs’ceine con’min‘ms enzyme

* Glutathione reductase
= Flavin con&a‘rnirg enzyme
- Helps ‘0 assess B, level in lood.

Active spaca
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TRYPTOPHAN

Tryptophan : Chemistry 00:02:16

Benzene | Parrol.e
. H .
R\ng F'.r\ﬁ

Indole I?.'mg
e promatic Amino Acid
e £ssential Amino acid

e Both Ketogenic § glucogenic

Tryptophan (Trp) —— Anakbolic fate

(‘QPRTase
4—Tr|jp+op'rwn f Tr5p+o1:ho.n l | l
pyrro oxygenase Niacin Fe?o&onh ﬁ:monm
(8,) Tryptophan
Catokbolic fate h}jdroxg'lase
|
I |

retogenic fote Glucogenic fate
Tryptophan : Metabolism - catabolic fate 00:06:27

Catabolic fote : A/K/A Kynurenine Anthranilate pathuay

Tr Ophcm

Tryptophan o »  N- Formyl Kynurenine
Pyrrolase o E
(eme containing) (j'an (Tetra. Hydro Folic Acid ) §

Fcrr'ntjl THFAR

H‘tjrw.renine
H{jmren'me Hl.jdroxﬂhse
* Require NADPH

Biochemistry = v2.0 = Marrow 4.0 = 2020
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3-OH Kynurenine
nhnhe'/ Kynureninase <= Coenzyme = PP (vit 9’9
1 2-0H Anthranilat
Glucogenic 7
Fate _ GPRTase
| Rote limiting step |
NAD' Pat%ma Hetogenic fate

QPRTase - Quinolinate Phospho Rikbosy| Transferase

*InB, de%e‘wenc!j > ¢ 3-OH Kynurenine

l

Xanthurenic Acid

|

Excreted in urine
e | Niacin = Pellagra. like symptoms .

Conversion factor
¢ 0 mg of Tryptophan -Converted , | mg of Niaein

Tryptophan : Metabolism - anabolic fate 00:14:36

e Serotonin

* Ter{mh\tjdrobiop’rerh
#* NADPH

Trap{ophan Trl.jpiophcm hwjdroxgl as; S-OH Ti"tjp’mphan

/ Aromatic aminoa.cid
co Decarbox5|ase

a
Y

S-OH Tryptamine ( Serotonin)

degmded
S-OH Indole acetic acid

Functions ot serotonin : e Neuro transmitter
» Vosoconstriction
e mood elevator

. Tempemture regulaﬁon
* Gostro intestinal Tract motiiirtg

eseds enY
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Site of synthesis - nrser&a?-ﬂh cells .
* |ntestine
* mast cells
* Platelets
® Brain

* mMelotonin:
- Sanfheslzed in Pineol Sland
Serotonin —— nce’njl serotonin

SAH

me{h}j'u nce{B! Serotonin
( melatonin )

- Function : eiologica.l rhﬂihn
* Neurotransmitter

Carcinoid tumor / syndrome 00:20:17

- Neurcendocrine tumor
-p/w/A nrgen&a?-ﬂinorrn.
- Tumor of nrgen’co.?i}in cells

1 sunthesis of serotonin
| Niacin Synthesis

- Clinical features :
* Intermittent diarrhoea
* Cutaneous Slushing due o 1 Tachykining
* Sweating t
* Fluctuating h}jper{'ension
e | Niacin = Pehaaro. like 55mp’(oms

- Diagnosis : = 1 serum Serotonin

- 1'sHieA in a4 hr urine () = <smg/ day)

Hartnup’s disease 00:25:45

- Defect in absorption of Tryptophan § other neutral amino acids from
intestine § renal tubules

Biochemistry = v2.0 = Marrow 4.0 » 2020
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Amino Acids N
e;on{' - «—defective
Truptophan ——
excreted = " Blue Diaper )
Bacterial /) in urine
enzyme
Renal

e
Compounds 1
* Indigoblue -|—)
*Indican > |_Circulation

e | Tryptophan — } serotonin
in cells

L | Niacin

-me sgmp’com -> Cutaneous phokosensiﬁxﬁk‘xj
( Photosensitive dermatitis due o Niacin )
- Neurological manifestation ( | Serotonin) :
wide based gait
intermittent ataxio.

- D‘ugnosis :
e Obermeaer Test : Test for indicon

Treatment : ¢ Supplement NAD
* lipid soluble esters of Trytophan

Drummond syndrome 00:20:17

* BOAT- | : Transporter (of h’ap’cop"nn) at Intestine
coded b}j SLCLAID

e Drummond Sgndrom :
- BOAT | is defective on'.a in intestine
- Blue diaper sﬂrdmme

ageds ey

Biochemistry = v2.0 * Marrow 4.0 = 2020



BRANCHED CHAIN AMINO ACID

Chemistry of branched chain amino acids 00:01:59

¢ Branched Chain amino acids are *
-* Leucine ¢ hefoaenic
= Isoleucine : Ketogenic and glucogenic
-> valine : Gﬁucogenic

* Al are non - polar
e Al are essential

Metabolism of branched chain amino acids 00:04:03
eranched chain amino acid
I. Transamination PLP
Branched chain kKeto acid
\) co.‘l.
3. Oxidotive decarboxylation Branched chain keto
lAcid d.ehtjdmsemse
ncgi CoA
3. FAD dependent ( Flavin ) 8,
Dethrogemﬁm
‘Products’

i

Biochemistry * v2.0 » Marrow 4.0 « 2020
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Amino Acids
Leucine Vvaline \soleucine
I | I
Transaminase (PLP)
& Keto acid o He{l) iso o He’to!B me-thBI
Coproic acid valeric acid valeric ocid
I I I
granched chain Keto acid dehudrogenase
r_)wz P CDa t_) co A
lSOVQJ\ETBI cof Isobu(yrﬁl Cof methBI bu.’c!erI coA
FRD Dependnn’c dehqdmgemse
B methyl erotony| methyl acrylyl 1"13131 Cof
CoR CoR
hetogenic Propior*ﬁl Cof D&e&TI CoA
E;Iuc'c'raenic Ke{osenic
Branched chain keto acid dehydrogenase 00:09:06
o Mmulti enzyme complex
(Gimilar to pyruvate dehljdrogemseD
* Hos 3 enszes G.ene
1. eranched chain ketoocid demrbox&jmse—l
a. Dmhgdrohp(suI trmcﬂhse ndl -
3. Dhﬁdrohpoo.mnde dehl.jdrosemse =€
* Co enzgjmes:
I1.CoRA
a. Thiamine pgrophospm{e
g 3. L'tpoamide
£ 4. FAD
8 S. NAD

Biochemistry » v2.0 * Marrow 4.0 = 2020



MSUD ( maple syrup urine disease ) 00:11:40
Defect in:
g % — Type |A(MLC) Associated with
E'.-B T}_’jPe 18 Thiomine Pﬂrophosphnte

g, —— Tupel
g, — Typell

Clinical correlation of MauD.
* Neonates
* piochemical defect :=> Branched chain keto acid Dehﬂdrogemse

Decarboxylase enzyme € en2yme component)
-> Defect in oxidative decarboxylation

Branched chain keto acid T | (Accumulates)
% BCKD (defective)

chjlcon

¢ Clinical Yeatures :
= Feeding cfﬁ‘-?iw}lw:j
Failure o thrive
Leﬂurslj
Convulsions
Hypotonia. with bouts of hu_.jper{onia
- boxirg ONP H TeST
- bicaclins
> urine(on refrigeration) -maple Syrup / Burnt A
sugar / caramel (smeld

2R 208 2R 7

* Diagnosis : 1 eranched chain amino mcid} in
1 eranched chain keto acid urine

= Dinitro phengl hﬂdrazine test : Yellow colour precipitate
= Rotherals test : purple ring
¢ Treatment:
=> Restrict branched chain amino ocid
-> 5upplemen’c thiomine

Isovaleric aciduria 00:18:00

* pefect in leucine catabolism
* En2yme defect : 1sovaleric acid dehadrogemsa
¢ Smell of sweakﬂ feet

Biochemistry = v2.0 = Marrow 4.0 = 2020
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ACIDIC AND BASIC AMINO ACID

feidic amino Aeids gasic Amino RAeids
* Aspartic Acid = Asparagine e Histidine
¢ Gutamic Acid = Glutamine o ﬂrghine
* Lysine
Basic amino acid 00:03:25
Histidine ﬂrg‘mi.ne L}jsine
=> gssential -> essential/ -> essential
Semi Essential
= Polor > polar > polar
(mos®)
most Basic
-> Imidazole = quanidinium => £ amind aroup
-» emoaenac -> elumsenic - Purel5 he’cogenic
Histidine

e metabolic function

l. Histidine T Histamine
coad
a. Histidine
| Histidase
Urocanate

d
Imidazolone Propiorn{'e

!

Formimino Gutamic feid (FieLw)

THFA
Formimino Folic acid

glutamic feid

(e reto sh{ram’ce) = Glucogenic fate

Biochemistry « v2.0 = Marrow 4.0 = 2020
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Leave Feedbach

¢ Deficiency of THFA
y
1 Formimino glutaric Aeid
!

exereted in urine

s Histidine Lood Test
-+ |} AgLU is excreted in urine = folate De%ciemg

3. carnosine ( f3 Alanine + Histidine )

4, Anserine (me%hﬂ'. carnosine)
S. Homocarnosine (GABA + Histidine )

Arginine and lysine 00:11:34

nrsinine
» metabolic functions + synthesis of
L Pﬁrnaj:ine - nn’cihl.jper’censive
3. Creatine - &iac‘me + Arginine + methionine
3. Urea. —* Hrginine Arginase ornithine + Urea
4, Ornithine
S. Nitric oxide

* Nitric oxide
- endothelium  Derived Relaxing Factor (EDRF)
- Free radical
- gaseous Molecule
- Short half life (0 J5)
= Arginine Nitric cn-tidt?.a Nitric oxide + citulline

Sﬂn&nse

+
NADPH

=> Functions : vasodilotor

Penile erection

Neurotransmitter
Treatment of :
§ L Puknonar}_., Haperfension
E a Impotence  (siidenafiD
¥
(inhibits cemP phosphodiesterase )
¢
1 camp

Biochemistry = v2.0 « Marrow 4.0 » 2020
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Basic Amino
3, Hﬁa'lm pecforis \
r&'.fjcerﬁl nitrite = Nitric oxide Acids

¢ Nitric oxide Sﬂnﬂuse
—>Mmono oxygenase
-> 5 cofactors : 1 Heme
a e, (Tetra hydro biopterin)
3, NADPH
4, Frmnd
S. FAD
= 3 isoforms :
NnNos > neurons
[T Nos = macrophages)? not activated / Independent  of caleium
e Nos => endothelial cells

ijsit'\e

¢ metabolic functions :
l. Histones are rich in Arginine and Lysine
a. Putrefaction —> cadaverine (polyamine)
3. Carnitine - Lysine + Methionine

Acidic amino acids 00:21:46
nspamc acid glutamic acid
4¢) QY]

£XTRA - COOH in side chain

—> EXTRA - cCONHAE

} 1)
RsPamgm Glutamine
&

echemical properties %

Aspartic acid glutamic Acid Asparagine alutamine
-> Non essential (N®) NE NE NE
- &lucogenic &h.l.cogenic &Iucogenic &b.ccgenic
=> Polar Polmr “« U.ncha,rsed polcxr =

Biochemistry = v2.0 « Marrow 4.0 = 2020
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= —217°
Leave i:e'f-r.db_aq__

Amino Acids
Aspartic acid alutamic acid
* Functions * Function
I Parim'vdine 1 M-ace’cg'l Glutamote
a. Purine Acetylco A + Glutamic acid
3. Urea. synthesis J

N - Hce‘qj'. Glutamate

a. glutathione
(somma. glutamy| eysteiny| &‘Bche)
3. gRBA

&lu{am’ceT SABA
co

Glutamine i
* Functions :
1. N3 N9 of purine
3. N3 of pyramidine
3. carrier of amino group from most organs including erain

4, source of ammonia. (excretion of Nh3 = Renal regulation of elood

PH)

- &nzﬂme required ! Glutaminase enzyme

Synthesis and catabolism of acidic amino acids 00:28:59

| Aspartic Acid  (Transmination )
Oxolo acetale ———> Aspartate

chiinate

a reto
Gultarate

a. Glutomic Aeid (Reductive Amidation )
Keto quitarate OH lutamate
9 9 qlu

3, nspam{e nspargﬂine nsparo.sine

Sﬂn%he{'ase
% -~ COOH -co Nha
E glutamine +ATP
Glutamote

Sutamate gutamine 3 Glutamine
]s.ﬁn{heiase

MHSHE\TP

Biochemistry » v2.0 » Marrow 4.0 » 2020



50 Aci
* Basic Amino
Catabolism Acids

nspo.rngine _— nsparﬂc Acid — > oxalo acetote

] l

Gutamine —— 3y  glutamic Acid adH _a keto sb‘tnmte

NH, l N'HE\II

Canavan disease 00:35:10

* enzyme deficient : Aspartoacyloce
N nce+5'| Aspartic ——> RAspartic Aeid
Acid
¢ Clinical features :
—> Progressive mcrocephahﬂ
= Persistent head lag
—> Developmental delaa
* On examination :
=-> Distorted mitochondria
= Severe leukodystrophy
= 1 N-Acetyl Aspartic Acid in Blood , CSF, urine

Active space
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MISCELLANEOUS AMINO ACIDS

Entry of amino acid to TCA cycle / anaplerotic reaction 00:01:41

-As parumie to oxaloacetote :
. Hﬂdroxgprohﬂe .

* Serine .

. cﬂsteine "

¢ Threonine .

- As alanine to pﬁn.wa’ce ‘o oxaloacetote :
° Trgp&ophnn 3

- D‘rrec{'.ﬂ 1o oxaloacetote :
° nspam.gm =» Hsparko&e. > oxaloacetate .

-Rs Biu{arm&e to « Hefoalutam’te .
¢ Histidine .

* Proline .

* gutamine .

. nrs'nnine '

- fs SLLC.C,'ln:jl COA :
° Isoleucine .

¢ methionine .

* Valine .

e Threonine .

These are aminoacids that form p'opbnai CoA .

- Rs Fumarate :
° Phenl.jlnian‘:ne 3
° Tnjrosine i

Compounds and their chemical names 00:10:31

Sarcosine —> N me*chl_.j'l Sli.jc'me .

Betaine —> Trimethyl glycine .(Rx of \f\onmﬂsﬁrwia)
Choline = Trmeihl:}'. ethanclamine .

gthanolamine —> Serine on demrboxgh’don .

ergothionine — Derivative of histidine .

B mercaptoethanclamine —> Cysteine on decarboxyation .
Carmosine —> 3 alany| Histidine .

Anserine —>Carnosine on me{hﬂlaﬁm '

Biochemistry » v2.0 « Marrow 4.0 « 2020
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* Homocarnosine > §AAA + Histidine .
e gAgA —=> glutamate on decarboxtjlaic'\on .

Urine odour in various inborn erros of metabolism

00:13:44

B-H}jdroxﬂ B-me’thtjlslu’mric.
ocidurio

Inborn errors of metabolism urine Odour
Glutaric acidemia. (type D) Sweoty feet
Howukinsinurio. Swimming Pool
Isovaleric Acidemia. Sweaty Feet

Cat urine

maple syrup urine disease maple syrup / caramel / Burnt
Suaar
Hypermethioninemia. 8oiled cabbage
Multiple carboxylase de?\c.'\enc:j Tom cat urine
Oasthouse urine disease eoiled cabba.ge, Hops like
Phenylketonuria. mousy / musty
Trimethylaminuria. (Fish odour ) | Rotten Fih
Tyrosinemio. 8oiled cabbage
Fish odour syndrome 00:18:01

* Enzyme defect: Trhweihﬂhmine oxidase .
( Flavin dependent momox‘tjaemse) ;

. Trim-l'hﬂhmine is not metabolised .

- smell of rotten fish.

* Rx: restrict dietary intake of frimethylamine ( choline ) containing
foods . (egas, nuts, green leafy vegetables ) .

Biochemistry = v2.0 = Marrow 4.0 = 2020



CHEMISTRY OF NUCLEIC ACIDS

¢ There are two {Bpeso? nucleic acids > DNA
— enn

* Nucleic acid : made of Nucleotides .
* Nucleotides made of three components -
(Nitrogenous bose + pentose sugar |+ Hwosp'na&e

1)
Nucleoside
Nitrogenous base 00:02:51
Purines y 1
o The}j have two rings . ]M = $ N
o He&erogenox.s r‘tnS " \ 8
¢ Purines are Adenine, Guanine N
e Other minor purines are - Xanthine H
pomn’chune
uric acid

[

Pﬂrh-\idhes >
S Z i
* They have a single heterogenous rmg )\ Qa
[

. P\Ljfll"f‘\ldlﬁBS are Cﬂ’tos'.r‘e

uracil
Thgmi.ne
The Purines
Adenine Guanine
NH3 o
“ N H N
i LD g
N N
Ny B 0y M
The Pv:jrimidinm
C,B’(osh'se Thﬂmine Uraeil

0

NHa
ﬁ” B
/K “/go M/go
N r M

Biochemistry » v2.0 * Marrow 4.0 » 2020

52

Active space




) :?-5 Jq_ =
LeavelFeedbacl

244 Molecular 52
Biology Nucleoside 00:14:03

* Nucleoside = nitrogenous base + pentose sugar

* N, of purines joins with ¢ of pentose sugar by
&-N- Eglgcosidtc bond to form nucleocside .

* N, of pyrimidines joins with ¢! of pentose sugar by
&-N- &lgcosid'\c bord to form nuclecside .

DNA
egosve
RnA
uracil = _NA
Thamine - DNA
Nucleotide 00:19:09
M&rogenous base
PO
ester bond N
o &
C‘Iln

* This C, of pentose sugar joins with - PO, group by
gster bond to form nucleotide .
* Further - PO, group are attached by fcid anhydride bond
¢ Dinucleotide is formed by formation of bond between
3 - OH grp and ' - PO, group = 3' = S Phospho diester bond .

Mi{rosenms base

"
CH

hli{fosem.xs bose

eoeds aAjoy

3I

o 0,
OH

Biochemistry * v2.0 « Marrow 4.0 » 2020



Ribose and deoxyribose 00:24:34

Polarity of nucleic acid 00:26:19

{* N8 = Nitrogenous base |
[e ]

S'CH,
N
d =]

P
& \

3'-> ¢ Pi'\osphodies{er bond CH:

*

Polarity :~ S —_—3
The nucleotide with the free functional group at s! position -
First nucleotide
* The nucleotide with the freefunctional group at 3’ position ~
Last nucleotide .
* by convention, sequence of the nucleic acidt 8 —— 3

»*

Biochemistry = v2.0 = Marrow 4.0 = 2020
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246 Molecular 52

Biology Ribonucleotides 00:34:08

Mi*:rosenous base |Nucleoside |Ribonucleotide

Adenine Adenosine | Adencsine monophosphate (AmP)

quanine Guanosine | Guanosine monophosphate &P

Xonthine Xanthosine | Xanthosine monophosphate (xme)

Hypoxanthine Inosine Inosine monophosphate (IMP)

cﬂkos'rne Cﬂﬁdm Qj’cidine monophosphate

Urocil Uridine Uridine monop'nospho&e
Deoxyribonucleotides 00:38:03

Nitrogenom; base Nucleoside Deoxﬂribonucboﬁde

Adenine d- Adenosine | d- Adenosine monophosphate
Guanine d- quanosine | d- Guanosine monophosphate
Cytosine d- c:j’cidine d- CJj’ck:line monophosphate
Thl.jmine Thgmidine Thljmid'rne monophosphate

eoeds eAjoy

Biochemistry = v2.0 = Marrow 4.0 » 2020



PURINE METABOLISM

De novo synthesis of purine 00:01:21

* synthesis of purine nuclestide $rom various amphibolic
intermediates.
* site - All organs especially in liver
Do not take place in @‘&rSPnrocfjies Soieiﬂ
@ LeuHocH#&c depend on
@ Brain salvaae
@ &one moarTow. pai’nu.nﬂ
* organelle :- Cytoplasm
Purine ~Structure

Respbratorg Co,

l//,r""i\[ Jf'_" &l‘ljc.ine

Aspart

.

(In

amide ni’crosen of Smamine

pRep PRPP Glutamy|
Ribose - S - po, S nthetase Phosphoribosyl amido
) Pyrophosphate_transferase, Phosphoribosy

w (PRPP) | N, Elutomine,  amine
Preliminary step Rate limiting step /

Inosine monophosphate ( IMP)
(st purine nucleotide )

Biochemistry » v2.0  Marrow 4.0 = 2020
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248 Molecular 53

Bioaay Salvage pathway 00:17:39

* Recycling of degraded purine nuclestides (from nitrogenous base
or nucleoside Jback to purine nuclectide.

E 3
Cell Iasis
{
ONA
!
Purine nuclectide
&7
I\ pentose sugar + Po,
) Purine bases > uric acid
. Phosgharileion
* Phosphoribosylation  Purine ruclestide,, ADP
of purine dPo, TATP
boses - Purine nucleoside +Po,
pentose sugar .t\‘:aibose /
+ Po, Deoxaribose
! Purine Base
Donor - PRPP
Phosphoribosylation
Phosphoribosy| transferase
Pu. 7N > PuRP
PRPP PRI
Hﬂpomn&hm suanhe
phosphoribos‘t_.jl transferase Imosine mono Po,
v Hypoxanthine /  (HePRT ase) «  (me)/ euancsine
Guanine pRPP/” S PRy ~ mono Po, (&mP)

b Complete de?ic’senca of HGPRTase - Lesch nfjha.n sandrorne

eoeds aAnoy

Rdenine phosi:horibosHl tronsterose
(Perase) 5, Adenosine Mono PO,

1D Adenine /\ Came)
pPrRPP PPi

Biochemistry » v2.0 « Marrow 4.0 « 2020



Phospkwr!jl ation

PuR HKinose PuRP
—_—
aTP  *AdP
s fidenosine H‘rnase; AMP
ATP/ *pApP
* quanosine H‘nmse; agmpP
aTe/ 2 poP

Sisn#i.came ot so.}vage pc:ﬁtuaﬂ

@ Saves energy.

(@ effective recyceling

(® Important in organs with no de Novo purine synthesis especially
brain.
H&PRTase highest concentration in basal gangfia.

Classic Lesch Nyhan Syndrome 00:34:46

- x-linked recessive disorder
- Complete d.e?icienca of H&PRTase.

Clinical features
- Hyperuricemia
- Intellectual disab‘u'.‘rt}j
- Compulsive self mutilation.
Diognosis
- Enzﬂme studies
- Orange sands (uric acid crgs#als) in urine
- HGPRTose enzyme achwrg in efBJ(hﬂ')C.H‘tes.
Treaiment
- nllopu.r'rno'l
- High fluid intake along with alkali ( decrease crystalisation ot uric
ocid)

Pourtial de?icienc,a of HGPRTose - he\leB—SeeSmiHer androme

Biochemistry = v2.0 » Marrow 4.0 » 2020
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Biology

Gout 00:39:20

- &roup of disorders presented with i~ (1) Hyperuricemio
@ uric acid Nephrolithiasis
® Acute inflammatory
arthritis.
e ML i monoarticular
* Typically offects - st metotarso-
phalangeal joint.

® Seen in acute gout

* In chronic gout - Nodular masses of monosodium urate
cn_.js’mls
(Tophi) deposited in soft tissue.

Definitive diagnosis
- RAspiration and examination of synovial fluid.
- Needle shaped negadively bire?ringen’t monosodium urate
crgs’mls using polarized light MICroscopy

Couses o¥30ud:

Primary gout :- ¢ 1 activity of PRPP synthetase
ot activity of PRPP &lutamy| amidotransferase
* Lesch Mahan s‘n_.jndmme

* Type | 315c05e.n skorase disorder
(von aierke disease )

SeeondarH oout -
- 1 production of uric acid :- Purine turnover ( Malignancy )
- | excretion of uric acid :- « Renal failure

e Lactic acidosis

* Thiazide diuretics

Treatment
* Alkalinization of urine
* wigh fluid intake
* fllopurinol
* pnti 1n¥larmn’cor5 agents —> Colchicine
* Uricosuric drugs —* Probenecid

eowds aAndY
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Purine catabolism 00:47:38 Metabolism

* site - liver
* Product is uric acid,
Adenosine
,|, Adenosine deaminase
Inosine Guanosine
Pi | Purine nucleoside MMP‘;
Ribose-I-Po,
ngoxamhine Guanine
Xanthine oxidase Guanine deaminase
NH

¥anthine oxidase

Uric acid  In lower primates
(end product in higher primates) - - _.... > Allantion

Severe Combined Immunodeficiency ( SCID ) 00:52:53

* a/w/A:- o danzmann Riniker sydrome
¢ pubble Boy disease

me cause of SCID -
e Defect in Y chain of immunogjobulin.
e X linked recessive SCID.
* cecond me cause is -

e ADA gene defect leading o adenosine deaminase defect

= Autosomal recessive.
* DN repair deflect causing SCID - Non-homologous end joining

(NHED defect.

*

Treaiment

* Gene therapy (Or French Anderson-Father of Gene Themp‘v.j)
- used first for treatment of SCID in a. child named
Ashanthi de Silva.
e enzuyme replacement therapy-Polyethylene glyeol modified
- naenosine Deaminase( Pe& - ADA )
Other disorders of purine catabolic patiwayy-
- Defect in purine nucleoside phosphorylase — severe defect in
T - cels but & - cells are normal
- Defect in Xanthine oxidase -
* Xanthinuria. (xanthine erystals)
. HHFvouricemicL

Active space
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PYRIMIDINE METABOLISM
Pyrimidine synthesis 00:01:12
* Site : = Al organs esPecianH Liver .
* Organelle - Cytoplasm § mitochondria.
Ei\Iose
* P‘u’mmidhe r’.ng > Pﬂr'midine nucleotide
|
P04
> Rspartate
4
. 3
Glutamine €
b
Respiratory co b
co, + Glutamine + ATP
cesi “ cAD enzyme ”
. (single polypeptide )
C'.a.rbamoujl Po, + Aspartate
Aspartate Transcarbamoylase (ATC in eytoplasm
Carbamoy Aspartate
Dihljdro orotose
D?hgdro C'::ro’mte
NAD *
) Dhﬂch’o&o{aie dehadrosemse } If.:‘.?_l__i mitochondrial 'j.’.-?_t'l;_
NRDH |
Orotate
PR
Orotate phosphoribosHl transterase “ump sijrﬁhnse“
PRI (OPRT ase) (single polypeptide ) g
Orotdylate mono PO, (OMP ) 2
ome deearboxa'use g
ume G, égrarnidhe nucleotide®
ATP
ADP v
ATP RAOP
\_/ CTP sg,n&nse
uoP > UTP > CTP

Biochemistry » v2.0 » Marrow 4.0 « 2020
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aonds Ay

|

Ribonucleotide reductase  NSNIO Methylene THFA

o‘.hgdro Folate Reductose

dupP > dump > Tme
THMIOYLATE Sl.jn’thase
* S= Fluoro uracil inhibits Thﬂm'lciﬂbie SHn‘l:ho&e
methotrexate inhibits Dihydro folate reductase .

Pyrimidine catabolism 00:20:22

* sine Uracil Thsmine

N

B~ aminoisobutyrate } water soluble

—

+CO, +NH,
Salvage pathway 00:22:02
Pgrimidine Nucleotide
Salvaged < l\’PO‘
Parimidi.ne Nucleoside
Pl.jf'll’h'ldiﬂ-e bose
Pseudouridine 00:23:34

* Abnormal pu_.jr'm'adhe nucleoside .
* Uridine - uraci + Ribose

nBce! C - N &lyeosidic bond
*\Wu-— uracil + Ribose

c.Bc' c-calyeosidic bond

e Excreted uncho.ngedinurine.
* Found in 1RNA

Biochemistry » v2.0 * Marrow 4.0 » 2020




Orotic aciduria 00:26:21
TYPEI ™eE I
* Delective ~OPRT ase + * Defective OMP decarboxnjlase
SHnii-nse ompe decarboxﬂhse

Clinical features
* growth failure
* Developmentol de'.mj
* Intellectuonl deficits
* megaioblasﬁc. anoemio.

lcre - rm-,‘xjmoblﬁst'm pone
* | ONA synthesis due to .I,umP< mMasTow

| Tme

mo.cmcxj'ces in peﬁpmmi
smear .

*

ureo. c5cb d/0 associated with orotic ociduria.
= Type Il Hyperammonemia. > mitochondria. affected, urea

cycle offected
\
orc § = 1 Cnrbamol.ji PO, in mitochondria
d
) Carbamoa\ po, in ca’topasm
. 1 ed Orotic acid .

Treatment

* Feeding with uridine
l sdvnge
Parhnidine Nuclectide
)

DNA an’ches's

Biochemistry » v2.0 » Marrow 4.0 » 2020
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STRUCTURE OF DNA

* watson and Crick model of DA bg James wadson and Francis Crick .
* The5 publis.hedt'ne poper in 1953 oand Nobel prize in 196a.

Salient Features of Watson and crick model 00:07:19

I. 1 has two polﬂdeoxarimeo’cide strand running in a. riah-t handed
helix.
It can be compared 1o a spiral staircase where handrails formed by
sugar + Po, and the steps formed by the non polar bases.

a. Antiparaliel nature of the strands.

3. Base pairs joins the two strands \-xori‘aon"caJia 'o]j h‘ljdroSen bonds.

4, Watson crick base pairing rule -
o) Adenine pair with Th‘ljmine b3 +wo h\tjdrogen bonds. R=T
b) quanine poir with Cytosine b5 three hadroaen bonds. §=c¢C

S. The no. OF purines = no. o@pﬂrimidiﬂes (A+g=0C+T)
This is called the d‘larsa?-’i’s Rule.

b. The major grooves and minor grooves in the DNA are the sites where
proteins interact with DNA.

1. Base Stacking - the base pairs stack one above the other bl:\ o
vertical interaction between the base pairs called the vanderwaal's
forces.

The bond forming distance of a. vanderwaal’s force is 34 A” or
0.24 nm.

* In one turn of the ONA, There are 10 base pairs.
* Height of one turn ( PITCH OF THE HELIX ) = 34 A” or 3.4 nm
¥ Diameter of o helix s anm.
34 A°/3.4 nm “10 base pairs
34 A° /024 nm

Active space

Biochemistry = v2.0 = Marrow 4.0 = 2020




258 Molecular 55 Lezveleedoary

Biology Types of DNA 00:23:22

. Therea.rehigpeso?brdﬂ:—ﬂ,&,t,b,ﬁ and 2
I_l—'

Right handed Le¥t handed

A =] Z
» Direction of turn [ Right handed | Right handed Let handed
* No. of base pairs Il bp 05 bp 1abp
per tum
* Base paur tilt
corresponding to ao°® 90° 9°
oxis of helix
* morphology &road and tlongated and | Elongated and
short Thinner Thin
A DNA
* Found in a. regjon where there is -
- Low humidity
- Low degree of hydration
- High salt concentration.
& DNA
* Found in a. regjon where there is -
= High humidity
- High degree of hydration.

- Low salt concentration.
* B DNA is the ms%conmni-ﬂpe of ONA o.ndPhﬂsioIogicah}j most
Stoble.

Z D\A
* The bockbone of 2 DNAis “ 2ig 209, 7

Non canonical DNA 00:30:48

L. Triple stranded DNA or triplex DNA

* To the major grooves,, it a. third strand interact with ds DNA by
Hydrogen bond, it in called triple stranded ONA.

* These h}jdrogen bonds are called Hoogsteen dond

* Triplex DNA has a. Non watson Crick base pairing

eoeds aaoy

a. Four stranded DNA
* |tis seenin g - rich regions which is predorninanﬁa seen in
Telomeres.
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¥ The g in the four strands interact with each other to form o speciol
arrangement - & quartet via. hydrogen bonds - Hoogsteen bond,
* [
& quartet )
T Hoosskeen bond.
O [y © ®
cDNA Or Complementary DNA 00:35:49
* (‘nmp':emen%arg toa Sesmenf of RNA,
RNA
| Reverse transeriptase
RNA
ONA
[ ennse
C ONA
Chimeric DNA or Recombinant DNA 00:36:50
* when the plasmid combines with a. desired DNA or target DNA, this is
called Chimeric ONA,
@ + \ - @ Recombinant DNA
Plasmid Targe’c oNA
(vector)
Mitochondrial DNA 00:37:53
* In a human cell, there are around & - 10 copies of mitochondrial DNA.
* t constitutes 1% of cellular DNA.
* It is double stranded , circular and has about 16,569 bps.
* mt DNA encodes 37 structural genes for -
= 3 RNA_ (ILSIRNA and 13 STRNA) g
-> 33 mitochondrial 4RNAS g
-> 13 proteins of €TC 3

* The I3 proteins in ETC Coded by Mt ONA are -
- 7 subunits of complex |
- Cyt b of complex Il
- 3 Subunits of complex Iv
- a subunits of ATP Synthase
* out of &7 subunits in ETC, 12 are by Mt DNA that constitutes 19%.

Biochemistry « v2.0 * Marrow 4.0 = 2020
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unique features of mitochondrial DNA

* mitochondria has a. unique genetic code.

* Only aa ¥’NA,_ are involved in translation of mitochondrio.
*

( Codons Nuclear code mt. Code ]
AUA Isoleucine methionine
ugA Stop eodon Trfjpmphan

AGh, ReG Arginine stop codon

This is an exception to the universal nature of genetic code
* mutation rate is very high because :-
- No introns
- No Protective histones
- No effective repair enzymes.
- It is exposed to oxygen free radicals generated by oxidadive
Pmspﬁorﬂla{ion
¥ it has non - mendelian type of inheritance (Cﬂ’cop'naswc
Inheritance )
I mother is affected , all progenies are offected
= matrilineal Inheritance.
Warning : Not all points are covered in the notes, especially conceptual
explanations. Please use the notes in conjunction with Marrow edition 4
videos.
Denaturation of DNA 00:44:11

-dsDNR S separa’ced to its componen{- strands

Features of denaturation
L Hﬂdrogen bonds broken
a. Bose s’cacHing lost
3. 3'->5' phosphodiester bond not broken.
1° structure is not lost
4, 3° and 2° structure are lost.
S V'scosi‘ﬂj decreased.
. T 1 Absorption of LV light at a0 rm. = Hyperchromatism

uv - C band
Cut off point —> > 40% increase in absorbance.
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Factors determining denaturation

* Temperoture at which DNA becomes denatured - Melting temp
“Tm?

I. Base composition - IF &C pair is more > f Tm

a. I¥ there is 10 fold rise in monovalent metal ion concentration,

T 11 Get’ed
3. Formamide destabilise hydrogen bond = | T

Biochemistry = v2.0 = Marrow 4.0 = 2020
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ORGANIZATION OF DNA

Levels of organization 00:01:51

|. ONA double helix

I\. 10 nm chromodin Rbril

. 20 nm chromadin Rbril

V. Nuclear scaffold formation ( interphase chromosome )
a) Condensed loop
b) Non condensed loop

V. Chromosome

10 nm chromatin fibril 00:04:20

* Made up o nucleosome
e Nucleosome = DNA + Histone

Histones

¢ most abundant chromatin protein .
Small ?am‘xla of basic protein .
Rich in basic amino acids = Ifjsine § arginine .
Hish!a conserved among the species .
Positively charged .

Nucleosome
. POSF:Nehj cho.rged histones interact with nesa’cwellj clrurged DA
(due to PO, Srmp) by forming lonic bonds .

Active space
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Histone classes
|
Core histones Linker histones
e Seen in histone octamer * Seen in linker DNA
® H ,H,H,H *H

e Histone octamer interacts with ds DNA
'o5 ionic bond to form nuclecsome

Histone octamer
e WhenH_, H_,H,,H, dimerises = Histone octamer

Nucleosome
—
e > ds ONA: -
it A1 o) wound in left handed direction .
b) 175 turns ( ~ a turns ) with
|40—-|4pr.
monomer
R

10 nm chromadin fbre
* They have beads on string appearance .

=]

H, Histone Linker ONA (20 - asbp)

30 nm chromatin fibril 00:18:40

¢ It has b nucleosomes coiled to form solenoid with diameter of
20 nm

aouds sAnoy
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56 Org anizati
of DNA

ln’cerphnse chromosome

¢ Condensed and non condensed IooP .
* 30,000 - 1,00,000 loop seen attached to nuclear scaffold protein .

Chromosome 00:21:19

e Thereore&regions:-
. euchromadin / Permissive chromatin / Active chromadin

e Less condensed / Less organised .
* 10 nm and 30 nm chromadin

. Trmws.cr‘pkimnha active .

* Less densely stained

a. Heterochromatin / Repressive chromatin / Inactive chromadtin
. H15h15 orso.nised i

L] Tmns.crpﬁma!‘.ﬂ inactive .
L] Denselﬂ stained .

Active space
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STEPS OF DNA REPLICATION

Concept of dna replication 00:02:12

we get o replica. ot parent ONA in daughter cell .

Central d.osm

ONA
l Transeription @)
RNA
Translation ®
Protein

Definition of replication 00:07:19

The process ot formation of two daughter DNA which are each
\dentical to parent DNA is called replication

Salient features of dna replication 00:08:31

| . ONA replication ocCurs in the S phase (sﬂrﬁh%‘\s phase) of cell
CHCIB ;

a . Both the strands act as %emp!a&e :
s 3 template
3, S
S‘ \‘-t;'
3! s template

3, Direction of replication : ~ New strand formazion in g — 3
direction and reading of template in 3' — g direction .

* Overall, the DNA replication is bidirectional .

Active spaca

4 , Semiconservative model of dna. replication . Put forward b5
meselson § stahl .
Half of the parent strand is conserved in dzmshker oNA

Biochemistry = v2.0 = Marrow 4.0 = 2020
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S . Semidiscontinous nature of DNA replication .
L.ea.dlng strard is sgn*hesised conﬁmous|5 ond la.aging strand is

Synthesised discontinuously .
3 s’ — Leading strand template
= >3’ — Leading strand
d—d—d—d—d—d—d——bbgﬂainas{rand
g 3 — Lagging strand template

b . No primer is required .
7. Obea watson crick base pairins rule .

Enzfjme dna. po'.fjmemse
- Reads the frame in 3 ¢ — S direction .
- Hence SHn’chesis onl\tj ins ‘— 3 “direction .

Steps of dna. replication
1. Identification of origin of replication .
a. urmindms of DA
3 . Formadion of replication +ork
4, DNA santhesis
S . Termination

Identification of origin of Replication ( ori ) 00:26:46

- Fixed points on DNA where replication begins is called origin ot
replication (ori p I
* Ori C — £ 0ol bacteria

*orid — phage Ot
* ARS —> Yeast oA
!

( Autonomous replicating sequence )
* In humans , it is similar to ARS .

* In prokaryotes , only single origin of replication .
Multiple ori's in humans ( cukaryotes) .

* Near to ori, there is an AT rich region.

This AT rich region in cuhargokes is called as
“ Dra. unwinding element “ (oue).
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* Ori binding proteins ( ori &) binds %o ori
' SSe  ori

Ori
© SN nTnch(_@_) .
< fes‘-on

AT rich region unwinds
* Wwhen the AT rich region unwinds, it is bound by 556
(single strand binding protein) .

* Function of ssb : - Prevent local reamea.l'ng of unwound regjon .
* Humon SS&_ are colled RPA — erhca{mn pro’tein A

Unwinding of DNA 00:38:25

* Further unwinding is done bg P =
- In prokaryotes —> helicase (ATP dependent enzyme )
- In eukaryotes —> mcm ( mini chromosome maintainance complex )

Formation of replication fork 00:40:01

* wWhen DNA unwinds , thee is formation of replication bubble half of
the replication bubble is ca]ied o replication fork .
Replication bubble

Dna synthesis 00:41:12

Leo.dhs strand sgnthes‘s

I, SHn‘thesis of RNA primer bH PRIMASE
It is about 10 nucleotides in length and is made up of Ribonucleotides.

a.DNA s sgn’chesi&ed continuouslﬂ b‘zj DNA po'lﬂmemse
(in p’omrao’ces —> DNAP )
S t

L
£

Prme_? Leadms strand l

Primose ONA polﬂmerase m

Biochemistry * v2.0 = Marrow 4.0 « 2020
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. SHan'r‘BS'tS of RNA primer bﬂ primase .
a. synthesis o} okazoki ?ragmm by DNAP N

' 1000 - 2000 nuclectides in prokaryotes .
100 - S0 nucleotides in m!rﬁmyo‘ces.

DONA I DNAP Il Primase
ZNA Primer
®—® % T
5¢ 3¢

3. Removal of RNA primers and S‘ri'.lina of gop btj DNA poljjrnemse 1.
-ONAPLhas S — a‘ExomcLeaseacﬁ\m’B.uhichremvesRm
primer by breaking 3 gt phosphodiester bond .

4 . Joining of nicks by DNA LIGASE . (ATP requiring ) .

Termination 00:58:32

* In o prokaryotic DNA , there is a site called ter in. ter site is a
conserved sequence and is bound by “ tus " — Termination
utilization substance .

Difference in prokaryotes § eukaryotes

Prokaryotes gukaryotes / Humans
I Ori S‘mSIe ori multiple ori
3.556 ) Replication protein A (RPA)
3. Helicase Helicase mem
4. Primose ONA & ONAP &
S. DNA an‘khesis ONAP DNAP, delta, epsilon
k. Removal of DNA P | RNAse - H § FeN (Flap endo
primers nuclease )
g One liners 01:04:57
£ * Replisome - Multimeric proteins seen in replication fork : -
1. DNAP
a. 558
3. Helicose
4, Primase

* Primosome - Helicase + Primase

Biochemistry = v2.0 = Marrow 4.0 = 2020
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ENZYMES OF DNA REPLICATION

Prokaryotic DNA polymerase 00:02:03

D DNAP |

. Removal of RNIA primer

a. sop Psh’ma in Ioﬁgrng strand
3. Proo% reading

4. DNA repair ( major )

1D ONAP 1)
I. Proot reou:iins
a. DNA repair

D ONAP 1N

l. l.eading strand 55nk'nesis

a. Okazaki fragment synthesis
3, Proot reading

Eukaryotic DNA polymerase 00:05:39

I. ONA - O - Primase actwﬁg

a. ONR -8 :- major DNA Repair enzyme

3. ONA - A := ) mitochondrial DNA synthesis
i) Proof reading

4. DNA - § - ) Lagging strand synthesis
iv) Proo? reading

S. ONA - & - D Leading strand synthesis
i) Proof reading

One liners 00:12:51

* most proces.swe DNA po'uamemse.

} DNAP 1L
* DNAP with maximum chain e'.onsation

Activa spaca

* This property is due to the presence of.8 - subunit . (aka sliding
clamp.)
. Hombera’s erzyme

DNAP | discovered bﬂ Arthur Hornbers in £-Coli.

Biochemistry 2 « v2.0 « Marrow 4.0 « 2020
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* Klenow poigmmse

ONAP | $rom which S’ 4o 3 exonuclease octivity is removed

e Proot reading - 3 - 8 exonuclease
= DNAP I, 1l, Il in prokaryotes
-oNAP Y, 6, & in eukaryotes.

. Eepa.ir=—-s’->3‘exonuﬂeo.se

- DNAL TN pruharao’ces.
- DNAB in eukaryotes

e Okozoki ?ras i- 1000 - 4000 nucleotides in promrgo’ces
100 = 350 nucleotides in euhnraﬁes

* Primase - DNA dependen’r ’NA pol}jmemse
Reverse transeriptase - RNA dependent ONA polgmemse

souds a0y
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druas

strand cross links

REPAIR OF DNA
DNA damages 00:02:50
Couses of DNA damage
I, lmper?-ect Proo# read'mg .
a. environmental hozards - '.oni‘aing radiation
e Chemicals
* UV rm_,js .
DNA darmaging ONA defect Repair mechanism
anents
* lonizing radiation | ds breaks ® Homologous
° )(-—rm:}s * sS breaks recombination
e fAnti - cancer ¢ Intra_and inter (@ Non - homologous

andjoinr\g

LY\" '.ig’rrl'
e Chemicols

. E’u"“}j adducts .
. Pﬂrimidine dimers
most common is

Nucleotide excision
era'tr (NER)

THYMIDINE DIMER
* Reactive oxygen * At basic sites Base excision repair
species * |nsertion
. ﬁlHﬂla’rinS asen’ts * Deletion
like Nitrotes
. '.mperiﬁect Proo‘? e mismatches mismadtceh repair
reading (mm)

Repair mechanisms

00:11:4

A excision Repair - 1) mismateh repair (MMR)
1D Nucleotide excision repair (NeR)
I Bose excision repair (BeR)

&) Recombination i~ ) Homologous recombination

IDNon hon-\otogws E-ndjoining J

Biochemistry » v2.0 » Marrow 4.0 » 2020
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mismadch repair

* In parent strand, there is a. GATC sequence every 1000 nuclectides
and the cytosine residues are usually methylated .

e The mut enzymes ( mismatch repair enzymes ), scans the newly
Synthesized DNA from s' = 3'direction .

* If there is a mismateh, GATC endonuclease will remove that part

oM,

a

/\ GATE o parent strand
s X \/ﬁ( 3 daughter strand
T  mutation

I GATC endonuclease

3 /\ g

* ONAP | fllis the gop and the nicks are seoled by DNA ligase Y
Nucleotide excision repair
* In the newly synthesized DA, if there is a. pyrimidine dimer, the

DNA repair enzyme seans the ONA and the mutoted region becomes
unuound

s> Pyrimidine dimer
l
—/_\—.

—

e Certain regions in the mutoted DNA ae'cs cut b&] uv speci’i\c
endoruclease (Uvr RBC excinuclease )
* Thegapis fllled by DNAPI and nicks are sealed by Ligase .

soeds sAny

Base excision repodr

&l Al G AT & @
TI @ T & TI 0
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¢ cytosine is deaminated to urocil

!
] &! ] ] ] ] nb
I W D S @
This mutodion is corrected b5 base excision repair
N atﬂcosghse uracil removed .

Fal | | | I

11 1 | | |
B*P ]
r' 5u5ar + phospm{e
|

The gop is fled with cb-tosine bl:\ DNAP | and nick sealed b5 Ligase .

0] SCnnnins
(@) endonuclease
(2 DNAPI
@) Ligase
Defects in DNA Repair mechanism [ Disorders associated
Double strand Breaks | Norhomologous V severe combined
Single strand Breaks | &nd joining (NHED Immunodeficiency
Intrastrand cross (s
links V eadiosensitive
SCID
Homo1030us V ftaxia
Recombination (HR) [ Telengiectasia Like
Disorder
V Nijmen reak
sgndron*e
V Blooms 53ndrome
Vv werner 55ndrom g
V Rothmund thomson s
sgndrome <

V ereast cancer
susceptibility (BRCA |,
BRCA A )
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Xeroderma. pi5mn’cos:x

« Defect in Nucleotide excision Repair .

¢ Defective enzyme i~ Helicase

* Helicase activity present in TF Roamna in eukaryotes .

eoeds eA[Yy
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TELOMERASE

Telomere =  ends of chromosome .
Telomerose - Enz}jmes seen in telomeres .

° En?.ame + DNA = SHELTERIN

3 end of ONA has  TANDEM

AN

REPEATS
3I
TTAGG TTRGG TTRGG
] AAUCC
Intrinsic RNA prim

* Telomerase has two peculiarity : -
D It has an INTRINSIC RNA PRIMER Complementary to tandem

repeo.’c .
i It has REVERSE TRANSCRIPTRASE ackivity .

* fction of telomerase i~ It extends the 2 end of chromosome .
end replic.aﬁon error
* After replication, when the end primers are removed -
D 3'end of parent strand is not replicated .

iV S'end of daughter strand defective .

* Telomerase won't correct the end replication error but, shortening
of DNR is prevented .

Telomerase

* oka Terminal telomere transterase .
* RNA + Protein —> Ribonucleo - protein
* Present in: - germline cells.

- Stem cells .

- Cancer celis .,

Biochemistry = v2.0 = Marrow 4.0 » 2020
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#* Absent in somatic cell .
* Clinical correlation :-  Telomerase activity = Cancer
| Telomerase activity = Premature ageing/
Progeria.

eovds eAnoy
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TRANSCRIPTION

* The process of formadtion of ony kinds of RNA from ONA

Salient features of transcription 00:05:40

D Only one skrw\dmxdon'ng part of it can act as template .
3) RNAiS sanﬂwesized inS =>3' direction . Polarity o?
3) Reading of frome s in 3' = S'direction Transeription .

4) RNA
S 4L 3

3 s' > Templote strand /
minus (<) strand /
g 3'  Antisense strand

|

Coding strand/ plus strand/ sense strand
S) Obey base pairing rule > A = U
a=C
) Base sequence in template strand is complementary to base
sequence in RNA
7 Base sequence in RNA is same as that of coding strand
Exception i- T is replaced by U

€ No primer is required .

Signals of transcription 00:22:59

Promoters :- Conserved sequence in the coding strand that specifies
start site of transeription .
Promoter

- Star srte
LL@ Ll
—a -l H+ad +3 +4 +5

Upstream < => downstream
elements elements

- Activespace - - - - - - - - - -
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Promoters

! !
PrOKoJBoﬁc El.lmn:jo{-ie
D Pribnow box = - 10bp D TATA box = -as bp
a) T&@ box —> -3Sbp &) CART box => 7S to -80bp
%) &C box > -100bp

* Promoter less sequence —> TRTR less sequence .
Then, function of promoter taken up by i~
D 1nr (Intiator sequence )
} situated downstream
a) ofe ( Downward Promoter element)

Enzymes of transcription 00:35:42

RNA PolymeraseRNAP)

* <'-> 3’ direction
* Requires mq ** .
* Onifj I RNAP in prokarﬂo{es and 3 RNAP in euKarBO’ces

Prokaryotic RNAP

* multi subunit enzyme .
-> S‘Brna subunit

@5@) + Holoenzyme
%@ Core enzyme

¥ B> o Ctx{'olﬁﬁc subunit .
* Mg * attached 108 subunit .
* Sigma subunit = ¢ &inds ‘o promoter
* Initiation of transeription

Eumrgo’tk: RNAP

* There are 3 RNAP I, Il and Il
All 3 differ in sensitivity towards = Xamanitin ( mushroom poison )
* Sensiﬁ\.f&l.j to o amanitin : Maxdmum = RNAP Il
Intermediote - RNAP (il
Least :- RNAP |
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Products of RNAP

e RNAP | = rRNA(Most abundant RNE)

* RNAP I = mRNA, Mi RNA, Sn RNAINe RNAcirculor RNA (cire RNA)D
* RNAP I > + RNIA, Ss rRNA, certain SNRNA

Transcription cycle 00:47:48

D 8inding of RNAP to promoter (F)
a) Closed promoter complex

3) Open promoter complex

4) Initiation of RNA synthesis

S) Promoter clearance

&) Chain elongadion .

7 Termination .

I* ribonucleotide found attached to_8 - subunit of RNAP is added .
This is called = Chain initiation

y
Chain is elongaked il it is 10 - 30 nucleotides .

|

RNAP detaches from the promoter and will move along the template

strand = Promoter clearance .
4

Chain elongakion
!

Termination .

Termination
|
D p dependent
i p independent
p dependent termination

* When the termination signals are met, P foctor binds o RNA.

* P factor has ATP dependent helicase activity . = detaches the RNA

from the DNA

Biochemistry * v2.0 » Marrow 4.0 » 2020
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* Series of UWin the 3'end of RNA .
¥ Due o weaker A=U ot the end, RNA detach From DNA .

GC rich region

aoeds oAy
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POST TRANSCRIPTIONAL MODIFICATION

l ubnan
e ———— it

* Newly synthesized RNA aka. Primary transeript / heteronuclear
RNA (hn RNAD.

* The modifications happening to primary transeript = POST
Transeriptional modifications. ( PTM )

* Site 1= Nucleus

Pmkar}joﬁc. ptm Eu!ﬁargotic. ptm

* mRNA to not undergo PTM., * Al _nA underso PTM
* tRNA § rRNA undergo PTM.

PTM of messenger RNA 00:04:55

© S capping

@ 3 poly A Tailing

(® removal of introns and splicing of exons.

(® Aiternate RNA splicing / DifSerential RNA processing,

(s’ capping
* Coap added to §' end
l O
7 methyl quanosine cap cop RNA
* Done in & steps -
(D &TP added to §' end by Guanylyl transterase
( site - Nucleus )
@ In eytoplasm, methylation at N, of Guanine.
me{hal donor i~ &- P«denosal methionine
enzyme - 7 - methyl transferase

Function of copping
(D prevents the attack of S - 3’ exonuclease.
(@ stabilise the mRNA
(® Initiation of ranslation :~ Cap helps in the attachment of mRNA to
40S subunit of ribosome .

Biochemistry = v2.0 = Marrow 4.0 = 2020
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@2 Poly a. tailing

* made of 40 - 200 Adenosine residues.

* Present in the untranslated region (UTR )

* The enzyme that add poly A tail :- Poly adenylate polymerase
#* Site - Nucleus

Functions of poly a. tail

(D prevents attack of 2 — < exonuclease.
@) stabilise meNA .

(3 Initiotion of translotion.

(@) exit o mRNA From nucleus to cytoplasm

(® removal of introns § splicing of exons
* £xons are coded to the proteins which introns are not.
* Removal of introns and splicing of exons done by a molecular
rrnchinera — Spliceosome.
* Component of spliceosome - P SNRNA
iV Proteins
i) Primary transeript / hnkNA
SnRANA
* Product of RNAP 11, RNAP 1.
* Con be considered as arib025m '
* Rich in Uracil Hence they are termed as U, U, u,,ete.

SNRNA + Proteins
* Together called small nuclear Ribonucleoproteins. ( SHRNIP )
* alka Snurps .
* futoimmune disorder associated T snurps —> SLE
* SPRNP at exon intron junction of hnRNA — Splicecsome
g splice acceptor site 3 splice donor site

1 1

EXON | Qg. INTRON ! £XON a
2 eranch site ( Adenosine )

.l, SPRNP Cuts S' splice acceptor site
E--h‘,a‘ousrp
EXON | 2 EXON 3
&’ OH froms bond T §' po, = a' - S’ phosphodiester bond

el u £a
a' - S’ pdester bond

Jf SNRAIP cuts the 3 splice acceptor site.
el ga
INTRON — Lariat structure

This intron is desrn.ded i
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Transcriptional
@ Atternate RNA splicing / differential RNA processing Modification

o) Selective splicing
b) Alternote ' splice acceptor site
o) Atternate 2’ splice donor site

d) Aternate polyadenylation site.
Selective sp'ﬁe'mg
#* Different exons join ’coae*her — Diverse protein product
£l £a £3 €4
el ea . t4
— i — Protein X
- Y €3 €4
— NS — Protein Y
Riternate splice acceptor site
el I-'— ":dﬁa u' "-..1 £3

o
* splice aceeptor site is changing — - different proteins from
some hnRAIA
Rlternote sPIice donor site

el L pF V| £3

* $plice donor site is cho.nsms

Aiternate pd}jaden‘tjhtion site

* Pol‘ljadenfjlaticn site can be cho.nged i
* sgn’rhesis ot 1n'\mm03bb|.|.’ﬁn membrane bound )
Secre’corﬂ lg

RNA editing

Active space

* exception to central degm.
DNA

l

CmRNAD Undergo modification — called RNA editing
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*In liver :- apo & gene

l
apo & MmRNA
1 100 % Transloted
apo & 100 (s1a kb, ) (4596 aa.)

* In intestine - apo egene

apo & mRNA
O,-@m\/
!
sine —Y)urm:ﬁ
Cﬂ*o NH Rruncoted protein

O\‘Linn/ \agoe»«m(mahm)

48 % transloted (a9253)

One liners 00:47:37

* MRNA without poly A tail i~ mRNA or Histones
* Poly A codes for — poly lysine
* Po'.!j q— aninine
Poly u = F’neng\ alanine
Poiv_.j C — Proline
* Adenosine residues in po'nj A tail :- 40 - 300
* eukaryotic hnRNA with no intron is = hnRNA of histone gene .
* Disease caused due 1o autoimmune response 10 SNRNPs - SLE

Biochemistry » v2.0 « Marrow 4.0 » 2020




CLASSES OF RNA

Classification of RNA

00:01:28

l
Protein ccdir‘s

!

Non protein Coding (ne RAF)

!
Large

O rena.

(3) Circular RNH (cire RNA)
non coding RNA (ne eNR)

= long
(4) menA

mRNA (messenger RNA)

small
M t_nA
@) snenA
(2) mirnA
(@) sienn

00:04:26

* Constitute 2-5% of RNA
* Code b5 RNAP I
* Function = Protein coding

tRNA

00:06:56

Soluble RNA or sRAA

Adapter

* ¥ ¥ ¥ ¥

Has 4 arms .
SI

Dihﬂdroumci'.
arm

(®HU arm or

Darm)

AN

Cbuerlea¥smFeina° structure L- sha.pedins’ structure .
Function - transter ( amino acid o translation rrnch'merg)

3 —> Aeceptor arm

A mecxiredccn at 3'end
C

o

Pseudouridine arm

TWearm  cytidine

Extra | L pseudouridine
orm P.iboihﬂmidine

Anticodon arm
* Acceptor arm binds to speci%c omino acid .
* Anticodon arm binds to codon of MRAA
* DHU arm - Fid.el'rtl.j deiermhirg arm.
it binds to speci%c o:ninoa.c‘t_,j'. +-2MA s‘l_,jrﬂ:he’mse

Biochemistry » v2.0 « Marrow 4.0 = 2020
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enzyme charge 1RNA i~ attachment of amino acid with acceptor arm

* Pseudouridine arm binds to ribosomal as&emblﬂ .
* 12NA has max no. of modifed/ unusual bases -

s DHU

e Pseudouridine

. ngomnihine > Inosine
* 74 - 90 nucleotide |engkh .
* 0n13 RNA with Thﬂmine .

miRNA / SiRNA

* Non cadire small RNA,

* Function :- Post transeriptional regulation of gene expression .
* They are small non - coding RNA ai-as (3a) nucleotide length .
&eneration of MiRNA

* Endc:senous origin 3 primi RNA gene

| enap
* PrimiknA S oﬂ—s' Primi RNA
Nucleus
} Trimmed by DROSHA - DECR 8

-> exported out of nucleus with the help of EXPORTIN -5 to

cﬁ’copia.sm
¥ In ij’(op'la.sn'ﬁ-* ﬁ Tr'\rrmedbaoicer S

v
enters RISC (RNA induced silencing complex)

TTTOOTT miksA
generation of SiRNA
* Exogenous oriﬂin
T ds RNA > enter into the cell from outside
l
enter RISC
l
7T SiENA
FUNCTIONS OF miRNA/SIRNA

- Post transeriptional regudmﬁon of gene expression .
RNo/SiRNA per?et:’t base pairing
mRNA  OF /" rRNA de raded/
} des{abnhzed
Seed sequence in per#eck base pairing
Tmmla’non arrest
- Net effect :- &ene silencing
Gene knockdown
RNA interference ( RNAD

Biochemistry # v2.0  Marrow 4.0 = 2020



* Oncogenic mikNA = Oncomiks
* gene Mnockdown {echno'.oag oko Antisense olisonucleo’ﬁde
+echno\o35 -> SiNA is introduced. .

SnRNA 00:47:03

¥ Function i- ¢ rRNA Processh'\g

e splicing of exons and removal of introns
* Rich in urocil .
* Ribozyme (catalytic activity +)

Long Non coding RNA 00:48:10

* Functions :- ¢ @ene activation
* Gene suppression &g - Decoy RNA
¢ Chromatin moditication
Rssembly of protein complex on DNA requlation ot

gene expression .
*Sp_m:- -Suide!?.u'-‘c * Sno RNA (= ¢ gmall nucleolar RNA
* RNA ed‘rmg * rRNA processing
* CRISPR cos9

Biochemistry = v2.0 = Marrow 4.0 = 2020
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TRANSLATION

Process bﬂ which protein is formed from MRNA : Translation

Genetic code 00:03:34

* | codon is represented by 3 bases

Triplet nucleotide
* qenetic code i~ Relationship blw sequence of nucleotide to sequence
of amino acid in o polypeptide.
* Consists of (4 codons, out of which 3 are stop codons :-
UAA —> Ochre
upg - Amber
ush —> Opal
Exception i- UGA - Selenoc:ﬂsteine
upg - Parrolasine
UGA - In mitochondrial DNA = Tryptophan
* Start codon :- UG
* Aus - methionine in Eukaryotes
N - ﬁ‘-ormal methionine in prokaryotes

* marshall Nirenberg

Cracked gene‘tic code
Har §obind Khor

Salient features

(1) Triplet nucleotide

(a) start codon

(3) Stop codon

(4) pegenerate (redundant) = | Amino acid coded by more than
| codon
degenemnﬂ lies in 2rd bose

* Amino acid represented bﬂ
i) Single codon i~ UGG - Tryptophan
Aug - methionine
i) maximum codon (& codons ) :- a.) Serine
b) Leucine
e) Arginine

Biochemistry = v2.0 = Marrow 4.0 = 2020
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(S) unambiguous - | codon can represent only a. Specific amino acid
() universal :- | codon = Specific amino acid in | species
same amino acid in another species
exception = Mitochondrial DNA
(72 Non - overlapping
(8) Non - punctuated

wobbling

* There are 31 {RNA in cytoplasm

* W coding codons > Gl anticodon = (! tRNA

* wobbling - Base pairing between 3rd base in codon and anticodon is
not stringently %Hcming watson Crick base pairing rule .

* This phenomenon explains how 31 4RNA are there for 6l coding
codons

Steps of translation 00:33:36

Site :- 1) Free ribosome

ad Rough R
3) mitochondria

rRNA

* most abundant RNA
* g04
Ly enzyme tronseribing rRNA i~ RNAP - |
-4 @pes = 38s rRAA
18s rRnA RNAP - |
SB8s rRAA
SS rRNA - RNAP -

Ribosome
* rRNA + protein
* Eukaryotes - 80s ribosome
‘ l
0s subunit 40s subunits
3rRNA + ~SO proteins | FRNIA + ~20 proteins
| !

aB SrRNA, S8 SrRNA , SSrRNA I8 SrRNA
\—-—v"\../

Ribozyme —> Peptidy tronsferase activity

Biochemistry » v2.0 = Marrow 4.0 = 2020



Steps

(1) charging of tRNA
( &) Initiation

(3) elongadtion

( 4) Termination

Charging of tRNA 00:42:26
Aminoacuj ]
RNA + an 5y — Amino o.c.ljl RnA
O O s 8
| ATP | AMP

e It need a high energy po4 / a ATP equivalents
* DHU arm recognize the am'macal RNA s.l.jnﬁme-tase

¥
Speciﬁ\c. amino acid joins with acceptor arm

Initiation 00:47:00

* The first Aug that comes after the marker sequence
-> start codon
Marker sequence i~ In prokaryotes - Shine Dalgarno sequence
n euhnnjo’res = 020K sequence
»* Initiodi T T . .
iation helped by initiation factor (IF) - IF in prokaryotes
elF in eukaryotes

»*

* Steps of initiation -
O disassembly of ribosomal unit
@ Formation of 43s preinitiation complex
@ Formation of 48s initiation complex
@® Formation of 8Os initiation complex

0] Disassembly of ribosomal unit

-

©D  _ops

Biochemistry » v2.0 » Marrow 4.0 = 2020
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9y @ Formadion of 43 s Pre initiation complex

+— Y
| §

methionine 43 ¢
Preinitiation

= o He
2yl on

® Formation of 48 s Initiation Complex

48 S Inttiation

Complex

80 s Initiokion cornplex

* sites:-
P site i~ 1RNA
A site i~ free
€ site i~ free
:
g Elongation 01:02:26

o Helped 'n5 elongodion factors

g multistep process :-
0 ginding of new amino acyl 1RNA 10 A site
@ Peptide bond formation
@ Translocation of ribosome on mMRNA

Biochemistry » v2.0 = Marrow 4.0 = 2020



© einding of new amino acyl {RNA to A site
*
Helped bﬂ eF -1\
* Require hydrolysis of &TP

=> Asite := New tRNA
- P site - pol}jpephde

- g site - Free

@ Peptide bond formation
* amino acid in the p site forms a pep-Hde, bond 1o amino acid in A site

* This requires Peptidy fransferase
* No energy required

m A site > polﬂpep’tide

P site = ‘c‘:x‘rting t2nA
£ site = free

3 Translocotion of ribosome on mRNA

(5% ate o
P site = polﬂpep’:ide

£ site = Exi’dns RNnA

* Require eF-a and hydrolysis of &TP

Termination 01:14:38

* Termination is specified by Stop codon in A-site

* Releasing factor binds to A site :~ RFI + RF3 + &TP
* Aiso need peptidyl transterase

* Ribosome separates

Energetics 01:25:05

* peptide bond synthesis :-
D High energy PO, for charging = a
a 8inding 4o A - site > 1 PO,

Biochemistry » v2.0 * Marrow 4.0 = 2020
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3) Translocation = | PO,
Total :- 4PO,

Post translation modification 01:28:46

D Cleaving of N - terminal and C terminal amino acid
a) Covalent modification - e Phosphorylation
. nce’cahﬁon
. ZBrmSen activation
3) Hydroxylation
4) &lﬁcosﬂla’dm
S @amma. carboxylation
0 Histone modification
1) Protein folding

eoeds aAfoy

Biochemistry = v2.0 » Marrow 4.0 « 2020



65
LAC OPERON

Gene expression i~ DNA
} Transeription
RNA
| Translation
Protein

(1) At the level of DNA (i) Transeription (i) Post transeription

* gpigenetic modification e Induction, * RNA editing
repression

* Gene ompli?ico&ion J' * Alernote RNA
processing

* Gene rearrangement * Operon concept  * RNA interference
(rnal)

* gene su.:‘r’cchirg

e Transposons

Operon concept 00:06:58

* put forward by Francois Jacob and Jacques monod
* Operon - “array of genes ”

Housekeeping gene inducible gene
* Constitutive gene * expressed | special circumstonces
* Bosal activities * &g~ Glucokinase

»* expressed ot constant rate
* £q - Hexokinase

u.\o.rnins * Not all points are covered in the notes, especia.lla conceptual
explanations. Please use the notes in conjunction with Marrow edition 4
videos.

Active

Lac operon 00:10:03

* gcoli bacteria. :- metabolism of Lactose
* Concept :~ Preferred fuel is Glucose
Glucose absent > Lac operon switched on

Biochemistry * v2.0 * Marrow 4.0 « 2020
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Operator site

“peo uhtor5 " Structural genes
c::m%ﬁutwe ene //—‘—/\—/—\

Lac | 0 Loc 2 % Lac VY % Lac R

l l l

8 - galactosidase Permease Thiogalactoside
Woiw trm'E:metBhse
pr n
, SO ~_—
“\nducible ”

* B - golactosidase —> Metabolism of lactose
* permease => Aliow lactose to enter cell
* Thiogalactoside trans acetylase —> Unknown action

* onn polﬂmemse binds to promoter site .

‘9%7— ¥ A Glucose ® Lactose©®

Catabolite repression 00:21:00

* cap (Catabolite activator protein ) or CRP ( Catabolite Repressor
Protein

* AP is a Positive regulator of Lac operon
if CAP active > Lac operon switched ON

N =7 (W

§ Inactive CAP cAmP Active

g 1 P o z v R
1 £ 4 alucose @
T expressed Lactose ®
00

~ R

Loctose binds 1o repressor

Biochemistry = v2.0 = Marrow 4.0 = 2020



* When glucose @ Lactose B, cAMP low

y

CAP Inactive

}
Lac operon switched off

* grotituous inducer > 1PTg (1so propy thio galactose )

1)
®® Lac operon

272

Operon™" 2

e nd w

Gene amplification 00:46:51
* The no. of genes available for expression is increased.
* £ 1~ Patient on Methotrexate develop resistarce
1 DHF Reductase
Gene rearrangement 00:50:55
Vv + »] + J
v
Variable Region of Immunoglobulin
v D J
- ..... nEE..... DEGE.....
v v
Transposons 00:54:46
* Jumping genes "
* Certain genes move from one location to another genome
* 550% of human genome
* Require Transposase enzyme
*

Retroposons i~ DNA moves with help of an RNA intermediote

Active space

Biochemistry « v2.0 = Marrow 4.0 = 2020



EPIGENETICS

* peversible heritable chemical modification of DNA or chromatin
without a}l'erins the nucleotide sequence.

gpigenetic modification

/ \

DA modification Histone modification
* DNA methah!cion ¢ Post translationoal modi®eation .
“ wistone Code "

“ Code writer 7 “ Code eroser”

DNA Methylation 00:08:00

* enzyme - DNA methyl transferase (DNMT )
Oon c!j’cos'rne residues
Cp& islands.
y
“ Promoter regjon "
effect :- | Transeription of gene

* *

*

gene sﬂencing

Histone modification 00:12:08

Histone ace‘tghﬁon
Acetylated (CH, coo™)
J positive charges  Chromadin less
— inhistones ______, condensed
}
T ed expression of genes < 1 euchromatin
“ permissive chromatin ”
Histone d.eacefalo.’cbn
* 1 Positive changes in —— Chromatin ——> Heterochromatin
histone Condensed J
| expression of genes
” Repressive chromatin L

Active space
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Histone acetulation Histone deacetylation

Ensze :- Histone nce’c51 Tronsterase| e Histone deaceglase

(WAT) (HoAC )
¢ tuchromatin * Heterochromatin
¢ Less condensed ° thhj condensed
¢ Permissive chromadtin * Repressive chromadtin

Histone modification Functional consequence
* Acetylation Aetivation of gene expression
* Deacetylation Inactivation of gene expression
* methulation Activation / Inactivation of gene expression
* Phosphorylation Chromatin open/closed
* HlphosPhothﬁon Chromatin condensation
* ADP Eibostilaﬁon DNA Repair
* monoubiquitination Aetivation / Inactivation of gene expression
* Small ubiquitin Chromatin condensation(repression of
related modifier transeriptior)
( sumoylation )

Physiological application of epigenetic modification  00:24:03

* Regulation ot gene expression
e X chromosome inactivation.

* Genomic imprh’cing

* fogeing

. anbraosenesis

Pathological applications
* Fragile X syndrome :~ FMR - | gene is silenced
* Cancer -
methylation of Tumour suppressor —> } expression of TS
!
Causes cancer
methylation of oncogene —> Prevent cancer.
Therapeutic Applications

J S nzo.d.eoxﬂ c5+idi.ne
\Deci’cab‘tne

aoeds aAndy

¢ ONMT inhibitors

\Vorinostot
* HDAC inhibitors
— chlproic Reid

Biochemistry = v2.0 » Marrow 4.0 = 2020



Methods to study epigenetic modification 00:34:03

O eisulphite sequencing

me urvne’chala&ed cﬁkosme
4 .
Cyt Cyt
eisulphite
L J
i :
Cﬁk Urocil
Sanger’s sequencing
me ¢
C,tjt urocil
| I
Guanine Adenine
@mefhala’tion specific PCR

@methylation sensitive restriction endonuclease digestion
@chromatin immuno precipitation (ChiP) :
precip

/ tb DNA sequencing i~ ChiP on Seq
.~ 2 - § -> /'

~ micro arvay - ChiP on CHIP
techniques

Biochemistry » v2.0 = Marrow 4.0 = 2020
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BLOTTING TECHNIQUES
Blot techniques
) J ¢ ¢
Southern Northern western Other blot techniques
glot glot elot * South western Blot
* 200 Blot
* Dot Blot.
Southern blot 00:02:42
* 53 edward Southern (1975)

* Technique to detect a specific DNA fragment
* Principle :- DNA ~ DNA hybridisation

Technique / procedure
() isolote all DNA K RO OO
@) Fragment the isolated DNA J
using Restriction endonuclease 7y gyt (0
@ Agarose gel electrophoresis [}
to separate ONA fragment
(3 denaturing the DNA ” ” ” ”

@ Blotting to nitrocellulose membrane
(© Add radio labelled / Suorescent labelled probe

uses
» Detect bacterial / viral DNA
* mutation studies — Large gene detection
Large gene insertion
Point mutation.
* Screening of inborn errors of metabolism
» Conventional PCR — At end point, detect amplicon
!

Southern blot

Active space
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Biology Northern blot 00:14:32

* Technique to detect o specific RNA.
* Principle i~ RNA - DNA hybridisation.

Procedure

(Dsolote all RNA.
@ sepam&e it ushg e’lectrophoresis

@e;bi' to nitrocellulose membrane.
(3) Radiclabelied coNR o Sluorescently labelled coNA added

_l_.
cONA or u)mplemen‘mrl_.j ONA
RNA
| Reverse transcriptose
BRNRA
cONA
| ’nlfse H
cONA
uses
e Detect RNA
* Study gene expression
Western blot 00:23:10

* Principle :~ ﬂn’cigen - nn’(ibodg interaction
#* Ao, Immunoblot

Procedure
| 1solate antigens from sample
a Protein electrophoresis
3 Add radiolabelled. / fluorescent labelled antibody . after blotting on
nitrocellulose membrane .

#* South western blot
[

ODNA  Protein

.. , Detect ONA - Protein interaction
* Slot blot / Dot blot technique

|

* Commonly used to detect protein

* No blotting to nitrocellulose membrane .
#* 200 blot

|
Study of evolution.

aoceds aAoy
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MICROARRAY TECHNIQUES

s e use Slass microscopic slide .
« A/K/A Chip technique

Different microarray ( Chip technique )
]
! | | 1
DnA cDNA Protein nrra{.j CaH
microarrmj microa.rraﬂ m‘\croo.rraa
| l |
® detect unknown  * detect unknown e detect unknown

ONA enA protein
* DNA chip * ¢ONA chip * Protein chip .
DNA microarray 00:08:54

[ 1000s of Kknown olisomc!eotides
are impregna&ed.
( Programmed on a. computer )

O— 0+

56566

56488
l

Add. unknown oligonuclectide

!
ocgooo

r Sluorescent labelled

— uUses -
¢ Detect ONA mutations
* Sequencing of an oligonucleotide

cDNA microarray 00:16:21

' ' r;—!HnommcDI\.ﬂ
S0 0 0 O

1 ," Quorescen’clﬂ labelled

Add. unknown RAA

|
5800 o] -

. SBHB BX.FTBSS‘-OH

Biochemistry » v2.0 » Marrow 4.0 « 2020
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Protein microarray 00:20:15

O O O 0O O Knmman’cibodies/ﬂn'clgen

!
AdA. unknown antigen / ant body L Suorescent labelled ]

!
8Rq
Cljnbo OO0 O | — uses:- skud50¥ pro'ceomics

Array comparative genomic hybridisation 00:25:33

| Leave Feedback

* Genome chip —> entire genome o} an organism is impregnated on
o chip .

— Known olisonudeo&ide

O dr) oo é) OO O O |whoseinformation is

Frogrammed ina compu.ter
linked to o gene datobank

add? \Q

A A .
o551 &
|a'lr?éf:’

Normal | l Test

genome Normal gene aenome

(&reen) Gene  amplification (Red)
deletion

)
of &

0

uses -

@ @ene deletion

(& @enre amplificaiton

(3 Copy number variation

() Aneuploidy

(9 Compare genomes

(@ Study of disorders with unknouwn etiology

(D Structural abrormalities { balanced translocation cannot be

de’cected?

eoeds aAfoy
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RECOMBINANT DNA (rDNA)

Amplification Techniques 00:00:32

d d

In Vivo In vitro
(Bacterium) (test tube)
 Recombinant DA technology
\:'
Based on temperature change
inside test tube
Thermal 1sothermal
Cﬂclirg C5d1n5
¥ i
Temperature varies in Temperature is
the reoltc{ion mixture uniform
i l
Pohjmemse chain Ligase chain
Reaction (PCR) reaction (LCR)
I |
Nucleic Acid Sequence Branched DNA
Based Analysis Technoloaa
(wnsae) (BonA technology)
Invitro
(test tube)
|
) | 1)
Target Amplification Probe / Primer Signal E
Amplification Amplification £
} } l 2
s PCR e LCR * Branched DNA
* NASBA e QA replicase ’cechnolo%

Biochemistry & v2.0 » Marrow 4.0 » 2020




e 4

310 Molecular 69
Biology

Ileave Faedback

Recombinant DNA technology 00:09:39

~ employing recombinant ONA / Chimeric DNA
- In vivo amplification of a. desired DNA #mgmn{ inside o living
cell. ( Bacterial cel)

e Restriction Endo nucleose :

- a/K/o. molecular scissors

- Aim ¢ cuts a. double stronded DA
y

- Breaks 3'-5’ phosphodiester bond

-itisa hﬂd_rolnse

- Discovered bl.j werner Arber

- Types: ¢ type!: Cuts the dsONA ot random site

° +5pe Il : cuts the dsONA at palindromic site

* used in molecular biclogy technique
¢ Discovered b-j Hamilton smith, Daniel Nathans.

- Isoloted $rom bacteria

- Function : Restrict the entry of virus / Phages

Restriction endonuclease : Action & Use 00:17:47

= Cuts the dsDNA ot palindromic site
- ECoR| :
* Obtained from &.coli

¢ Palindromic site = ! ARTTC  Cut q AATTC
Lama —_—
CTTRA! & cTTea &
w
* Sticky end-has over hanging Sequence  Sticky end / Staggered
end / Cohesive end

= Hpa |+ |
* polindromic site - GTT 1ARC. _ &TT  AAC
CAR ITTq CAR  TTH
e
* Blunt end ~ No overhanging Blunt end
Sequences

Bouds aAnay
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- Restriction endonuclease is spec‘r?ic for bacterial palindromic site
- cannot cut its own DNA ( due o site specific m{’nﬂia{es)

Vectors 00:25:29

- They are the carriers of desired DNA to the host cell ( bacterial cell)
- Types : Plasmid, Phages, Cosmids, Artificial Chromosomes

Plasmids:

- These are circular dsONA outside bacterial ONA.

- Function :  confer antibiotic Bacteria

Resistance
- Hwe‘tj can replicate on its own @ @
!
has its on origin of replication DNA - Plosmid
K/a. “ori® ¢ extrachromosomal
* Episomes

- Plasmid can carry 0.01 o 10 Kbp of foreign ONA

Phages :

- A//A Bacterial viruses

- Phage DNA —> linear DNA
- can carry 10 - 20 Kep of foreign DNA (DNA insert Size)
Cosmids :
- plasmids with cos site (cos gene ))
- ¢os gene => helps in packing of 4 ONA to the phage
- has feature of plasmids + phages
- DNA insert size : 30 - SO Kbp
Artificial Chromosomes :
- Artificial created plasmids
- i¥ based on j Bacterial chromosome —> BAC
. P?ngeej-nromcsome-’PPC. } SO - 35S0 Kbp
(P Phage of ecoli)
* Yeast Chromosome => YAC ('S00 - 3000 Kbp )

Steps of r-DNA 00:36:39

D 1solate the desired DAA Segment ¢
* isolote MRNA from desired cell Ceg: Pancreas > Insulin sene]
i
MRNA For insulin Reverse

Tmns.cripmse
a) Select a. vector : Based on size of the DNA to be amplitied
3) Synthesis of recombinant vector / Chimeric DNA / recombinant DNA
4) Introduce recombinant vector o host cell
S) select successfully ligated plasmid

Active space

c DNA
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SSMHeSB of recombinant vector :

Plosmid

Desired DNA
SO NN
UL L RN

Desired

Restriction endonuclease Re)

(same on bothy

ARTT —~ TTRA
oy

RE

,Re
R
_ L —————
ot
L]

®- palindromic site ®

—_—

O

Recombinant plasmid / Chimeric DNA

|

mﬁ'\p\ied os the bacteria replicates

Gene Library

00:51:11

- Collection of recombinant clones

Genomic
gene l.ibro.rg
* Represent the entire
genome of an organism
!
each fragment of the

ONA will have recombinant clones

8oeds Aoy
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Colleet meNA

Y

CONA
4
RDNA ’(echnolo%
* Introns(®
e more informative
* Easy %o replicate



Expression vector & recombinases 00:56:23
Insulin gene
!
Recombinant
Vector — MRNA — Protein produced
d
insulin

* Helps in studfj of gene expression

Recombinases !

- Enzames with site specil?ic incorporation b}j Homologus recombination.
- Used as an adjuvant to restriction endo nuclease.

Recombinose rec.osn'rtion site
* CRErecombinase ——— Bacterial lox P site _f (Cre - lox system)

° lﬁ-nges-* INT ———— Aokt site
Protein

e Yeast > Hp — FRT site
Recombinase

Biochemistry » v2.0 * Marrow 4.0 ¢ 2020
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POLYMERASE CHAIN REACTION (PCR)

* I vitro technique to amplify a. desired DVA using enzymes .

* Invented by Or kary & mullis in 1989 and he got Nobel prize for
C.hemistr!j in 1993,

* exponential amplification .

Prerequisites

D Sample ONA (pure)
a) Primers =
* ExXCess
* Length: I8 - &S nucleotide length.
3) dNTP
4) caion - mg ¥, K’
S) Taq polymerase

Technique of PCR 00:10:11

D Denaturation

* Them\ocxjcler- mp‘ndh_.j d—nnaes the {empera.hxre .
* |nitial denaturation :- 90 - 96° ¢ (94° ) = 3 min

g 3'
3 )
l Initial denaturation
g -— I — 3'
ansek DNA
Flanking regions
3 s

), Annealing of primers

* Primer attached to 3' end of flanking sequence .
* Temp:-50-10°C(0°C) § E=mm————==21
—

Active space

SI
W )
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Bial
clogy 1) extension

* e need i~
* Taq polymerase ( present in Thermus aguaticus )
e dNTP
. ms ar
* Tempi- 68 - 75° € (7a° C) optimum temp of Taq polymerase

s - . 3
F——e—e—¢g
G ————3)
3 = = g
* multiple times *
Initiol Denaturation a0- o °C
90°C (3minY
extension (3% )
10 - 6O SEC
_ \gbol
ANNEang fFmplicon
a0 - 90 Sec
* exponentiol amplification = g0 e
Variants of PCR 00:31:57

- Real Time PCR

* A/K/A Quantitative PCR L “q PCR? ]
* Simultaneous amplification + detection / quantification of amplicon .
* Techniques -
* gthidium bromide
* SYBR Green (duje)
* Sequence specific probes :-
- molecular beacon
- Taq man probe
- FRET probe(Fluorescence Resonance
energy Transter)

eouds aAnoY

-RT PCR
* Reverse Tmnscrip‘ro.se PCR

* Detect / quantify any Kinds of RNA
* Use :- study of gene expression .

Biochemistry » v2.0 * Marrow 4.0 = 2020



RNA

30-40° | Reverse transcriptase
RNA

¢ ONA

| RNase H

|

c DA

ds DNA => Normal PCR

* |In RT PCR we use Tth pohjmemse derived from Thermus thermophilus

a enzyme a.{:'ci\a"t’tﬂ - Reverse transeriptose + DNA Poiamemse
* Used to estimate viral load .

S‘urplex PCR mul-hpiex PCR
* Ina s‘mgle reaction mixture, * Ina single reaction mixture
oan one mrge’c ONA ampii?ied. multiple mrae{s are o.rnp!‘@ied .
* Time conswn'ma * Less time conSum‘.re
* 5peci‘r‘ic * Non speci?‘n
- AP PCR (RAPD)

* frbitrarily Primed PCR (Randomly Amplified Polymorphic DNAD .
* multiplex PCR
* Small muktiple primer “ 10 - IS nucleotide length”

wamins * Not all points are covered in the notes, es.peciall}j conceptual
explanations. Please use the notes in conjunction with Marrow edition 4
videos.

Applications of PCR 00:48:27

D In Forensic Medicine
a) microbiology > Viral load
Bacterial load
3) Study of mutation
4) Study of repeat length polymorphism

S) Preliminary Technique for many other molecular biclogy techniques .

Biochemistry » v2.0 « Marrow 4.0 « 2020
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FLUORESCENCE IN SITU HYBRIDIZATION
(FISH)

* Simple detection of a specific genetic information on a
morphologically intact tissue using Quorescent probes

* Cell division arrested at metaphase —> Sluorescent
probes added

Types of FISH 00:05:58

Chromosome painting

* using Sucrescent probes, each chromosome is identified bi‘i
difSerent colour .

¢ Not unique .

¢ Fluorescent dges are limited .

multicolour FISH

* a3 distinct Sluorescent colours made btj mixing S R‘ruorophores :
* each chromosome is identified by a. unique colour .

uses

(1) petect numeric abnormalities .

(@) Detect Subtle microdeletions .

(3) Detect gene amplification .

(@) petect Structural abnormalities .

() map o newly isolated gene o its
correct chromosomal loci .

Diso.d.vankaaes i= e Prior Knowledge is needed .

Interphase FISH / nuclear FISH
* Very rapid .
* &rowing cells are not needed
® uses - ¢ Prenatol dio.gnos'\s

o Tumours

Active space
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DNA SEQUENCING

Sanger’s sequencing 00:02:23

Invented bﬂ Frederick Sanger .

A/K/A Controlled chain termination method .

most popular and most uaid915 used method .

Putomated .

6old standard mutation detection technigue .

Requirements : -

¢ Sample DNA (Single Stranded )

e O dNTP

* tlenow polymerase > DNA polymerase from which
' - 2 exoruclease octivity removed .

e dideoxy nucleotides ( chain terminators )

* Dideoxy ribonuclectide —> Terminate the chain growth

* % X X K ¥

Active space

- S ntlengih
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Biology

Maxam Gilbert technique 00:28:56

* Chemical cleavage method. .
* 01'\15 Lor small #raamen{s of DNA.

Pyrosequencing 00:29:36

* dNMP + dNTP TrdeP—deP
PRI
Semndar5 reaction .
Luciterase
“ gioluminensence ”

»* Eﬂ:- ?
T AC
PRI
aaTe Luciferose

* more sensitive than Sanger’s sequencing .

Next Generation Sequencing (NGS platform) 00:35:48

* For population study . ( Sequencing in a.massive parallel manner ) .
* Steps:i-(D Spatial separation .

@ Amplify all ONA simultaneously .

® Parallel Sequencing

* Wes : whole exome Sequencing
* Was : whole Genome Sequencing
* CAGE : Cop analysis of Gene Expression

eoceds eApay
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13
MUTATION
* Any permanent change in the ruclectide sequence irrespective of
its functional consequences .
* gpigenetic modifications :-
* Nucleotide sequence is not altered.
e Reversible
* Poiﬂmorphism -
* Normal changes in ruclectide sequence .
Types of mutations 00:04:07
Point mutation
* c,hcmge in s‘mgle base
* most common mutakion .
Class | - Base substitution
* m/e point mutation
* One base rep'm:ed bjj onother
Elrou.p T!jpe
Polypeptide
not altered ® Synonymous Silent Mutation
hhmamnawus missense muitation
nNonsense mutation
Silent mutotion
gose substitution = codon cod'ng for same
repaced. I bl:! amino acid
Another codon (Desenem.cg o codon )
missense mutation
Baose substitution = codon | = codes For an amino acid
codon Il >codes Yor a different amino acid %
2
3

Biochemistry = v2.0 = Marrow 4.0 = 2020
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Biology
o) Conservalive missense b) Nonconservative missense
mutadion mutation
| !
e code for different Amino acid of e code For different Amino acid with
similar characteristics different characteristics
e &g - Valine BLeucine * £g:-In HbS

P chaini- glutamic acid = valine
(Polar)  (Non polar)

missense mutation \
Receptable Partially acceptable unacceptable
* No clinical * Function of protein  Function is Lost
symptoms not affected * &g :- meth Hb
-E3=-HbH'|Hari -E:3=—Hbs

clrnnge in
electrophoretic mobihka
Transttion Transversion
Alle A
clT C ><
purine B purine purine X pyrimidine
Pﬂri:'nidhe & pﬂfimidine Parimidirne ¥ purine

Nonsense mutation
Base substitution - codina codon replaced bl'j s’coP codon
cousing a. “Translation arrest”

* Insertion : Addition of s.ins'.e nucleotide
* Deletion : Deletion of single nucleotide
gffect of indels = most harmful mutation
)
“Frame shitt mutation”
}
reading frame s garbled
I} insertion § deletion is in multiple of 3 = No frame shift mutation
Null mutation == mutation results in no gere produ.ck i
Constitutive mutedion —inducible gene
)
Constitutive gene

esovds BANOY
* * *
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Run on pol}j,pepkkie
€q - Hb Constant spring

oriah'\allfjo_ﬁopcodon
C,odonl—-a-a—@-s—tn—--— *Po!gpep%idemreﬂwmanmimacid
l

mutated 10 a non-s{op codon

Mutation detection techniques 00:32:43

Ames test
* Test to detect mutation .
* Salmonella ‘c:jphimurium .

* Numerical or structural abnormalities in chromosome detected by
* cytogenetic analysis
* Fluorescent In Sttu Hybridization( AISH)
* Techniques that detect point mutation — small insertion or deletion
* ONA sequencing
* Restriction Fragment Length Polymorphism ( RFLP )
* SSCP (Single Strand Conformational Polymorphism )
* DGGE ( Denaturing Gradient Gel Electrophoresis )
e 03+ (Oligonucleotide specific hybridization )
e RNAse cleo.vage
e microarray ( DNA chip)

* To detect mutation with DNA sequence alterations :

Do PCR for amplification of DNA

< LN
Pyrosequencing Sanger § RFLP
Sequencins

* To detect mutation that affect length of ONA

LN

Amplicon Iengih Real Time mLPA
nno.igs‘:s PCR

MLPA-multiplex Liso.’cion-dependent Probe nmpli.?‘miion

Biochemistry » v2.0 * Marrow 4.0 = 2020
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GENERAL ENZYMOLOGY

* Enzymes are h‘g‘rﬂg specialised proteins which act as catolyst in
biobgicai sas’tem R

enzyme term coined by Friedrich tuhne which means “ in yeast .,
Substrote : Substance on which the enzyme acts .

* Product: Substance produced h3 enzyme oction

Categories of enzymes 00:03:43
Enzymes
Simple enzyme c\gmplex enzyme
Orly protein protein  non protein
Rpoenzlﬂme co?acfor / prosthetic group
/ coenzyme

. npoenzame + Cofactor = Ho’loenzsme

Ppoen23mes C,oenzgmes

* Proteins * Low mol. wt orgo.nic molecule .

¢ Heot Lobie. * Heat stable .

° b % bﬂ weig'n’r N, * Considered as second
Substrates / cosubstrates

* Precipitoted by protein e m/c coenzymes

precipitating agents . l
8- C,omp'.ex Vitaming
Non proteinaceous enzymes - Ribozymes 00:09:07

. Qibozgmes : BNA that act os ca!calast
Egi- % Sn RNA in spliceosome —» e&ndonuclease action
* 38 SrIRNA —» Pep’tidujl transterase ac;wr'qj.
* group |\ introns —» Selt splicing introns
— transesterification .
* ENAseH — lase the RnA

Biochemistry = v2.0 « Marrow 4.0 = 2020
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Leave Féedbac

nb25nwe

¢ Antibodies with ca’m!gﬁc a{:{-i\n’t}j.

Cofactors & Prosthetic Group 00:16:17

Cofactors

* Non protein part ot complex enzymes .

¢ m/c are metals
I

v 1
memnloenzame metal a.chvla'red enzyme
metal is tightly bound to enzyme . Co™ in lipase activity
Egi- Znin co.rboxﬂpephdase maa' in Kinase a.n’dvRH .

Cu in &Hrosmw
U
Prosthetic group : @ Non protein part
¢ Metals

. ﬂshﬂfj megm’ced. to enzyme .

Coenzymes V/s Cofactors V/s Prosthetic Group 00:20:53
Coenzyme Cotactor Prosthetic group
* Organic compounds * metals * Metals
* Reversibly ossociated ¢ Not organic compound e Tlahtla integroted
with enzymes to enzyme
* metal activated . meto.noenz!jme
enzyme
Metals as cofactors - Zn, Mg & Fe 00:25:10
*2n: e Alkaline phosphotase * LDH
* Carbonic anhydrase * Adenosine deaminase
. . C&rbox!j peptidase . Cﬁ‘(oso’lic. s0D
5 * fleohol dehydrogenase
E *ALA deh}jdm’to.se

*mg:e Phosphotransferase
. mosPMhﬂdrohse
* Mutase
* Enoclase

Biochemistry « v2.0 « Marrow 4.0 » 2020
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* Fe: e Heme lron — |, Trap%ophan PHrroiase Enzymomgy
a. Peroxidose
2, Nitric oxide sgnthcme
4, Cotolose
S. cﬁfod-\romes
* Non heme Iron — . SuccCinate Dehﬂdrogemse
a. NADH Dehtjdrogemse
3, c.5+ochrome Oxidose
#* Mo : » Xanthine Oxidase
» Sulfite Oxidose
. mdehljde Oxidose
*mMn®ie P‘nosPhokmns?emse
® ﬂrsirnse
e mitochondrial sod
* enolase
*HK': e Pl_.jrum’ce Kinase
* No' K ATPase
*Cut:e Tyrosinase * Amino acid Oxidase
* Super oxide dismutase . cﬂiochrome ¢ Oxidise
. L}jsal Oxidase * Dopamine & hzjdrox‘t_.}hse
. Peptidﬂl e"'l‘lci”e hﬂdroxﬂlase
* Ni: e Urease
*Ca:e L"POSE
® Lecithinase
Coenzymes 00:35:42
'&n‘aﬂmes coen25ms
« Kinases . aTP/0TP
* Dehydrogenases « NAD/FAD 5
* Reductase * NADPH 2
* Transketolase e TPP 3
* Transaminase * PLP
o Decnrboxglase * PLP
* Carboxyase ¢ Biotin/ATP

Biochemistry = v2.0 = Marrow 4.0 = 2020



FACTORS AFFECTING ENZYMES

Classification of enzymes - Recent update 00:00:38

. Oxidoreductase
. Transferase
. H}jdrolnses
V. LHoses
V. Ilsomerases
Vi, L.'gase
Vi. Translocase :
e Tronster W’
e Transter ions - Ca® channels
K" Channels

e Transpoﬁ compomds

Factors affecting enzyme activity 00:03:37

D Enzyme concentration
&) Temperature

D po
4) Substrate concentration

Enzyme concentration & temperature 00:05:27
A
Reaction Y & gnzyme concentration
\Ieloc.‘ﬂg
Eneyme conce.

Biochemistry = v2.0 » Marrow 4.0 = 2020
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egvds oAjoy

Reaction

velocity \

y

’temp

vl

Tm

* Optimum temp for enzymes - 35 = 40°c,

W

Leave Feedbac

\ Denaturation of protein (en25n\es)

“ gell shaped curve L

e QlO—> Forever}j 10° rise in temp, veIoci’cgdoubied.

Hydrogen ion concentration - pH

00:11:27

o+

vVmax
Reaoction

veloci’ca

imm pH
AN

W

[:PH"J

a Opt‘ml.;mPH%- sS-9

“ gell shaped curve n

Substrate concentration 00:14:56
a Enzarne concentration = constont
A
Rea.ction 2ero order kinetics
2 /-—-ﬁ_.-"‘-—-—'-\
velocdg
" Hﬂperbo'lic Curve "
1‘
ng
Substrate conc
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Landmarks of velocity V/s
Substrate concentration curve 00:19:43

VINOX b e e e = =

I/3a vmnax | -

(sl

‘_-B;CD--

michaelis constant : Substrate core. at 173 Vmax

Significance of Michaelis constant 00:26:55

Signature of an &-5 pair .
Constant for an €-S pair .
Higher the ¥im, Lower s its afSinity to enzyme .
* Lower the ¥m, Higher s its o;#iiini’qj to enzyme .

Michealis Menten Equation

vmox X [s]

Vi = Vi = Initial waioc'n’qj
tm + (S]] vmox = ma.ximnveloci{}j
L s ] = Substrate Conc.
Km = michaelis Constant .
Lineweaver Burk plot 00:32:43

* Double reciprocal plot .

<|-
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¢ X - intercept = (y=0)

'o, X-h{'ﬁcep't=1
Bm

* y-intercept = (x=0)
= B—Nefcef)’c: ]

Vmox

'SIOPB=

Bm
Vmax

Biochemistry = v2.0 = Marrow 4.0 = 2020



ENZYME INHIBITORS

Enzyme inhibition - Classification 00:00:40

® Competitive inhibition

(3 Non- competitive inhibition
(3 uncompetitive inhibition
(4) Feedback inhibition

(9 Allosteric inhibition

() suicide inhibition

Competitive inhibition 00:02:04

¢ ¥m 11

s Vmox remains constant .

KM KM CLs]

Features :

@ Inhibitor and substrate are structural analogs .
(@) \nhibitor binds 10 same site where the substrate binds .
(3) Rreversible

'
s’
i’
!
’
’

!
f ] |
o ‘J—rrtercep’r = —
ol vVmax
-
f'. /
- '
l’ ’/

Z .
o -1
KNBI’(‘.BP’C= m‘

(@) x-intercept move towards zero
H-En’cercept remain the same
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Examples of competitive inhibition 00:12:38

" leave Feedback

® UU&S :
O statine —2, HME Coh Reductose
@ dicournarol ., Vit 1 epoxide reductose
(3 methotrexate —2., DHF reductase
@ Succinyl CoR 9, Acetyl choline esterase

* Other than drugs
Substrate Inhibitor

LOH Lactate Oxamate

SOH Succinate malonate

HM& Co A Reductase |HM& CoR HNG
Non competitive inhibition 00:15:20

Substrate
9“05‘;(53 Yz A Active site —— —— &+ Products
4

Inhibitor €-5-1 Complex
Features:

() substrate and inhibitors are not structural analogues
(2 Inhibitors binds %o seperate site

“m Cs]
Bm

Boeds aAnoy

(3) vmax l , im remauns Constart
(#) most non- competitive inhibitions ~reversible
except Trypsin inhibitor on Trﬂpsh

Biochemistry * v2.0 » Marrow 4.0 « 2020



Lineweaver Burk plot of non competitive inhibitor 00:22:10

‘f—-in‘cercep& = m
. =1
X- r&ercept e
Examples of non competitive inhibition 00:24:28
e Non compe’c‘rkhﬁe inhibitors : Poisonous agen&s
Inhibitor
® Cuyt C oxidase Cyanide
@ &lyceraldehyde 3 - PO, lodoocetate
dehgdroaenase
(@ Aldehyde dehydrogenase | Disulfiram
() enolase Fluoride
(S) « KePH fArsenite
Uncompetitive inhibition 00:25:47

8@_,

*

Inhibitor cannot bind
with free enzym

e

Inhibitor binds 4o £~ complex

Biochemistry » v2.0 * Marrow 4.0 « 2020
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Leave Feedback

/ vimax |

A

* X-intercept moves oway from zero
e *f-intercep‘r increases

£g - Placental ALP @ phm!jlaianirw

Suicide inhibition 00:32:03

¢ mechanism based inhibition

Potent

inactive
using mechanism of kIhibitor

Active site action o% enzyme

\rreversib|5 bind
‘o enzyme

sopds aAoYy

* £g:- *Allopurinol @ Xanthine oxidase

* Aspirin (9 Cyclo oxygenase
» Difluoro methyl orithine (O Ormithine decarboxylase

Biochemistry = v2.0 * Marrow 4.0 = 2020
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Feedback inhibition 00:36:06 Inhibitors

e £g:- AMP () Purine synthesis
end product inhibition : nd product inhibits the first enzyme
s &nd product inhibit | &ene that transeribe § translate = €

Feed back reau!adion

Biochemistry » v2,0 « Marrow 4.0 » 2020



REGULATION OF ENZYME ACTIVATION

Regulation of enzyme activity
Quantity Quantity / Catalytic activity
* Control of fﬁzﬂn\e synthesis (Dnllosterie regulation
Induction § Repression @) Covalent modification
Allosteric enzyme 00:02:55

* enz2yme whose activity in the catalytic site is modified by the
presence / absence of o. modifier .
* modifier bind 4o allosteric site .
D Substrote

¢ C.a’ca!g’cic site
)

Aliosteric site

Allosterie activation

* |¥ modifier = Activator and binds 1o allosteric site , it converts
unfavourable catalytic site to favourable cotalytic site , so that the
substrote con bind .

Rllosteric inhibition
« \§ modifier = Inhibitor and bind to allosteric site , #t converts
favourable catalytic site to unfavourable catalytic site , so that the
substrate can't bind to the catalytic site.

Features of allosteric regulation 00:07:06

D The modifier need not be a structural analogue of the substrate .
& » most allosteric enzyme are multi subunit eneyme .
They possess “ quarternary structure ™.
* This result in a. process called Cooperative binding ie. binding of
one substrate $ovour binding of other substrate o0 the same
enzyme .

Biochemistry » v2.0 » Marrow 4,0 = 2020
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342 Enzymology
¢ This is the reason for sigmoidnl shape .
%) multiunit enzymes show positive or negative cooperativity .
4) Does not follow michaelis - menten hyperbolic Kinetics , instead
Swes sigmo'nd curve .

\

>ls]
S) Allosteric enzyme occupy key regulatory positions in metabolic
pa&’nu.ul.j called HeH enzymes or rote limﬁms enzymes

Allosteric
| activator | allosterie inhibitor
V ]
o
:
\
E
Km
les
enzyme Allosteric Allosteric
Inhibitor Retivator
. ALA SSrrH'm;e Heme
I Aspartae cTP ATP
Trm'\scarbomahse
. HMNG CoA Reductase Cholesterol
V. Phospho Citrote , ATP | AMP, Fa, P
Fructotinase
\"A Pcelyl CoR HCS'I CoA Citrate
carbox}jhse
W\. Citrate Sﬂn’&nse ATP
§ VIL Carbamoy| NAG
@ Phosphate
E Sfjn{hetcme -1
vill cgrbo.rnogi ATP
phosphate
Sljn’thekase =1

Biochemistry = v2.0 = Marrow 4.0 » 2020



Covalent modification of enzyme action 00:21:47

LI | {HPBS I
- Irreversible : Partial proteolysis d 2ymogen activation

- Reversible : Addition / removal of a particular group
L. mie :- Phosphorylotion and dephosphorylation
Others:— o Aeetylation

* ADP ribosl.j'aﬁon

. Sl,l.rno‘tjla’cion
Hormonal regulation of enzyme action 00:24:25
Insulin alumgon
> &enera]\g dephos;ﬂ—\or}jlate RLe e Phosphoralo.’:e RLE
* Enzyme octive under the . Eﬂzgﬂeacti\e under the nfuence of
influence of insulin is active in glucagon is active in
dep\-nosphoqjla’ced stote . phospmrfjlaked state .
Serine proteases & serpins 00:26:27

* In the active site of serine protease , there is : « serine

* Aspartic acid
* Histidine
* €9 of serine protease : ¢ Chymotrypsin @ Plasmin
° Trgpsin e Factor X
e glostose » Foctor Xi

e Thrombin

Substrate specificity of serine proteases
* Trypsin breaks basic amino acids
* Chymotrypsin breaks bulky amino acids- phen‘t_,jl. alanine,
Trﬂptophan

« elastase breaks small amino acids ( Alanine )

Serp‘ms
* serine protease inhibitor

£g - Alpha. 1 nnﬁ’daps'n

Bi - Bi reaction 00:30:48

 Involves two substrote two procluc‘t reactions .

* An ordered Bi - &i reaction .
Eq - NAD (P) H - dependent Oxidoreductases

* A random Bi - Bi reaction .

Biochemistry = v2.0 = Marrow 4.0 = 2020
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Enzymology

77

eouds aanoy

£q - Kinases , Dehﬂdmaemses
* Ping - pong mechanism : ¢ Transaminase
* Serine protease
* gLUT

Marker enzyme of cell organelle

Leave reeaback

00:34:38

e Plasma. membrane: 1) S’ Nucleotidase
EY, nden515’| cﬂchse
3) No' ' ATP ase

. end.opm.smir:. reticulum : Glucose - b - Phosp'i-\aiase

&olgi apparatus : Galactosy) tronsferase

mitochondria : ATP Sanihase .

Lgsosomes : feid p\'K)Spho.’cnse .

Biochemistry » v2.0 » Marrow 4.0 = 2020




CLINICAL ENZYMOLOGY

Functional & non functional enzymes 00:01:23

e Functional en2yme

l

has function in the blood
* Lipoprotein lipase
e Clotting foctors

¢ Non Functional Enzyme - No function in blood

Isoenzymes 00:04:23

. Phﬂsmn_,] distinet forms of the same enzyme .
e Ca’calﬂse the same reaction .

Properties of isoenzymes

* May be product of different gere .

* may be made up of different subunits . &g :- LDH, Ch
* Different electrophoretic mobi'.i’(l.j .

* Di*fer in head s':ab‘\h’rﬂ :

* ¥m or substrate sPeci’Ac'rtH difSer .

 Cofoctor requirement varies .

Ditferent tissue localisation .

Lactate dehydrogenase 00:09:19

LDOH
P‘tjmvate 7T' Lactote
NADH NAD +

* LDH is tetramer with a types of subunits : - H g m

Biochemistry » v2.0 » Marrow 4.0 = 2020
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Isoforms :
Lactate dehﬂdrogenase
iso Sub- mo'oili’(a at Tissues of origin % in
enzyme units pH 8.6 serum
LOH - | H, Fastest Heart muscle 20
LOH - a H,M Faster RBC, Hidneg 35
LOH-3 | Hm, Fast Brain, Spleen, Lungs, ao
Lymph node, leukocyte,
platelets
LOH - 4 Hm, Slow 10
LDH - S m, Slowest Liver § Sk. muscle S
Creatine Kinase 00:15:41
¢ Dimer with two monomer Mand & .
Creatine Kinase
Isoenzyme | Electrophoretic Tissue of Percentage
mob'nl'n’t!j oriain in blood
ch- (BR) Moximum Brain | %
cr-a (me) | Intermediate Heart S %
cw-3 (mry) Least Sk Muscle 80 %

Alkaline Phosphatase - Isoenzymes 00:18:38

D ol - ALP 4) Pre- beta ALP
z a) xa - Heat lobile ALP S gammo. ALP
3 3) -3 Heat stebl ALP ™) Leucocyte ALP
§

Do - AP

* Present in bi'.iarg canaliculi .
* Elevated in Obstructive jaundice and metastatic Ca liver .

Biochemistry e v2.0 » Marrow 4.0 » 2020



Q) & - 3 Heat lobile ALP
* 8y hepatic cells, { ed in hepatitis
3) & - 3 heat stable ALP ( Most heat stable )

* &y placenta, inhibited bﬂ phenal alanine
* Considered as Regan isoenzyme (4umor marker .)

4) Pre-beta ALP

* Present in Bones
1 ed in disorder associated with bones

S) Gammo. ALP

* Present in intestines .
¢+ 1 ed in ucerative colitis

to)wucocg’ce ALP

* Present in WL

Cardiac Biomarkers 00:22:56

l. Creatine Kinase L crxme ] = 1* enzyme fo rise

a. Cardiac Troponin T L CTnT J

3. Cardiac Troponin | L CTnl ]

4. Brain Natriuretic Peptide [ NP ]

S. myogjobin > I biomarker o rise ( Least specific)
. Ischaemia modified albumin

pe } ianificant cardiac bi
8. AST ess 5131'*. cardiat biomarker

Rise peaks normalise
cCHAMe 4-8 hre a4 hrs 48-74 hrs
CTn A-{ hrs a4-3b hrs 3-10 doﬁs
BNP & Flipped pattern of LDH 00:26:55

8NP : Reliable marker of ventricular volume overioad and not mi

Biochemistry » v2.0 « Marrow 4.0 = 2020
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Flipped pattern of LOH
mi
LDH | - Heart 30 % J
LOH-3 - RBC 35 % LOH | > LDH &
LOH 3 > LOH |
Liver Biomarkers 00:28:35

D enzymes whose elevation in serum reflects damage to hepatocyte
e Aminotransferases ( transaminoes )
!
- AT —> more Specific
- AST

)] enzyme whose elevation in serum reflects cholestasis
« X AP
¢ S - nucleotidase - mMost Speci%c.
* ¥ glutamyl transpeptidase (G&T) - Marker of aleoholism

Viral hepatitis Vs Alcoholic liver disease 00:31:45

e AST:ALT €1 —> VIRAL HEPATITIS

* AST:ALT > & = ALCOHOLIC LIVER DISEASE

* &GT is easiy inducible by aleohol, elevated in all forms of FATTY
LiveR .

Biomarkers in pancreas, prostate, bone & kidney 00:33:04

Pancreatitis

D Amylase —> Not Specific
&) Lipase = more Specific

Prostate concer

eaeds aanoy

D Tartarate Labile Acid phosphatase
Q) Prostate specific antigen ( serine protease )

Biochemisiry = v2.0 = Marrow 4.0 = 2020



UPDATES IN ENZYMES
Allosteric enzyme v/s michaelis enzyme 00:00:34
Allosteric enzyme michaelis enzyme
- whose ac’cixrrtl.j depends upon - usa!\g octs without presence
the presence / absence of an o} an activator / inhibitor
activator / inhibitor
- Velocity v/s substrate - Lv1v/sCs]
concentration
A A
VINOX beeecimem e V max
Cv] . shaped (V]
V mox p curve / V mox
a : sigmoid a
I
&
Cs ]\‘
K 05 / ginding
constant
- atypes:
K. series V. series
e vos 1 e Vmax |
* Vmax constant * K0S constant
) )
Similar 1o Similar 40 non
corrpek'rtwe compe’:i’ciue
inhibition inhibition

add activator = K0S |
! Allosteric enzyme

Pushed [ «— add inhibitor =K 05 1

to rght

koS KOS

Biochemistry = v2.0 = Marrow 4.0 = 2020
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V max V max
V af . @ “““““““““
Lis o A v @ Inhibitor
————— V max
I a
1
& f 4
' vmax /
/ 1 .
Km K Km
competitive non - competitive
inhibitor inhibitor
e vm'is | e rm is unchanged
* Vmax .I,
Lowering of activation energy 00:10:50

* FActivation energy —> Difterence between energy of substrate §

‘ransition state
-------- 777 Transition
state
Activation energy
(pe)
: —ib E 4n cota jeed
Substrate X s S i NN g i reaction
?
Product
. - wrerence between free energy of substrate § product

( free energy ¢ ),

2oeds sapay

¢ In an enzyme catalized reaction = AE | so that the product is
formed . Ag is unchanged

* #AGis (© -> substrate is converted to product

Biochemistry » v2.0 » Marrow 4.0 » 2020



* Energy Barriers tackled bjj the enzyme to lower activation energy :
- E;ﬁfopj - J,
- Desolvation of active site § substrate
- Proper olignment of substrate with active site
* emil Fischer’s theory
* troshlands induced $it theory : Well accepted

substrate
+ > enzyme undergo snug it the
Active site conformadtional —> energyto
change substrate
* willam Jenk § Linus pauling *
@) > stickase + stk > less products formed

( en25rne) ( substrote)
corrplirren&or!j
‘o

* Here — The Active site of enzyme is not cowpbmr&arg ‘o stick
but comp!emenkma o transition stote of stick

Lineweaver burk plot 00:23:20
- For enzymes that follow michaelis menten Kinetics
Vi=vmaxxs ¥, | = BWm+s
m+S Vi Vmox X §
!
I = Wn x| + |
Vi Vmx ry Vmox
¢ ) ! y
Varioble Constant variable constant
y=ax+b | -> equationof line
I/v
A
Y intercept (x=0) * for y intercept
, - . ’l? =0
y=b
X - intercept /s

Biochemistry » v2.0 » Marrow 4.0 » 2020
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VITAMINS : INTRODUCTION

Definition of vitamins 00:03:16

* Organic compounds present in small amounts in various
food substances, needed for growth § maintenance of the body .
* dietary essential ( not synthesised in the body )
. &ndosenouslﬂ san’chesized vitamins

|
| |

55 the bod.a In the bod!j
| |
* Niacin € Trﬂp{ophan e Vit Bacteriol
s VitD e 7 Dehadrocholeskero'. b5 ¢ Biotin Flora. in

exposure to WV - & rays ¢ Pantothenic Acid ) Intestine
(390 - 315 nm) in SKin

Classification of vitamins 00:09:34

¢ Fotsoluble: R, D, 1
* Water soluble: & complexvit + WwitC

s

Energy reteashs hermtopoehc other
* &, Thiamine * Folic Acid (B * Pyridoxine (&, )
* &, Riboflavin * Cobalamine (&, )
* &, Niacin
*B, Pantothenic
* Biotin
Fat soluble vs water soluble vitamins 00:12:34
Fat soluble water soluble
nbsorp’t'non Chalomicrons Do not need chgbmicrons
Storage Stored in liver, adipose “ Not stored ?
tissue
exeretion not excreted excreted in urine
Toxic‘rtB Toxic not toxic
exception : b § Niacin
Function varied Coenzyme function
( Vit % has Coenzume role )

Biochemistry = v2.0 = Marrow 4.0 = 2020
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VITAMIN - A
Retinoids & Carotenoids : Introduction 00:06:11
Retinoids Carotenoids
e Active vit. A ¢ Provitoamin A
* Animal sources * Plant sources

* Compounds which are chramimll}j » most prevalent carotenoid is
related to Retinol B carotene

s Richest source : carrot

Different retinoids & carotenoids 00:10:01

e Carotenoids :
- B Carotene - Antioxidont
- Lutein, 2eaxanthin :- Rx of macular degeneration
- Lycopene = Rx of prostate cancer

. Refmtdsl
\ 4 $
Retinol, Retinal Retinoic acid
( Aleohol ) (Aldehyde ) ( carboxyjic Acid)
—— 1J_l /ool
Altrans Nl-cis Altrans Il -cis Altrans 9 -cis 12 -ciS
retinol retinol  retinal retinal  retincic  retinoic  retinoic
e N acid  acd  acid
Reproduction Vision 7
Regulation of gene expression

* growth § development
¢ Tissue di¥erentiation

Structure of Vitamin A 00:15:56

B - ionone ring “ single "+ isoprenoid chain

(B - carotene = a B ionone ring )

Biochemistry » v2.0 « Marrow 4.0 « 2020
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358 Vitamins 81
Metabolism of Vitamin A - absorption & transport 00:17:32
Absorption § transport
g Dioxygenase
A carotene » Retinol
(a fionone)
Q.e*tnal Fad-{g feid
gster
Chﬂlomicron
FQHH feid (ligaid : apo &)
Retinal Qeﬁnai Q.eﬁrg\
§ ester ester
Stored in
Perisinusoidal cell
(ito cells)
2 Tern:m:j complex
_ ¥ (Trimolecular complex)
E Targe‘t

L e &P (retinal brndlns pro’tern)

(smn eﬂe) * Transthyretin

Biochemistry = v2.0 = Marrow 4.0 = 2020



Function of Vitamin A 00:30:30

Qvision ~> 1l cis retinal
@ skin of mucosa. —> Maintenance of epithelium
® Reproduction —* Retindl
® Regulation of gene expression = Retinoic acid
© arowth § development
© Tissue difSerentiation
@ Antioxidant vitamin = _8 . carotene
l
Photosensitive

Vitamin A & vision 00:33:47

Il eis retinal + opsin
{
Rhodopsin ( Visual purple )

wald’s visual eycle -

All trans retinol
|
All frans retinal
|
Il = ¢is retinal
| < opsin
Rhodopsin
| Photoisomerisation
metarhodopsin Il
| = opsin
All trans retinal

All 4rans
retinol

Biochemistry ¢ v2.0 » Marrow 4.0 « 2020
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Action of Metarhodopsin II 00:39:37

meta. rhodopsin It — 7 Transducin ( bound to aDP )
afCrR
Inactive

Pl—\osphodiesfemse ¢ Tronsducin

/\ gind to §TP
Active

cemp s empP

77N

Open Closed
Na+ channel  Na+ channel

i
ngerpolarisa’cicn
v

Nerve irnpulse

Regulation of gene expression & Vitamin A 00:43:30

* Helps in growth § development
tissue differentiation
* Retinoic Acid( similar 4o steroid hormone)
i
Nuclear receptor
N

!

Qeama’ce gene expression
Two tupes |o$ receptors
I l

All trans 9 - cis retinoic acid
Retinoie acid @‘
Retinoic acid receptor Retinoic acid X receptor
§ RXR bind 0

E vit. O recept-or

« peterodimer "

[ESRAMVERE . © receptor
- N /*—w{/—‘“
/’jﬂﬂﬂ’ \_/ \Jf:jﬁu .

o I

-

Gene

Biochemistry » v2.0 » Marrow 4.0 » 2020



Vit. D deficiency / Thyroid hormone deficiency
l
Vitamin A cke¥}cienc‘.5

Deficiency of Vitamin A 00:52:45
gye:
* Loss of vision to green light - earliest sign
* earliest symptom - Nyctalopia. ( Night 8lindness )
* Dryness in conjunctiva. § cornea. (Dry eyes - Xerophthalmia.)
* Keratitis
* Bitot’s spots
e Corneal ulcers ( Keratomalacio.)
s MC vit. de?iciencﬂ

mCC of preventable blindness
SKin ¢
* Follicular hyperkeratosis / papular dermatosis / Tood skin

( Phrynoderma.) due to blockage of adnexal glands

urinary tract
* Squamous metaplasia. in mueus secreting epithelium i

Respiratory

tract
Toxicity of Vitamin A 01:01:45

* foute:- #* Pseudotumor cerebri = headache
-> VOm‘:ﬁnS
- dizziness
= blurring of Vision
* exfoliative dermatitic

e Chronic:- * we‘gn’c loss
* Nausea, vomiting
¥ 6cn3 exostoses

* Joint pain
* 1 retinoic acid > 1 Osteoclast = one resorption
|
# of bone
(especially hip bone )
Therapeutic application of Vitamin A 01:05:39

e B - Corotene - cutoneous pho‘cos«ensi’ti\fch:j

Biochemistry = v2.0 = Marrow 4.0 = 2020
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e Al frans retinoic acid —> » Skin ageing
( Tretinoin) * mid acne
* Aeute prorrgebcﬁ’tic leukemia
( Differentiation therapy)

e |3 cis retinoic acid —=> ¢ Ct\sﬁcacne
(1sotretinoin ) * Childnood neuroblastoma.

¥
Tem’cogenic

Source & RDA of Vitamin A 01:09:04

® Animal source =* Retinoids
Liver, £qq, Butter, Cheese, milk, Fish, meat

s Richest p.ant source => carrot
( B - carotene )
e Richest source => halibut liver oil ( $ish oil)

ROA

Children > 400meg / day

men

}&:oomcsid.aﬂ
women

Pregmr\cB—PBOOmce/dna
Lactation -rqsr.;mcafdag

aceds sapoy
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FAT SOLUBLE VITAMINS:D,E &K

Vitamin D 00:00:43

* group of sterols which has hormone like action .

° VitD, — Ergoca\ci?ero\

* Vit D, —> Cholecalciterol

* a/K/a sunshine vitamins .

¢ except for fish , Food unless fortified is a. poor source of vit. ©.
. Endogenouslﬂ s_ljnﬂwesised vitamin .

Synthesis of vitamin D 00:04:16
s Sur'l ht
ﬁ-‘&u\f& rays (890 nm - 315 nm)
SKHIN
7 dehydrocholesterol —> Cholecaleiferol (1-cm So.p) ( caleiol)
(vt D! )
* DY ergocaleiferol (Plant source) (D, ) —> Cholecaleiterol
| (p,)
g [ Cholecaleiferol (fish) (D,)
T
Metabolism of vitamin D 00:08:10
Blood * bioloaicnl\a most poient
[ @ @op 1, as dihydroxy
cholecaleiferol ( caleitriol )
liver Hidne}_,j
as-h dr jeC hﬂdroxalnse (RLE)
as ( OH ) cholecaleiterol
Cor)
as (o) D3
Cor)
caleidiol

Biochemistry = v2.0 * Marrow 4.0 = 2020
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* ¥ the body does rot require Vit O

OH), cC
l

J’ a4 hﬁd.roxgihﬁon

a4 (OH) caleidiol caleitetrol
(inactive ) (inactive )
Functions of vitamin D 00:18:41
® Regulation of Ca™" and Po,*
@\rrmmomodwaiora
@nn{iproi#ero.iwe
@Bone development
Regulation of Ca** & Po > 00:20:11
Regulation OF Ca™
ODwito
(@PTH «— Parathyroid gland (  Factors requlating Ca™ level
in the body
() caleitonin !
3 sites : - Intestine
Hidneg
Bone

e1,as(oH)adp— 1 serumca® §Po *
e PTH —> | serum Ca™ § | Serum po*
e Calcitonin = | Serum Ca®

{TRPV ¢ = Transient receptor
potentiol vanilloid Samiy 7

eoeds aAnoY

(1 Calbindin 9% calcium P Vitamin O § PTH Savours
binding hormone Ca. Absorption from

1 TRPVE Calcium intestine
transport chamnel

Biochemistry » v2.0 = Marrow 4.0 = 2020




in H‘vdneﬁ -

* In distal tubules , L1, a5 (OH), © J, Tes the level of « Calbindin a8 14
e TRPVS

* It favour Ca™ reabsorption of Po,* reabsorption .

e ., Ted serum ca™ § Serum Po,*

* PTH Hidnea i- Ca’™ reabsorption
Po,*” excretion
Hence | Serum Co® § | Serum Po, >

In Bones -
e Osteoblost has RANA !'chd .
* PTH
as(oH), 0 | ®® rank ligand
* Pro osteoclast has receptor for RANK ligand

mature osteoclast

|

gone resorption ( 1 Serum ca®")

* Coleitonin —> 1 osteoblast activity ( | Serum ca’*)

Immunomodulatory action of vitamin D 00:34:38

m.Te

370l like receptors

\ Kills my bacterium tb
I, as (OH), D = Cathelicidin

N
1,as (OH), O

Anti proliferative function of vitamin D 00:38:30

* Ideol level of 1,as (OH), © : 30 - 100 ng/ml
¢ 1,35 (OH), D level less than 30 na/ml is associated with fed
incidence of : » Colorectal cancer
* Preast cancer
* Prostate cancer
* Vit D is protective against Pre diabetes § metabolic syndrome .

Biochemistry = v2.0 = Marrow 4.0 » 2020
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Bone development & vitamin D 00:39:29

e Ouring bone development , it : 1 osteoblastic ackivity
1 mineralisation of bone

1 osteocalein
Deficiency of vitamin D - Rickets 00:41:26
| minerilastion ot osteoid
|
\: o J o
gefore closure of e.pr.phgse. Atter closure of G-P'.PHHSE.
Rickets Osteomalacio.
e Skeletal de?orrn'z’nj e Cronictabes
* Windswept de?ormitg * Harrison groove
* Rochitic rosary
Nudritional rickets
Nutritional de%ciencg of vit D

1,as(on) cc ||
sr.co® || — Secondnra haperpara%Bmidiyn — ! PTH
TePH— 11 x Hydroxylase

|
as (osa)ccml ,as (OH)a D3
1 exeretion of (Normalised )
Po,* J
! Normalised Serum Ca. ™

Serum Po4a- | |

Sources & RDA of vitamin D 00:52:51

rDA:
. C.hildren=I0n'\3/d.t15(400'.u)
e Adults : s mg/ day (200 )
. P'resnm'\c5=|0m5/da5(400m)

soeds anpy

Toxicity, Assay & Sources of Vit. D 00:54:01

Tomﬂ-}j
* 4000 U
. '.n‘?ants>50m5/d05—'-toxici{5

Biochemistry = v2.0 = Marrow 4.0 = 2020



e Deposition of Ca® in so™ tissues and blood vessels
( caleinosis ) ( metastatic caleification)

!}
Controction of blood vessels

!

HTN

* as (OH) cholecaleiferol (ideal level : 30 - 100 ng / ml)
* Serum Osteocalein

Sources
. 5un\5h'c * Richest source : - HALIBUT LIVER OIL
* Figh
Vitamin E 00:57:27

¢ Stereo isomers of tocopherols
e & - TocOpherol — most potent active form.
¢ Chromane ring + isopreno’vd unit

Functions
* Naturally oceuring most potent antioxidant vitamin .
( Chain breaking anti oxidant )
* Lipid phase antioxidant
L in biomembranes , prevents oxidation of PUFA
* Prevents oxidation of LOL .

Deficiency of vitamin E 01:02:16

(D Axonal degeneration —> e Posterior column affected
« | Position § vibration sense .

(@) spino cerebellar symptoms —> atoxio.

(2) Peripheral neuropathy

(4) Skeletal myopathy

(© Pigmented retinopathy + ophthalmoplegia. .

() rec: - | free radical injury

| antiox Hemolgtic anaemio.
| ‘:dﬂ.}"ﬂ’s
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ToxicirtB
e Least toxic Tat soluble vitamin .
e | Plotelet aﬂgrega.ﬁon i
¢ Interface with vit K

Sources & RDA of vitamin E 01:06:29

Sources
e Wheat germ oil
* Cotton seed oil
e Sunflower oil

RDA
o male:nowwa/da.ﬂ
"Fermle=8n-3/d.a§j

. Preamnc5=!0n\3/do.5
. m&nﬁonuamg/'daﬂ

Therapeutic uses of high does of Vit. E 01:06:29

Retrolental fibroplasia
erommmmmrﬁ dgsP{o.sia
Intraventricular hemorrhage

Rx for intermittent claudication .

Vitamin K 01:09:29

* Naphthoquinone derivative + isoprenoid chain
e 3forms of vitK: -

I
i ) A2

o} 2} "
| El 3
Phylloquinone menaguinone menadione
! |

Plant sources Intestinal Hlora. SHMheﬁc
“ waoter soluble ?

eovds eAlDy
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Functions of vitamin K 01:12:17
* coa.gula%ion Te—
—_——~ g M~~~ warfarin
gamma. carboxﬂh.’cHn Coa added to Y carbon Dicoumarol
(VIT. 1) WIT & (hydroguinone ) D (é
VIT K epoxide Vit K epoxide
reductase (VKKOR )

* Gla —* gamma carboxﬂla’ted Slu'camic acid
e Goammo. carboxx:jlaked pro’ceins P -
® Factor I, Vi, Ix , X —> For Ca* binding .

(&) Protein C , protein $
() osteocalein (&one )
(4) Nephrocalein ( Hid:mﬂ)
() Product of gas - & - gene (gene arrest specific gene)
(o) Madrix Gla. protein
Biotin Biotin independent carboxglaﬂon
|
“pac enzyme "
e Peroxide carboxylase O samma. carboxylation —> vit 14
%’ e Propiony| CoA carboxylase () malic enzyme
2le Acetyl Con carboxylase @ cPsign
e methy| crotonyl CoA (4) addition of b C of purine ring
carboxylase (AR carboxylase )
Deficiency & Toxicity of vitamin K 01:24:12
Deficiency

e 1 8leeding time

e | Prothrombin time

* Common in premature of neonates : -
* Immaturity of liver

Sterile 3u.{'

Breast milk poor in Vit 14

Poor placental transport

Low bodﬂ stores

Biochemistry » v2.0 » Marrow 4.0 » 2020
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R

. Hemo\ljs‘ts
¢ Jaundice
. Hl:jpefbilh'uhinemia.
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WATER SOLUBLE VITAMINS

Vitamin B1 ( thiamine ) 00:02:23

* Structure - Psrm'\idine rina
* Source - Unpolished rice / wheat, Parboiled rice, yeast
l
Thiamine is presen’c in Aleurone hﬂer
( between white and brown layer of cereols )

l
required for carbohydrate metabolism

Coenzyme - role
* Thiamine active form - Thiamine pyrophosphate (Tee)
or
Thiamine Diphosphate
D Pyruvate dehydrogenase
&) - retoglutarate dehydrogenase Require - TPP
3) eranched chain ketoacid dehydrogenase
4) Transketolase ( non oxidative phase of HMP )

Deficiency of Vitamin B1 00:08:18

D wet beriberi — associoted with cardiovascular manitestation

QD Ory beriberi -
ofSects peripheral nervous system and central nervous system

l

sl.jmmekric motor and Sensor}j neuropoi‘na
|
* fain, paresthesia, loss of reflexes especially in lower limbs
* Muscle cramps
e Severe cases — muscle o.’croP\-\ﬂ

3) wernicke's encephalopathy - in central nervous system
l
Horizontal nas’caam
ophthalmoplegialptosis)
Truncal ataxio.
Confusion

8
g
2
2
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4) Wernicke's - Korsakots syndrome
!
Werrnicke encephalopathy  Memory loss ( dementia.)
Cm%.buiatora psn_.)chosis
Nerve conduction and Thiamine
¢ Thiamine phosPhorBIo&es. chloride channels in nervous sastem
|
helps in nerve conduction

Biochemical assessment of thiamine deficiency 00:13:17

D E.tyl'\'roct;{e - Transketolase

=) urinary - thiamine

Required daily allowance ( ROA)

*1-15 mg/dn5

Riboflavin - Vitamin B2 00:16:43

. Ug'n‘c sensitive vitamin = Supplemented dunng phokoﬁwempa

* Pigmented vitamin - A/w/A Warburg yellow enzyme - gives

urine 5ellouu colour .

¢ & (Ribofavin) § 8, (Niacin) - redox vitamins

¢ Heat stable vitamin - Cooking food will not des%rolj

Co-enzyme role™~ Ribotlavin 00:19:14

RiboSlavin — Retive form
I
| |
Fad FAD
| l
Foavin mono nucleotide Flavin adenine dinucleotide
| |
1 7eense o Pentose sugar + Po, + Po,
3 Sugar A
E Structure / +
Flavin Pentose sugar
+

Adenine

Biochemistry = v2.0 = Marrow 4.0 = 2020



Fd - coenzyme role

D Complex | in Electron Transport Chain (€TC)
( NADH Q oxidoreductase )
( NADH dehydrogenase )

a) L. Amino acid oxidase

FAD - coenzyme role

D Succinate dehydrogenase (Complex It in €TC)

a) D. Aminoacid oxidose

2) Acey| CoR dehydrogenase

4) Xanthine oxidase

warning : Not all points are covered in the notes, especially conceptual
explanations. Please use the notes in conjunction with Marrow edition 4
videos.

Riboflavin - deficiency 00:24:32

@ Ini’tia'ﬂg as‘ljrnp‘com"nc
D Cheilosic
* Pallor in angles of mouth

|

* Thinning and maceration of epithelium

L] FiSSw’ing extends rad‘-al15 to skin

a) Glossitis

* Magenta. coloured tonque
* Tonque becomes smooth, loss of Papilla

Biochemistry  v2.0 » Marrow 4.0 = 2020
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2) eyes
* Keroditis
e Conjunctivitis
e Photophobia
e Lacrimation
¢ Corneal vascularisation

4) Other Yeatures
e Seborrheic dermatitis
. Mormocijﬁc normochromic onemio.

Biochemical assessment of Riboflavin 00:28:02

. &rgﬂfwocﬁ&e - &iu&a&h‘\oixe reductase

by providing FAD invitro
* Urinary excretion of riboflavin

ROA

¢ 1S ms/dua

* No reported ’co:-cic‘rtg

Niacin / Nicotinic Acid - Vitamin B3 00:29:25

¢ Ain endogenously 55n’thesised vitamin from an amino acid
( Trsp’cophan )

t:oen23m role

e Niacin — active form
|
| l
NAD' NADP'
Nicotinamide adenine Nicotinamide adenine
dinucleotide dinucleotide phosphate

NAD" Coenzyme role
* tvery dehydrogenase require NAD'

!
Expect enzymes that require FAD or NADP"

soeds aanoy
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Niacin coenzyme role - NADP* requiring &
NADPH requiring 00:33:08

NADP+ requiring

D Ist two enzymes of oxidative phase of Hexose monophosphate
Pa’cH.uaB - gucose - b - Pmspl-nke dehach'ogemse
b- ngpho Shcomie deh_zjdrogencs,e

QD Cytoplasmic isocitrate dehydrogenase
3) malic enzymes

NADPH requiring

* Almost all reductase require NADPH
Enol.jl reductase Reductive
Heioacﬁi reductose bioan{hesis
HM& CoA reductase - for cholesterol synthesis) of Fatty acid §
cholesterol
* Glutathione reductase - free radical scavenging
¢ Ribonucleotide reductase - conversion of Ribonucleotide to
deoxyribonucleotide
¢ Folate reductose - | carbon metabolism

} for $0.H.5 ocid SHn’dwsis}

Niacin - deficiencies 00:38:41

] '.ni’cial'.i.j - Present with vague samp&ons A

Progresses to - Pellasro.

!

Cutaneous manifestotions

l

D Photosensitive dermatitis (Casal’s necklace)

|
3) diarrhea.

l

3) Dementia.
!
4) Depressive psychosis
l
S) Advanced cases - Death

coral's
Pe
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D&, de%ciencg - inhibit kynureninase
|
J Niacin

a) carcinoid syndrome

%) Hartnup's

4) Sorghum vulgare (Jowar ) - has high leucine

l
inhibit Q PRTase
S) maize / Corn — Niacin is in bound form
l
Niacﬂ’rin

* (O mg of h!jptopho.n S.Hn’thesi?.e -»| mg niacin
Niacin toxicity 00:43:52
* Prostaglandin mediated - Cutaneous Qushirg
¢ most fatal manifestation — Fulminant hepatitis
s gastrie irritation

* glucose intolerance

. Hapemricemia

Treotment

. l.aropipran’t - Pros’taalandin ‘i.‘.)al inhibitor

g * Premedication with Aspirin
E MMincanbeusedo.salipidmdi%erdme

e | Triglycerides, 1 HoL, | LOL

Biochemistry = v2.0 * Marrow 4.0 » 2020



Pantothenic acid ( Vitamin B-5) 00:46:31

* Contains beto alonine
e “Pantos ? - means everljuhere
¢ endogenously synthesised in intestinal Sora.

C.oenzame role

Vitamin 85

l

Present in C;oenzam A => contains beta alanine

|
nc51 carrier pro’re'n
!
Required for
l
Succ..inal CoR -
nce{}jl CoRA } L cgcle.

HME CoA —— Cholesterol

he’ronebod.g

Leucine catabolism

Deficiency
¢ Nutritional melalgia. / &opalan’s burning foot Syndrome

Biotin / Vitamin H / Vitamin B7 00:50:39

e Avidin in row eqq - hos s{-rong aﬁmﬂg ‘o biotin .

Coenzyme role
Biotin — active form
l
(‘.arboxa bioc.a{h
l
required for
Ra&C enzymes

!

For mrbox:jlaﬁon
l
) Pyruvate carboxylase Ligases
Q) Aeetyl CoR carboxylase l
3) Propionyl CoR carboxylase —rrequire ATP+COA+Siotin
4) methyl erotonyl CoR carboxylase (reC mzarnes)

Biochemistry * v2.0 = Marrow 4.0 = 2020
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&iotin independent carboxahxﬁm

D malic eneyme

a) Gamma. carboxylation ( vitamin 1)

3) &" carbon in purine ring “ AIR carboxylase "

4) Carbomyl phosphase synthetase | § I

De%ciencﬂ of biotin
* mental changes ( Depression, hallucination )
. Scodirg, seborrheic and erg’cherm!com rash around nose eyes ond
mouwth .

¢ piotidinase > release active form of biotin

!

de%ciem&
!

Leiner’s disease or erythroderma. desquamativum

Other uses of biotin

* Streptavidin + 4 biotin
|
isolated from

|
S{Tep’comgces oavidinii
|
used for - ELISA test
giotin Ia.bemns of onA

eouds aAnoy
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HEMATOPOIETIC B COMPLEX VITAMINS

(Drolic Acid - &,
!
derived from “ Folium ? = rich in Green leafy vegetables
&) Cobalamin - &
|

Animal oris‘un

Folic acid 00:03:11

* Active Foom = THFA

!

Carrier of | - Carbon group

1 Carbon group & their metabolism 00:04:49
. me’tth CH‘-
o me{hthene - CH, -
. me&henﬁ- -CH=
. Formg'i - CHO
s Formimind = CH = NH
* Folote
Tm.p”
&Iﬂcine edacine Serine Hmmﬂsiehe
@E,er'me—ﬂ\ methulene \\—:./ methy ( &ia
G]ﬂcine A THFA THFA methionine
l TmP Synthesis ( DNA Synthesis )
Formimino —> me’chenlji
THFA THFA
Histidine T l
Tri:jp{'ophan - Formai THFA T)Pl.u"mr'r& rirB
Cco

a

Biochemistry » v2.0 = Marrow 4.0 » 2020
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380 Vitamins 84

Folic acid deficiency & assay 00:16:47

. mega]obhsﬁc anaemio.
e Accumulation of mmocas’ceine
}
Homocas’ceina'nia
( Horr‘-ocas‘dnurh)
* Neural tube defects = Spina. bifida, Anencephaly

Assay

¢ Serum Folate

* Red cell folate

¢ Serum Homocysteine

* Peripheral Smear —> o hapersearnen&ed neutrophils
° ani.e.opouqi'.ocgkos'\s
* Tear drop cells
. mroca’ces.

¢ Histidine Load test .

Folinic acid 00:21:11

¢ methotrexate inhibit DHF Reductose +
S, THRA | | | § hence afSects DA
synthesis . -
* .., we give folinic acid ~ S Formy| THFA (stable )
e Leucovorin > Racemic isomer of Folinic Acid

Cobalamin - Bz 00:23:41

* 4 pyrrole rings bound to cobalt (435%)

Coenzyme role * cobamide enzymes L

/N

methyl &1a Ado B1a ( Adenosy| Bla)

methyl & 13 Ado Bla
! |
* methionine Synthase / ¢ [ methyl malonate
Homocysteine methy| Ado 81a | methul malony) CoA
transterase . mMutase
Succinll:jl CoR
* Leuctine amino mutase

soeds oAy
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2 My )
84 Hematopoleiie'” 38"
B Complex
00:27:44 Vitamins

Metabolism of B;>

D mouth 3 From diet ¢ [ Cobalamin + Protein
( Salivary Bland.)

_\ Cobalophilins / Haptocorrin / R einders

1D Stomach : Pepsin digest the protein of cobalamin
( Gody + Fundus ) is free.
( Parietal cells ) 4
(Cnbolami.n *+ Haptocorrin )
!
Pancreatic enzyme diges’c Haptocorrin

1D dusdenum :

Cobolamin + Intrinsic factor of Castle

V) lleum ¢ has receptor for Intrinsic factor = Cubulin
<"+, gets absorbed.

B2 transport 00:33:29

¢ Transport protein :-
- Transcobalamin | ~ for cobalamin amloss

- Transcobalamin 1| ~ mos{imp

Bz deficiency 00:35:10

* “Folote Trap " = | THFA

y
¥ | ONA synthesis
!
megaloblastic anaemia.
o me{hSI makmg'. Acidurio.
° Homcas{-einemia
* | methylation of myelin basic protein

Aclive space

Demﬁelina&ion

/N

Pl.jrim'tdal Troct Posterior Column
® subacute Combined Degeneration "

Biochemistry * v2.0 = Marrow 4.0 = 2020
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Assessment & causes of Biz deficiency 00:39:11

* Serum Homocysteine 1

e Serum Cobalamin |

e Serum Folate |

* Serum methyl malonic Acid 1

e Schilling test

¢ Peripheral smear > rrncrocg&es

e Bone marrow Sh.LdH - mego.k)blast

Causes
¢ Nudritional
* Gastric - ¢ Autoimmune gastritis = | Intrinsic factor
“ Pernicious anaemia. ”
¥
ma.!abscrphon of .
. &o.s’crec’com!j

e Intestinal: () lleal resection
(@) crohn' s disease
(3) lleocolic Rstula.
(®) stagnant loop syndrome
® D‘-F*\B“Oboﬂ\ﬁum ladumn ( Fish tapeworm p)

Sites of absorption of different nutrients 00:45:07

e Duodenum = lron
¢ Jejunum  => Folic Aeid
¢ lleum - Cobalamin

eoeds eajpy
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VITAMIN B6 AND VITAMIN C

Vitamin B6 00:01:23

Active form and Co - enzyme role :
= Pyridoxine (ring structure )
~> Active form = Pyridoxal phosphate (PLP)
-> Needed for Amino acid metabolism
D Transamination reaction .
- RST
- ALT Ed oxylate Alanine amino kam?emse
- &l&joxgla. e— &'.l:jcme

reqmre PLP
Alanine uvote .

In case of PLP de#:menc‘tj

¥
&150)451&’:6 —> Oxolote

!

resultt in “ Oxaluria”

3) Amino acid decarboxylation
- Histadine P Hus‘camme

- S-H}jdrowgophan S—Hadroxs’crap’tmmne ( serotonin)

- glutomate
co 3

a

Transsulfuration, Tryptophan metabolism,
Heme synthesis and Glycogenolysis 00:05:57

3) Transsulfuration
Homocysteine + Serine
p l Cystathionine beta synthase
Cﬁs’ca’chionine
P l Cystathionase
Homoserine + Cystine

- Transter of SH group from honﬂcﬂsteim to serine .

Biochemistry = v2.0 « Marrow 4.0 = 2020
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345
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4) Tryptophan metabolism
?:-Hgdroxﬁhljnurenm
PLP | kynureninase
3—h5dro anthranilote

retogenic fate NADPH metabolism

- In cose of PLP de’#iciemg

!
&Hgdroxal&gmrenhe - Xonthurenic acid
~=can lead to pe\\agm.

S) Heme synthess .
suminﬂl CoA+ agcine
PLP | ALA synthase
delta ALA
¥
Heme
-InPLP de&’icienc\tj * microeytie hypochromic anemia.

) &lycogenolysis
!

- Rote |im‘:’c1n3 enzyme e\':ﬂcogen phosphor\wjlase
- Site : Liver and muscle ( 80 4 stored )

Vitamin B6 deficiency manifestations 00:12:00

—* Neurologjical *
- Per‘nphemi neuropdhﬁ
- Personality changes ( depression § confusion)
- Corvulsion

-> microci.j’cic thochromic anemio. .

- Pe'llasra

Urinary analytes exereted in PLP deihcieﬂcﬂ :
1) Homocysteine .

a ) Xanthurenic acid

3) Oxalote (causing oxaluria.)

soeds aAnoy
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85 Vitarmin B8 i
and\ftaminc

PLP and hormone dependent cancer :
-Vitamin &_ - inhibit binding of
|
Hormone receptor complex
to hormone receptor elements .
-In de?icienca of vitamin &
|

enhanced bind.ina

|

1 action oF hormone .

Tm(;ci’nj :
Sensorg neuropaihg

&iochem‘-.s{rg ossoy :

- Erljthroclj‘te transaminase

- Tf!.jp’tophﬂﬂ load test .

- measurement of PLP in blood .

-*P.DRH-amS/da}j

Vitamin - C 00:17:42

- Water soluble .
- James Lind

y

used lemon for treatment
of scurvy.
- most animals san&hesize vitamin C
from glucose.
= Humans connot 55nkhes.ize vitamin C
} due %o
absence of “ L gulonolactone oxidase "

Functions : ¢ Hydroxylase

1) Coenzyme For copper containing hydroxylases .
- Dopamine B hydroxylase
- Pephd5| &tﬂc'me h5d.rox5'|ase

ad Coenzyme for & Ketoglutarate linked iron containing enzyme .
- Proline and 1555'. hadroxglase .

= Decreased hydroxylation of proline § lysine
!

defective collagen > hleedins manifestation

Active space

Anemio.
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- Ferrireductase(need vitamin )
l

Fe’~—— Fe* " (Pervous form)
)
absorbed from intestine

< Vitamin C de%:.‘venc!j couses anemio. .

Clinical manifestations of Vit. C 00:23:14

1) 8leeding gums, petechiae, ecchymosis
a) splinter hemorrhage, perifoliicular haemorrhage

3) Hemarthrosis
4) Pseudoparalysis - “ pithed frog leg ” appearance
S ) Seorbutic rosary

Scorbutic rosary Rachitic rosary

=>Sharp angulation with or = @ead like enlargement ot
without beadina due to backward costochondral junction
displacement or push'ng in of sternum .

eoeds eapoy
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85 Vitamin B6
and Vitamin C

_Leavé_;gégdhac

Infantile seurwy :
- a/W/A garlow's disease .
= Infants between b - 13 months,
when weaning starts vitamin C de#iciencﬂ ocours .
—> 50 they should be supplemented with vitamin C sources .

Active space
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HEME SYNTHESIS

Heme metal | + |Porphyrin
! !
i 4 Pyrrole rings joined by metheny bridges

me’thenlj'u Bridges L.. one
i side double bond other side
<inale bond]

Pﬂrrob

I I ]-'- ‘s’ membered ring
‘N - Nitrogen

Types of porphyrins 00:03:32

3 ’njpes
Based on the side chains side chains
Jl m = methyl
P - propiongl
3 types of porphyrins v vy
u-> uroporphgrh A > Pce’cgl
c—> coProporphﬂrin
P> Pro%oporph}jr'm
a P uro[::orphgrin
A | sl I-‘cce’njl -ac.

m m Copropor phyrin CAcetyl - meﬂw:.jlj
meHnal -1C

Biochemistry = v2.0 » Marrow 4.0 = 2020
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m M Pro’mporphvjrin
C Propionﬂl - VH‘UI ]

P m

different isomeric forms for porphyrin
<+ in that, a isomers are important

Type - lll isomers . |Tu,pe:-—li's.onr'-e-r~

. Presen’:‘nnourbodﬂ . I\!o’:mmul'nﬂ preserﬁ'n
Ourbod.ﬂ

. eelorB{olxseries

P enzymoatically Type Il isomers not able 4o be synthesized -
Then, 0n|5 Type - | isomer will come .

S Heme 2> Fe ¥ + Pro!:oPorphBrh
- Ferropro’toporpharin

Introduction to heme synthesis 00:11:21

Heme C.On’cajnh‘\g prote‘ns

. Hems'.obh

. mgoslohin

. cl:j‘:ochrome P4S0O
L CJjJtodﬁrome [

* Caotalase

. Tﬂjp’co[:han pgrrolase
* Nitric oxide san&nse

Site :
All organs Cexcept - Mature erahmcate]
)

Predomlmnﬂlj
I Era’thro'td. precursors of bone marrow
a. Liver

eaeds aaloy

Orso.nelle :

eoth c.H{'ophsm and mitochondrio.
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steps :

L SHn'thesis. ot L Peg ]
C monopyrrole ]
a. Sﬁn{hesis of porph‘tjr‘m

ur0porph5rinosen - coproporphgrimsen S Pro&o-porphl.jrhosen

3. Chelation of iron

mccinal co-A + e;lgcine => Rate L‘miting s{ep
l ALA synthase Requires ‘PLP’ vitamin
CARs ] Two isoforms
0 - amino levulinate ; | 3
L6 -And ALAS-] ALAS-II
- Present in all - E:rg&hroid
organ Cliver] precursors

= Inducible enzyme - Heme +
| sed Heme globin

induces Jl
expression of

ALAS - Y
- depending
upon Blob'rn
“4b” will ke
Produced.

a x 0 Amirolevulinate C.". a molecules O ALA = Pa&]
(hao]l / l ALA dehﬂdm’mse

Porphobilinogen Crea]
[n’nnopgrrole]

4x_ Porphobilinogen (regl L.". 4 molecules PG = HMG]
* PG Deaminose
(A4NH) o HMB synthase
. umporpl-\arinosen | sgnfhase

H1:jt:i.rcn-:1:]I meihH'. gilane
[Hma]

Biochemistry ¢ v2.0 » Marrow 4.0 » 2020

86 Heme

Active space

teabé"f:ﬁé’ed bac
ua



392 Vitamins 86
Fate of HMB and uroporphyrinogen - 1 00:25:11

H'jdrox5 methg'n bilane

urolc:orm}jringen
Spontaneously Cnormal route] l Il synthase
1 0¥ enzume is absent] 1
Ln'opcrphﬁrinoaen I B uroporphﬁrinosen 1]
o POfPhl\.jfh] uPg]
L. i wsuo]ig not present and
it is enzymatically acted and uropor
it enzyme not present it is 4co, e phyrinogen
converted] Decarboxylase
Coproporphyrinogen | Copropor phyrinogen
CcPa]l 1]
" No further steps cpPa
because, Type-l isomer oxidase
w:.mllﬂ not present in |
our bod}j i Protoporphyrinogen il
CePal
PP&
Oxidase
Pro’copor{;hﬂrin
Fe
Ferro -
chelotose
“Heme 7
Factors affecting heme synthesis 00:36:19

e Lead affecta enzymes
* ALA dehydratase -bEPrhclp!e lead bind'ns ensze]
¢ Ferrochelatase

* Heme — Qegx.datoro?m_ﬂsanﬂ-\ase
< { | Heme = ALA synthase 1 1 expression
C gene for ALA Sl:jn’thase is increasingly
transeribed]

eowds
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* Orugs —> |Barbiturates j griseofulvin [ = Cmetakolized in our body

using eytochrome]
l
it that c!j{-ochrome are used buj these drugs

y

J cytoehromes Leontaining Heme]
)

| Heme
!

? aa synthase |
expression
v
pelsrava:te "Porph\tjﬁa” . L' 50, be cautious in using
these dru.as]
Lead and heme synthesis 00:40:18

e Lead inhibit ALA Dehgdratasa

0 ALA [Amino levulinate]
S 0 ALA accumulate

ALA d.ehfjdrn{ase
&)
(Lead]

Porphobilinogen (Pe&] exereted in urine
SR Peais i)
not there = |
} sed Heme )

‘ “Heme?
1 = expression of ALAS -
Heme synthesis disorders 00:43:16
Porphijria
e &roup of disorders associated with de%c‘nema of enzyme
that synthesize “Heme?

¢ Intermediates of heme sgnmesis accumulate

Concept of porphyrias

Al porphﬂrias are autosomal dominant excep’r ;
l. X - Linked p'obporphﬂrh el

Biochemistry » v2.0 * Marrow 4,0 » 2020
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a. Congenital E:rﬂt*'wopoie’cic porph:jr'n Ccer]
3. ALA dehydratase deficient porphfjrh CrdP]

4, opoietic pro’:oporphﬂria

Butosomal dominant manifest in [Late nses.]

Autosomal Recessive manifest in Evoung nges'.l

Introduction to porphyrias 00:47:18

&Lcch5| CoA + Ealﬂche

ALA
sanﬂnse I
ax o0 - ALA Plumboporphyria.
[Lead inhibit] ALA T ALA dehydratase (o
dehydratase | deficient porphyria Dossporphyria.
4% PBG
PeG Deaminase Reute Intermittent
HM& 55mhase porph‘ujrn
upPg | sgjnkhase
HMS

Reute Intermittent porpi-gria.

m/C Aeute porphyria.

manifest as “Pink urine”

m/C symptom Abdominal pain

m/C sign “Tachycardia”

Present as “Neurovisceral sHmPkOm"
No photosensi’civitg

eoeds ALY

Biochemistry = v2.0 « Marrow 4.0 = 2020



86 Heme =3y
Synthesis

T
1 up -% Ccerd
SHn%ase
upPg - uPG-il
) Congenital Erythropoietic
cPa - porphyria. (ceP)
Autosomal Recessive
“Gunther’s disease”
pho{osensﬁiv'ta is present . uPg
Non - Immune Hydrops * decarboxylase
CecT]

L Reodily “—Porphyria. cutonea. Tarda CecTlcPg

Treatoble ]
m/C porphyria. 80% Sporadic
e-lis’cer‘nng photosensiki\rrta
m/C sporadic porphyria inhibited by iron
Associated with “Hemochromatosis”
cPg il
CP& oxidose Hered'rt:mj
coProPorphﬁria
o cop'oporphﬂrin
PPG -~ Il Recumuloted ]
PP& oxidose vﬂriesa.’ce Porph‘l:jﬂ&
Pro’c0porph5rin
Ferrochelotase «fe
arWoPoeiﬁc
protoporphyria
Heme o
g
erythropoeitic protoporphyria 3

m/c porphyria. in children
Autosomol Recessive
photosensiﬁxntﬂ present

Biochemistry « v2.0 « Marrow 4.0 » 2020
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eoeds anpy

[Non - e-lis.’cerinal
* SKin swel'.ing

° Erg’t'nema

e gEczema..

X-linked protoporphyria and X-linked sideroblastic anaemia 01:04:50

S!.Lcchﬂl cof + chm

ALA
SBn%hase X - Linked pro+0porph5ficx
SALA
X = Linked Prot0porph3rh
e “Gain of mutation” Function = 1 sed ALA sljnthase Expression
* Protoporphyrin Accumulated Because T sed expression of ALA
s‘tjn’dmse all porphﬂria are san’rheshsed upto pro’foPorPharh .
ofter protoporphyrin j there is a. | sed avoilability of Iron lead to
ty - Linked Pro&oporphﬂrn” ;
e Iron alwoys combine prokoPorph5rm to form Heme .

ron it is s{r'rngen‘tlg reguda.’ced in bodn:j .
It is not present in Excess level because it is toxic and it will produce

Free radical da.mase "

X — Linked sideroblastic Anaemio.

. me’cobosso?ﬁmﬁono?m.nsgn{'nase

Clinical features of porphyrias 01:09:04
; Coneept of d‘;nical feature l
enzyme de%ciencB garlier enzyme de’i\ciencﬂ Later
ALAond Pea T 1 Porphyrins
acCumulote
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Neuro visceral C so, Photosensitivity seen ]
seen in AIP
CAcute intermittent porphyriod

Lab diagnosis of porphyrias 01:12:31

l. Muminate tissue / blood 1 sed porphyrin

By using Long uv I‘ght

L

Red Fluorescence
a. ehrlich Test
usg Peg S PG accumulate in “AlPT
ik ghrlich Test detect “aIP”
Heme catobolism hu £8s accumulation.

3. Wakzon Schwartz Test :
To differentiate between UBE, and Pe&
4. Soret Band

Porphﬂrins will produce absorption band ot “400 nm" called
“Soret Band” .

Biochemistry « v2.0 * Marrow 4.0 = 2020
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UPDATES IN BIOCHEMISTRY

Chimeric DNA 00:00:59

=> vector DNA Cut and attached ’to’carse-tmn

|

Recombinant / Chimeric DA

l

Hos its Own plasmid DNA ®Foreign ONA

Artificial chromosomes :

enc PAC Yo
v y ¥
Bacteria Phage - Yeast
- most involved

- large ONA insertion size

Bacteria cell

= Clone of target DNA
Oo

Active space
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Blue white screening 00:05:27

“Plasmid ONA is Cnrrpiemen{-nrﬂ to the mrbox51 terminal of &
galactosidase enzyme ¥
)
In successful l'go&ion it cannot occur.
= ased on “ principle of complimentation ”

.

g [k Wt s e e et
s i § P e

(=)

e e —
-ﬁ-u-- e

pocteriol 8- Snlacfosidase Enzgme

NH : - COOH
coded b5 coded bl_.j
“eacterial ONA “ Plasmid ONAT

—> Tarse{' ONA
@ [ cene for & galactosidase

=> In case of defective -8 golactosidose

Enz!jme is not comple-ke

aseds aaloy

Tarse’c
DA white
colonies

Biochemistry « v2.0 = Marrow 4.0 = 2020
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Biochemistry
- (- )8 gplactosidase
- Complementation absent
!
white colonies .
- \deal/succestul ligakion of target DNA
© Ea'ue colonies

-> (DA galactosidase
-> () gene coding for 8 - galactosidase - active
= (¥) Complementation

¢

&lue colonies
¢
Discarded
LN © E:\ue colonies
- A8 galactosidase
- (¥ complementation
{
Blue colonies
!

discarded
Novel genome editing mechanism 00:17:15
“CRISPR cos 97

$
3
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“crISPR cosa ! gene.

1)
“ pefence mechanism in bacteria ogainst phages ?
codes enzyme * endonuclease cos 9’

mMutation site

OO Human orn
N\

Suide ’NA

|

locate cos9
endonueclease to
Mutated site

cAs 9

GUIDE RNA

clemase
in both sides J

X0 XX o

Double stranded break

©s break repair
mechanism non homologous end joining ( NHEJ )

Homologous Recombinant (D)

XSO

Normal DNA
- CAsS-9 mhescleauageonbo{hs{mndso?m.

1)
Double stranded break .
= Repair Mechanism : NHE) /HR

v
Normal DNA

aseds aanoy
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Polymerase chain reaction and hybridoma technique 00:23:59

pol:jmemse chain reaction

Templatie DMA
T-l'dm*h-m
:rﬂl:r- ;S 3 FCA reia perryrene s
rena 7 W C = Tawrguiate DFA
L
Cyene 1 -
/.—nﬁs
Sred L FE——— hmgraanan chiards (Lighy)
Strand 3 W = |
l B e —g—

"“lf;ié= Cyuin ¥ '“It?
srend 3 ==y n-u._ l’d"=l
-

|=F
Prrats e s p——— |
I whrm—ry
Sarmnd 1 ¥y | Serrag—
. -——— ) = o
s )
vl arwes —
vi—— — e
="} ONA Senensrg  yirand 3 P e — e )
ol o Spnaaies
el Statin
sena 2 y————————,
l “»r Cymes
DA sy

- lnver{edbt_a,:t)r. Kary & mullis
Noble Prize 1993
Hybridoma.  technique *
- Produce monoclonal Antibiotics
Normal & cells + mgek}m Cells

l Polseth}jlene sl}jco'.
Fused m}jeloma cells.

Antigen

~ :

cell-culture
myeloana line

myeh cells &
- ~—8
(=3 Spleen Cells

Tinser 1y
polyethylene glycol

bt A g by bt s

b g wits -
e sl bty
PropaEaie

clines —_ " Thaw

prow in mass t‘ull:.l':"/
| !

g
ANTINODY

Induce Tumors

HAT medlum = C Hhypoxanthine, aminopterin, ﬁgmidine]
- To identify correctly fused cells.
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0 unfused cells
| |
- Beell ml_.jelomo. cell,

- Perish in HAT medium .

(@) Fused cells
¥

H&PRTase® immense replicating potential

1)

Survive in HAT medium .

- HGePRTase~ H:.jpomn‘khine-gumine

Guanine
phosphoribosg&rans?emse
Blot technique and Ame’s test 00:30:54
lot technique :
Southern NOrthern western
ONA 2nA Protein
DMNA Blot RNA Blot Protein Blot
Southemn Northem Weostom

DNA RNA Protein

Gel
olectrophoresis

B
[
|

Add probe

o Lo Image specific
probe binding

sopds eAnoy
|

overlay *

“ south western glot ?

“ study protein DNR interaction
~western blot = “ Immuno blot "
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Ame's test :

Ack] bactadia that
hiatichne for growth (His")

Bocterio. : Salmonella Tl_.jph‘.rnurh:m
requires histidine to grow

® suspected mu&osen @ chemical

Incubated
V
I¥ mutagen not a. mutagen
! !
many Colonies fewer colonies
Restriction fragment length polymorphism 00:35:32

* Analysing ?m.gments which is produced by a restriction
endonuclease - unique for a particular aliele ”

A. metil restriction sites in and around the B-gjobin gene

Normal allele (A)5° - 3’

Mstil St mtg zm:um

Sickie aliole (S)5° - 3

utu i nIm
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Pecliaree analysis of sickle cell disease.
REX CuT
NZ N
N AR
0 w @ era G)
“ Restriction map
Ped‘gree ona]5515 of sickle trait mother and sickle cell trait father
3 0
. ‘ : (5 CJD ’
0y * ) 0, 0O,
Py 0, 0, 0y O, Pz
Fragmeni
size
———— | —— — | — 135kb
— | S— N | ee—— | — 1.15 kb
——— | S— 020kb
AS AS sS AA AS AS Inferred ganotype
> 0 -0,: He’ceroz%Ous .
- number of bands are some as parent.
=0 on'.5 1.3S Kb band presen% a
-Homozsgms for sickle cell disease .
=> 03 - Normal child .
- 1.1S icb, 0.30 Kb seen.
Karotyping 00:42:16
- mrﬂoi'gp‘m‘g of trlsomﬂ al l
: 7o80< N
B
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)\ dp X 10 289005
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- Red colour unique for chromosome al

- nnueploid5 con be ln’traphase FISH
identified
1) 11k I—I
.- - ﬂ‘l
—

! i

C
n 8 C
= metaphase FISH = microarray - €electrophoresis of DNA
-> multicolour FISH technique stain ( ethidium
Karyotyping = Comparing test bromide ) used

genome with > done after southern
normal genome Blotting

- Achain - 3l 0d
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Structure of insulin

Biochemistry ¢ v2.0 » Marrow 4.0 » 2020

87 Upd[aigsjn Leaverreedback

Biochemistry

Active space



o e 87

=> A chain - 4l amino acid
B chain - 30 amino acid
- Col\ec’dnﬁ peptide - absent In ideal Insulin,

a 0i - Sulphide bonds (between a cysteine)

W v
Intra. chain Intra. chain .
! !
: between tth cysteine () between Tth amino acid of A chain
: and Ith casl:eine and th amino acid of & chain.
- residue (@) between a0th aa of A chain
Wwith 19th amino acid of A chain
Bovine Insulin :
- species variation confined to terminal amino acid of &
chain ( 30th )
- A chain - 8/9/i10th  amino acid
Porcine Insulin :

-oan in 20th amino acid of & chain.

Cell free DNA 00:50:17

CCETTARCRCT I TAMCGTACGIALLASEETT

AMCOVACOTALLAACOGOGTCALAEATTCEED
GACTIAARATCANAATCOATGCCCARACTT
BAATCRATECC RAATOACR TEAAAGTTOCC

aoeds aanoy
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cell free DNA Circulating fumour DNA

(ctonA)

= pased on these paﬁen’c tailored treatment can be S'n.fen ‘o cancer

patien’cs
—+ some foetal DNA enters matermnal blood

|

aspim!ce
l
S’cud!j ONA of Fetus
Titration curve 00:55:41
ﬁ 0r ~4-10
; 08| 4 -08
E
g 06 | 4-08 &
g 04t -4 -0.4 E
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E 2-5 Titration curve for an acid of the type HA.
¢ center of the curve indicates the pK,, 5.0.

OH - (2]
Alkali added
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* point A - comp!e*elﬂ unionised .
point B - midpoint-masdimum bu?-?erina :
- Pa.rﬁaliﬂ ionised
LCH, coo -1 = LCH,COoH ]
PH = Pra+ logbase [ CH, coo -]
log acid L[ CH, cooH ]
PH = pika. +log |

point ¢ - completely ionised

OH - OH -

©
PH pH

- Titration curve of compound - titration curve of compound
with a ionisable group with 3 ionisable group

-> eqg- Aminoocid
- a aminogrOup
- cmboxglic group

souds sAfDY
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